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Abstract: Fire is one of the major threats to the huge casualties and property losses of gas-fired power generation 

enterprises. In order to cope with the catastrophic consequences caused by fire accidents to gas-fired power generation 

enterprises, a gas-fired power generation enterprise is taken as an example to construct an evolutionary analysis of fire 

accidents of gas-fired power generation enterprises based on scenarios. Through the use of the fishbone diagram analysis 

method and Pyrosim to conduct fire accident simulation research, it provides a certain theoretical basis for gas-fired power 

generation enterprises to deal with fire accidents and suggestions for rectification of existing vulnerable parts. 
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I. INTRODUCTION 

With the rapid development of China's modern society, electricity is the most important support resource. Our development 

is inseparable from the support of electricity. However, the pollution problem caused by coal combustion is imminent. In this 

environment, the research and application of natural gas energy is a kind of the inevitable trend.[1] Gas-fired power generation 

with higher efficiency, its safety issues can not be underestimated. For example, on February 7, 2010, a gas explosion explosion 

occurred in a natural gas combined cycle power plant under construction in Kleen Energy Systems Co.Ltd. Middletown, Conn, 

which killed 6 people and wounded nearly 30 others.[2] At about 14:00 on June 6, 2012, a gas explosion accident occurred in 

the factory area of Beijing Taiyanggong Gas-fired Thermal Power Co.Ltd., which caused two deaths and one serious injury.[3] 

At 7:26 on June 11, 2013, the liquefied petroleum gas leakage explosion occurred in the comprehensive office building of the 

Hengshan storage tank living area of the liquefied gas distribution branch of Suzhou Gas Group Co.Ltd., which caused 12 

deaths and 9 people injury, the direct economic loss was 18.33 million yuan.[4] It can be seen that gas-fired power generation 

enterprises have frequent fire accidents, causing huge loss of personnel and property. It is imperative to pay attention to the 

safety of gas-fired power generation enterprises. 

In the research of related fields: Wang Shukun used the system safety analysis method to identify and qualitatively analyze 

the fire and explosion hazard of gas supply and combustion systems in natural gas power plants.[5] HuiShao etc.[6] used the 

results of quantitative risk calculation and ALOHA simulation to calculate the explosion limit range of natural gas power plants 

due to leakage, and proposed that explosion-proof measures should be added within the limits of natural gas explosion. Zhang 

Jialiang etc.[7] combined with FDS fire simulation analysis to construct a scenario for a fire accident in a petroleum tank area, 
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thereby deducing the scenario response process. It can be seen that there are relatively few theoretical studies on the 

construction of fire accident scenarios and situational response in gas-fired power generation enterprises. 

II. EVOLUTION ANALYSIS METHOD 

(1) Fire simulation calculation 

PyroSim is fluid motion simulation software. The calculation engine FDS developed by the American Institute of Standards 

and Technology is now used in various fields of fire simulation. The principle of FDS is the field simulation calculation of fire, 

which can solve the fire problem in fire engineering. 

(2) Evolution Analysis Program 

This paper focuses on the scenario construction and simulation evolution analysis of possible fire accidents in gas-fired 

power generation enterprises. By analyzing the accident cases of a typical gas-fired power generation enterprise, the fish-stab 

map is used to sort out the process of the accident and analyze the cause of the accident. Then, by analyzing the relationship of 

the accident, the main factors affecting the accident are found out. In turn, Pyrosim software is used to simulate the fire 

accidents caused by gas leaks, to avoid accidents or to make emergency response in time when accidents occur, and to reduce 

the casualties and property losses caused by accidents. 

III. EVOLUTION CASES STUDY 

A. Overview of typical accidents in gas-fired power generation enterprises 

In June 2012, a gas explosion accident occurred in the MCC control room of a boiler room booster station of a gas-fired 

power generation enterprise, which caused two deaths and one serious injury. The course and cause of the accident are as shown 

in the fishbone chart (see Fig.1). 

The main cause of the accident was the leakage of natural gas caused by improper operation of the inspector, and the fire 

occurred in the power distribution cabinet (ignition source) after spreading to the MCC control room of the booster station. 

According to the evolution analysis of the fishbone diagram, gas leakage is a major factor in the occurrence of this deflagration 

accident. 

 

 

 

 

 

 

 

 

 

Fig. 1  Fishbone chart 

 

B.  Simulation of natural gas leakage and deflagration accident 

There are three stages in the gas explosion-prone accident of the gas-fired power generation enterprise: the pre-fire stage, 

the fire stage, and the emergency rescue stage. In order to obtain accurate and reliable simulation results, reduce accident rate, 

casualty rate and reduce economic loss in future natural gas work, we will establish a fire simulation model to investigate the 

causes of fires and propose reliable emergency rescue measures. 

This paper intercepts a section of natural gas pipeline for leakage simulation. The pipeline model is shown in the fig.2: 
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Fig.2 Natural gas pipeline model 

 

According to the calculation of the flame rate formula proposed by Berker, the geometric velocity of the leaking gas at the 

injection port is obtained, and the formula is as follows: 
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Where V is the gas flow rate at the leak hole, m/s ; Mj is the gas leak Mach number; Tj is the temperature before the gas 

leak hole expands, K; Pc is the static pressure at the leak hole, Pa. 

The designed natural gas pipeline has a diameter of 660 mm, a pressure inside the pipe of 6.4 MPa, and a wall thickness of 

10 mm. The initial temperature of the environment is 20℃, the external pressure is standard atmospheric pressure, the initial gas 

temperature is 60℃, and the initial leak rate is 17 m/s. The design pipe is 20 m long (can be modified as needed) and the leak is 

located on the central side wall of the pipe. Temperature measurement points, slicing and other parameters such as temperature 

monitoring are arranged every 5 m upstream and downstream of the pipeline, and the measurement points at the MCC control 

room of the booster station are analyzed (see Fig.3). Another interception of the natural gas pipeline slice temperature 3 after the 

fire occurred (see Fig.4). 

 

 

 

 

 

 

 

Measurement point data analysis: THCP is located in the MCC control room of the booster station. The temperature rises 

rapidly within 0-20 s after the fire. The temperature rises to 590℃ in 20 s. At 3 s, the gas pipeline section temperature has 

reached 170℃, and the escape time is extremely short. It will be in danger for the staff. The temperature change of 20-50 s 

fluctuates sharply between 590℃ and 640℃, and the temperature peaks at 50 s. The fire and explosion danger zone in this 

period is known to be 20 m away from the fishbone diagram analysis above. The temperature of 50-80 m dropped rapidly to 

Fig.4  3s Slice Temperature of Natural Gas Pipeline 

 Fig.3 Temperature change 
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82℃ (secondary skin burn temperature of skin exposure time of 30 s or more).The temperature of 80-100 s drops to an initial 

temperature of 20℃, and the danger zone becomes smaller. 

Analysis of the results: The occurrence of leakage can form strong heat radiation, as well as the propagation of bright 

flames, and the accumulation of heat at the leaks can easily cause the pipeline to explode, thus causing a more serious 

deflagration accident. From the time period, 0-20 s is the key time for a fire, and there is a great possibility that the pipeline will 

explode beyond this time. 

IV. CONCLUSION 

Based on the statistical analysis of 119 gas station accidents in the past three decades, aiming at the frequent fire and 

explosion accidents in gas stations, the storage area of the gas stations is selected for study. QRA is used for the assessment of 

risks both individually and socially in the gas station and the following conclusions are drawn. 

 CASST-QRA software is applied in the simulation of the worst accident occurring in the area where tanks are stored, 

Casualties radius is obtained and both personal and social risks are output. The radius of casualties, serious injury and minor 

wound triggered by fire and explosion of gasoline tanks is separately 17m, 20m and 29m, compared to that of diesel tank is 

respectively 5m, 9m and 13m. Albeit the calculated personal risks within accepted limits, it is still certain social risks. Blast 

walls are suggested to add between the gas station and the commercial center and the auto service company is recommended to 

remove in terms of social risk assessment, thus alleviating and lowering down the social risks of gas station essentially.  

The utilization of CASST-QRA software in the quantitative risk evaluation of gas station facilitates the operation, decreases 

human error and makes the calculation result more accurate. On the basis of quantitative risk assessment, additionally, CASST-

QRA helps to output personal and social risks and judge the acceptability of risks. In case of unacceptable risks, effective 

measures can be taken to lower the risks to an acceptable scope, and the methods are scientific and practical to a certain extent. 
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