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Working technology in the Thorez opencast mine requi
res a previous drainage or water level reduction. The 
pre-drenaige brings about surface movements in the 
opencast mine and in ita wider surroundings. Surface 
movements are time-dependant processes because of the 
rheological properties of water reservoir rocks and 
the time-dependent process of water level reduction. 

T~e study determines the surface subsidence as a fun
tion of time by theoretical methods taking into acco
unt the rheologic8 1 propertiPs of the wet*r reservoir 
rocka end the rete of dreneige. The theoretical re
sult& ere compared with date obtained from in-eitu 
aeasureaents. 

The theo'retical invaatigations provide results to be 
used directly in practice because aeaeureaant data 
reflect only catein periods of the process that star
ted in 1960 while the aeesureaanta have only been 
carried out since 1973. Around aoae of the villages 
in the affected area aeaaureaenta ware perforaed only 
during the final period of the dranalge while in eo•• 
cases the first part of the process was aeeaured. 

The study detaraines the surface aubaidence as a 
function of tiae and ita aain parameters for villages 
Abaa,r, Viaonta, HalaaJugra, Detk and Ludaa. 
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l. INTRODIJCTION 

The coal seems worked in the Thorez openceat mine form 
the upper part of a sedimentary formation increasing 
in thickneas fona the foot of the Metra mountetna to
wards the Plain. Thi!ll formation ia composed of looee 
deposit•, aende, cl~y$ 0nd lignite .a@ams• The eeeme 
dip with an engle of inclination of 2-3 toward$ SE. 
Send end sandy layere between the lignite seems store 
water, the thickne•e of the aquiferous layer$ increa
sing towe rda SE. 

The opencaet mining technology ueee advancing fronts 
for removing the overburden and forwinning the coal 
eeame. This technolog·y of working !"eqo..:iree Ill previous 
dranaige or water level reduction cerried out with 
intermediate layer drainage advancing parellelly to 
the front. The pre-drain~ge brings about surface sub
sidence i~ end around the opencast Mine. Thia eubei
dence is s ti~e-dependent proces5 influenced mainl~ 
by the rhaologicel prop111rt1511 of the water reservoir 
rocks end th~ rate of ~ater level reduction. 

In tha effected er~a ~Yl!ltemetic mBaaur~mente of rock 
aoveaent have been carried out by the experte of the 
Matraalje CC~el Mines sine~ 1973. i're-drain:l.ng the 
opencest lllil'le, however 111:~rted in 1960, th!i<r~fcr~ the 
meaeureili¢!1Hl rlllflacted the fimtl period of the eubt>i
dence procu:e at c~nain v:!.lll!:g;~~® whil~ the f:l.ret pe
riod is me~eured ~round other•• Thus, ~lthough nu~~
rous Me!laurellu•nt dat!li ~<r~ !ll¥1lli11l!bhl. only theoreticl!ll 
invaetigotiona can oeecribe the wholll! eubaidence pro
cess for msny villages. ThG aaae raf6rl to the mair. 
para•eter& of subsidemce. vi:<:. tile "/ft&r of heginrting 
and the end of the mov'!lmenta. the lll!l!X:\.!I!ul'll subsidence 
v~lncity and the maximum subsidence. 

2. PHYSIC~l ~SES OF SURFACE SUBSIDENCE 

Experience t~lle th~t ground wst~r drainage bring$ abo
ut eurfoce eubeidencs prolonged over e coneiderable 
period of ~1111e. Accordtng to the tr&n$port theory of 
physic® the physical procea~es ere tr~neport phenom9na 
due to equalization tendencies of the »o-call&d inten
sive quantit~ll viz, GUifll• temperettlf'i!, energy density, 
•ass d!lm•ity e~<tc. Thfltt~ quantities shall I'IO!ill be invee
tigeted in gn~li!tttr det""il. 

The ~IUiH" ree~sr·voir poroue re-ck can be rltg&rded 11e a 
rock-woter li'flltl!l!ll "'hO!!Iil ph;n~~~~ !II""' in llliH:h!ln:l.cal, ther
••1 ~tnd ch!l!i!!!ical :l.nt!llf'IH;t:iom. iflli(i'l ®"ch uther. It :I.e 
easy tc fJrove; thlil~ thlii!"II!O\l <Hl<"i o;IIO!Ifldl~l !~t<tn!ictiono 
can be $.grlorr~>l:! from the; poir•t of vi . ..,® of the phonoMen~:~n 
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in question and it is obvious that mechanical in
teractions play a deciaive role •• 

The whole /total/ vertical stress of the water reser
voir is determined by the weight of the overburden 
layers above the water reservoir. The total stress is 
counterbalanced by the so-celled affective stress in 
the solid structure end by the pore water pressure: 

6z4"' Z.j~"' 6;1 +pt /1/ 

ith z 
.9 
g 

thickness of the overburden layers, 
average density of the overburden layers, 
acceleration due to gravity, 

Ozl 

6'~~ 
vertical total stress, 
vertical effective stress, 
pore water pressure. 

Expressing the vertical affective strees: 

fi~,,. Z$)9- PI 
The horizontal effective stress for elastic defor
mations can be written as [3, 4, 5j 

with m Poisson's ratio. 
The horizontal total stress becomes 

.. ~ + P1..!!!::.L 
m-1 m-4 

and the pore water pressure 

With density of water 
static head of watef. 

121 

/3/ 

/4/ 

Reduces the static heed of water by.dh due to drai
nage. the pore water preaaure decreaaea by 4p• S'w g dh. 
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Since the total vertical stresa due to the weight 
of the overburden layers re111sins constant, the pore 
water pressure reduction brings about an increase in 
the effective stress. Thua, the vertical stressea 
become after the water level reduction 

0~.2 • 6".,2 -~· 6.a::-(Pf-.4P)•Zj9-P4 +4P• 

• s;.f +..sp 

/5/ 

/6/ 

The horizontal stresses are after the water level 
reduction 

I _.!U._ 6'tl +AP I "P 
6"..,....,• 111-1 • If)-{ • flxt.,. m-f I? 

/8/ 

and the differences between ths stresses after and 
before water level reduction i.e. the deformational 
straasaa becoae 

/9/ 

/10/ 

The solid etructure of the water reservoir rock 
suffers ~ deforastion due to the stress change i.e. 
the deformational atreasea. It can beaasily proved 
that this daforaation obeys Hooke's law. because of 
the elastic state. Since in the co-ordinate system 
of Fig. 1 E •f • 0 and 4~1 

"' 46"' , the ver-
tical deformltion ~f the water rleervoirYrock ia 

with E 

m(m-0-2 
, -1 

Young•e !iiodulua. 

/11/ 

l?9 
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This expression ~lev maans that if M • 2 i.e. the 
•ateriel does not change its volums, no vertical de
fon•lltion takes pleca • .!% .. 0 b411C8USIII Ex .. ey • o. 

In loe>!UI 11011iferous di!lposite viz. send end clay Young's 
moch .. d.us 1" ·flat c:or,•.<tlilflt but lineorly increases "Nith 
increasing layer dupth. It h~~ proved (1, 3, 4, 5, ~ 
that 

E,.Lm.:!l!!::L (A+ Bs) 
(m-fJ fiPI 

with A @nd B canate~t~. 

/12/ 

Ueing thee• reeulte the vertical d0farmat1cn asn be 
!ll.<:presiiHJd <>'<' 

/13/ 

·rn~ :md'ect~ "'''bsider;cc au11 to ths co•pre1u; !.on of tho. 
watlftJr· r~u;~rvoif' lG~H~r ia 

/14/ 

<'!io:l.l f!'®Chl!lnio;. ve l1,~1.',:ri<-'' o1 con~oU.t!-:~~tion 
IH'~ ~~no..,n [1] • Th$1lll«t f'®lJ~!"d• now-_,,,~,.. d'lii cr~~.e wi'>"!r! 
till\: lliH'lMih'''OUiii rock l·i'l";'tH ;;.:~ r,;."!:;>OI!:•· .• '" -?!!': ~v-r~ici>!>l lo
~d '&V~.i.~~)·~ :t.-{~c,..ease.~,t. boi:h ~-h\-: t~J'i.t' l t~t,~·H.i ett~c·-:~~"~1!? ~,triie= 
••• a~d 1on pro~~~d® wi;h t~• rs ~f th~ 
extrt.Jtli."~~ ~~tar fre.:a · .. !1s .~.,r,r·~~.~ :-L, e:t.ilr c#-'fd" ~".n·" 
Wltl''flH' ,- %'<11 til itU;!, ~-Jn d:l. f fa rant th'!l !'il #'<-,\-": .. th'O . 
Ci f t .. t:h'<-.()lid~! lor. ir . .;a~ l)·~~c.h~~~ ,~ tcti !6~rn;r..~ t bt; 
B!pp.l;?..~:~d 'U'J ~@?~~( r:~···,.:F;:~i\€1 Of ~1Jf''f·:2fe'o'!P 5UbQ.idi{11fi-
CI'.Io 

Jhe rh!!:Vll)!}it.:illll beh&\li~•n· ;:;,f ~h:o; i!i::ll.id SU'I.'I:ture of 
rock• r.an be de~cribi!<<:l bv ~'oy•'i.n;;_-"lhcyli!IHln•a !i!Qd®l 
with ll good t.pp , ..,.r.c;ue «HiUiHi"n f11r !.lnil!l.ll:isl 
i!lta 1!1 of etres!ll 

/Hi/ 
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1111th no rmel at ress, 
deforlllation, 
Yt~ung's modul ... e, 
time. 
linear coefficien< of viscosity, 
constant of rel&xation. 

This model takes account of the creeping properties 
and relaxation of rocke. Creeping properties express 
the fect·thet deformatione due to a certain load de
velop with 111 delay. Rel~xetion ~•~n~ the atree~ re
duction at constant deformations. Because displace
mente and ~format ions will be analysed in our further 
investigations, ,.niti!iiil and boundl!!ry ccnditions will 
also be expressed in t~rm2 of theoe quantities. Re
laxation of atreaeea lti of no major importance in 
this ca1U1 therefore "2 "' 0 c111n be assumed, and 

/16/ 

being the basic equation of Kelvin'a model will be 
used. 
Rearnnging 

/17/ 

and aubeUtuUng ~ .. E 
0 

( t1 we obt®in 

/18/ 

where L ( t) denotes the deformation at inatant t 
without~heological effect. 

Since the vertical displacement ia calculated ae the 
integral of tha vertical deformation, it can be written 
that 

dwltl"".!_[w U)-wff)] 
dt ).. 0 /19 I 
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This equation hss provid~d good results for descri
bing the process of eurfsce subsidence of areas above 
mining ectivitie& [7, a] • For w ( tl "' constant, with 
that init:!.Ll>l conditiom:l t "' 0 en8 w .. 0, the ;elution 
of the differentiel eoustion i.e. the ®ubeidence as a 
function of time becom~~ 

/20/ 

Thia equation can be elGD used to deacribing the pro
Ciil'!!'! of water level redm.:tion ee a function of time: 

/21/ 

At a constant rate of lillillter outpu~ & " constant. 
Using this and initial conditions t • , the proc~se 
of water level reduction c8n ba writtsn as 

/22/ 

with C conetant d•pending on the permeability af 
the aquifarous l~yar, teh output of the 
tir&insge, th&; pattern of the dewataring 
wells etc. and being proportional to the 
rate of water levGl reduction. 

Hunce 

/2"5i 

The differential equation cf the procsE~ at aurfsca 
subsidence can nolll! ·be wrH tan: 

/24/ 

The solution of the differential equation •ith ini
tial condition t B 0, w • 0 i.e. the function sub
sidence time ia 
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[ 
4 ( CA -f-.;. -Ct)ll 

w(t)•Wo f- 0 _
1 

T e - e ~ /25/ 

- E • with w
0 

surface subsidence at 1nstant t:~ • 
If the water level reduction is infini
tely rapid i.e. C•- then 

/26/ 

If the rate of water level reduction is low i.e. 
C-+ 0 then 

_, - ( -Ct) W(r;J,. Wo ./-e 
/27/ 

which means that the surface subsidence proceeds with 
the rate of water level reduction. If C A /E = 1 holds 
a special case is met. Now 

/28/ 

i.e. surface subsidence proceeds also in this case with 
the rate of water level reduction. 

From these results the conclusion can be drawn that 
for a water level reduction characterized by 

C) E/,\ /type I/ 

/29/ 

t - ( -ct) W( J•Wo 1-e /30/ 

is valid. The subsidence velocity becomes at C { E/,\ 
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.L dw -Ct 
vt~J• -- WoCe dt 

and at C) E/). 

v(t).~.~ ( -ft - -Ct) 
d.t Q.._' e e 

I! 

/31/ 

/32/ 

At instant t • 0 v • w C holds in the previous case 
and v • 0 in the latta~ caae. 
The maximum subsidence velocity is experienced at 
instant 

to. _l...;.,n_.¥.._"' _ 

c-..! 
A 

; c.>. .>I 
E 

/33/ 

And the value of the maximum subsidence velocity be-

/34/ 

If C • E~ than vm • w c. The subsidence at the point 
of inflexion /t • '~/ is 

/35/ 
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usings Eqs. /33/, /34/ and /35/ we have 

~ -~-~ E J 
~to-,,~(~) E _ ( ¥-) ex 

W(fo) { ~+~ /-ll (t- C~) ~- d_/('fr E -(CEA) /-CA 
E r /36/ 

Eq. /36/ enables us to calculate CA/E if vmax' w (t-o) 
and t are known and in the next step C~/E and w can 
be de~ermined, It shall be noted that t i,e, thR time 
of the point of inflexion in the subsidince surve, de
pends only on rock properties and the rata of drainage 
and is independent of the value of surface subsidence. 

In the affected area the main characteristics of the 
surface movements are as follows. At Abasar surface sub
sidence started in 1960, the subsidence-veTocity reac
hed a maximum of 28 mmjyear in 1963. Surface subsiden
se ceased in 1975 totalling at 224 mm in average. In the 
northern part of Visonta surface subsidence started in 
1961, the subsidence velocity reached a maximum of 
36 mmjyear in 1964. In 1976 surface subsidence ceased, 
after reaching 280 mm in average. In the southern part 
of Halma1ugra surface subsidence started in 1973, the 
subsidence velocity reached a maximum of 9 mm/year in 
1976. Surface subsidence can be expected to cease in 
1988 with an average total of 100 mm. In the central 
part of HalmaJugra surface subsidence started in 1973, 
the maximum subsidence velocity, 22 mm/year was expe
rienced in 1976. Surface subsidence can be expected to 
come to an end in 1988 with an average value of 180 mm. 
In the northern part of Halmajugra surface subsidence 
started in 1972, subsidence velocity reached its maxi
mum with 15 Mm/year in 1975, Surface subsidence will 
probably cease in 1987 with an average total of 120 mm. 
At village Oetk surface subsidence started in 1973, the 
subsidence velocity was at its •aximum of 9 mm/year in 
1976. The surface subsidence will end predictably in 
1988 with an average total of 80 .-. At village Ludas 
surface subsidence began in 1973, the subsidence-veTO
city had its aaximuM /10 ••/year/ in 1976. Surface sub
sidence is expected to end in 1988 reaching a total of 
80 111m in average. 
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4. SURFACE SUBSIDENCE IN THE AREA OF THOREZ 

OPENCAST MINE 

Thorez opencast mine and its surroundings are_illustra
ted in map N°l. A measurement line can be seen near 
the opencast mine crossing villages Ludas, Detk, Hal
majugra, Visonta and Abasar. An evaluation of the mea
surements about surface subsidenc£ erovided the fol
lowing average data for the area 9J : C AjE = 2.0; 
C = 0.60 year-1 ; E a 0.25 year- • On substituting 
these values the function of surface subsidence be~o
mes 

-0.25 -0.5 
w/t/ 

• l - 2e +e e, t (year] /37/ 
wo 

The functions of surface subsidence for the various 
villages are as follows. 

~: t • o, 1973 

-0.25 t - 0.5 

w/t/ = 80 ( 1 - 2e +e ) ' mm t [year\ /38/ 

~ t .. o. 1973 

-0.25 t -0.5 t 

wft/ ,. 80 ( 1 - 2e +8 ) . mm /39/ 

Halmajugra South: t • o, 1973 

-o. 25 t -0.5 t 
wjt/ • 100 ( 1 - 2e +e ) . mm /40/ 

Halmajugra Central: t • 0, 1973 

-0.25 t -0.5 t 

w/t/ • 180 ( 1 - 2e +a )• mm /41/ 
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ttalma 1ugra North: t = 0, 1972 

-0.25 t -0.5 t 

w/t/ " 120 ( 1 - 2e +e ) • mm /42/ 

t .. 0. 1961 

-0.25 t -0.5 t 

w/t/ " 289 ( 1 - 2e ) 11 nHn /43/ 

~: t 1960 

-0.25 t -0.5 t 

w/t/ " 224 ( 1 - 2e +e ) , mm .. 
/44/ 
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FIGURES 

Fig. 1. Water reservoir rock and co-ordinate system 
Fig. 2. Calculated and measured surface subsidence~ 
Fig. 3. CalcLJlated end measured surface subsidences 
Fig. 4. Calculated and measured surface subsidences 
Fig. 5. Calculated and measured surface subsidences 
Fig. 6. Calculated and measured surface subsidences 
Fig. 7. Calculated and measured surface subsidences 
Fig. s. Calculated and measured surface subsidences 

Map N° 1. Villages in the area of Thorez opencast 
mine 
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