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ABSTRACT

Hydrogeologicel charascteristics of the North Bohemian Brown Cosi
Basin is described. Specificity of this basin by the extent of
mining and hydrogeological problems that cen be divided into
three problem spheres, i.e, protection of geotechnical security
of opencast mlne, protectiom of minerel springs in relstion to
the mining activity, formation of hydrological cycle of the
lendscape with the terminetion of mining sctivity is glven.

The hydrological model of underground-water circulation in hyd-
rogeoclogicel messif of crystelline complex of Ore Mountains

in the zone in the front of the face in opencast mine is being
solved. Three types of underground-water circulation were de-
fined. Hydrogeological function of debris deposits is corrected
ageinst previous opinions.

INTRODUCTION

North Bohemian Brown Cosl Resin /SHP/ is of dominent signifi-
cance in the energetics of Czechoslovakia, The history of cozl
mlnlng in this basin hes been asssociated with the formsticn

of suitable hydrogeologlcal conditions for relisble exploite-
tion of underground mines and opencest mines. The principel
ettention is paid to the problems of dewatering, the solution
of which heppens to be more exigent in close reletion to the
development of mining sctivity in more complex deposit-geclo~
gical conditions. The extent of dewatering works in SHP is
substentially smaller than in similar besin structures in
neighbouring states. The specifiecity of mining-hydrogeologicsl
problems in this besin eppeers in the width and variety of
these problems, when feaulty conclusions have deeper reach evern
beyond the scope of mining activity. The importence of the =o¢~
lution of mining-hydrogeological problems is in foreground
with passing to opencasst mining of coal with high cepacity
technics. This third period of coal mining in SHP has been
passing through the history of mining sctivity in the last

35 yeers /Hass,1983/. The restrietion of the negastive influen-
ce of water upon coal extraction must be understood as & zer-
tain process where it is necessary to solve and fulfil = se-
ries of factors thst stipulate the final result, i.,e., =27z o-
peretion.
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ing
nicel ssfety of cpencast mines
concepticn includes & set of measures that among

s prevent the ﬂegatlve influence of surface and under-
nd weters upon the stebility of lstersl and front feces
encest mines snd dumps, prevention of wsier vreskouts end
sods, ultimste bearing velue of working levels for excavs-
ing machlnes and conveyer rlant. Centechnicel security is de-
pendent on structursl and 1tnological development of rocke,
wab“ologlca¢ composition, geomechanical properties and mining-
technologicsl conditions.

r

TYDROGEOLOGICAL CHARACTERISTICS OF BASIN

NorithBohemian Brown Coal Basin resulted from the Tertisry fil-
Lling of the resmp valley oriented in the direction SW-NE. On
side it is limited msrpholcglca‘ly by the outstanding sliope
f wessif of gneiss and grenite of Ore Mountsine. These rocks
crr the subbesement of Tertiery sediments of the basin thet
lscustrine andé topset origin. At the junciion of sedi-
s of besin with the messsif of ¢rystalline complex cof Ore
taing the failure zone of crushed and sltered rocks pssgses
he direetion of besin exis. This zone has not & uniforn
rze and is disturbed by trensversge fractures in the direc-
NW-SE and frectures in the direction W-E. In the fooiwmll
he basin there are rocks strongly kaclinized, up to the
n of 40 m. The border of the basin on the south-eastern

hes sn Erregulsr course.
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Frem the standpoint of cosl extraction wester-beering squifers
are rhe most 1mportant, le€, qubgecent fissure water-bearxng
crystelline complex, sends in underlying rock and in the top
wall of the group of beds, coel seam end Qusternsry debris

and grevel. All wster-bearing scuifers szre character*ze by

& low coefficient of Dermeabl*ltv of the order 10%0s10~ M. s“f,
The ¢ermeabiil§y of %uaterner} sediments oscilletes from

0™ ap to 10 eccording to the composition snd place

of sttitude,

ayeil on the slopes of Ore ¥ounteinz snd cover
nf ”ertlary sediments with the crysta;l“ne com-
mouth of water E’“eemﬁ frow mountein velleys intec
coneg of proluviel dirty gravel were created.
ares of the Terti a“y we*ernbearlng aquifers is
¥y the ledge of ihls formeticn 8% the foot of Ore
Qes. The genersl siresming of underground water
te the direction of begir axis, i.2. from the
lcpes te the south-esastern horder of <he ba-
vears the cosl sesn hed besn exirscted in border
he basin st the foot of Ore Mounteins. Mining sc-
econderilliy tne permeability of coml seam zrat
function of drsinsge souifer for i
¢¥ the basin the m<vereﬂt o
urping urde
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HYDROGECLOGICAL PROELEMS I SHP

From the hydrogeclogicel point of view SEP zan ne charszote

zed B8 8 complex hydrogeologLCEL stran ure, even if the
ficient of wster-bearing capacity /the Quant:ty of sumped W
ter per.unii of extracted raw ma?erxaix is relstively sl

G, 5¢ m ‘.t 1, From the point of view of the gectechnicel secu-

rlty of opencas* mines the main attention 1s concentirsted ucon
dewater’ng of water-besring aquifers, aguitards in the Henglnz
wall and footwall of the cosl seem. This multileterel sctivii

thet interferes with & series of technicel spheres ie cloquj‘

connected with & serles of purely hydrogeological problems, tins
solution of which is important not only in the relstion to ri
ning setivity, but has influence even upon the period sftier the
termination of coel extraction.

The hydrogeological problems of the extrsction of cosl seer in

SHP csn be divided into the following prcblem spheres:

8/ geotechnicel security of opencesst mines with regsrd to <he
stebility of slopes enéd dump hodies;

t/ the release of blocked cosl regerves in relstior tc the oro-
tection of minersl springs;

e/ formetion of hydrogeological cycle of the lendscape with the
termination of mining asctivity.

s/ The problem is concentrated on the sssursnce of the

ty of high slopes. The bagic presumption of higher sts

slopes in the basin structure is the limitation of neg

effects of the hydrostetic, streem snd pore-water pres

the undergreund water., Effective solution consists in the dewe-

ter%ng of rocks with low coefficient of permesbility o»f order

. Nevertheless, the pumped quantities of weter sre not
neglectable, a3 they represent 22 % of the snmusl volume of
pumped water /Haes,1983/,

The independent problem ecnsists in the stability of slopes of
dump bodies. The basic presumption of the protection of dumwps
from the effects of underground end surface weters consists in
the dewstering of the dump spece with long-termed eoffect even
during the formetion of the dump body. Good knowledge of hyd-
rogeclogical corditions of dump spaece is inevitable for the
preparsetion and construction of the dump in conerete conditicns.
These recuirements have not been zlways fulfilled in necesssry
extent, snd it becomes evident by lendelides with frecuent
stopg in the dump formetion. Inside of the dump céLes spe
"vdrolog"c "eglnens are being formed, the regulsrity of wh
18 not cuite clesr. On dump bodies *herp are xrcwv :
springs, uplift weter isg being sscerteined bty bore ho
water inside of the dumr proves deley rexwtivply for
time. At one dump with the sres 10 xme the time of delamy ol
water in its body wes sscerteined for € yesrs /Henzlik, lor
ves ,1986/.

Zgtue’ orobler conelests in the security of the siebilzty of
front =nd letersl slopes of the ovencast im the nutarop eyt
qf the hesin siructure st the 3junction with the raseld of
Cre Mountains,
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b/ Minersl healthing springs represent the source of natursl
richess of unrecoverable value, therefore they must be the
obaect of protectlon at any time. Thie protection is very ac-
tuel in territories with mining ectivity thet more or less
devegtates the ecosystenm of landscape. This problem is epecl-
fic and ectusl in SHP. In the north-eastern part of the basin
it concerns the relesse of blocked coasl reserves in reletion
to thermmal weters in the paleorhyollte in the geothermsal
structure of Teplice. The connection between the cosl extrac-
tion and occurrence of thermal waters was previously proved
by & series of catastrophic breakouts of thermsl waters into
mine excmvations, associated with the destruetion of flowing
open1ngs of these waters. Nowadays the opening of big open-
cast mine is being solved, it is dependent on deep drewdown
of the outward forcing 1evel of underground waters that sre
in a certain relation to waters of geothermsl structure. The
extent and mode of protection of thermal waters are dependent
on the lewel of knowledge, @8 to the milieu of the origin and
circulation of these waters, as to the knowledge of the depo-
sit and the perspective of its utilization. The degree of

the level of knowledge sppeers practlcally as by relessing
the blocked reserves, as by snnouncing new limits. The solu-
tion of the protection of netural heelthing springs, utilized
in sps, is therefore very importent for the development of
coal extraction of blocked coal reserves that sre not neglect-
able,

¢/ From the standpoint of the formstion of the new ecosysten
of lendascape after the termination of the cosl-seam extraction
the attention is concentreted upon proper recleming interven-
tions. From the hydrogeologlcal stendpoint the conditions of
the formeties of hydrogeologlcal cycle, disturbed by the pre-
viouse m1n1ng actlvaty have not yet been contempleated. The
significance of the clrculatlon of underground waters for

the metabolism of ecosystems has not yet been quite appraised,
especially the balence ef pumped natural waters, the weight
belance in relstion to the streamflows from the drasinage eree,
the contemination of waters. These questions gradually become
more actusl.

From the short survey we see the width end variety of hydro-
geologicel tasks in close end broader connection with mining
sctivity and they concern the geotechnicsl security of the
opencast mihe.

RESULTS DISCUSSION

The advence of working face of the big opencast mine $s1. armé-
de /Czechoslovek Army/, the mining asrea of which is in the
centrel pert of the besin near the town of Most, is directed

to the random part of the deposit at the foot of Ore Mountsins
slopes. The morphology of slopes in the region of Jezerke
reaches slopes up to 359, The dip of the siope of crystelline
complex in the footwaell of Tsrtlary sediments is more steep

and reaches the values 60-75"., The extraction of cosl reserves
represents the exposure of the steep slope that is high 2504300
m. The solution of theétsbility of slopes is therefore very
1muortant, inel. hydrogeologicel espects, especielly the dewa-
tering of the crystalline complex.
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The hydrogeologicel massif of Ore Mounteins is cheracterized
by the discontinuous fissure water-bearlng system. Tle large
enisotropy asnd heterogenity of the milieu and the morphologi-
cal exposure of steep slopes impose limitetion on the utilize-
tion of borlng exploretion methods that have mostly point
character without broeder generslizaetion. 1t is therefore use-
ful to utilize methods, the results of which enable to spply
them in regionsl range /Henzlfk,1982/,

A certein ides of impermeebility of hydrogeologicel messif

of crystelline complex has been generelly sccepted. Never-
theless, quslified hydrological estimetes and synopticel
balence eveluations of inflows of mine weters demonstrated

thet it 1s necessary to correct the view on tightness and
impermeability of tissure system of crystelline complex, Atten-
tion was peid to the formetion of the model of c1rculatlon

of underground fissure weter in the region ot the zone in
front of the fece.

The evaluation ot results of muitispectral sensing supplied
relatively reliable knowleage of the extent of water—bearlng
debris deposits in sres., At the same time sore spring lines
were distinguished that dewater covering deposits in the slope
and et the crest of Ore mountaina. lmportant knowledge con-
sists in the statement of hydrogeological runetion of debris
sediments at the foot of the slope of OUre Mountains thet cover
outerop fronts of Tertiary of series or strata. These sedi-
ments heve been evelueted as flood pools o1 shellow undergrouna
weter, i.e. 88 water-bearing squifers. From the eveluetion of
pictures rollowed thet aebris deposits appeer as "dry". This
presumption was verified by results from geophysicel reasure-
ment /oral stetement Hréch,1985/. On the contrary, the hydro-
geological funetion ot debrls has the cneracter of temporsary
water accumuletions, i.e.ss equelizing reservoir for under-
ground water thet inflows trom the slopes orf crystalline com-
plex, Before inriitretion into sendy equivalents of outcrop
1ronts oI Tertiary series of atrata, The results of drilting
works in the debris pillar of Jezerke and neighoournhooa proved
also the smell extent of water-bearing aebris depcsits snd =a
certein dependence or levels or underground weters on meteo~
ric waters. no 1rormetion of larger accumulstion of undergrounc
weter in debris has been observed, -

Rydroliogicel messurement on the system of 15 springs et tne
slope of upper pert of Ure Mountains aermonstrated their un-
likeness according to the steediness snd unsteediness of we-
ter discherges. The morphologicel position ur watcned springs
is unique, but tne diffrerencies in water discharges indicated
further aspects tnet intluence the yield of springs aquring
the year. Mutuel diversity appeers also st the aprings, rlow-
ing openlnf of which vecur close together. Yhile one epring
hes stabilized aischarge with current snnuel oscillstion, the
second one gets dry during tne rein-less period.

Chenges of contents or tritium and oxygen 18 have been trsced
on the besis of & series of springs. The determinstion of ¢
oxygen 18 shows that waters infiltrated during winter period
preveil., The time of delay of infiltrated water sccording to
sctivities of tritium asmounts to I + © yeers, i,e. 8t springs
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that don’t get dry. Sample snaslyses of fissure wster from tne
depth of crystelline complex, i.e. fror inflowe in explorstion
gelleries and from thi overflow of water in the bore hole frono
the depth 93 m/1 1.s8"%/ presented uncorrected radiogenic age
5000 years, let us sey 8-10 000 years., It wes very interesting
t0 recognize 8t the inflow of water from the bare hcole in the
face of the gallery Jezerka thet in water with high redicgenic
age, according to the tritium snelysis, weter from reletively
ectual circulation of underground weter on conductive Ffissure
systems was stated. This informetion regressively enabled to
determine the tectonic structure ss conductive, in sccordance
with previous measurements.

It wes possible to determine the model of circulation of fis-
sure underground waters in the region of the foreland of open-
cast mine on the basis of the total summery of knowledge. We
distinguish three types in the hydrogeclogicsl messif:

~ Shallow circulatien of underground weter that is concentrated
into subsurfece zone, consisting of covering sediments end
upper mouldered pert of underlying rocks.

- Hypogene fissure circulation of underground water that is
bond on conductive fissure zones with depth and regionel
reach. The motion of underground weter is very siow. The in-
filtretiom territory is supposed to have linesr course st
larger distence. Underground water of this circulation dews-
ters from the feotwall of the Tertiery basin.

- Figsure-crack circulstion of underground weter. This third
type of underground-water circulation in the fissure system
tekes plece slong small conductive fissures not very deep
ingide of the crystelline complex. The underground wster of
this circulstion is dewmtered by spring flowlng openings and
forms substantial pert of contributien of weter discherge in
dry period of the hydrological year.

In the studied region of the foreland of opencest mine the
monitoring of underground-water levels is being reslized as e
part of studying warning states before the slide of debrias se-~
diments. Direct junciure between movements of debris snd higher
level of underground weter in studied bore holes was proved.
Pumping of water from the sheft 55 m deep with the supposed de-
watering function of debris sediments is slso joined intc the
monitoring. During the year 1986 no perceptible changes of une
derground~-water levels in observation wells dependent on water
pumping hsve been cbserved. According to the model of under-
ground-water circulstion in the hydrogeologicel massif the pre-
sumption of other source of pumped water wag pronounced, This
presumption wes ackonwledged by the proof of water origin fronm
the weter stream that disembogues from distant neighbouring
glen into the basin /oral comrunicetion, Hruby 1986/.

The dewstering of hydrogeclogicel massgif of crystalline complex
is difficult. Graduel development of knowledge on the basis of
spplicetion of further methods, e.g. syster structural-teetonic
snalyses of the territnry, thermometry of springs end wester
streams etec., show the necessity of prospecting conductive ways
of circulstion that were crested in dependence on failure and
fissure zones. This task is long-termed snd has broader impor-
tance,
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CONCLUSION

The essursnce of geotechnical sefety of opencast mine contribu~
ted to the determination of the model of underground-water cir-
culation in the hydrogeologicel massif of crystalline complex of
the slnpe of Ore Mountasins in the foreland of opencast mine.
Three tyves of the circulation of fiassure underground water were
defined, i.e. the shallow, hypogene and fissure-crack one,., The
unlike hydrogeologicasl function of debris devosits at the foot
of slopes that have the weshing regiment and not the accumule-
tive one was proved. The gained@ knowledge is being utilized =ms
the besis for the sssurance of geotechnical safety of opencast
mlne. -
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