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Abstract: This study investigates the utilization of Geographic Information Systems (GIS) as a means to
enhance the defense and rescue plan in coal mines. Coal mines are complex working environments that
require comprehensive planning and readiness to effectively respond to emergencies, such as fires,
explosions, floods, and other hazards that pose risks to the health and safety of miners. The study's principal
findings reveal that incorporating GIS into the planning and coordination of defense and rescue operations
in coal mines can substantially enhance emergency response efficiency and effectiveness. Furthermore, the
utilization of GIS tools and techniques is vital for acquiring and analyzing data pertaining to the intricate
work environments within coal mines. This paper seeks to contribute to the advancement of defense and
rescue planning and coordination in coal mines while serving as a basis for further research and the
application of GIS in this field.

Key words: GIS; defense and rescue plan; coal mine.

Pesume: Oso ucmpadicusarse ce ghokycupa Ha npumery zeozpagckux ungopmayuonux cucmema (I'C) y
yHanpehery niana o06pane u cnacagarba y pyonuyuma yena y Cpouju. Pyonuyu yema cy crodlcena paoua
OKpYJicera Koja 3axmesajy aoeKeamuo Nianuparbe U npunpemy 3a 6ampeoHe cumyayuje, Kao wmo cy
nocapu, ekcniosuje, noniage u Opyau pusuyu Koju mozy 0a yzpose dcugome u 30pasne pyoapa. Kmwyunu
3akmyuyu 0802 pada cy da npumena I'HC y nianupary u Koopounayuju akyuja oobpame u cnacasara y
PYOHUYUMA Y2/bd MOJICE 3HAYAJHO NODOLWAMY ePUKACHOCI U epeKMUBHOCH peazosalbd HA 6aHpeoHe
cumyayuje, kao u oa je ynompeba I'MC anama u mexnuxa HeonxooHa 3a NPUKYnbarve U anaiusy nooamaxa
0 KOMNIEKCHUM PAOHUM OKpYdcersuma y pyonuyuma yema. Osaj pao uma 3a yusms 0a oonpunece ynanpeheroy
NIAHUPArea U KOOpouHayuje akyuja 000pane u cnacasara y pyoHuyuma yead, u 0a npyicu 0CHO8Y 3a 0d/be
ucmpaxcugarve u npumeny I'C y 06oj obnacmu.

Kwyune peuu: I'IC; [Inan 00bpane u cnacasarsa; pyoHux yesmsd.

1. INTRODUCTION

Coal mining operations inherently pose risks to the health and safety of miners due to the complex
and hazardous work environment. To mitigate these risks and ensure effective responses to
emergencies, the development and implementation of robust defense and rescue plans are crucial.
Geographic Information Systems (GIS) have emerged as valuable tools in enhancing the planning
and coordination of defense and rescue actions in coal mines.

The application of GIS in the mining industry has gained significant attention in recent years.
Choi, state that GIS provides a spatial framework for integrating and analyzing data, enabling a
comprehensive understanding of the mining environment and associated risks [1]. It facilitates the
collection, management, and visualization of various types of data, including geological,
topographical, and operational information [2-3].
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Numerous studies have demonstrated the effectiveness of GIS in improving safety and
emergency preparedness in coal mines [4-5]. For example, Zhang, conducted research in a coal
mine in China and found that the use of GIS significantly enhanced the accuracy of emergency
response plans and facilitated the rapid deployment of rescue teams [6]. Similarly, Suh, conducted a
comparative analysis of GIS-based defense and rescue plans in multiple coal mines, highlighting the
advantages of GIS in optimizing evacuation routes and resource allocation during emergencies [7].

Building upon the existing literature, this research aims to further explore the application of GIS
in improving defense and rescue plans in coal mines. By analyzing international practices and case
studies, this study seeks to identify best practices and propose a comprehensive methodology for the
development and implementation of GIS-based defense and rescue plans.

Inadequate management of emergency situations can lead to the loss of multiple lives.
Regrettably, the Serbian mining industry has witnessed numerous major disasters, such as the
Morava mine accident in 1989 near Aleksinac, which claimed the lives of 90 miners and resulted in
the closure of production shafts.

The Soko coal mine, located near Sokobanja, operates under a methane work regime,
presenting a specific source of explosion risk. However, in 1998, the mine operator violated
regulations by conducting blasting without prior evacuation of workers to a safe area and without
informing other miners of the planned blasting. Furthermore, they failed to measure the methane
levels. Consequently, an explosion occurred, claiming the lives of ten miners on site, while an
additional 19 miners perished due to oxygen deprivation.

Unfortunately, on April 1, 2022, another tragedy struck the same coal mine. An accident in the
Soko coal mine in eastern Serbia resulted in the eruption of methane, leading to the loss of life for
eight miners, with 18 others injured. Fortunately, all remaining miners present in the mine at the
time of the accident were successfully rescued. These tragic incidents highlight the importance of
properly developed defense and rescue plans in the mining sector.

Analysis of these accidents has shown that adherence to defense and rescue plans by all
stakeholders would have significantly reduced the severity of the consequences [8]. Mining
companies have a legal obligation to implement necessary measures and instructions to prevent
such accidents. In case of accidents, the defense and rescue plan provides guidance for response
actions, which are led by a supervisor and members of the rescue team.

Rescue team members are highly skilled individuals who undergo specialized training and
assessment of their physical, mental, and psychological capabilities to qualify for membership.
They are well-equipped to intervene in emergency situations and provide assistance. However, it is
common for no rescue team members to be present at the mine during an incident. This often places
the responsibility of ensuring the safety of the workers in the hands of a single individual.
Typically, this individual is a mine operator or a dispatcher at the information and communication
center who must be familiar with the defense and rescue plan, including the procedures for alerting
the rescue team and notifying relevant authorities.

2. METHODOLOGY FOR THE DEVELOPMENT OF DEFENSE AND RESCUE PLAN

The aim of this research is to enhance the methodology for the development and updating of the
Defense and Rescue Plan, as well as to increase the efficiency of the rescue team, workers, and
managers during the implementation of the plan in accident situations. The ArcGIS Desktop
software package (ArcGIS) was utilized due to its numerous advantages [9]. The application of the
ArcGIS program enables precise data input, clear guidelines for worker evacuation, calculation of
evacuation route length and selection of the shortest path, easy plan updating, visualization of the
mine and worker evacuation routes, as well as simple data search and manipulation [10].

ArcGIS for Desktop is a software product developed by the American company Esri
(Environmental Systems Research Institute). It falls into the category of geographic information
system (GIS) software and is part of the comprehensive ArcGIS system, which allows working with
spatial data across various devices and through web browsers. Consequently, ArcGIS processes
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both vector and raster data models but generates a geographic database as a new data model. It is
commonly used for map design and creation, data searching, editing, and processing of geographic
data, as well as manipulation, exchange, and storage of such data. However, it has found
applications in numerous fields, including forestry, agriculture, environmental protection, etc. [11].
The data relevant to this study is presented on the map from the geodatabase using SQL queries
(structured query language) for the corresponding accident scenario.

To improve the process of creating, updating, and implementing the defense and rescue plan, as
well as to facilitate decision-making and reduce the risk of inadequate reactions due to anxiety or
other factors, a defense and rescue plan using ArcGIS has been developed for the Bogovina Coal
Mine. This coal mine, located in the municipality of Boljevac, is engaged in underground lignite
mining. The defense and rescue plan for the mine will be described in detail in the following
sections.

The ArcGIS-based plan simplifies worker movement to assembly points and evacuation routes
in the mine. It allows for clear guidelines and visualizations of evacuation routes, access roads for
transporting affected workers, and routes for rescue team members. The software calculates arrival
times and response speeds of rescue teams, medical personnel, and firefighting units. It also
facilitates easy plan updates by incorporating new spatial data. Developing and harmonizing such
plans for all mines in Serbia is necessary, along with familiarizing rescue team members with
emergency situations in other mines. Additionally, creating plans to assist neighboring mines is
crucial for anticipating support arrival time. The software package benefits underground mine
worker training by providing visual and three-dimensional representations of emergency situations,
enhancing the quality of training. Its applications in underground mining include analyzing mining-
related injuries, underground and surface water inflow, and assessing ground settlement impacts.

3. CASE STUDY

Based on this research, a Defense and Rescue Plan was developed for the Bogovina coal mine
engaged in underground coal mining and in preparation for other mines [12]. There is no clear
guideline for the development of the Defense and Rescue Plan; however, the Plan should essentially
consist of three parts. Each part of the Defense and Rescue Plan was processed using the ArcGIS
Desktop package.

In the first part, the position of the mine was displayed on the georeferenced Word Imagery
with Labels (WIL) map using the ArcMap tool. Specific data groups were provided for each layer:
Display of the Boljevac Municipality on the WIL map, showing the mine location, mine operation
facility, rescue team station, entrance to the Eastern field shaft, main ventilation facility, access
routes to the nearest healthcare institution and police station.

Spatial map of the Municipality, presenting the residential addresses of the rescue team
members and the distances to the rescue team station. Additionally, a tabular overview of each
member with mandatory information, such as phone numbers for the police, mining inspection, and
fire brigade, was provided. An example query from the first part of the Defense and Rescue Plan.
The query demonstrates that three members of the rescue team reside in the Zlot area, displaying
their phone numbers, function within the team, and job title. In ArcMap, the shortest path to the
rescue team station was drawn, along with the distance in meters. The second section presents data
concerning the mine and mine production system. All data points are geographically referenced and
organized into layers as outlined below:

= Mining corridors within the East Field underground mine, categorized as active and non-

active.

= Geological characteristics of the site, including fault zones, layer dip, exploration drill holes,

and overburden.

= Mine ventilation system, encompassing fresh air intake, exhaust air, ventilation barriers,

ventilator capacity, and auxiliary ventilation.

= Mine drainage, involving primary and auxiliary water collectors, pumps, and pipelines.
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= Mine transportation system, specifying the conveyor's position, transfer points, cableway

drive, and winch.

= Safety-related features within the mine, such as primary and auxiliary storage areas for

explosives and electric detonators, power stations, fire extinguisher locations, first-aid kits,
stretchers, and others. In case of emergencies, detailed plans highlighting crucial layers for
the rescue crew can be accessed promptly.

The third section of the Plan provides an overview of potential accident scenarios. These
situations are presented in Table 1 and are sequentially labeled from I to VI. Each scenario is
associated with a specific symbol used for searching within the ArcMap software. Based on the
selected symbol from the ArcCatalogue on the map, escape routes for workers positioned above or
below the accident site are displayed, along with designated meeting points for each situation.

Table 1: Potential hazards in the mine with symbols and gathering places.

Label Place of potential hazard Meeting point

Ahead of danger Behind the danger

Fire in the incoming air current in GTN and TH-1 to conveyor belt drive

! the crossroads TH-1 /TN TT-1 from outside PIN-3A/VV-L
I Fire in the TN-3A. TU-2. PVU-2. ETH-1. TH-1 conveyor belt drive  conveyor belt drive
’ ’ ’ ’ TT-3 TT-3
. . : conveyor belt drive  conveyor belt drive
111 Fire at work sites from the base ETH-1 TT-3 TT-3
Fire in the main outgoing air current from the conveyor belt drive
V' crossroads TH-1/PTN-3A to VO-11 TT-3 PIN-3A/VV-L
conveyor belt drive  conveyor belt drive
A% Sudden gases breakthrough TT3 TT3
VI Sudden water breach TH-1/TN TH-1/TN

4. RESULTS AND DISCUSSIONS

ArcMap, a component of ArcGIS, is utilized in this study for data presentation and map creation
specific to the analysis being conducted. This tool offers numerous possibilities, including the
representation of the mine and its key elements for the Plan of Defense and Rescue, creation of geo-
objects, spatial data analysis, text labeling of routes, and length measurements.

4.1 Accident Situation | - Fire in the Incoming Airflow

The most dangerous accident scenario discussed in this section involves a fire in the incoming
airflow. In such a situation, immediate measures must be taken to reverse the airflow direction.
Workers located above the line of fire must retreat towards the mine's exit, specifically the meeting
point TT-1 (operation of conveyor belt 1). Workers situated below the line of fire should retreat
using a self-rescuer to the second mine exit, VO11 (ventilation shaft 11), as indicated by the red
arrows in Figure 1.

In the event of the described accident, the on-duty personnel in the mine receive information
from the workers who first noticed the accident. This information includes the type of accident
situation, location, and names of the chambers where endangered workers are present. Based on this
information, the on-duty personnel create a query for each chamber, specifying the parameters for
evacuating the endangered workers. The query is constructed as follows: selecting the "Select by
Attributes" search type, marking the layer "WITHDRAWAL ROUTE," choosing the attributes
"ACCIDENT_SITUATION_DESCRIPTION," "ACCIDENT_SITUATION_PLACE," and
"AFFECTED CHAMBER" from the dropdown menu, and adding the provided information. Figure
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2 illustrates the withdrawal route for endangered workers from the work site OT-5 in light blue,
generated through the query.

s s R S - At _omm

Figure 1: Display of an accidental situation - Fire in Figure 2: Display by Select by Attributes type of
the incoming air current in ArcMap query in ArcMap

4.2 Accident Situation IV - Inflow of Water and Slurry

This section addresses the potential risk of water and slurry inflow in the working zone OT-5,
particularly when encountering old work areas or fault zones. To mitigate this risk, drilling of
prevention wells is necessary. The designated meeting point for employees is the intersection TX-
1/TN-1 (transportation corridor 1/transportation decline 1), as depicted by the blue pin in Figure 4.
The procedure involves informing all mine workers about the water inflow point, initiating water
pumping from all collection points within the mine, informing the responsible technical personnel
or the on-duty person, and acting according to their instructions. In the case of sudden water inflow,
workers, and equipment in ETX-1 (leveled transportation corridor 1) are at risk, and they must
retreat to the crossroad PVU-2/TU-2 (transverse ventilation incline-PTU 2/transportation incline-
TU 2). Workers from the preparation site, as well as those involved in transportation and delivery of
raw materials, should retreat through TH-1 to the designated meeting point. Operators on TT-2
(conveyor belt 2) and TT-3 (conveyor belt 3) should remain in their positions.

According to a research study conducted in underground coal mines in Serbia over the past
decade, the implementation of Geographic Information Systems (GIS) has begun. The development
of the initial defense and rescue plan demonstrated a significant reduction in response time and
improved efficiency in evacuating personnel during accident situations. The study encompasses
multiple mines located in different parts of the country and reveals that mines utilizing GIS
solutions experienced fewer casualties and less infrastructure damage compared to those not
employing these technologies. These findings indicate the potential application of GIS in enhancing
Emergency Response and Evacuation Plans in coal mines worldwide.

5. CONCLUSION

Considering the challenges and risks faced by the coal mining industry, the implementation of
geographic information systems (GIS) has proven to be an effective strategy for enhancing defense
and rescue plans. This technology enables the integration of various spatial data and analysis of the
mining environment, providing a comprehensive understanding of risks and facilitating the
coordination of emergency actions. Studies have confirmed that GIS can significantly increase the
accuracy of emergency plans, optimize evacuation routes, and improve resource allocation.

The coal mining accidents in Serbia underscore the urgent need for the application of such
systems to improve miner safety and preparedness for emergencies. Developing GIS-based defense
and rescue plans for all mines, familiarizing rescue team members with potential emergency
situations in other mines and establishing mechanisms of cooperation between mines are crucial
steps towards reducing risks and protecting lives. The adoption of software packages such as
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ArcGIS offers practical solutions for planning, updating, and visualizing defense and rescue plans,
as well as for training and coordinating rescue operations.

Further research on the application of GIS in coal mining, identification of best practices, and
the development of new technological innovations to further enhance mine safety and emergency
response are recommended. Systematic improvement of defense and rescue plans, coupled with
ongoing training and empowerment of mining personnel, is key to achieving the goal of safe and
sustainable coal mining.
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