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Abstract: KXGHM Polska Miedz S.A. copper underground
mines occupy a vast area of over 500 km2 in Poland and pose a
potential threat to users of the area. This is connected with
land subsidence and deformations caused as a result of mining.
The time-varying subsidence field is constantly monitored.
Furthermore, deformation forecasts are made to allow the
preparation of preventive measures to protect facilities and
constructions on the surface. As a result, two large towns (of 75
thousand and 26 thousand inhabitants) and several villages
function on the KGHM mine grounds despite the fact that the
mining operations are on the increase. Current risk analysis of
the area and assessment of potential risks are the elements,
which allow maintaining the functional and environmental
features of the area. The paper discusses the principles of
forecasting the impact of mining in KGHM grounds including
long-term forecasts. The methodology and results of geodetic
surface monitoring have been presented.

I. INTRODUCTION

The operation of KGHM Polska Miedz S.A. is based on
mining tradition, which goes back in time more than 60
years. The discovery in 1957 of rich copper deposits in
Poland radically changed the economic situation in the
region. The company gradually developed and, since 2012,
KGHM Polska Miedz S.A. has been a global company,
which is gradually expanding its resource base through a
comprehensive programme of mining in Poland and
throughout the world. KGHM mines deposits in Europe,
North America and Chile. This has resulted in a large
increase in the resource base to produce other non-ferrous
metals (silver, molybdenum, gold, nickel, etc.).
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Figure 1. KGHM PM S.A. mining projects worldwide (at the end of 2015). Source: http://www.kghm.com/pl/o-nas/strategia-biznesowa

Mining in the Legnica — Glogow Copper District
(LGOM) covers the areas situated in the Lower Silesia
Region in the north-west part of Silesian Lowland, among
the glacial hills of the Datkowskie Hills range. The deposit
covers an area of approximately 500km2 and the depth of
the deposit vary from approx. 450 to 1200m.

Currently, three mines are being operated:

Lubin;

Rudna;

e Polkowice-Sieroszowice.

They are commonly known as KGHM Polska Miedz S.A.
with its head office in Lubin. The mining grounds cover the
towns of Lubin (approx. 80 thousand Inhabitants);
Polkowice (approx. 23 thousand Inhabitants) and dozens of
villages. In their operations KGHM PM SA are highly
concerned about the surrounding natural environment
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including good neighbourly relations with local authorities
and the population of areas, which may be affected by
mining.

According to the current law in Poland mining
entrepreneurs involved in mining operations should forecast
the mining impact, present it and be responsible for
monitoring it. Forecasting the impact of mining on the
surface of KGHM PM SA grounds is conducted using the
Budryk-Knothe’s differential theory.

Over 40 years of experience and cooperation with
academic and research institutions (mainly AGH University
of Science and Technology in Krakow), have resulted in
adapting theoretical solutions to reality by introducing
successive approximations of theoretical parameters,
determination of the harmful impact range to define the
boundaries of the mining areas, guidelines for marking out
pillars for shafts and industrial facilities and conducting
surface seismometric measurements, interpretation of results
and the assessment and prediction of seismic vibrations
caused by mining tremors in LGOM based on the GSI-2004
scale. All these research objectives will lead to the
development of accurate impact forecasts of the planned
mining operations on the surface of the mining area.

II. SURVEYING OBSERVATIONS OF MINING SITE
DEFORMATIONS

Apart form the obvious benefits, mining also has negative
effects on the ground surface, which the mining
entrepreneur should know, monitor and prevent. Generally,
the mining impact may be divided into direct, indirect and
secondary. Surveying observations of LGOM have been
conducted since 1959, when the first local network of class
IT precise levelling was established, and in 1968 the first
benchmarks lines (Patykowski, Kadziolka, 2009). Currently,
the total length of the benchmark lines is approx. 480 km
with an average distance between the benchmarks 48m,
while the LGOM network of precise levelling covers an area
of 3,400 km2 (Fig.2). Additionally, observations are carried
out on scattered benchmarks (approx. 2700) located mainly
in Lubin and Polkowice and in industrial facilities. The
partly outdated horizontal network was reconstructed in
1995 and measured using GPS. This allows determining
displacement vectors of benchmarks located on the
important surface sites such as the crowns of Giléw and
Zelazny Most tailing ponds and in the shaft yard.
Measurements on the lines of benchmarks and scattered
benchmarks are usually carried out twice a year, while
measurements of the LGOM network of class II precise
levelling are conducted once every two years.

Long-term surveying observations of benchmark lines
indicate characteristic features of land deformation
processes impacted by copper mining such as: asymmetry of
subsidence trough profiles, their long range, as well as the
relatively long period of impact disclosure. In addition, the
results of observations confirm the existence of smaller
horizontal deformations than in the classic theoretical
model.

1

J,
1

I
"

Figure 2. Deformation measurement range conducted by KGHM PM S.A.

III. CURRENT DEFORMATIONS OF KGHM MINING
SITES IN LGOM

A. Direct Impact

As mentioned above, site deformation in LGOM recorded
using geodetic measurements are very specific and generally
can not be compared with other measurements from coal or
salt mining sites (Hejmanowski, Kwinta, 2001). This stems
mainly from two aspects, namely the formation of the
copper bearing rock mass and the system used to mine the
deposit. This specific mining impact resulted in the initial
stages of mining the Basin in significant discrepancies
between the results of theoretical calculations and the
surveying results. However, years of experience have led to
an adaptation of theoretical solutions, and the gradually
perfected measurement methods allow for the development
of research. Long-term disclosure of impacts means that
many years after the termination of mining, fading
deformation impact is recorded in a given deposit region.

B. Indirect Impact

The formation of subsidence troughs found outside the
zone of direct mining impact led the surveying mine
authorities to look for its causes, and above all to record it.
Numerous  hydrogeological studies and surveying
interpretations allowed correlating the deposit burden water
drainage with the formation of large spatial subsidence
trough centres located on outcrops and in zones of tectonic
disturbances. The indirect impact established using
surveying observations is characterised by deformation
values (T <0.3mm/m, E <0.3mm/m), which do not pose a
threat even for highly sensitive objects.

C. Para-seismic Impact

As a result of mining and disturbance in the balance of
the original rock mass, inelastic deformations of the
horizons surrounding the deposit occur. An analysis of the
course of these events so far has demonstrated a close
correlation between shock energy at the epicentre and the
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type of roof rock, the way of eliminating the mining void,
the size of the field and the size of the remaining pillars.

In order to learn about the impact of dynamic phenomena
on the existing buildings and constructions, a network of
surface seismometric stations recording the component
vibration was set up on the surface in KGHM PM SA.

Maximum subsidence of mine sites observed using
geodetic measurements carried out since 1967 vary greatly

due to the variable deposit thickness and are up to 4.1m, and
generally do not exceed 3.7m in individual mine sites. The
maximum horizontal strain and tilt are within the scope of
mine site category III, i.e. horizontal strain E < 6.0 mm/m
and tilt T < 10,0 mm/m. Figure 3 shows the distribution of
land subsidence and deformation generated on the basis of
periodic surveying.

Figure 3: Distribution of land subsidence and deformation generated on the basis of periodic surveying

IV.PREDICTION OF MINING IMPACTS

Mining impact forecasts are made based on a
mathematical model which allows to determine the surface
distribution of subsidence, tilt and maximum horizontal
strain. Subsidence and deformation modelling of the rock
mass and the terrain is performed spatially. For such vast
areas numerical modelling is impossible, hence a stochastic
model based on the impact function is used (Hejmanowski,
Malinowska, 2009).
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Regardless of the methods for theoretical calculations in
order to make deformation forecasts the following should be

performed:

1. Data preparation-primarily related to the identification
of the calculation scope from the spatial and time-
related points of view. The choice of spatial distribution
of calculation points and time horizons determine the
resource of mining fields to be included in the
calculation. Data on conducted mining is obtained from
bed maps (geometry, depth, thickness, mining progress)
and in case of scheduled mining, data compiled by
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experts in mining production are used. All data are
collected in a database of mining panels.

2. Calculation configuration-for an adopted calculation
model includes a selection of model parameters relevant
to the given mining conditions. Depending on the
adopted computational model a suitable set of
parameters ought to be prepared. It is best if the
parameters are determined based on the analysis of
deformation measurements for a similar operation.

3. Calculations-include the implementation of the
calculation algorithm designed to determine basic
indicators of deformation. Currently, computers
calculate theoretical deformation indices. Calculation
algorithms constitute the implementation of formulas of
the adopted forecasting theory. The introduction of
deformation forecasting systems simplifies the
calculation process and facilitates data management and
calculation results.

4. Processing calculation results-apart from the classic
deformation indicators, there is sometimes a need to
determine their processed value (e.g. value increase,
rate), or take into account other factors, which cause
continuous deformations (e.g. bed rock draining).

5. Compiling a report. A calculation report should include
a graphic summary (chart, distribution map), figures
(extreme values of indicators, tables), a descriptive part
containing an analysis of the calculation results. Good
reports on the conducted calculations facilitate the
analysis of the results and allow to draw meaningful
conclusions.

In order to perform the appropriate prognostic
calculations it is important to suitably prepare the data
describing the planned and conducted mining operations.
Minimising the mining impact on the surface is also
becoming increasingly important for the positive social
reception of KHGM PM SA investment plans. Forecasts of
surface deformations are the basis for mining planning to
meet the requirements of the law for the protection of the
land surface, while maintaining an economic approach to the
resources of a given deposit. Database of current and
scheduled mining panels allows systematising all mining
and geological data and the parameters of the computational
model characterizing individual panels. The results of the
forecast, taking into account current and scheduled mining
at the neighbouring Mining Plant, visualized in the form of
isoline category of the mining site allow the facility to
adequately prepare for the negative impact of the planned
operation. Technical services make an inventory of all
buildings within range of mining impact. Following the
inventory, each facility is assigned to a given category of
resistance to direct and dynamic impact.

Currently, according to Polish law, forecasts of surface
deformations for mining companies are carried out every 3
years.

In 2013, a global concession forecast for a 50-year
production plan was made. Since then all the mines operate
on the basis of the new concession.
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