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FIRE RISK ASSESSMENT – THE EXAMPLE OF THERMAL POWER 

PLANT “GACKO” 
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Abstract: In order to improve safety of any object and building, inclusion of different preventive measures is 

very useful and effective. Potential sources of danger in a power plant are many. There are increased fire hazards 

in all objects where during the technological process flammable and explosive coal dust is released in a certain 

concentration in the air, especially if there is no effective dedusting system in these places, and if it is not 

properly maintained. In order to fully protect the main operating facility from fire, a fire risk calculation was 

carried out. Based on the calculations, fire risk values for the main operating facility in the amount of 1.72 and 
fire risk for the contents of the facility in the amount of 3.0 were obtained. Additional preventive measures were 

further disscused in order to improve safety of people and property.  
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1. INTRODUCTION  

One of the most effective ways to improve safety of any object is to improve and include 

prevention measures. The technological process in a thermal power plant consists of the gradual 
conversion of the chemical energy of fuel combustion into thermal and electrical energy. The working 

body (heat carrier) in the process of energy production in the thermal power plant is water and steam. 

The lignite fuel burns in the boiler and transfers the heat to the water, the water then turns into water 

vapor, which is additionally overheated due to which its potential energy increases. Passing through 
the flow part of the turbine, the steam expands, the potential energy of the steam is converted into 

kinetic energy, and the kinetic energy into the mechanical energy of the rotation of the rotor. In the 

generator, the mechanical energy of the steam turbine is converted into electricity [1]. 

The thermal power plant in Gacko operates within JP Rudnik and Thermal Power Plant "Gacko", 

with an annual production of 1437.95 Gwh in 2006, and is the largest producer of electricity in the 

Republic of Srpska. The installed power of the block is 300 MW, and the average annual production is 

1400 GWh [1]. 

2. THERMAL POWER PLANT “GACKO“  

The technological-mechanical part of the Thermal Power Plant "Gacko" consists of a 

condensation-extraction block with a closed cooling system, installed power of 300 MW and power at 
the threshold of the thermal power plant of 276 MW, complete with all accompanying auxiliary 

facilities and plants. The complete equipment of the boiler and turbine plant is located in the main 

power facility of the thermal power plant [1].  

The basic equipment of the Thermal Power Plant is composed of the following. 

 Single-body T-shaped low-flow steam boiler with intermediate heating, for working on 

lignite of the calorific value with the production of 990 t/h of steam, parameters 22.50 

MPa and temperature 545 °C. 

 Condensing steam turbine type K-300-240, nominal capacity 300 MW with steam 

parameters 24.00 MPa, 540°C /540°C, is connected directly to the generator. The nominal 
number of revolutions is 3000 rev/min. 
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 Three-phase synchronous generator with nominal power of 300 MW, voltage of 20 kV 

with cooling of the stator with demi-water and the rotor with hydrogen. 

 

The main technological units of the Thermal Power Plant are: 

 Coal delivery system; 

 The main operating facility consisting of a boiler plant (heat production energy) and 

machine rooms (electricity production); and 

 Transport of slag and ash. 

There are a few hazardous substances in the company such as: Hydrogen, Argon, Propane butane 
(liquefied petroleum gas, LPG), Acetylene, Oxygen, Carbon dioxide, Hydrochloric acid, Sodium 

hydroxide, Sulfuric acid, Ammonia water, Hydrated lime and different oils and lubricants needed in 

different tehnological processes [1,2].  

Potential sources of danger in a power plant are many. When it comes to delivery and storage of 

coal, the presence of a large amount of coal, improper storage, and the possibility of its biological 

decomposition and temperature increase, i.e. self-heating and self-ignition, can be very hazardous. 
There are increased fire hazards in all places where during the technological process flammable and 

explosive coal dust is released in a certain concentration in the air, especially if there is no effective 

dedusting system in these places, and if it is not properly maintained. Furthermore, there is the 

possibility of a stray metal object hitting the crushing rollers, which could create a spark that could 
cause a fire. During the transport of coal, the belt on the conveyor may slip and generate static 

electricity, which may cause a fire [1,2]. 

During the manipulation of coal, there is a possibility of the creation and raising of dust in the 
environment, especially in dry periods, during the delivery and storage of coal, and transportation to 

boiler bunkers. The negative impact of the coal transport on the environment refers to the dusting of 

the surrounding area. The dusting of the surrounding area on the coal delivery system represents an 
influence of a local character, the effect of which is not felt in the wider area. The flue gases produced 

in the process of burning coal from the large boiler room located in the main machine building are led 

into a chimney with two symmetrical connections. Before entering the chimney, flue gases are 

dedusted in electrofilters. Flue gases from the boiler, purified in electrofilters, are discharged through a 
162m high chimney. A large boiler room represents a potential polluter of the environment through the 

emission of flue gases [1,2]. 

In an electrofilter plant, the greatest fire hazard represent the possibility of a fire breaking out due 
to faulty electrical installations. Moreover, there is also increased fire hazards in all places where slag 

and ash are shipping during the technological process, therefore flammable coal dust can be released 

and could be potential cause of fire [1,2]. 

3. FIRE PROTECTION SYSTEMS 

The facilities of the mine and the Thermal Power Plant in Gacko are supplied with water for 

extinguishing fires from Lake Klinje (see Fig. 1): 

 directly through a pipeline with a diameter of 500 mm from Lake Klinje (elevation of the 

lake is 1024 meters above sea level) to the connection of the hydrant network at an 
altitude of 941.50 meters above sea level, and 

 through the pumping plant from the recirculation basin with a volume of 20,000 cubic 

meters located next to the pumping station within the company premises. 
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3.1. Pump station 

In the pumping station, there are 4 pumps that provide the necessary pressure and flow of water in 

the case of a fire at the facilities of TE Gacko. Three pumps are electric (two small and one large), and 

one is diesel-powered in order to provide a backup source of water supply to the hydrant network for 

firefighting [1,2]. 

In addition to these pumps, there are two small pumps for washing screens, and the pressure lines 

of these pumps are connected to the pressure lines of the fire pumps, so the entire pipeline is under 

constant pressure [1,2]. 

 

 
Figure 1 – Lake Klinje [3] 

 

3.2. External hydrant network 

The external hydrant network is designed according to the project as a ring system of pipelines, 
which enables uninterrupted power supply - water supply from two directions for any building, if it is 

threatened by a fire. The external hydrant network is installed with pipe diameters of 250mm and 

150mm. The pipelines are made of steel seam pipes, and overhead hydrants are installed on the 

pipeline of the hydrant network [1,2]. 

The current state of the hydrant network is not in accordance with the “Rulebook on technical 

norms for the hydrant network for fire fighting“ („Pravilnik o tehničkim normativima za hidrantsku 
mrežu za gašenje požara,” Official Gazette of SFRY No. 30/91). According to the project 

documentation, there are 95 hydrants in the facility circuit, and at the moment most of the hydrants are 

missing supporting equipment (fire hoses, keys and nozzles) (see Fig. 2) [1,2]. 

 

 
Figure 2 - The external hydrant network [4] 
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3.3. Internal hydrant network 

An internal hydrant network with pipeline diameters: 110, 80, 65 and 52mm was installed in the 

facilities of the Thermal Power Plant, connected to the external hydrant network, while an internal 

wall hydrant with a 52mm diameter was installed on it (see Fig. 3) [1,2]. 

 

 
Figure 3 - Internal hydrant network [5] 

 

3.4. Water curtains  

Water extinguishing and water curtain systems are connected to the fire-fighting water 

distribution pipeline in a few buildings and facilities around Thermal Power Plant. It is necessary to 

revitalize the mentioned fire extinguishing systems. All designed and constructed water curtains must 

be periodically tested for functionality, correctness and amount of water flow, and adjusted 
accordingly to the “Rulebook on technical standards for the fire hydrant network“ (“Pravilnik o 

tehničkim normativima za hidrantsku mrežu za gašenje požara,” Official Gazette of SFRY No. 30/91) 

[1,2]. 

3.5. Stable water extinguishing system 

A stable water extinguishing system has been designed and partially installed at the elevation of 

0.00 of the main operating facility and is intended to protect the main transformer (location outside the 
building) and the oil plant in the main operating facility. This system was designed in combination 

with carbon dioxide bottles (4 pieces of 50kg each) and a water tank V=10 cubic meters, and the 

system provides a pressure of 8 bar [1,2]. 

It is necessary to install the above-mentioned system in accordance with the design and technical 
documentation, and to regularly and periodically monitor and regularly maintain the system in a 

correct and functional condition [1,2]. 

3.6. Stable foam extinguishing system 

The project provided stable foam extinguishing system with a pipeline, intermediate mixer, 

nozzles and a pumping station that provides foam for extinguishing different types of fires. It was 

necessary to perform the installation of the above-mentioned system in accordance with the design and 
technical documentation, and regularly and periodically inspect and regularly maintain it in a correct 

and functional condition [1,2]. 

3.7. Stable carbon dioxide extinguishing systems 

For fire protection, two stable carbon dioxide extinguishing systems were installed in the main 
operating facility at elevations 0.00 and 9.00. The stable system at an altitude of 0.00 (2x11x50kg) has 

4 zones, and protects 8 segments of the cable floor at an altitude of -4.20m of the main operating 

facility. The stable system at a height of 9.00 (2x14x50kg) protects 4 zones from fire [1,2]. 

3.8. Foam extinguishing system 

Foam extinguishing devices (200 l barrels) are located in the main production facility at heights of 

0.00m, 9.00m, 48m, and 56m, and the composition of the device is as follows: 
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 Extract for creating foam with a capacity of 800 liters,  

 Intermediate mixer, 1 piece, 

 Extinguishing nozzle, 1 piece, 

 Hose, 1 piece. 

Fire extinguishers must be moved and placed in the appropriate sections and numbers (pieces) 

according to the Fire Protection Plan [1,2]. 

4. CALCULATION OF THE FIRE RISK OF THE BUILDING 

In order to fully protect the main operating facility from fire, a fire risk was calculated. Today, 

stable installations for extinguishing fires are increasingly used as protection of buildings and devices 
in various economic activities. They are installed when a large amount of fire extinguishing agents is 

needed in the first moments of a fire outbreak due to the high degree of fire danger and the possibility 

of a high speed of fire spread. In that case, fire extinguishing must be carried out from a distance when 
access to the object on fire is difficult, or when people are present in the building in which there are 

automatic technological processes, or when fire extinguishing cannot be successfully done with mobile 

fire extinguishing equipment [2]. 

For the purpose of fire protection, the following fire protection systems were installed in the main 

operating facility in addition to the initial fire extinguisher and hydrant network: water curtains, stable 

water extinguishing system, stable carbon dioxide extinguishing systems, and a system for 

extinguishing with foam [2]. 

The fire risk for the building depends on the possible intensity and duration of the fire, as well as 

the structural characteristics of the load-bearing elements of the building (resistance of the structure to 

the effects of high temperatures), and is calculated according to the following formula: 

 

i
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Where: 

Po - The fire load of the building's contents 

C - Coefficient of combustibility of the contents in the building 

Pk - Coefficient of fire load of materials installed in the building 

B - Coefficient of the size and position of the fire sector 

L - Coefficient of delay (of start of extinguishing fires) 

S – Fire sector width coefficient 

W – Fire resistance coefficient of the load-bearing structure 

Ri - Risk reduction coefficient 

 

By entering the values from the table according to Swiss standards, results are as follows: 

 
.72.1

0.10.1

3.10.10.22.00.12.1
0 




R  

The fire risk for the building's contents (danger to people, equipment, furniture, etc.) is calculated 

according to the following formula: 

FDHRS        (2) 

Where: 

H -  Human hazard coefficient 

D - Asset risk coefficient 
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F - Smoke effect coefficient 

By entering the values from the table according to Swiss standards, the following results were 

obtained [2]: 

.0.35.10.10.2 SR  

5. DISCUSSION AND CONCLUSION 

Based on the calculations, fire risk values for the main operating facility in the amount of 1.72 and 
fire risk for the contents of the facility in the amount of 3.0, were obtained, and by including these 

values in the diagram, the point falls into the area on the diagram that is not hatched, therefore it is not 

necessary to take additional measures in the facility for fire protection. The building is covered with 

fire extinguishers, a hydrant network and the following fire protection systems: water curtains, stable 
water extinguishing system, stable carbon dioxide extinguishing systems, and foam extinguishing 

system [2]. 

Some of the preventive measures that can be included in order to improve safety are: Place 
important phone numbers in main objects (Fire fighters, Police, Emergency, Executives of each 

departmant in the facility, etc.). Furthermore, in the fire department of the facility, an enlarged map - 

the situation of the company circle, in which all buildings, fire routes, external hydrants and other 
elements important from the point of view of fire protection, should be placed. Additionally, in the fire 

department, spare keys to all buildings and rooms on a special bord should be kept, so that they can be 

opened in the case of need outside of the working hours. The internal roads in the area of the Thermal 

Power Plant should be equipped for a circular flow of traffic, while the roads at the coal depot should 
always be kept in passable condition. Moreover, the access to the main operating facility for the fire 

fighters from the northwest side of the building, should be resolved. In accordance with the “Law on 

Fire Protection“ (“Zakon o zaštiti od požara,“ Official Gazette of the RS No. 16/95, 16/02, 02/05), 
necessary tests and measurements for all installations should be performed, maintained and inspected 

within the deadlines specified in the relevant regulations and according to the manufacturer's 

instructions for certain types of installations and technologies [2]. 
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