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SURFACE PROTECTION PROBLEM IN CONDITIOHES CF WATER
HAZARD IW DIAPIR SALY HINES

Kortas Grzegorz and Wilk Jan,
Development Center for Chemical Raw Naterials, Krakéw,
and Jasifiski Zbigniew, "Solno" Salt Mine, Inowrocfaw, Poland.

ABS®RACT

The basic problem in underground mining of diapir salt depo--
sits is inm Polish conditions, the water surrounding salt do-
mes., The water hazard in salt mines is indirectly connected
with danger to the surface and environment of mining areas in
case of water inrush, The drastic proof of that was the big-
gest catastrophy in the history of Polish mining - the floo-
ding ot one of the diapir salt mines in 1977. The paper pre-
sents. symptoms of water hazard gradually growing in the years
1972 - 1977, describes the water inrush into the workings,
deals with the effects of drainage of mining area and the mi-
ning damages caused by water flow under the built-up area.
The process has been presented of restoring hydrogeoclogical
equilibrum and setitling down of suriace displacements in the
period from 1978 - 1985. The paper aims at pointing out the
recessity of preventive surface protection in conditions of
growing water hazard in salt mines.,

INTRODUCTIOK

The water hagzard in salt mines, particularly those located on
salt diapirs, is one of the most important factors which must
be taken into consideration in mines projecting, exploitation
and at the stege of closing them down. As it has been shown
by numerous experiences in salt mining gathered in Germany
(Spa:keler 1957, Gimm 1968), the USA %Kupfer 1979), Poland and
othe countries, the salvage of mine after water inrush is,
in most cases, impossible, The action practically reduces %o
saving human lives and minimizing losses, In order to prevent
such catastrophies, a controlled flooding of salt mines is
considered advisable in certain cases (Briickner 1983), vhe dras-
tic example of connection between water hazard in mine and dan-
ger to the surface was the flooding of diapir salt mine in
Wapno, The paper presents processes which are characteristic
of that type of hydrogeological conditions:
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/i/ growing sympioms oi water aezard,

/ii/ Flooding oi mine wita dralnage of overlay and all resul-
ting efiects,

Jiii/restoring of iydrogeological egullibrum and stabiliza-
tion of suriace,

The case ol Tlooding of ithe mine in VWapao is unigue in litera-

ture of the subject, in view ol The greatest mining damages

being created on the surface, beyond the boundaries of sali

diapir.

WALER HAZARD 1IN HINE

The mine in Wapno near Bydgoszcz carried on the exploitation,
of reck salt in salt diapir of a cross-sectional area 0,5 km“,
on. the level of 380 - 540 metres, capacity oi workings rea-
ching 5,6 million cubiec meires., Workings were insulated irom
waters surrounding the diapir in gypsum cap formations, as
well as Trom lateral contacting tiae cap, a widespread aguiier
of tertiary sands of regional propagaticn (fig. 1).
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Fig, 1 ﬂydrogeélogical‘scnema of Wapno Saltv Hine

1t should be added nere, .that thne existence ol the above aqui=~
Yer, abounding in fresh water, had not been discovered until
the break-down, vecause geoldgical surveying, carried out du-
ring construction oi the mine, resolved itselil to rormation of
salt diapir, Water hazard in the mine was therefore connected
mainly with fractures and cracks of gypsum cap; that point of
view being supported by its hydrogeological examination and
the following facts: water flow rate of 4,5 cubic meters per
minute during shaft sinking, consumption of 30 thousand tons
cement and exploitation of 100 thousand cubic meters gypsum

in gypsum cap. Then it was found out that the contact zone of
gypsum cap with salt mirror was the most flooded area in which
opened Jjoints typical for salt diapirs, were discovered and
documentary evidence provided (Botsch and Klarr 1979)

The course oi flooding of the mine showed that after drainage
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ox hyoyeullc equilibrum in sandy formations beyond
daries o Q_d0¢*.

fhe first ter leaks nad appeared, in that region of Lne

mine where tnc CutlerOpnlC inflow took place, © years vefore
the break-down (o]lZOWSKl and Kortas 1930). Complex, DLYSLCO-
chemical analyses of outflows, systematically carried out and
in particular isotopic tests confirmed genetic connection of
efiluents with outgide of diapir waters., The first symptoms of
%Aat co?tact appeared aboutl % years before the catastrophy
fig. 2).

of gypsum cap, the mining damages were caused by vicl
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Fig. 2 Changeability of some physico-~chemical d@®s of leaks
before flooding of the mine

‘his was clearly shown Ly decrease in the content of masnesium
and bromide ions, as well as in the specific gravitly walue. Si-
milar symptoms of a break-down were observed in German saltb
mines (Schwandt 1969).
fhe decrease in suliate ions concentration was less sharp in
the analysed effluents, while the analysis for {he content of
chloride ion did not show any danger at all. Onz vear befor
the catastrophy, the results of analyses did wnot leave any
doubt as Jor the origin of outflows, The similar estinaticn
of the growth of water hazard was obtained on the grounds of
15030p1c comp031tlon of water analyses. {(Zuber and otners

1979) thus making it possible to recuce conseguences of onco-
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Mg, 6 Increases oi subsiding trough in logscale

In the courss of floodiug oi the mine the aciunal state of drai-
e was dally opserved in 42 piezometers placed in bota ter-
Ty and gypsum cap rormations and 1t plezometers installed
in guaternary rormations., The observation of surface movements
was carried by recording the measurments in 300 benchemarks
in monthly intervals, or once a week for chosen traverses.
Wide and complex, geodesic and hydrogeological observations,
systematically carnid out and succesively analysed made pos-
sible to evacuate safely 1340 people from 595 houses and stop
both road and railway traffic in the right moment, In spite
of great building damages (fig. 9) no one of inhabitants of
Wapino had been_injured, laln mining damages came out on the
area of 1,4 km<, mostly beyond the salt diapir, where the in~
clinations exceeded 10 % , 47 building were predestined for
demolition, ihe restaration of hydrogeological equilibrium
wag proceeded by the recounstruction of railway and roads un-
til the terrain was reconditioned., Buildings had been reno-
vated and normal life in a housing estate had been restored,

SURFACE BREHAVIOUR AFTER dE RESTORATION OF HYDROGEO~
LOGICAT @QUILIBRIUM

The hydrogeological equilibrium in diapir area was restored
within 10 months after the break-~down. During the following

2 years, the observations were carried out of a slow settling
ol & new hydrogeological regime, which, in comparison with
the previous one, characteriges with forming of "a hydrogeo-
logical window" inside the diapiy, where quaternary and pre=-
cipitation waters migrate through gypsum cap to tertiary
formations {(fig. 10).
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Thig mey result in the leaching of gypsum cap rocks and salt
(QqJ. MOLLQW“", tne spoiling of the insulating jacket dividing
Uh 1o Trom surrouuuln rocks causes probauiy the leaching
by reglonal Zlow (Q,). ‘e saturated brine (Q.)
of the ¢1ooaea nine, a$ a result of convergence of
; vhe bthird Factor which influences the hydrogeo-
Cd¢ ruglje. (¥ortas ¢. and Xolanko M. 1984). Those three
i the increase of salinity oif fresh tertiary wa-
ters around e diapir area and subsequent terrain disloca-
tions. “he hitherto obvtained results of ouservatiions of sali-
nity are presented in fig., 11. Up till now we have not been
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successiul in hering documentary evidence that would explain
reasons for salinity iTuctuations observed in particular holes,
Ihe restoration of nfdro reological equlllurlum did not stop
Lerrawl novgmenvs, subsidings not exceeding 15 mm per year,

i gloval reaction comprises further forming of sub-
trou n with external beli oFf uplift (ng. 12). In a
poriou Irom 1978 to 1984 the capacity of 5, & thousend cubic
meters uaderwent uplift as a result of elimination of depres=-

si0i y the avea, walle 14,7 thousand cubic meters underwent
Bubsi U*JO. ne present annwval increase of capacity ol subsi-

aunals 2,87 thousand cubic meters that makes 4% ¥
tastropi annual increase,
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Flooding oi the mine in vapno attracted people’s attention in
Poland to the problem oi danger lo the surrace over |
salt mines., Uhe new category ol poient
mages limits the possibilities of cons
avd closing of mines in ayuro:golo lLul coindidi
uwnfavourable to the suriace, such
ses with the growth ol water hagard iu mine and capacs
workings. The result of the avove is {he 1necessiy;
ring documentary evidence oif hydrogeological condiiior enidain-
gering the suriace atv the stage of deposit examination, as
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well as takin ¥ protection
while the estimation of ieposit is being
done.

Preventive aciion t effects of water inrush appli
mining works and a limitation of suriace development. il
of optimum strategy as a praxiological problem depends on re-
cognition of hydrogeological conditiong, risk valuation and
potential gains and losses. khinimization of potential hydrogeo-
logical mining damages can be achleved by reducing either ithe
risks or the effecits of a break~down, Reducing chances of a
break-down can be achieved by controlling g water hazard in

a way which lessens rock-mass movement, detaching and insu-
lating of water migration area and sealing the rock-mass, par-
ticularly drill-holes, shafts, water dams and regions of ac~
tive outflows. In order to reduce the effects of a break-down,
first of all the capacity of workings endangered with water
inrush should be reduced by carrying such a spatial develop-~
ment of mine which mdkes possibly a successive flooding of lo-
wer, closed down levels, This can be obtained by exploitation
from the bottom to upper parts as well as by tight damming of
worked out mining fields. It should be pointed out here, that

a principle is being implemented in Foland of installing in
endangered salt mines the equipment suitable for quick, con-
trolled flooding of mines, Prophylaxis in surface development
should base on qualifying whicih area is endangered with water
inrush and excluding it from building development, on the
strength of the Hining DLaw. In case of adverse balance of po-
tential gains and losses the mine should be flooded in a cone
trolled way. Such a decision was made in 1982 in case of a
working salt mine situated under the fown of 70 000 popula-
tion, In the rest of mines the additional, complementary hy-
drogeological investigations were made including wider re-
gions of deposits as well as surrouading rocks.

CONCLUSION

The present knowledge of water hazard symptoms in mines, ways
of their interpretation, estimation of the risk of excavatiouns
being flooded, methods of counteraction and minimization the
effects of such catastrophies- - is scattered and scanty. That
is why we consider it advisable, that on the grounds of expe~
riences of the countries where such catastrophies took place,
all the relevant materials should be collecied and scienti-
fically worked out in order to create better conditions for
getting water hazard in mines under control.

ihe ‘above problems could be the subject for a separate sym-
posiunm,
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