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Purpose. This article will discuss the general problems in planning hard coal underground mining operations.
The conditions of Upper Silesian Coa Basin perfectly illustrate the complexity of that process. The exemplary
concept modern IT Production Management System will be shown. of. The multitude of data contained in the central
database allows to take a full advantage of the capabilities of GIS tools that permit fast spatia visualization of the
coal deposit and efficiently manage multiple tasks of planning of the mining operations. M ethodology. The build-
concept of integrated IT Production Management System, which will presented in a very genera way, was inspired
by results of a detailed inspection of the example of a similar system devel oped for a mining company in the Upper
Silesian Coa Basin in rdation to PRINCE2 standards. Results. The benefits of this type of modern solution are
particularly evident when planning mining operations in complex, multi-plant mining companies. By taking full
advantage of the capabilities of GIStoalsit is possibleto ook at the hard coal deposit from a much wider perspective
than with a single mining plant, which improves the rational mining economy. Scientific novelty and practical
significance. Presented concept of the build of integrated IT Production Management System allows quickly create
multi-variant hard coal deposit development projects, taking into account al the factors that limit the output of the
deposit. The system allows the flow of information between dependent business areas and for data to be stored in one
place without duplication. The data collected in a central database exemplifies the full advantage of the capabilities of
GIStoadlsin the complex process of planning of production.
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Introduction

The process of underground coal extraction in
conditions in the Uppe Silesia Coal Basin in
Poland (USCB) is extremely complex [Kowalski,
2015]. The most important difference between
similar regions in the World is the high level of
urbanization of the mining areas. Borders of
multiple mine industries closely adhere to each
other. The rock mass is highly damaged by past
mining operations. Thus it's very hard to plan
further extraction. Before extraction of a new
longwall the entrepreneur must first predict its
impact on the surface. The prognosis must be
compared with the information about the strength
of building objects in the direct operating range. If
predicted damages will be smaller than objects
strength then the mine industry can start thinking
about the extraction of the seam. If some object will
be damaged in consequent mining operation, then
the mine industry must revenue or repair the object.

Coal is one of the fundamental resources in
Polish economy. However, the situation of national
coal mines becomes increasingly difficult. Today
underground extraction of coal becomes not
profitable. Therefore, mine industries are grouping.
Potential coal mining areas are changing, thereis a
need to look for extraordinary mining plans for
further extraction. Planning the mining operations

needs spatial information about the deposit and
objects on the surface. Among multiple extraction
projects only a few have a chance to be accepted.
Complicated calculations, the variety of spatial data
(eg. set of existing underground cavities, deposit
data, faults inside the rock mass, data about past
extraction and building objects on the surface) and
multiple law aspects force the need of a centralized
database and a tool that alows for integrated
planning of mining operations. Commonly known
GIS tools are very useful here [Poniewiera, 2016].
They are being used, for example, for buildings
damage risk assessment, in the process of managing
of surface objects as well as for coal deposit
management. Many of these difficult issues are
inter-linked.
Aim

The main aim of the article is to indicate the
practical use of GIS tools when planning
production in an underground hard coal mine. For
this purpose, it is necessary to properly prepare and
centralize the numerous necessary data. The
additional goal is to show the complexity and
quantity of business processes (in the sense of
methodology of PRINCE2 [Bradley, 2002]) that

provide data which without GIS tools would be
useless.
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Underground hard coal mining in theregion
of Upper Silesia Coal Basin

Upper Silesian Coal Basin is well-known for its
heavily concentrated heavy industry and its large
urbanization areas. The history of mining goes back
to the X1V century [Kowalski, 2015]. Nowadays
there is more than 120 [Gtéwny Urzad Sta-
tystyczny. “ Ochrona srodowiska 2013] documented
deposits of coal with resources of about 40 million
tons of hard coal (about half is actually developed).

Borders of multiple mine industries closely
adhere to each other. Many mining companies have
to co-exist in close proximity in this environment.
Fig. 1 map shows the boundaries of mining areas
against the background map of the surface
development. This map shows both the huge
neighboring urban agglomeration near Katowice

(the Upper Silesian Industrial Region — USIR) and
the Rybnik (the Rybnik Coal Area— RCA).
Underground hard coal mining in the region of
USCB is mostly base on a longwall system
[Hamrin, H., 2001]. The empty space in the rock
mass after the extraction of coal is eiminated
usually by the natural process of rock collapse.
Next (almost immediately), the surface is lowered
layer by layer inside the rock mass, towards the
surface. Such action on the land surface results in
the formation of so called subsidence trough which
is a kind of linear deformation [Kowalski, 2015].
Subsidence causes changes of slopes, horizontal
displacements, extractions, tensions, and land
curvatures that are destructive for building objects,
landscape, agriculture, and also causes changes in

hydrography.

Fig. 1. The map of boundaries of mining areas against the background map
of the surface devel opment [ Proceedings of the 4th Domestic Conference, 2013]
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Every project of longwall extraction must be
preceded by risk assessment of mining impact on
the surface. The category of mining influences in
the direct operational range must be lower or equal
to the category of building object’s strength on the
surface. Mining entrepreneurism has a very limited
possibility of reducing the impact of mining on the
surface, even if there are any that are closdy
connected with limitation of extraction, it would
cause limited profits.

The situation of national coal mines becomes
increasingly difficult. Today underground extraction
of coal becomes not profitable whenthe depth of
extraction exceeds 1 km. Therefore, mine industries
are grouping which results in changing mining arees.
Thereis a need for applying extraordinary mining
plans for further extraction. Planning the mining
operations needs spatial information about the deposit
and objects on the surface. Among multiple extraction
projects only few have a chance to be accepted.
Complicated calculations, the variety of spatial data
(eg. set of existing mine workings, deposit data, faults
inside the rock mass, data about past extraction, and
building objects on the surface) and multiple law
aspects together force the need of a centralized
database and a tool that allows for integrated planning
of mining operations.

Application architectureof I T Production
Management System

Planning mining operations is a complex process.
It is not only about the cartographical data and GIS
tools [Bidecka, 2006]. The variety of mining tasks
that impact the operational project is more
complicated. This means that a tool for planning
mining operations must integrate al areas of
production. The GIS tools will be a part of the
integrated system used for collection, processing and
sharing of the data required for safe mining and
maodeling of: mine workings, structure and quality of
the deposit, hydrogeological conditions, and the
impact of the mining operations to the surface
[JHonek, Poniewiera, Gasior, 2015; Poniewiera,
Sokota-Szewiota, 2014]. The assessment of the state
of the company, its individual business aress, and its
needs in terms of capabilities should be systematically
structured. The PRINCE2 (Projects in a Controlled
Environment) project management methodology
seems to be a good choice here [Bradley, 2002].

The concept of modern and complete IT
Production Management System should cover the

following  issues 2002; Tauron
Wydobycie, 2015]:

— application architecture,

— dataarchitecture,

— integration architecture,

— architectural code,

— product and hardware specifications of the
integration components.

Typical conditions of USCB underground
mines can be separated into a few most important
areas of architecture application [Bradley, 2002;
Jelonek, Poniewiera, Gasior, 2015; Tauron
Wydobycie, 2015]:

— MAP — Management, sharing, development
and updating of maps of mine workings and surface
maps with infrastructure.

— NMZ — Defining, managing, updating and
sharing a numerical model of a deposit — the
universality is required here (the ability to use the
selected database (object-relational) through
various IT tools/ applications).

— RGH - Project of mining works and
scheduling of preparatory and operational works.

— PLN — Forecasting of production quality,
planning and integration of the planning process on
the extraction side with the planning of the
processing and sales.

[Bradley,

— RPT - Reporting of mining and
manufacturing works in conjunction with the SAP
ERP system.

— LOG - Tasks of production logistics:
transport of materials, equipment and people, also
transport of coal and rocks.

—  MIU — Traffic management of machines
and equipment, including monitoring of machines
and equipment already exploited in mines.

— ZNT — Natural hazards management.

— DFP — Defining and managing surface
deformations resulting from underground mining
operations.

— ZOP — Management of surface objects.

Each area is grouping a set of important data
that are necessary in the process of planning of
mining operations. Most of the information can be
easily connected with objects on the digital map
and then by GIS tools visualized in any way.

The diagram below (Fig. 2) shows the
relationship between defined software components.
It was developed for a Silesian mine company [12].
Arrows indicate integration flows between business
areas. The diagram below does not take into
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account internal flows (data interchange between
individual components within a single business
area). In red, external systems are indicated in
relation to the projected integrated system which
are (not explained in the article as well as interface
ranges pointed above arrows.)

In the Fig. 2 can be seen a component was not
previously mentioned, its central repository —
database (CSD) which is the heart of the system.
Proper integration and organization of system’s

elements with central database is fundamental in
order to scope the use of the GIS tools.
Planning system like above (Fig. 2) it’s important
also to develop the range of interfaces. Properly
defining the directions of data exchange and
interfaces of the defined components and the
central database, allows among other things,
to use the full resources of the company and
eliminate the duplication of data in its various
structures.

Fig. 2. Exemplary relationship between the defined software components
and the central repository CSD [ Tauron Wydobycie, 2015]
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Central Data Repository

The Central Data Repository (CSD symbal in
the Fig. 2) is a unique component of the integrated
system design. It is not strictly a component of any
business area supported by the system. However, it
provides the possibility of mutual communication
between functional components and provides
functionality common to many areas such as
sharing and storing of documents and maps.

One of the most important parts of CSD is its
file repository. It provides the ability to centrally
store files processed within the projected system
and to share them in a controlled way with the indi-
vidual components and users of those components
[Tauron Wydobycie, 2015]. Fig. 3 presents a model

of infrastructure for digital map management in
case of multi-plants mining companies.

In the Fig. 3 there was shown an example of
two enterprises that manage their own map
resources (working, accepting and sharing) howe-
ver the maps are stored in one central database. The
advantage of that solution is that global
entrepreneur can manage data of all facilitiesin one
place and therefore planning production in a much
broader sense.

It must be noted that all services and composite
applications delivers Enterprise Service Bus (ESB).
This enables individual components to publish data
and functionality for other components in the form
of services (Fig. 4).

Fig. 3. Digital map management infrastructure CSD [ Tauron Wydobycie, 2015]

Fig. 4. The concept of Enterprise Service Bus|[ Tauron Wydobycie, 2015]
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Oracle solutions are very often used today [http:/
www.oracle.com/technetwork/database-options  spa-
tialandgraph/overview/index.html — Oracle Corpora-
tion's official website]. The functional components of
the system often include the Oracle Spatial database,
which aso dlows spatial data to be stored and
consequently simplify visualization without the need
for advanced GIS tools.

Scientific novelty and practical significance

Difficult operating conditions in the form of
highly urbanized terrain and long-term and multi-
seam mining operations make it increasingly
difficult to design new mining applications.
Requirements for the protection of mining areas
and the constantly increase in mining costs require
a specia approach to the planning of production.
The use of GIS tools in this process, especialy in
multi-enterprise companies, allows the creation of
multivariate projects taking into account numerous
constraints. This would not be possible without
access to a number of data that is appropriately
classified and systematized and stored in a

centralized database. The concept of an integrated
production system presented in this article is unique
on a global scale as well as the conditions under
which the mining takes place. A similar solution is
aready practically applied in one of mining
companiesin USCB.

The use of GIS tools in conjunction with the
integrated production management system requires
the use of cartographic resources (both surface and
mine workings maps) in numerical form [Poniewiera
M., Sokota-Szewiota]. Tens or even hundreds of
years of production give numerous maps that must
be transformed into a vector (digital) form. In the
case of a large number of classic maps, the only
practical solution seems to be so-called
vectorization. This process is rdativedy simple but
time consuming. At this stage of work CAD tools
should be used. Existing digital maps should be
standardized [Poniewiera M., Sikora, 2007]. The
raster image must be calibrated firg (Fig. 5). The
accuracy of the final vector map depends mostly on
the accuracy of ragter fitting into the coordinate grid.

Fig. 5. Calibration process depends on fitting the raster image (map)
into the coordinate grid
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Next the map should be manually redrawn. This
process also cannot be automated. So far only human
opeator can decide details and properly identify
unclear situation on the raster image. The digital map
inaform of vector dements is also a data base. There
can be assigned descriptive attributes to each object
(Fig. 6), eg. devation value to the eevation mark on
the map, the name, thickness, length, depth to the
longwall, and the value of water flow to the water
hazard mark. Depending on the system on the map
additional objects can be added that are hepful for
speciaized tasks, eg. axes of underground walkways
in order to hdp creating digital modd of the
walkways and digital model of the deposit [Jeonek 1.,
Poniewiera M., Gasior].

Basing on the vector elements and descriptive
attributes digital modd of the walkways can be
made and also simple visualization from the inside
basing on the photographical data (Fig. 7) can be
done.

The real capabilities of GIS tools [Bielecka,
2006] trough access to enterprise database
resources provide the ability to plan new mine
workings taking into account a qualitative deposit
model, natural hazards and terrain information.
With reference to the global spatial model of
underground walkways, itis possible to easily and
accuratdy plan a new walkway e.g. connecting two
operational levels (Fig. 8).

Fig. 6. Assigning descriptive attributesto several elements

Fig. 7. Creating digital spatial model of underground walkways and simple visualization
of walkway equipment
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Fig. 8. Project of connecting two operational levels to a new walkway
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Fig. 9. Longitudinal profile of the planned walkway generated
automatically in order of the data about the deposit el evation
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Next, based on the digital modd of the deposit
an automatically longitudinal profile of the
walkway (an example was presented in the Fig. 9)
can be generated. The information about the
inclination is very important eg. for ore
transportation solutions.

Ultimetely, thanks to the access of information
gathered in a centra database including the data
about structure and quality of the deposit, it is much

essier and faster to design a new longwall [Jeonek,
Poniewiera, Gasior, 2015]. Planning can take into
account many aspects, including scheduling of extrac-
tion, arrangement with respect to existing ventilation
and transportation walkways, quality of coal and a
number of economic indicators. Inthe Fig. 10 thereis
presented a map of underground walkways with a
project of a new longwall with shading corresponding
to the size of coal ash in the deposit.

Fig. 10. Map of underground walkways with a project of a new longwall
with shading corresponding to the size of coal ash in the deposit

Fig. 11. Surface map with contour lines
of predicted values of horizontal
deformations E [ mm/n] . Colored
contour lines indicates the categories
of land deformationin 5 level scale
(1st—the lowest — isyellow starting from
E= 0,3 mn/m;the 2nd isorange and
starts from E-1,5 mnvym,; the 3rd isred
and starts from E=3,0mnym; the 4this
purple and starts from E=6,0 mmym.
The highest and 5th is brown and it
gtarts from E=9,0 mnvm)
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Fig. 12. Example of Identification of the land parcel

The use of additional specialized applicationsin
combination with a complete underground and
surface vector map resource allows (by GIS tools)
to visualize areas covered by planned mining
deformations. An example of such a visualization
of the size of horizontal deformations against the
surface map was shown in Fig. 11.

Next, a report on exceeding the category of
building resistance against a category of terrain is
easily to generate in such a system. Also itis easy
then (if the information in database are complete) to
identify specific land parcel or identify group of
land parcels that will be important in order to
planmining operations.

Summary

The paper describes the basic problems of
underground hard coal mining planning from the
point of view of usefulness of GIS tools. However,
the GIS tools alone are useless without access to
modeled information. That is why this article
presents the concept of construction of a IT
production management system, which is a rich
source of data and in itself contains GIS tools as a
toal for planning, interpretation, and visualization
of complex data related to numerous mining
industry actions.

It should be stressed that the briefly outlined IT
system concept is not only theoretical. A similar

production management system was implemented
in 2014 at Kompania Weglowa S.A [Jelonek.,
Poniewiera, Gasior, 2015]. In 2015 Tauron
Wydobycie S.A., ancther Polish mining company,
started working on developing such a solution
[Tauron Wydobycie, 2015].

This article demonstrates that the use of GIS
tools as a pat of complex IT production
management system that can significantly shorten
the time consuming work done in multiple mining
departments, ie. geological, mine surveying and
mining terrains protection departments. This is
especially true in the case of multi-criteria analysis
of new longwall projects in order to the damage
risk assessment on mining terrains [Hgmanowski,
Malinowska, 2010]. The benefits of this type of of
modern solution is particularly evident when
planning mining operations in complex, multi-plant
mining companies. Then it is possible to look at the
hard coal deposit from a much wider perspective
than with a single mining plant, which improves the
rational mining economy.

REFERENCES

Bielecka E. Systemy Informacji Geograficzng — teoriai
zastosowania, Wydawnictwo PIWSTK, Warszawa,
2006.

Bradley K.: “Ken Bradley's underganding PRINCE2”,
SPOCE Project Management Ltd, 2002, England.
ISBN 978-1902192000.



leodesis, kapmozpachisi i aepogpomosHimaHHs. Bun. 85, 2017 75

Gtowny Urzad Statystyczny. “Ochrona srodowiska
2013". Warszawa, 2013, p. 133. ISSN 0867-3217.
Hamrin, H.: “Underground mining methods and
applications’. W. A. Hustrulid, R. L. Bullock, eds.
Underground Mining Meth— ods. Engineering
Fundamentals and International Case Studies. SME,

Littleton, 2001, CO, 3-14.

Hejmanowski R., Malinowska A. “Building damage risk
assessment on mining terrains in Poland with GIS
application”.  International  Journal of Rock
Mechanics & Mining Sciences;, ISSN 1365-1609,
2010, val. 47 no. 2, pp. 238-245.

Jelonek 1., Poniewiera M., Gasior B. ,Budowa
jakosciowego modelu ztoza na przykiadzie jego
wdrazania w Kompanii Weglowg S.A. Cz. 3,
Generowanie raportbw na podstawie NMZ”.
Documenta Geonica. 2015/1, pp. 65-69.

Kowalski A. “Deformacje powierzchni w Gornoslaskim
Zagiebiu  Weglowym”. Wydawnictwo naukowe
GIG, Katowice, 2015.

Proceedings of the 4th Domestic Conference “ Security
and protection of buildings in the mining areas’,
Karpacz, Poland, 2013.

Poniewiera M. Zastosowanie oprogramowania GeoLisp do
budowy dynamicznego systemu informagji o przestr-
zeni gorniczg. Gornictwo zrownowazonego rozwoju,
2016. Konferencja naukowa, Gliwice. 2016, p. 69.

Poniewiera M., Sikora P.. “Konwerga map
numerycznych”. Zeszyty Naukowe Politechniki $I.
nr 1752, s. Gornictwo z. 278, Gliwice, 2007, pptr.
377-383. ISSN 0372-9508.

Poniewiera M., Sokota-Szewiota V. “GIS systemsin Po-
lish coal mining”, Innovative technologiesin mining
and transport. Katowice, Poland, 2014, pp. 71-105.

Tauron Wydobycie S.AA. “Koncepcja Informatycznego
Systemu Zarzadzania Produkcja”. Unpublished
material, 2015.

http://www.oracle.com/technetwork/database-options/
spatialandgraph/overview/index.html. Oracle Corpo-
ration's official website.

P. Menimaxka, I1. Cikopa

Cine3pkuii TexHONOriYHMN yHIBepcuTeT y [miBine, Byin. Akagemiuna, 2A, I'nisine 44-100, [Monbima

MMPOEKTYBAHHA IMIJIBEMHUX I''PHUUMX POBIT HA BYTUUIbHUX IHAXTAX B ACIIEKTI
IHCTPYMEHTIB I'IC

OOroBopeHo 3arajpHi NMpoOJIEMH NPOEKTYBaHHS MiA3€MHUX TIpHMYMX pPOOIT Ha BYrimpHHX Imaxrtax. Lo
TEXHOJIOTII0 TOKa3aHO Ha Npukiami BepxHpo-CHIIE3CHKOrO BYIUIBHOIO OaceiHy, MiAKPECICHO CKIAIHICTh
BUKOHAHHSI IIOTO MpOLECy. 3alpOIIOHOBAHO KOHIIEMIiI0 MOoOyIoBaHOI cydacHOi cuctemu KepyBanHs [T-mpo-
IyKTaMu. Benuka KUTBKICTh — JaHUX, IO MICTATBCA B ICHTPaibHIM 0a3i MAaHUX, Ja€ 3MOTY IOBHOIO MIipOIO
CKOpHCTAaTUCS MOXJIMBOCTMHU iHCTpyMeHTIB ['IC, a me nomomarae MIBUAKO IMPOAEMOHCTPYBATH Bi3yauli3alilo
BYTUUIFHOTO POZOBHINA Ta €()EeKTHBHO KepyBaTH OaraTbMa 3aBJaHHSAMHM IUIAaHYBaHHS TipHHYHX poOiT. MeToauka:
Konmenmist iHTerpoBaHoi cucteMu yropapiinus BupoOHuiTBoM IT, mpeactaBieHa 3a momomororo Production
Management System B y3aranbHEHOMY BHIVIAII, il PO3pOOJICHO HAa OCHOBI PE3yNbTATiB JCTAJbHOI MEPEBIpKH Ha
MIPUKIIAJl aHAJIOTIYHOI CHCTeMH, PO3poOieHol [ oxHiel 3 TipHWYONOO0YBHHX KOMIaHiii y BepxHbocuiescbkoMmy
ByribHOMY OaceiiHi BiqHocHo crannaptie PRINCE2. PesynabsTaT: nepeBaru 1boro Cy4acHoro pimeHHs ocoOIuBO
OYEBHHI MiJl Yac IUIAHYBAaHHS TIPHUYUX POOIT y CKIagHHUX, OaraToranry3eBuX TipHHYOAOOYBHHMX KOMIIaHisX. 3a
MaKCHMAaJIBHOTO 3aCTOCYBaHHSI MOXKJIMBOCTSIMH iHCTpyMeHTiB [ IC Mo)KHa AMBUTHCS HA KaM' SSHOBYT'UIbHHUHN JEIO3UT 3
Ha0araTo MKPIIOI NEPCHEKTHBH, HiX TINBKYU 3 TOMIISAY OJHOTO TipHHYO-30arauyBajibHOIO KOMOIHATY, IO MOKPAIYe
pauioHanbHe ripHH40J00yBHE TocnonapcTBo. HaykoBa HOBH3HA Ta MPaKTHYHE 3HAYEHHS . 0/IaHa 32 JOIIOMOTOI0
Production Management System korrernisi moOyI0BH iHTEIPOBAHOI CHCTEMH yIpaBiiHHsA BupoOHunTBoM IT mae
3MOr'y HIBHJKO CTBOPIOBATH Di3HOMaHITHI BapiaHTH IIPOEKTIB 3 PO3POOJEHHS DPOMOBHII Kam'SHOTO BYTUISA 3
ypaxyBaHHSM YCIX YHHHHKIB, IO OOMEXYIOTh BHITycK poxoBumia. Cucrema Ja€ MOXIIUBICTH MepenaBaTh
iH(pOpMAII0 MiXK 3aJI©KHUMH TaTy3sIMH €KOHOMIYHHUX ITPOIIECIB, IO JormoMarae 30epiraT JaHi B OJHOMY Micli 0e3
nyonroBaHHs. Pesynbratu, 3i0paHi B LEHTpasbHIM 0a3i JaHMX, JAIOTh MOXKIIMBICTH MOBHOIO MipOI CKOPHUCTaTHCS
incrpymenTamu ['IC y ckiagHOMY Tpolieci MIaHyBaHHsI BUPOOHUIITBA.

Kniouosi crosa: T1C, BugoOyToK KaM' sSITHOTO BYTLILIS, IPOEKTYBAHHS TipHUYUX POOiT, AedopMariii BUIOOyTKY.
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