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PROBLEMS OF THE PROTECTION OF MINING TERRAINS
IN THE MINING INDUSTRY OF ZINC AND LEAD ORES

The paper characterizes conditionality of underground exploitation of zinc and lead ores and
its peculiar results on terrain surface. The problems to reveal discontinuous deformations, methods
of prevention and liquidation of these phenomena are presented using a mining region in Poland as
an example. Old, historic mining activities are a particular problem in this region. Negative results
of former mining practice are observed at the present time. Depletion of zinc and lead ore deposits
and partially economic reasons lead to liquidation of some mining areas. In particular, such liqui-
dation requires security of the underground parts of a mine, balancing water relations and reclama-
tion of terrain surface. Mining operations within the borders of discussed region require coordina-
tion of tasks in the framework of current exploitation and actions towards creating a proper infra-
structure and management of the area.

XapakTepusyercsi 00yCIOBIEHHOCTh ITO/I3eMHOM pa3paOdOTKU JIMHKOBBIX U CBHHIIOBBIX DY U
ee crierpUuecKoe BIUSHIE HA 3eMHYIO OBEpXHOCTh. OnucaHbl Mpo0IeMbl OOHAPYKEHUsI HEOI-
HOPOIHBIX JedopMaluii, METOAOB UX IPEJOTBpPAINEHUS W JIMKBUAAIMHA Ha MpPUMEPE TOPHO-
nobbiBaromiero peruona Iompmm. Mcropudeckue ropHO-IPOMBIIIIEHHBIE PA0OTHI MIPEACTABIISIOT
0co0yI0 mpobJeMy ajsi JaHHOTO pernoHa. B Hacrosiee Bpemsl HaONIONArOTCSl HETATUBHBIE pe-
3yAbTaThl JOOBIYHBIX paboT. McTolieHrne MecTOpoXIeHNH UHKOBBIX W CBUHIIOBBIX PYJA M 4ac-
TUYHO YKOHOMHYECKUE MMPUYHMHBI TPUBEIH K JIMKBUAAIMN IIEIBIX TOPHO-ITPOMBIIUIEHHBIX PETHO-
HoB. Takas nukBHAauus TpeOyeT obecrieyeHns: OE30MACHOCTH TOA3EMHOM YacTH IIaXT, MpUBEe-
HUSI BOJHOI'O PEeKHMMa B HOPMY M PEKYJIbTHUBALMK 3eMenb. ['opHbIe paboThl B IMpeenax IpaHuIl
OITUCHIBAEMOI'0 PETHOHA TPEOYIOT KOOPAHHAIMK paboT B paMKax TEKYIIEH AKCILTyaTallid MECTO-
POXKIEHUI 1 AEHCTBUIA, HANIpaBJICHHBIX Ha CO3JaHHE COOTBETCTBYIOIIEH HH(PPACTPYKTYPHI M CHC-

TEMbI YIIpaBJICHUA B PCTUOHEC.

INTRODUCTION

As a result of mining the rock mass and
the surface of the area are subdued to defor-
mations. The character of these changes de-
pends on geological conditions, depth of ex-
ploitation, methods of taking out the product
and the way of mining. Traditionally, the his-
tory of mining the ores of zinc and lead in
Poland can be divided into the period of old
historic mining and the period of contempo-
rary exploitation. In both periods different
ways of mining were applied, but they often
resulted in discontinuous deformations on the
surface, such as funnels and cavities. The
process of making discontinuous deforma-
tions was eliminated in 1990s due to aban-
doning caving exploitation and the applica-
tion of hydraulic stowing only.
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OLD HISTORIC MINING

The term ,,0ld, historic mining” refers to
mining activities before 1968. The beginning
of this period dates back to 12" century. At
the beginning zinc and lead ores were mined
in strip mines in the region of ore-bearing
dolostones. Later on underground working
started. The system of exploitation was the
following: the ore was mined from shafts
reaching seam floor situated over the water-
bearing level. After removing the ore the
shaft lining was dismantled and mining con-
tinued in the neighbourhood. Later on the
system of exploitation was modified. The
hollows were made in the form of one main
shaft and several side shafts. The ore mining
above the water-bearing level continued until
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the beginning of 16™ century. When the re-
sources were running out, the building tun-
nels to drain the water bearing level started,
as well as ,,windows”(small shafts) were
built. The location of windows is today
marked by cavities and funnels. In the second
half of 16" century multi-shaft mines with
tunnels were built and the exploitation of ore
took place in many workings at the same
time. In the 17" century, because of Swedish
invasions and floods, ore mining significantly
decreased and shafts were silted, which re-
sulted in flooding many mines. Again the de-
velopment of zinc and lead mining took place
in 19" century, when old tunnels were par-
tially de-silted and new draining tunnels were
made. In this period mainly calamine ore was
mined. It was obtained by underground min-
ing and strip mining, as well as by the exploi-
tation of some waste heaps on the surface. In
underground mining small shafts were made,
they were joint together with headings and
cross headings. Search headings were also
made. The exploitation of deeper parts of the
deposit, because of a high content of water in
the rock mass was only possible after build-
ing a gallery, which, together with windows
allowed lowering the level of mine waters
and allowed the access to deeper parts of the
deposit. Due to calamine mining the surface
of the area was deformed on a large scale.
This was caused by resource grabbing and
selective exploitation. Since 1940s the mines
were subsequently drained. After World War
II the mining of sulphide ores and limonite
was carried out. At the beginning, a shortwall
system with caving was applied, and then
stowing was introduced. In 1960s deep min-
ing started and systems of mechanized min-
ing were introduced

CONTEMPORARY MINING

Contemporary mining of zinc and lead
ores covers the period after 1968. At the be-
ginning zinc and lead ores were mined by
caving, but this way of exploitation was very
unfavourable for the environment. It left
many funnels and cavities on the surface of

the area. Thus, since the beginning of 1990s
only room-and-pillar system with hydraulic
stowing has been applied.

This limits the impact of mining on the
surface of the area to small continuous de-
formations and prevents dangerous and diffi-
cult to liquidate discontinuous deformations
to happen.

DISCONTINUOUS DEFORMATIONS

Discontinuous deformations on the sur-
face of the area are made during shallow (up
to several dozens metres deep) exploitation of
zinc and lead ores, carried out under the rock
layers of low endurance parameters and often
additionally weakened by natural dilatations
(cracks, cavities, karst caverns). In that case
the loss of the stability of the ceiling can take
place and consequently the working will col-
lapse and cavities, funnels and other forms of
discontinuous deformations will appear on
the surface. Such processes can take place
directly after making a heading or after a long
(sometimes very long) period of time, mainly
due to washing out pieces of rocks from the
overburden layers. Thus nowadays funnels
and cavities can be formed in places where
centuries ago there were shafts, sumps and
tunnels and connected with them shallow
horizontal workings.

A theoretical model of the formation of
funnels and cavities (W.Janusz and
A. Jarosz’s model) is based on the theory of a
pressure arch. Over the cavity in the rock
mass the zone of decompressed rocks in the
ellipsoid shape is formed (figure). In this
zone rock material is crushed, get cracks and
disintegrates. Then it falls on the bottom of
the cavity making the zone of caving of the
height 4.. Over the caving zone a secondary
void is formed — P,,.. The roof over the cavity
comes to a shape close to an elliptical bowl
of height /. If the thickness of the dense rocks
h over the cavity is not big enough, the conti-
nuity of the rocks can break and the rocks of
a loose overburden 4, can move towards the
void. The result of this process is a funnel N,
on the surface of the area.
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The course of changes in the rock mass over the primary void in case of a small thickness of a dense rock mass

The traces of old historical mining can
now be observed in the form of a characteristic
roughness of the area and smoothed and shal-
lowed forms of discontinuous deformations
ranging from several dozens centimetres to
several metres. Old workings were, to a large
extent self-stowed due to the collapse of the
roof rocks of filling with pulp. However, the
penetration of water inside the rock mass, in
particular during intensive precipitation and
changes of the level of ground waters can still
activate the phenomena leading into discon-
tinuous deformations over old historical work-
ings.

Funnels and cavities occurring in the areas
of contemporary exploitation of zinc and lead
are larger. They were however gradually liqui-
dated by filling with sand or taking out loose
overburden to the stiff layers to secure from the
collapse over the voids existing in this overbur-
den. Nowadays, there are discontinuous defor-
mations on the surface, related to current ex-
ploitation of the deposit.

THE LIQUIDATION OF THE MINE

The main cause of putting the zinc and
lead mine into the state of liquidation was run-
ning out of the resources and the necessity to
protect the environment and rehabilitate mining
areas where negative consequences of contem-
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porary and historical mining could be seen. The
programme of liquidation includes: the liquida-
tion of underground workings through stowing
or filling with sand or gangue, liquidation of
surface objects, repairing of mining damage,
rehabilitation of areas degraded by mining and
securing from the results of the liquidation. Be-
cause of very high inflow of underground water
it is necessary to keep the drainage system (wa-
ter tunnels and chambers) until the end of the
liquidation period. Liquidation works should be
carried out parallel to the rehabilitation and re-
moval of the remains of the deposit from pro-
tecting pillars and ventilation headings. At pre-
sent the majority of discontinuous deformations
caused by contemporary mining was liquidated
and the area of the liquidated mine is being re-
habilitated.

CONCLUSIONS

The ores of zinc and lead were mined in
Poland already in 12" century. From the be-
ginning of 19" century the mining of calamine
ores started and after WW II sulphide ores and
limonite were mined. The exploitation of these
ores results in the deformations of the surface
of the area. A substantial threat connected
with old historic mining is the possibility of
discontinuous deformations resulting from the
reactivation of shallow workings. The con-
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temporary exploitation with a caving method
resulted in cavities and funnels. They mainly
occurred in forest areas. The liquidation of
these deformations and the rehabilitation of
the area made these terrains suitable for for-
estry. The purpose of the carried out liquida-
tion of the mine is the neutralization of nega-
tive results of mining and bringing the area to
the state allowing a proper management.
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