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ABSTRACT. Mining of bhrown coal in Sokolov Basin interferes with thermal gas vich
water with the water level under the pressive. Sinee heginuing of this Century the
thermal water at Marie Mine has been pumped to make undergronndanining feasible.
In the last decade thermal water at Jifi coal open—pit mine was pumped to provide
geotechnical safe

measirelnents in area influenced by pumping. changes in water chemistey regarding

to dewatering s 5
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l. INTRODUCTION

For several yvears coal in the central part of Sokolov Basin has been inined under
the pressure level of thermal gas rich water of basal aquifer (Jetel, 1972: Frans. 1984:
Fig. 1). Mining ocenrs in protected zones of Karlovy Vary natural healing therimal
springs. Becanse direct connection between thermal water in Sokolov Basin and
Narlovy Vary springs has never heen exclirded. there is real possibility that mining
has a long term imnpact on these springs (Hynie. 1963: 1964). The set of expensive
monitoring devices and measnres lias been chiefly focnsed at i geotechuical safety
of opeu—pit coal mining before thermal pressnre water effects i mining area and
its large environs.

By thie end of the last Century and at the beginning of this Century “Josef”™ coal
seam was tined by an undergronnd mining method. Zones where Josef coal seam
was separated only by thin layers of clay from nnderlying water hearing Stare Sedlo
strata and crystalline bedrock containing pressure water. were cousidered nnsafe for
mining. In snch zones mining at Marte Mine ocenrred. Tu drifts inrush of thermal
water was observed. In October 1901 diring excavation of the taim drift ar No.ll
shaft of Marie Mine an inrnsh of thermal water and consequently flooding of drifts
ocenrred (Jordan et al., 1908; Klir,1982). Following the inrush chauge in capacity
of Karlovy Vary springs was observed. After 1908 the original capacity of springs

was reached.
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iG. 1. Schiematic geologic map ol Sokolov Basin (adapted after
\Volaviena 1983):

1 Cypris claystone strata, 2 Antonin coal searn and voleanie
detrital striata, 3 Stard Sedlo strata and Josel coal seam. 4

Doupovské Nlts.  pyroclastic raocks. & granite. 6 crvstadline
complex. 7 main fanlts of basin, 8 apen-—pil mines (i

Dr—Drnzba). 9 boreholes.

Auntouin
the thermal gas rich pressure water with an
the nmpertneable wnderlyving strata
pit hott
hottom of the open—pit mine gets deeply bellow the thermal water pressure head.
One of the key remedy to tmiprove mining safety is putaping the thermal pressure
water [rom the underlyving hasal aquifer. The objective is to rednee thermal water
pressire head and at the same thme to linat deformation ol discharged voleanie
detrital strata at the open—pit bottom. The pummping nmpact of thermal water
on the geo—hydrological systemn of the hasin's environs is also monitored within
operational measires.

Coal g acconpanied by the necessary
carried ont diuring next vears. For this reason the risk of chiange of thermal witer
regime ol basin’s underlying strata
immpact on Karlovy Vary thermal springs persists. Project of the Czech Republic
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Grant Agency called "Consequences of coal mining on water hearing svstem of
Sokolov Basin in relation to Karlovy Vary thermal water protection” deals with
this problen. Project is focnsed on synthesis of current data regarding proc

in mining area of Jirl open=pit mine aud sorronnding area.

2 BasIN CHARACTERISTICS

Bedrocks of Sokolov brown coal Basin is f _ [
phiton and erystalline schists, Basal Staré Sedlo stratacis characterized by irregular
developient of sands conglomerates and quarzites incliding bheds of clay. The
oldest representative of organogenic sedimentation is Josef coal seam which is 101
thick. Overlving strata of Josef seain are fonned by voleanic—detrital strata formed
by tutfs. clay and clavstone including tuflite material as an aceessory. Above the
40 - 80 m thick voleanie—detrital strata the miain Autonin coal seam np to 50 m thick
is located. Overlving strata of the . )

(Fig. 2). Sedients of Sokolov Basin are disturbed by signilicam tectome failnres
striking NE = SW oaud by a mnnber of diagonal and obhique Ganlts which weaken the
strength of volcamie—detrital strata (Fig. 1).
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1.2 Schematice section of basin.

Voleanic-detrital strata forms a confining laver of the mimeralized thermal gas
rich water with a pressure level, and arve partially tied 1o Josef seam. bot primarily
to the basal aqufer of Staré Sedlo strata and the upper part of the crystalline com-
plex. Water
6000 - 9000 mg. 1= Chemically water belongs to mineral water of “Carlshad type”
(Dvorak. 1990). Therimal pressure water contains up to 4500 mg. 1 =" of carbon diox-
ide and 135 mg ™1 of nitrogen. Saturation pressuve ranges between 0.1 =0.75 MPa
(letel. 1975).

3. CCHANGES CAUSED BY (oAl MINING - MONITORING METHODS REVIEW

To ensire geotechnical safety. of open-pit mining and to protect thermal water

an extensive exploration progran is currently i progress. Most of activities are
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focused to provide a stability of the open—pit hottom against a potential hreak
throngl caused by lifting forces ol gas rich water from the basal aquifer. whicl
could result in cessation

couditions it the basin and its environs.

For more than 20 vears periodical level survey on the hottom ol open—pits and
service drifts hlave heen conducted. This survey provides data regarding underl,
strata of the mined coal seamn during continnous stripping and mining of coal open-
pit faces and regarding deformations cansed by gas ricl thermal water overpressire
from the basal aquifer.

In area of coal open—pit mines and its environs observation boreholes where
changes of thermal
(Pazdera. 1989 -1995). Head of this water bellow the hottom of open—pits is locally
rediced by drainage horeholes. Temperatinre changes. gas content and chemistry
of pumped thermal water 1s monitored on the long termn basis.

Furthiermore at
tensometers
ol vertical movements in volcanie—detrital strata more acenrate specific boreholes
lined by magnetic rings were drilled. To forecast deformation of the open—pit hot-
tom cansed by an nncontrolled thermal water overpressire and 1o assess the stabil-
ity of confiniug layver, 3D (the three dunensional) physical inodel and mathematical
modelling has been nsed for several vears ('Trékovia-Skorepova, 1998 Dolezalovi,
1992).

The most critical sitnation
hottom an uncontrollable overpressire of confined water withonut any local rednction

of this water pressire head wonld reach 0.6 MPa.

4. INTERVENTION IN UNDERGROUND WATER REGINME
4.0 Marie Mone No.V Shaft Pumping

Until 1990 the regime of undergronnd water pressure of Josel coal seam basal
aquifen
of Marie Mine whicli at the beginning of this century became the Sokolov Basin
drainage centre (Fig.3). In Ocrober 1901 following an inrush of thermal water i
No Il shaft of Marie Mine when wine water raised up to the level of Antonin coal
sealn and Hooded mine openings a dewatering of Josef coal scannstarted. Fron shaft
No.V oa warm water of T Carlshad”
The water level in No.V shaft was kept at 328 m as.l. by pmping. hapact ol
pumping and propagation of depression was monitored throngh bhorcholes in No. V'
shaft neighbourhood. hi horelioles not ouly a water level moverneut bt also a4 gas
phase was monitored. With sinall variations a condition created following the water
inrnsh was kept for a mmnber of vears when No.V shaft was used for dewatering
(Fig.4). Loug term wonitoring of pressure hieads through borelioles proved certain
independence of the Josef coal seanm aqnifer wlhiere a depression created by pranping
of a thermal water at No.V shaft playved a significant. role (Pazdera. 1980).
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[1G. 3. Situation ol open—pit mines and observation boreholes 1 Sokolov hasin.

fn recent years before the old Hooded workings at Josel coal sein were closed an
uncoutrolled seeping of water aronnd the shaft casing ocenrred beciuse the orifice
gange isolation
place hetween 1990 - 1991, At that time the pumping period at Noo\V shaft ended
and closing by flooding started.

Though the pmmping of therial water at No. V" shialt ol Marie Mine Tasted for
85 vears the pressure head of thermal water in bhoreholes of Staré Sedlo strara and
crvstalline bedrock in the wide environs of the shalt was practically not inflirenced.

4.2, Jurt Open Pid Mone Pumping

I 1989 a reduction of thermal
of Jitl open—pit ninne started (Fig. 3). The rednction of overpressure by pimping
thermal water is necessary to eliminate the possibility of water seepage in nnderlving
strata of the Autonin coal seann spectlically i viemity of tectonte Fatlires and also
to preveut adimssible deformation of the open—pit hottonm in locations wlhere a
significant overpressure of thermal water was significant (Skofepovi,
least favourable condition
take place.

Parallel to local dewatering prograim in the open—pit mine area and 1ts environs
asystem of observation horelioles wias drilled to monitor changes of pressure water

level, teinperature. C'Oy content and thermal water chennstry (Pazdera. 1989
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1983

Fia. 4. Depression development in No. V" shaft of Marie Mine
environs i vears 1985 987



1.5 Depression developtient in Jiri open-pit mine envi-

rons 1 vears 1994 1996




I'iai. 1. Sehiematic geologic map ol Sokolov Basin (adapted after
Villavliena 1983):

| Cypris claystone stratia. Autonin coal sean and voleanice

detrital strata, 3 Stavéd Sedlo strata and Josel coal e, 4
Doupovské Nts.  pyraclastic rocks. 5 aranite. 6 crystalline
complex. 7 main tanlts of bhasin, 8 open=pit mnes (Ji—Jir

Dr—Dizba). 9 boreholes.

Antonin
the thermal
the nmpermeable nnderlyving strata
pit bott
hottom

One of the key remmedy to

water f
pressure head and at the same thime to
det
on the
operational measu
CCoal
carried out dnring next vears. For this reason the risk of change ol thernial water
regitne of bhasiu’s underlving strata with possibility ol its propagation and linal

mipact
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Grant Agency called 7Consequences

Sokolov Basin in relation to Karlovy Vary thermal water protection”™ deals with
this problen. Project is focnsed on synthesis of carrent data regarding processes
in mining area of Jirl opet—pit mine and surromnding area.

2. BasSIN CHARACTERISTICS

Bedrocks ol Sokolov brown coal Basin is formed by granites of Narlovy \ary
plinton and crystalline sclusts. Basal Staré Sedlo stratais characterized by irregilar
developrment
oldest representative of organogenic sedimentation is Josel coal seam whicliis 101
thick. Overlying strata of Josef seamn are formed by voleanie—detrital strata formed
by tufls. clay and claystone incliding tuflite material as an accessory. Above the
40 = 80 m thick voleanic—det
is located. Overlyving strata of the sean are .

(Fig.2). Sediments ol Sokolov Basin are disturbed by signilicant tectonic failires
striking NE = SW oand by a munber of diagonal and oblique fanlts which weaken the
strength of voleamce—detrital strata (Fig. 1).
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Fra. 2. Schematie

Volecanie—detrital

rich water with a pressure level and are partially tied 1o Josel seam. but primarily
tot

plex. Water temperatire ranges between 25 -40°C, total dissolved solids ('TDS)
GOOO— 9000 mg 1= Chemically water belongs to mineral water of " Carlsbad 1vpe”
(Dvorak. 1990). Thennal pressure water contains iup to 4500 mg. 17" of carbon diox-
ide and 135 mgl=" of nitrogen. Saturation pressure ranges between 0.1 =0.75 MPa
(Jetel. 1972).

3. C'HANGES CAUSED BY C'oaL MINING-MONITORING METHODS REVIEW

To ensure geotechnical safety. of open—pit mining and to protect thermal water
an '
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focnsed to provide i stability of the opeu=pit hottom agaiust a potential hreak
throngl caused by lifting forces of gas rich water from the hasal aqnifer. whicl
counld result in cessation of mining and also all significant changes of hydrological
conditions 1 the basin and its environs.

For wore than 20 vears periodical level snrvey on the bottom of open—pits and
service drifts have been condncted. This snrvey provides data regarding nnderlving
strata of the mined coal seain during continmons stripping and mining of coal open—
pit faces and regarding deformations cansed by gas rich thermal water overpressnre
from the basal aguifer.

In area of coal open—pit mines and its environs observation boreholes where
changes of thermal water pressure head are continnonsly monitored are drilled
(Pazdera. 1989 —-1995). Head of this water hellow the botton of open—pits is locally
reditced by drainage boreholes. Temperature changes. gas content and chennistry
of pumped thermal water is onitored on the long term hasis.

Furthermore at open—pits geotechnical snrveys are conducted. Boreholes for ex-
tensometers and for precise mclinometry snrvey were drilled. To ke distribution
of vertical inovements in volcame—detrital strata more acenrate specific boreholes
lned by maguetic rings were drilled. To forecast deformation of the open—pir hot-
ton cansed by an nncoutrolled thermal water overpressire and 1o assess the stabil-
ity of confinimg laver. 2D (the three dimensional) physical inodel and mathematical
modelling has been nsed for several vears (‘Trékovia-Skorepovia. 19980 Dolezalovi.
1992).

The most critical sitnation is at Jiel open—pit tmine where at the nncovered
hottom an nncontrollable overpressure of confined water withont any local redinetion
of this water pressure head would reacli 0.6 M Pa.

4. INTERVENTION IN UNDERGROUND WATER REGIME
4.1. Marte Mue No. V' Shaft Pumping

Cntil 1990 the regime of imdergronnd water pressire of Josef coal seaim hasal
aquifer was significantly inflnenced by pimping of thermal water from No. V' shaft
of Marie Mine which at the beginning of this century became the Sokolov Basin
drainage centre (Fig.3). In October 1901 following an inrnsh of thermal water i
No. 1 shaft of Marie Mine when mine water raised up to the level of Antonin coal
searm and Hooded mine openings a dewatering of Josef coal sean started. From shaft
No. V' a warin water of “Carlshad™ type in volume of 5.0 -30.01.57" was puinped.
The water level in No.\" shalt was kept at 328 m as.l. by pimping. Trnpact of
prmping and propagation of depression was monitored throngh boreloles in No V'
shaft neighbourhood. I boreholes not only a water level movement bt also a gas
phase was monitored. Witl stall variations a condition created Following the water
inrush was kept for a mmnnber of yvears when No.\V shalt was used for dewatering
(Fig.4). Loug term monitoring of pressure heads through boreholes proved certain
independence of 1he Josel coal seam aquifer where a depression created by pramping
of a thermal water at. No.V shaft plaved a significant role (Pazdera, 1980).
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Fia. 3. Situation of open—pit mines aud observation horeloles in Sokolov hasin.

In recent yvears before the old looded workings at Josel conl seann were closed an
wncontrolled seeping ol water around the shalt casing occurred bhecause the orifice
gange isolation was leaking. Plugging operation ol the shaft periplieral casing took
place between 19901991 At that thue the pumping period at YoV shaft ended
and closing by flooding started.

Though the puniping of thermal water at No.\" shalt of” Marie Miue lasted for
85 vears the pressure hiead of thermal water in horeholes of Staré Sedlo strata and
crystalline bedrock in the wide environs of the shalt was practically not influenced.

4.2 Jurt Open Pt Mine Pumping

I 1989 a reduction of thermal water pressiure Liead of basal aquifer in area
ol Jiti open—pit mine started (Fig. 3). The reduction of overpressure by pumping
thermal water is necessary to eliminate the possibility of water seepage in underving
strata of the Antonin coal seam speeifically in vicinity of tectonic fatlures and also
to prevent inadimissible deformation ol the opeu—pit hottom in locations where a
significant overpressure of thermal water was significant (Skorepovi. 1988). Under
least favourable coudition a hreakont of open—pit hottom and its flooding could
take place.

Parallel to local dewatering prograan in the open—pit e area and its environs
a svstemn ol observation horeholes was drilled to monitor changes ol pressure water

level, temperature. 'Oy content and thermal water chemistry (Pazdera. 1989
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1995). To decrease the pressure head of the water bellow the open-pit hottom,
dewatering wells are nsed.

When the reduction of the water pressure head begnn, the volinme of the water
pimped was around 16.01s71 Corrently in regards to wining couditions (the
deepest coal seam ined). the capacity of the water pnmped was increased to
32.0Ls7 I 1997 in the observation boreloles on thie open-—pit hottony the water
lowered pressure head was aronnd 330 as.L, which is lower by alimost 40 than
pressure liead hefore the beginning of the pumping.

Rontine measurements of the water level in observation boreholes drilled i hasal
aguifer not only i area of JiFi open—pit e but also in boreholes at close and dis-
tant environs of the open pit mine dicate the [ast depression propagation (Fig. 5).
Decrease of pressure head can be observed i Larger distances froim the drainage
centre all thie time. This can be proved by longitndinal sections of thermal water
pressure head wlhich cut througl Jiri open—pit mine and borehole o its vieinity,
Decrease of water pressure licad was noticed also at borehole 1112 situated ore
than 7k from Jirt open—pit mime (Fig. 6). Tu the last sixovears the water level at

this borehole decreased by more than 5.
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Fra. 6. Thermal water pressure hiead-longitudinal protiles within

Sokolov Basin

5. WATER CHEMISTRY IN RELATION TO DEWANTERING PROGRAN

Water chemical analyses from inrnsh ar Nod 1 shaft Marie Mine proved relaiion
with chemical composition of Karlovy Vary therinal water. (Jordan et al.. 190N).
Loug term drop of Karlovy Vary springs vield (1902 1907) snggested that there
is a connection of hasin thermal water with Karlovy Vary springs. Consequently
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diring nnderground mining and specifically during coal opeu—pit mining changes of
water chemistry. water temperatnre and content of carbon dioxide are constantly
mounitored.  Until now a connection of thermal water was neither proved or con-
firmed.

Basin's thernial water is a niineral water of o " Carlshad type”™ ocenrring throngh
the wide territory of the west Bolemian spring structure (Paces. 1980: Simejkal.
Paces 1992: Hanzlik. Krasny. 1998). This type characterizes Na-SO4q-HCOy (]
mneral composition snccessions which are changed according to stractiural condi-
tions of spring structure formation and the petrologic sitnation inflnencing rminer-
alization and individual jons ratio (Dvorak. 1990). Successions change is obvions
i area of Jirl open—pit mine and its environs where hydrocarbons ol different ratio
nsnally prevail over sulphates withont significemt differences in dewatering and also
in observation boreholes. Clhiange ol jon ratio in water is conditioual upon intlow of
descending oxidized water [rom a shallow aquifer into a deeper parts ol the hasin.
Descending water flows predotninantly from NE (Jetel, 1961).

Within Karlovy Vary thermal water prevention prograin changes in thermal wa-
ter chemistry at spillway ol dewatering borelioles are monitored on regular hases
(Fig. 7). At Fig. 8 changes in the water chemistey at selecred bore-holes according
1o dewatering intensity (Ls™") are shown. Changes are expressed by ratios SO, /Na
and CI/Na (nequ.d=™") as characteristic components of “Carlsbad type”™ mineral
water. Coutents of Nat show only small changes. For coniparison water chiarac-
teristics are marked as follows: A\ water from U1 horehole (226.31m). drilled
in 1960 in the centre of thermal water ocenrrence of the Sokolov basin. B water
from No.V shaft of Marie Mine, " water from INarlovy Vary hot spring — \ridlo.
D] water from HJ2 borehole (12000m: Fig. 1), For the graph only drainage wells
nsed in i drainage progran more than 7 mont hs were selected. Pamping of therinal
water fron individual wells i not nuiform bhecanse it depends on local strncture,
permeability and mining requirements.

From the graph it is obvions that there is no correlation between the pimmping
intensity of thermal water and its chenistry change as demonstrated by correlation
coefficients: rg ciyna = =0.036. rg so,/na = 021 (Fig.8). A certain correlation
regarding pimping intensity of thermal water can he monitored at OV 36 borehole
where contents of principal ions showed a total decrease of 20% during boreliole
dewatering, 1.e. from August 1995 to Jannary 1997, The TDS water pinped is
between 6000-9000 mg.1=" in relation to borehole location 1o flow pathwayvs of
thermal water in basal aguifer. Teniperatiure of water ranges between 33 10 370
Chloride and natriung 1on ratio shows a ninor scattering in the entire group of
drainage horelioles. Sulphate and natrinn ions show o larger seattering of values
in ndividual boreholes.

Location of OV 13 borehole outlines spread of thernial water mdicating Na-SOy
chemisin with the TDS aronnd 1000 mg 17" and temiperature of 29°C. The same
tvpe of water is reported [rom OV 15 borehole showing the 'TDS hetween 3300
3600 mg 171 and temperature 31°C which suggests that the bhorelole location is
closer to the centre of thermal water territory (Fig. 7). These bhoreholes were not

nsed for an intensive pmnping ol thernial water.  Composition of this water s
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Fia. 7. Sitnation of selected drainage horeholes on the Jikl open

pit bottor for water chemisin observarion

inflnenced by sulphate water descending fron the perimeter 1o 1the centre ol the
hasin. mainly from NE. Process can he speeded up by dvainage impact of open pit
coal mining on neighbonrhood and by inrensive dewatering ol thermal water Trom

a hasal aquifer.

6. OpeEN Pir BorToM DEFORMATION FORECASTING

To forecast deformation of an open—pit hottomn cansed by an nncontrolled over-
pressure of thermal water and to evalinate a confining layer stability necessary data
1o determine techuological condition required 1o mine the coal seim and also to
naintain all safety measnres a three dimensioual physical models and matheman-
cal modelling was used. This wodelling was used to fignre ont mining procedires

at i open—pit mine located i central part of Sokolov Basin.

7. FORECAST ACQUIRED FROM LXPERINE NTS Wttt Piysical. NTODELS

[ 1985 & three dimensional physical model (Fig. 9) for modelling of actial min-
ing procedures carried ont hetween 1980 1985 and planned for TOSS 1990 was
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IF1G. 8. Relation of thermal water chiemnisim changes in selected oh-
servation boreholes and thermal water mitensity pumping
A water from borehiole HU U0 B — wiater from No " shalt of Nlarie

Mine. ¢ water From Narlovy Vary hot spring \Fidlo. D) wal el
from borehole FL 2, Q intensity of water prmping (Ia=").

constricted (Skofepova. 1985 T9RT). This experiment was carried ont with the
water level in the model corresponding witly the water pressure head of the open
pit e 367 m as.l The maxinmun Lift of nnderlying strata ol the Antonin coal
seatn recorded on the model was in location where between 1989 - 1990 the open—
pit hottom should hiad been. I this place according to the dip of nuderlying strata
the nucovered open—pit hottom started to he stressed hy nncontrolled overpressire
of thermal water reaching in some parts of the open—pit bottom 0.3 M Pa. For sit-
nations corresponding with mining conditions hetween 1980 - 1984 the establishied
deformations on the model were commpared with the level snrvey o the dewatering
drift of the open—pit foregronud. Values of measnred deformations for this period
showed a very good correlation (Fig. 10).

I TY8T the physical model to Torecast o deforrnation development for period
between 1990 - 1995 was nsed (Skorepova, 1988). During those yvears the hottom
of the open—pit mime was gradually hrought mnto most dangerons places. In those
places the nncontrolled water pressnre of thermal water reached ap to 0.6 M Pa.
The mining field was cut by nagor geological fanlts which adversely affected the
underlying strata stability. Results of the model experiment showed that in this
region the safety wining depends on rediction ol water pressirve head hy pimping.
For the vear of 1990 lollowing processing of deformnation values measnred on the

model it was reconmmended to hring down the water pressure head 1o 350 m as.
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Frta. 9. Schiewe of physical miodel for miming advance on the
JIET open—pit mine in 1930 - 1990

(1.e. by 17 compared to original level), for 1993 1o 337t a.s.t.. Starting Septern-
ber 1989 on the basis of these recommendations the pumping of the thermal water
at the open—pit mine to bring down the water pressure hiead to 350t a.s ] started.

In 1991 amnining company requested il rednction ol the water pressinre head to
3501 a.s.l. enables safe inining of the coal seam even alter 1991 can he deterimined
froni the model. New 1odel experiinent was designed i snel a way to simnlate
mining procedures in the modelled region fromn 1984 to 1990 with related miming
process according to projected procedires. Stmlation of mining procedires i 1989
regarding planing procednres of the open—pit mine till the end of 1992 determined
that with the reduction of water pressnre head to 350m as.l. the deformation
will not exceed values endangering open—pit hottom providing that the tininnm
width of the open—pit bottom and maxinunn dip of iternal dounp will he strictly
observed.

[ 1992 additional model to sinmmlate mining procednres for period 1989 - 1995
was nnplemented (Skofepova, 1992). From the end of 1989 iu the open—pit area
which was modelled the thermal water pressire head was reduced to 3501 a.s.l.
This reduction was respected on the model. Following sinmilation of 1995 planned
mining operation major deformations of nnderlying strata specifically in nerghbonr-
liood of modelled fanlts were shiown on the model. Therefore the water pressire
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Fra. 10, Comparison of values of vertical deformation deterimined
for various stages of imodel experitnent (excavation 1930
19990) and measured in the drainage adit by
Measuring points for levelling were demolished in 1986

evelling.
by the excavating process

liead of the model was gradually reduced to 340 or to 330m as.l. For the period
1989 - 1992 generally a good agreement of deformations measnred on the model
with deformations from periodical levelling was established (Fig. [1). According to
model experitent results it was reconmnmended to furthier reduce the water pressure
head hellow the 330 m a.s.l. before reaching the most critical places of the open—pit
bottorn i.e. places with the deepest coal seam i the fanlted area. Possibly leave
protective coal pillars in the vicinity of faults 1o prevent niajor deformations and
local fracturing with possible water escape as a result of {ract ure openings.

& MATHEMATICAL MODELLING OF OPEN P BoTTOoN BEHAVIOUR

In 1985 the stability of Jiri open—pit mine was solved by tinal elements analyses
method for mining procedures iniplemented in period of 1931~ 1983 and planned for
1984 = 1991 (Dolezalova et al., 1985). The selected profiles of mining field the most
influenced by thennal water increased pressure were modelled. Two alternative
solntions were itnplemented.  First variant of Ay = 0.33 a lateral pressure and
more plastic contact between voleanic—detrital lavers and basal aquifer. the second
one for Ay = 0.9 and a more stiff contact. Both alternatives were cale ulated for
the original water pressure head aud for a level reduced by 20 m possibly by {101
(i.e. 347 m asl). Caleulations indicated that the danger of hottom hreak through
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Fic. 11. Comparison of values of vertical deformation determined
for varions stage of model experiment (excavation stage
in 1989-1995) and measured i the drainage adit by lev-
elling
depends first of all on Ny value applied. For hy 0.3 an increase of stram

and transformation in as early as following 1985 took place and lTow effectiveness
of water pressure head was displaved. For Ky = 0.9 the entire nodelled period
of the open—pit bottom appeared stable withont any need for the water pressire
head rednction. Fignre 12 shows the model assigned open-pit bottow deformations
compared to the levelling (Dolezalova, 1992).

The three dimensional model for 1990~ 1995 mining procedires incuded also re-
sults of open—pit. previons calenlations and measnrements (Dolezalova. T989). Orig-
taXinm

inal state in 1990 was wodelled for a reduced water level of 350 m s
calenlated open—pit bottow lift for that year was equal to 45 =16 cm. for 1992 to
49 e and for 1995 (o 58 cm (Fig. 13). According to model results it was sigoested
that if the water pressure head of 350 asd s maintained nining procedires in
underlying strata of the mined coal seam can be inplemented Gl 1995 without an
ocenrrence of signiticant tension zones and fractnre zones. Model did not show an
impact of underlying strata fractnres and deformations.

However the levelling and primarily origin of spontaneons inrush of thermal
water at open—pit bottom in 1992 indicated that rednction of water pressure lhead
1o 3501 a.s.l is nsufficient.  Therefore in the following vears additional Tocal
rednction of water pressnre head in agreement with physical model resnlts took

place.
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[ 1991 additional approximate cadenlations demonstrating the significance of
(ractures regarding deformation of nmderlying strata ol the Antonin coal seann qud
the need for their modelling took place (Dolezalovia et al.. 1991a). For this ealenla-
tion several alternatives in regards to changing stiffness of o contact with nmderlving
strata and specifying mining environment properties were considered. First time
an inteusive hiting of tectonie fanlts at the open pit bortom was modelled. Yet in
the same vear an other approximate calcnlations of the opeu=pit for Marceh 1991
sitnation were modelled and thus on hasis measired vertical movenents of stahi-
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lized points 1 dewatering drifts and on the hotton of the open-pit and results
of calculations from previous models (Dolezalova et al.. 1991b).  As a relerence
condition coefticient Ny = 0.9 was considered. water pressure head was gradnally
reduced fron 367 n1 as.b (reference condition) to 354m asl. fanlt zones were
modelled with nse of contact elenents. Mechianieal response of fractire systemn in
basal aquifer was also o delled by contact elements along contining laver of pres-
sure water. Constitntive model was designed as non=lineqn and path dependent.
In total 9 alternatives (Ny changes. reinforcement parameters. nnpact of shear.
model residue coefficient of fractiures and contacts in fanlt zone) were nupleiented.
For Iy = 0.82 resnlts received from model were comparable with measurenments in
opeu—pit. Open-pit bottom remained nndisturbe d. max. deformations 30 - 50 ¢
were tied ouly to block separated by two fanlts. In alternative with Ny = 0.425
deformiations on the open—pit bottor reached 60 - 130 cin and was created open-—pit

bottom failure meliding its rnptire by pressure water.
9. DEFORMATION DISTRIBUTION IN NVOLCANIC - DETRITAL STRATA

The origin of spoutancous ontflows of thermal water from basal aquifer is thonght
to be related to the chiaracter of the Antonin coal scaim voleanic—derrital nnderlving
strata displacement and the distnrbance of its impermeability cansed by nnloading
following stripping and mining of the coal sea and also by overpressire of thermal
gas rich water from the basal aqguifer.

By the eud of 1994 i the forefield of Jiri open—pit mine a boreliole NLIT fitted
with nagnetic rings to clarify distribution of vertical tmovements i voleanie—detrital
strata was drilled. The horehole was located i an undergronnd service drift close
to stabilized snrvey point No. L4 where all survey points for periodical levelling of
coal seam strata were stabilized. At the ontset of the bhorelole on the steel casing
L5 above the service drift footing a bench mark inelnded i the survey point
systen of levelling was fixed (Sokolovsko ... . 1996: 1998).

Magnetic rings were monnted to rocks of voleanie-detrital strata. For ieasnre-
mient. 30 magnetic rings were nsed.  Distance of the first ring monnted 61.030 1m0
bellow the npper part of the upper edge of the casing i service dreift from thirti-
eth ring in nupper part. of the drift (15.165m bellow npper edge of the casing) is
45.865 . Frontmeasured distance changes bhetween individnal rings vertical move-
ments i varions parts of voleanic-detrital strata can be monitored. Tt concerns
only relative deformations related to the npper paut of the casing. Lrom chiange
of the distance between the first and the last nagnetic ring compared to total de-
formation established by levelling at the casing head of the borehole possibly at
the closest stabilized point it can be determined what part of entive deformation is
formed by the change of the interjacent plate thickness.

Measnred data from basic survey which took place Jannary 11 1995 to the end
of 1997 were processed. (Measuring of settlement ... . 1996: Periodic report
1996). ‘Table shows change of distance between individnal magnetic rings. They
are very siall mostly at the Tt of method acenracy.

Figure 14 shows the change of thickness ol voleanie=detrital strata hetween ont-

side niagnetic rings and vertical wovement of NLE point of a bore hole casing head
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and at stabilized point No. 114 in the service drift for the entire monitored period.
While diaring three monitored vears the thickness of interjacent strata hetween ont-
side rings increased by only 25 mmn. entire lift measured by precision levelling
the casing head of the borehole MJ1 reaclied

59 mmm and 8O at point No. 114,

MI-1

A - change of thickness benveen outer maynetic rugs

B - moton of measuring pomt num. 114 measured by levelling

C = mestion measwred on boreliole M -1 cusiny

90 ——

F'1G. 14. Borehole M1 distance alteration between marginal
magnetic rings in comparison with boreliole casing head
MU T otion amd with motion determined onrhe levelling
point No. |14

Irom results given it can be conduded that only 30% of the total lift between
outer benclimarks corresponds with the chiange of interjacent strata thickness, If
the remaining 70% deformation corresponds with the lowest part ot interjacent
strata bellow the last magnetic ring and the Josef coal seam whielis hardly pox-
sible (Vobornikovit, Pazdera. 1997: 1993) or il the nnpernneable voleaniedetriral
titerjacent strata is hifted which hehaves as straimed plate canmot be fignred onr.
In the location where MJ1 boreliole is sitnaved the thickness of interjacent strata
imd uding Josef coal seam reaches approximately 66,

[ 1996, on the bottom of Jirf open—pit mine two new borehioles N2 and
N3 were dritled and magnetic rings placed. These boreholes were sitnated near
OVA0A and OV46A hyvdrogeologically monitored boreholes ending e voleamie
detrital strata and OVA0 and OVA6 borelioles drilled in basal wtrata. At hole
M2 movements of 18 rings (distance between the 1%
at hole N3 27 rings (distance hetween the 15 and the 27 ring was 39.239 1)

and 8™ ping was 25.82100m).

were monitored. Thickness of voleaniedetrital steata iwe luding Josel conl scam

in area where boreholes are sitvuated 1s D50 520, Neasiured data of horehole VL2
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fronr 21.10.1996 to 12.12.1997 and boreliole MJ3 from 21.10.1996 to 9.9.1997 were
processed before they were lost dite to mining activity.

I borehole M.J2 where the maxinnun change of the distance hetween the first
and the last maguetic ring during the last measnrement on 12121997 was derected,
equals to 30 (Fig. 15). As obvious froni the same Fignre the measnred lift valne
at the casing head of MJ2 horehole fluctuates aronnd 40 nn (42 i as amaxinnnn)
i the sane period. The Lift at the casing head of OV40 horehole reached 1121
and at OV40A boreliole as much as 130 . Again the defortnation of interjacent
strata acconnts only for 23 % =27 % of the entive interjacent strata Ll It is troe
that the distance between the outside magnetic rings s ouly 50 % of the cutire
voleanic=detrital strata thickness (indading Josef coal seaim) but it concerns the
npper part of interjacent strata where according to some experts (Vohornikova.
Pazdera., 1997: 1998) the maxinnnn interjacent strata deformation s coticentrated
and the massif “hreathimg out™ following mining ont the overbnrden and coal seain

took place.

MS-2
A = change of thickness betveen cuter magnetic rings
B - motion measured by levelling on boreliole MJ-2 casing
155 T+ C - mestion measured by levelling on borehole ()10 casing
D - monon measured by levellmy on borehole (174044 casing

135 EE———

115

(mm)

@ g .
2 =
o % o
Fra. 15, Borehole M.J2 distance alteration hetween marginal

nagnetic rings i cotmparison with motion of NLJ20OV40
and OVA0A borehole casing heads

The shortest period conld be processed from measnrenments of NLI3 haorcehole.
The maximmun measured chiange of distance between the first and the Tast iagnetic
ring reached 34 and the maxinnnn Lift recorded at the horehole casing head
was 4 Lunn. Given values are corresponding with values measured in NJ2 horehole
located approximately 60 away. The survey program was shorter bhut on the
other hand distance hetween outside magnetic rings was significantly Targer. A
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coparison with the levelling of OV46 and OVA6A horeholes could not be doue
because only after the end of the monitored period these horeholes were inelided

in the network of points used for the levelling.

[0. CONCLUSION

Based on results of Sokolov Basin exploration progrant innplemented in the end
of seveuties and results of the long terin measurements nnplemented at horeloles
near No. V' shaft of Marie Mine. an observation regarding separate Josef coal seam
collector from Staré Sedlo strata and crystalline bedrock was presented (Pazdera,
1980). At present thne it is said that as a consequence of the mining activity
Josef coal seatn collector in the cast half of the hasin central part is fed by water
running along faults or disturbed niassif from underlying hasal aqguifer.  Water
in the Josef coal seam collector is characteristic by tts different chennsim (Na
HC'O:4-SOy). changed by wixing with highty mineralized water of carbon dioxide
content according to places with direct connection of Stard Sedlo strata (Pazdera,
Vobhornikova. 1994).

This observation is based on dilferent developiment of the depression near No.V
shaft of Marie Nhne and on Jiri open—pit 1nine. \While pnmping the water from
Josef coal seain at No. V' shaft practically did not influence the water pressire head
in boreholes of Staré Sedlo strata and crvstalline bedrock i the wide environs of
the shaft, ten vears pimping of the water fron Jiri open pit mine from nnderlving
strata of Josef coal seamn showed signilicant lowering of the water pressnre head not
ouly i the open—pit environs but also - distant 1112 horeliole and other. Final
results of measurements with long ternn puinping of the water {rou Jirf openpit
mine ndicate a significant expansion of a depression i the south cast to east
direction.  Chrrently when Jiri open—pit drainage centre in agreement with the
mining procedure is noving further to the west of 12 horehole and therefore
away [rom Narlovy Vary springs the decrease ol the water level in 1112 horehole
is stopped. It can be assmned that the hydrogeological conditions were stabilized
i such a way that the water supply 1o the basiny conld cover the voliime of water
pumped out. So far this theory hias not heen verilied becanse the thime during
which the decrease of the water level i HJ2 horehole had been stopped was very
short. Fronr view of geotechnical safety of Jiti open pit wine and consequently
also Druzba open—pit mine it will he necessary to maintain the water pressure head
at lower level while the danger of depression expansion towards INarlovy Vary will
persist.

A fact that this extensive drainage of gas rich thermal water ol the hasal aqfer
does not have any significant impact on the chemical alteration of water composition
or the rednetion of hasic elements inchiding the TDS also can be noted.  This
mdicates a certain antonomy of thermal water occurrence on the hasin’s territory
even during a significant intervention to hydrogeological conditions die to open pit
nining.

Both modelling tethods of open-pit coal seam mining brought a lot ol new
imformation. Physical inodel proved the ability to forecast deformation processes
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with adequate accnracy. Also sigualization of potential loss of coal seam nnderlying
strata imperteability in locations of tectonie failinre proved as well founded. Actn-
ally 1 open—pit bottom last conuple of vears i area of so called donble fanlt several
mrushes of thermal water ocenrred. Precantion weasures lirst of all the need for
substantial local reduction of thermal water pressnre head recommended according
to these experitnents were applied.

For the most part the resnlts of interactive mathematical modelling were not
ol prognosis character. But regarding a stress condition. transformation changes
and possibility of hydraulic rock failure of the open—pit bottonr cansed by loss
of mipermeability of nnderldying Antouin coal seam voleanie detrital strata they
oftfered geotechnical know—how. Resnlts of model solutions are applied to proposals
for open—pit safety 1measures,

It shiows that during last three years when the deformation of voleanic=derrital
strata were mounitored by magnetic rings fitted i boreholes that those deformations
do not reach values cansing a failure of rocks forming the strata and loss of rock
mnperineability. The major portion of the hit of open—pit bottom registered by
a periodical level survey from fixed survey points i oservice drifts is cansed by
moverent ol volcanic=detrital strata as a whole and actually ouly a small portion
(p 10 30%) is cansed by the change i strata thickness. s the changes hetween
magnetic rings indicate they are related primarily to the upper part of the horeholes
e, to lower part of Antonin coal seam and npper part of voleame-detrital strata.
These strata probably beliave as a stressed plate. Than it very wceh depends on
its shape — concave or convex il tension zones with a possibility of pressnre water
penetration to imterjacent strata forts, Other situation is inan innmediate vicinity
of tectonie fanlts where moverents along these fanlts might ocenr. The mentioned
assiuption can approve or disapprove by the additional measurements carried ont
i more borelioles.

According to the synthesis of all scientific data acquired from analysis of resnlts
and trends from the long ternnmeasuretnent and measures carried out i open pits
e relation to coal miming there a conclusion can be made that there is a delinite
need to modify present measnring or 1o expand the systent by new measurements.
The objective is to gamn data required for protection of Karlovy Vary thermal wa-
ter springs becanse present monitoring is focused mainly to protect safety of the
mining. 1t is necessary provide contimnons monitoring of the gas phase eapacity
in selected boreliole. At the sanie tine 1t s necessary to liit drilling of new
observation borelioles to a miminmm becanse of the plugging problen when are
liggmidated (nucontrolled ontflows of thermal water) and the sealing property of
voleanie=detrital stratais reduced. As confirtned by analyvsis to verify the expected
barrier in Olife River valley an observation borehole on the right hiand bank ol tlis
river is required.

Protective measures nmst provide both a sale mining of the coal seqam and pri-
marily prevent nproper chianges ol hydrogeological conditions i area which conld

result. in endangering Karlovy Vary thertial springs.
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HYDROLOGICKE A GEOTECHNICKE ZMENY V SOKOLOVSKE PANVI
VYVOLANE TEZBOU UILI

)

Jifina TROKOVA-SKOREPOVA ., Jasel HANZLIK a Ladislay ANGER

Tezba hnédého ubli v centrilui ¢isti sokolovakdé pAnve ()\‘Ii‘\'im‘jv rezitn tlakovyel.
termaluich, proplynéngeh vod. Tezha probihd v ochiranngeh pasiecl prirvodnich
lécivieh karlovarsk¥eh pramenn. Vzliledem k tomn. ze nikdy nebyla vyloucena
pifd spojitost mezi ternidnim vodani v sokolovské pinvi a karlovarsk¥mi pra-
meny. existuje realnd moznost. dlouhiodobého ovliviéni téchto pramenn icinky 1é6zby
(Hynie, 196:3; 1964). Soubor nakladuyceh opatieni a pozorovini je zameéren prede-

v&in na zajisteni geotechinické bezpecnosti lomové tézby uhli pred neinky termalnicls
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tlakovych vod v dobyvaciin prostoru a jelio okoli. Od velkého privalu termlnich
vod ve sloji Josef na jawé I dolu Marie v #ijnn 1901 se termalni vody stabilne
cerpaly na jame V' dolu Marie. pro wmmoznéui 16zby sloje Antonin hilubinnym zpn-
sobeni. Cerpani tennalni vody bylo nkonéeno v [étech 1989 - 1990, kdy se odvodno-
vaci centrun presumitlo do dobyvaciho prostoru lomu Jiri. \ piispevku json nvedeny
poznatky, ziskané vyvhodnocenim rezitnnich méreni na vitech v oblasti ovlivnené cer-
panim, zméuy chemismu vod ve vztahu k odvodnoviani a visledky geotechmekého
vvzkinmnn.

Na zakladé pruzkunmimycd prad na Sokolovskn v 700 letech. visledkn rezinmnicl
meéreni, provadényeh dlouhodobhé wa vitech v okoli jamy V' dolu Marie i v pros-
toru lomn Jiti, byl vysloven nazor o samostatném kolektorn sloje Josef, oddeleném
od bazalniho kolektoru starosedelského souvestvi a krvstalinika (Pazdera. TO80).
Vo osoucasné dobé se nvadi. ze kolektor souvestvi sloje Josef je ve vichodni polov-
iné centralni ¢asti panve dotovin vodon z hazilniho kolektorn. Voda v kolektorn
sloje Josel je chiarakteristicka svyvi odhsnym ehienmsmen (Na- OO+ SOy ktery
se meni miseniim s mimerahizovanon teplon vodon s obsalvem oxidin nhlicitého. podle
mist. s primym propojenim se starosedelskyim sonvestvim (Pazdera. Vobornikova.
1994).

Dioubodobé ¢erpani vod ze sloje Josel na jame Voprakticky neovliivnido vyt iené
frovné ve vrtech do bazalniho kolektorn v jejim Sirsim okoli. Desetileté ¢erpini
vod na lomm el z podlozi sloje Josel se viak projevilo v¥raznyim snizenim vyt-
[acuych Mrovind nejen vookoli lomm. ale 1 na velmi vzdalenyeh vrtech. napr. 1112
(T k). V¥sledky zpracovani rezimuich méreni prokazu i vyznanime)si sirent deprese
smeérem na JV az Vo pri dlouho dobém cerpani vod na lomn Jiii a zvlAsté pri spontin-
nich vyverech term@lni vody na dné lonn. V' sonvislosti se zajistenim geotechnické
hezpecnosti tezby na lomu Jiri a nasledne i lomn Drnzba bude mitno v techto dohy-
vacich prostorech nadiale udrzovat hluboce snizenoun vytlacnon roven termilnich
vod a bude stale trvat nebezpect rozsitoviani deprese sméremn ke INarlovyim Varnn.

L.ze konstatovat. ze intenzivni odvodnovani proplyvuend termilni vody 2z hazal-
nibo kolektoru se dosnd virazné neprojevigje na ziéné jejiho clhicmického slozeni,
respektive na hytkn zakladuic b slozek 1 celkové mineralizace. Tento poznatek naz-
nacije urciton artonommnost Nzemi vyskyin termalni vody v panvia pri vyraznéim
zasahn do hiyvdrogeologickyeh pomern nasledkem lomoveé tezhy nhli.

Metody modeloviini depn. probiliajicich pri lomoveé 1ézhe ulielndé sloje. poskytly
nové pozuatky. Fyzikalni modely prokiazaly scliopnost predikovat deformacnt pro-
cesy s dostatecnon presnosti. Signalizace mozného pornseni nepropnstnosti podlozi
sloje v mistech tektonickyel pornch se ukazala opodstatnénon. Na lomn doslo v
prithéhn poslednich let kK nékolikn vronmm termalnich vod v dzemi “dvojitého
zlon™. Ochiranna opatrent, predevsim untnost vvrazného smzovani vytlacend firov-
neé termaluich vod, ktera byla navrzena podle vysledkn modelovyel pokisi. hyla v
lomu aplikovana. Vysledky interaktiviiho matematickélio modelovani nemély vetsi-
non charakter prognézy, poskytly vsak geotechnické poznatky o zmendch napjatosti
a moznosti hydranlickélio poruseni dua lomn nisledkem poruseni podlozniho izoli-
toru sloje.

Sledovaui deformaci v podloznim vulkanodetritickém sonvestvi na vrtech. osa-
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zenych magnetickynn krouzky. nkaznji. ze deformace mezilozi nedosalimji tak velké
hodnoty. aby jejich nasledkem dochidzelo k viraznénm rozvolhovani viulkanodetri-
tickyeh hormu a snizent jejich nepropustnosti. Vetsi ¢ast zdvilin, ktery je registro-
van na stabilizovanych bodecli v ficelovyeh chiodbach a na dné lom, je zrepmé
zpusobena polivhem mezilozi jako celkn a jen mesni ¢iast (do 30%) piipada na
ziéu ocnosti mezilozi. Mezilozi se pravdepodobné chova jako namndhana deska.
pro kteron je dulezity tvar konkavnost nebo konvexnost, vytviarejici podiminky
pro vzuik taliovyeh zon s moznosti prioniku tlakové vody do mezilozi. Méreni na
dalsicli vrtech s magneticky i krouzky mohon stavajid predpoklady potviedit. nebo
VVVTALL,

Na zaklade synutézy poznatku. ziskanycl z vyhodnoceni vysledkn. trendn dlon-
hodobyeh méreni a opatreni, provadenyeh na lomm v prnbéhin tezby nhlic vvplyvia
potreba fipravy stavajicicli mereni. pripadné rozsiteni systénm o noviameéreni. Cilem
Je ziskavat inforiace dnlezité piedevsim pro ochramn karlovarskyeh termaluich pra-
meut. nebot dosavadni meéreni json cilena hilaivne K zajisteni bezpecné téezby nhli.
Pozornost je tieba zamerit na prubézné sledovini zmen vvdatnosti plynné [Aze na
vybranych vitech. Soncasné je potrebné omezit Iilonbeni novyeh pozorovacich vetn
na nezhytue nutny pocet. nebof dochazi k potizion pii jejidy likvidacer (nekontrolo-

vané nniky termalng vody) a sniznje se tésuici Ncine k vulkanodetritického sonvestvi,
Vyplyva potieba realizace doplinjicilio pozorovactho vrtn na pravéne bielm Olire
pro ovéreni predpoklidané hydranlické baridry v tidoli této reky.

Ochranud opatieni innsi zabezpedit nejen geotechuickon hezpecnost lomové tezhy
nhelné sloje, ale predevsin zabrianit nepripostuym ziménAam hydrogeologicky el po-
mern v oblasti, které mohon vést k olirozent kadovarskyeh termalnich pramenn.
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