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BURFACE SUBSIDENCE DUE TO WATER LEVEL
REDUCTION IN THOREZ OPENCAST MINE
Zn. Somosvéri
Technical University of Heavy Induatry
Miskolc- Egyetemvéros 3515

Working technology in the Thorez opancast mine requie
res & previous drainage or water levsl raduction, The
pre-drenaige brings about eurface movements in the
opencast mine and in ite wider surroundings. Surfece
movemgnte are timg-despsndent proceeses because of the
rheclogical properties of water ressrvoir rocks and
the time-dependent process of water level reduction,

T8 study determines the surface subsidence as a fun-
tion of time by theoretical methods taking into scco=-
unt the rheologic,l propertiss of the water reservoir
rocks and the rate of dranaige, The theoretical re-

sults are compared with data obtained from in-situ
measurements,

The theoretical investigations provide results to be
used directly in practice because messurement dats
reflect only cetain periods of the process that star-
ted in 1960 while the messurements have only been
carried out since 1973, Around some of the villages
in the affected area measurements were performed only
during the final period of the dransige while in some
_ cases the first part of the process was measured.

The study determines the surface subsidence as »
function of time and ite main parsmeters for villages
Abssér, Visonta, Halmejugras, Detk and Ludss,
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i, INTRODUCTION

The cosl seamse worked in the Thorez opencaat mine form
the upper part of & sedimentary formation increasing
in thickness form the foot of the Métre mountains to-
werds the Plain, This {srmation ie composed of loose
deposits, esnde, clays snd lignite seamg, The seams
dip with &n angle of inclination of 2-3° towards SE,
Ssnd end sandy laysrs between the ligriite sesms store
water, the thickness of the agquiferous layers incres-
sing towerds SE,

The opencast mining technology uses advancing fronts
for removing the overburden and forwinning the coal
gesams, This technology of working raguires 2 previous
dransige or water level reduction carried nut with
intermediate layer drainage advencing parellelly to
the front, The pre~drainage brings about surface sub-
sidence in &and around the opencast wine, This subei-
dence is & timse-dependent process influenced mainlw
by the rhsologicel propeartiss of the water reservoir
rocks snd the rate of water level reduction.

In the effected arae systemstic measuraments of rock
movement havs bsen carrisd out by the sxperts of the
Midtraalia Coal Mines since 1973, Pre-desining the
opencast ming, however zlarted in 1980, thersfore the
measuresmgnie reflacted the final paried of the subuzi-
dence procsss st certein villeges whils the first pe-
riod is meassured srocund cthers, Thus, although nume-
rous measurement dats &re sveilables, only theorsticsl
investigstions can Usecribe the whole subsidence pro-
cese for meny vilisges, The ssme rsfers to the mein
parsmeters of subsidence, viz. the yesr of beginning
and the end of the moveaments, ths maximum subgidence
valocity snd the maximur subsidence.

2. PHYSICAL CAUSES OF SURFACE SUBSIDENCE

Experisnce telle thet ground water drainage brings sgbo-
ut surface subsidencs prolonged over e considerable
pariocd of tims, According to the trenaport theory of
physics the physicsl processes sre trensport phernomsna
due to esnualizetion tendencies of the so-called inten-
sive Qusntites viz, stess, tempersturs, energy density,
mese deneity ete, Theaes guentitise shell now be inves-
tigered in grester dezeil,

The water ressivolr porous rock can be regsrded e &
rock-wetsr system whoes phases sra in mechsnicsl, thare
#sl and chemicsl intsrections wmivh ssch othar, It i
888y 1o prove that theresl znd cheelonl intsrsctions
can bes iguored fram the point of viem of the phencsenon
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in question and it is obvicus that mecharical in-
teractions play a decisive role..

The whole /total/ vertical stress of the water reser-
voir is determined by the weight of the overburden
leyers above the water reservoir, The total stress is
counterbalanced by the so-celled sffective stress in
the solid structure snd by the pore water pressure:

6,,= 235”6194 +9¢ Va4

ith z thickness of the sverburden layers,
9 avarsge density of the overburden layers,
g &cceleration due to gravity,
621 vertical totsl stress,
851 vertical sffective stress,
51 pore water pressurs,

Expressing the verticsl effective stress:

1)
6z¢= 299 - ps
The horizontal effective strsss for elastic defor-
mations cen be written es [3, 4, 5]

]
Gy 22t 299-P1 o
X4 mei i x4 { /2’,
with m Poisson®s ratio.
The horizontal total stress becomes

i -
G- 5“.,,,',123_;5 +pe= 22y p,

-2
m-{ {

m
o -

m-2

.. 7]
Py 73/

me{

and the pors water pressure

Pi= w g4 /4/

with 9 density of water
static head of water,

Reduces the static head of water bydh due to drai~
nage. the pore watsr pressure decrsases by &p= 9‘” g dh,
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Since the total vertical stress due to the weight
of the overburden layers remains constant, the pore
water pressure reduction brings about an increase in
the effective stress, Thus, the vertical stresses
become after the water level reduction

621. 6‘"1 zsg /57
©22% Sz ~Pa= 629~ (P(-4p)=29g-p, +ap=
= 6y
z1 "'AP /6/

The horizontal stresses are after the water level
reduction

12
6" - !l Gz’ +4ap 6 + 2P aAp
m-4 m-{ T Tt /7

6x2- &'2+Pj‘ sx,z"'('P‘-Ap)-le'f‘ %4’ /8/

and the diffsrences between ths stresses after and

before water level reduction 1i,e. the deformational
stresses become

Asl 6’1- i”‘P’f"’ﬂAh 79/

' ‘ P AP Swoah
AGX- 6z ~ B¢ P 7 110/

The solid structure of the water reservoir rock

euffers a deformstion dus to tha stress change i.e,
the deformational stresses, It can beessily proved
that this deformation cbeys Hooke’s law because of
the elastic state, Since in the co-ordinute system
of Fig, 1 £ =£ = 0sand 48" = A6’ , the ver-
tical doform‘tion ¥t the water rleervoirYrock is

ah M-
g _3'9 J4 1)’2 . Y
with E Young s modulue.
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This axprassion 2lse maene that if m = 2 i.e. the
materiel does not change ite volums, no verticel de-
formsation takes plece, £ =0 bacause zy = €y = G,

In loose squifercus depoeits viz. sand snd cley Young’s
modulug 48 not conctsnt but linesrly incresses with
increasing leyer dupth. It hae proved [1, 3, 4, &, €]
that

g2L0l)M2 g 4 g

(- m

with A and B canstants.

/ia/

For materiels of consiant volume A »ew ,

Ueing thees results the vertical deformstion csn be
supressed se

£ Py (3
c‘fgm}%%zm /137

e,

the wurfscs subsidencs gue 10 the compreasion of the
waler vessevoeir laysr le

ﬁx
w s +82
we | Becrs Dl A 1
%

3. DURPACE SURS

£ &3 A FUNCTION OF TikMg

In soil mechenics wariove itheories of sonsolidetion
sre wnown (1] . These rogerd, howsvar, tha cese wﬁ%v
bh% aquif@*auﬁ rock layer wrpoesd (o 2n ourgide loe

gd whigh incrsasaz borh * toisl end efface
RT3 g?ﬁ COBREIERLGN proD wods wlih €
BRETUR LG wegter from ibs Doreo.

mewnr, (e sltusrion difﬁeraﬁt th@ i §

of & ot he
2EplL Fﬁﬁiﬁg subgiden-
e

The rheclogical behevisur of tha s321lid struntures of
ra@ks cun be degrrihm& by Foyring-Thosson®a wodsl

with o good spproxiuation whose syuaiicn for uniexisl
atete of stresn is %23

ﬁa%ﬁ*Agf 4'4?

»i;ﬁ Fat:-74
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linear ceefficiany of viscosity,
constent of relaxstion,

with & nermal stress,
€ daformstion,
E Young®s modulus,
k4 time,
b
%

This model tskee sccount of the creeping propertiss
gnd relsxation of rocks, Creeping propsrtise sxpress
the fact that deformetions due 0 2 certain load de-
velop with & delsy, Releuxation means ths stress re-
duction 2t constent deformeticns, Bacesuse displisce~
mente snddformazions will be analysed in our further
investigations, initiasl snd boundary conditions will
alsc be expressed in terme of these gquentitiss, Re~
laxation of stresses i3 of no major importance in
this cass therefore 02 = § cen be assumed, and

d
G-e£+ASE /187

being the basic sguation of Kelvin®s modsl will be

used,
Rearranging

&(¢) 1
S 109 A dECY)
E £(¢) el

77/
and substituting qét = & { t} we obrsin
didt) &
at -Tf&,(ﬂ-é’%’ﬂ] 718/
where ' { t) denotes the deformstion st instent ¢

without Fheologicsl sffect.

Since the verticael displacemsnt is calsulated as the

12tegru1 of the varticel defurmation, 1t caen be written
that

dw(f!w_f_ -
prr : [w, (¢ w{t)] /19 /
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This equation his providsed good results for descri-
bing the process of surfsce subsidence of areas above
mining ectivities [7, 8] . For w_ ({1} = constant, with
thet initiel conditions t = O anl w = 0, the nlution
of the differentiel equation i,e. the subsidence &3 @&
function of time becosse

tifié
wewp(1-¢” ) F20/

This equation can Le zlec used to describing the pro=-
coess of water level reduction ae a function sof vime:

dahiti . .
_2?%-"“ s C[ahg-ah(t] /21

At @ constant rete of water output Ah_ = constant,
Using this and initial conditions ¢t = U, the process
of water level reduction csn be written as

ahgdtmahy (1o Y

fazs

with € constent depending on the permesbility of
the asguifsrous layer, teh ocucput of ths
drainage, the pattern of the dewatsring
wells etc, and being proportionsl to the
rate of water lsvel reduction.

Hance

- -
Woltha e (f-e ) .

The differentisl equation cf the procsss of surfece
subsidence can now be written:

dw(tl Efm . =t
- ..wi.{wo(f e J-wie] 12/

The sclution of the differentisl squation with inil-
tial condition ¢ = 0, w = O i.6. the function sub-
sidence time is
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- %t
- { (ck -Cty3
W(ﬂ-%[i--ci-:—; ik -¢ )J
with w surface subsid&nce at instant t=ow ,
¢ If the water level reduction is infini-
tely rapid 2.e, Ce=es then

725/

-£4
witl=(1-e” )
/26/

1f the rate of water level reductiorn is low i.e.
C+ 0 then

W(t)w \74(/-5“) 727/

which means that the surface subsidence procesds with
the rate of water level reduction, If CA /E = 1 holds
a special cese is met. Now

W(t)= @, (f-e'“) /28/

i,e, surfsce subsidence proceeds slso in this cass with
the rate of water level reduction,

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

C> EN /type 1/

E
holds end for C = Ef /type 11/

W(é)-We[f--{XJ(QeEf -Ece)] /29/

Wit =, (1-6F) /30/

is valid., The subsidence velocity becomes at C & EA
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dw -Ct
V(t)' 27- WOCC /31/
and at C)> EM
E
-T2 T
v(t) dt'Q,,(e - e ) /32/
-4

At instant t = 0 v = w C holds in the previous case
and v = 0 in the lattel case.

The maximum subsidence velocity is experienced at
instant

ty= (nf,:’\ . CA

.k €

/33/
A
And the value of the maximum subsidence velocity be-
comes
— -t
—_ 4- _E
Vaor s 28C_ (E0)TE_ o ex
& _,VE = (Ii ) '
;‘- )
CA
-S4 3
= > /34/

If C = E/ then v

nax w C. The subsidence st the point
of inflexion /t = Qo/ is

{
-] /
l—l%}4. Y -
- -—L -C__
w(lto)=whp {1 s [( ;‘)

gl -

735/
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usings Eqs. /33/, /34/ and /35/ we have
{

(nEA [(cay ¢ C)\."Eft
v o MHE) - ]
W(fo) 4

E -at e
(- g=l2) T -y
E

/36/

Eq. /36/ enables us to calculate CA/E if Voaxt W (go)

and t_ are known and in the next step CA/E and w_ can
be defermined, It shall be noted that t_ i.e, thf time
of the point of inflexion in the subsidénce surve, de-
pends only on rock properties and the rate of drainege
and is independent of the value of surface subsidence.

In the affected area the main characteristics of the
surface movements are as follows, At Abasir surface sub-
sidence started in 1960, the subsidence veliocity reac-
hed a maximum of 28 mm/year in 1963, Surfazce subsiden-
se ceased in 1975 totalling at 224 mm in sverage. 1ln the
northern part of Visonta surface subsidence started in
1961, the subsidence velocity resched a maximum of

36 mm/year in 1964, In 1976 surface subsidence ceased,
after reaching 280 mm in average. In the southern part
of Halmajugre surface subsidence started in 1973, the
subsidence velocity reached a meximum of 9 mm/year in
1976, Surfacse subsidence can be expacted to ceass in
1988 with an average total of 100 mm., In the central
pert of Halmsjugra surface subsidence started in 1973,
the maximum subsidence velocity, 22 mm/year wes 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
probebly cease in 1987 with an average totsl of 120 mm,
At village Detk surface subsidence started in 1973, the
subsidance veIocity was at its maximum of 9 mm/year in
1976, The surface subsidence will end predictably in
1988 with &n average total of 80 am, At village Ludas
surface subsidence began in 1973, the subsidence velo-
city had its maximum /10 sm/vear/ in 1576, Surface sub-
sidence is expected to end in 1988 reaching a total of
80 mm 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°1l. A measurement line can be seen near

the opencest mine crossing villages Ludas, Detk, Hal-
majugra, Visonts and Abasar. An evaluation of the mea-~
surements about surface subsidenc rovided the fol-
lowing average data for the area §9§ : CAJE = 2,0;

€ = 0,60 year=l ; E = 0,25 year=+ ., On substituting
these values the function of surface subsidence beco-
mes

~0.25 ¢t -0,8 t
w/t/

w
0

=1 - 28 +e e, t [year] /37/

The functions of surface subsidence for the various
vi}lages are as follows.

Ludas: t = O, 1973

~-0,25 t - 0,5t
w/t/ = 80 ( 1 - 2e +e ) . mm t[yearx /38/
Detk: t = 0, 1973

-0,25 ¢t -0.5 t
w/t/ =80 (1~ 2e +8 ). mm 739/

Halmaiugra South: t = 0, 1973

-0,25 t -0,5 t
w/t/ = 100 ( 1 - 2e +e ) » Mmm /40/

Halmajugra Central: t = O, 1973

-0,25 t ~0,5 t
w/t/ = 180 ( 1 - 2e +e ,, mm /4l/
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Halmajugra North: t = Q, 12872

=0.25 t -0,5 t
w/t/ = 120 { 1 - 2e +e } s mmo 42/
Visontzs Norih: Tt = 0, 1981

«0,25 t ~0.8 t
w/t/ = 282 ( 1 - 28 +® }, i /43/
Abasdr: t = 1960

=0.25 ¢t ~0,5 1t
w/t/ = 224 (1 - 2e e \i . omm /44
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FIGURES

Fig, l, Water reservoir rock and co-nrdinate system
Fig, 2. Cslculated and measured surfece subsidences
Fig. 3, Calculsted snd measured surface subsidances
Fig, 4. Cslculated and measured surface subsidences
Fig., 5. Calculated and measured surface subsidencses
Fig, 6, Calculated and measured surface subsidences
Fig. 7., Calculated and measured surface subsidences
Fig. 8, Tslculated and measured surface subsidences

Map N1, Villeges in the area of Thorez opencast
mine

38%

Reproduced from best available copy



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

Fig. 1. abra

Q 4

390

Reproduced from best available copy



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

2
\\ &
N\
AN N
N
\ \ :‘e .
N 5
) ~-g
a N ~
2 ™ e
N o
i \ -
Y
< \
) g
3 3 3 ? ] =
2.
3 E G
391

Reproduced from best available copy



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

- — - ®
o~
~

o o~
o4
)
o~
w
o~ 0
. ~
&
x
L -
i &4
o) R
T w
- ~
)
=
=)
or &
<
(]
g
g.’
= )
S &« -
ot 2

el

Reproduced from best available copy



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

77

76

abra

HALMAJUGR A

Fig. 4.

H 2,13,15,16
%

1973

100
80
60
40
20

.
¥19
11

393

Reproduced from best available copy



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

o
~
L - &
o~
o o~
o
Lag]
)
(3]
73 @ 9
o
< . 5
154 - Br
2 R :
= o u
= W0
=z 3 = n
5 & E"
< -
z &
o
™~ s
- o~
WD
o~
&
x 2

0¢
‘

1

-
Y19
[*e]

394

Reproduced from best available copy



HALMAJUGRA

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

— B
B 3
" &
2y
5 k )
g [ L
S \ o
. N\ i d
g N
q
5‘ ~3
S) \ "
X
2
s s 8 s ¢ z

e
w75
{*e]

395

Reproduced from best available copy



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

396

Visonta: D.EFG H L K, LM NR ST

~N~

120

100

80
60 |
40
20

w
w9
L}

Reproduced from best available copy

78

76

7. abra

Fig.



ABA SAR

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

A 39,5,6,7,8%,16, 17,1 24, 25,27

7

120

= ———
-~
} \\
o .
8 2 3 g =
§| ;g :‘__-:

Reproduced from best available copy

17

H

1973

abra

1

8.

Fig.

397



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

Hekfef

‘1

Mop

) sz terkepme

398

Reproduced from best available copy





