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요 약

Cellular automata는 천체물리, 사회현상, 화재 확산 및 피난 등 많은 분야의 시뮬레이션에 활용되고 있다. 본 
연구는 빈번히 발생하고 있는 화학사고에 대비한, 위험성평가 및 비상대응계획 작성시 요구되는 화학물질 확
산 시뮬레이션을 위한 보급용 모델을 cellular automata를 기반으로 개발하였다. 상세한 플랜트 안전설계용과는 
달리, 실시간 사고대응을 위해선 빠른 계산과 더불어 피해영역 분포의 불확실성을 줄이기 위한 반복 계산이 요
구된다. EPA ALOHA, 화학물질안전원 KORA 등이 있지만, 지속적인 모델과 코드의 보완이 가능하고, 중소기
업용의 무료 S/W개발에 본 연구의 차별성이 있다. 계산시간이 많이 요구되는 full-scale CFD에 비해 상대적인 정
확도의 손실은 감수하고, 특히 일반 사용자의 편리성을 도모하였다. 기상청 기상정보 연계를 비롯해, Python 

open-source 라이브러리들을 활용해, 기능 확장 및 지속적인 update가 가능하며, 사용자는 해당 플랜트의 지형
도와 사용 물질의 입력만으로 쉽게 결과를 얻을 수 있다. Full-scale CFD 시뮬레이션과 대비해 정확도를 확인하
였으며, 빠른 계산을 위해 GPU를 활용하는 open source software로 배포될 예정이다.

Abstract - Cellular automata have been applied to simulations in many fields such as astrophysics, social 

phenomena, fire spread, and evacuation. Using cellular automata, this study develops a model for consequence 

analysis of the dispersion of hazardous chemicals, which is required for risk assessments of and emergency re-

sponses for frequent chemical accidents. Unlike in cases of detailed plant safety design, real-time accident re-

sponses require fast and iterative calculations to reduce the uncertainty of the distribution of damage within the 

affected area. EPA ALOHA and KORA of National Institute of Chemical Safety have been popular choices for 

these analyses. However, this study proposes an initiative to supplement the model and code continuously and 

is different in its development of free software, specialized for small and medium enterprises. Compared to the 

full-scale computational fluid dynamics (CFD), which requires large amounts of computation time, the relative 

accuracy loss is compromised, and the convenience of the general user is improved. Using Python open-source 

libraries as well as meteorological information linkage, it is made possible to expand and update the functions 

continuously. Users can easily obtain the results by simply inputting the layout of the plant and the materials 

used. Accuracy is verified against full-scale CFD simulations, and it will be distributed as open source soft-

ware, supporting GPU-accelerated computing for fast computation.
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Fig. 2. An ALOHA threat zone estimate display-

ed on a MARPLOT map [7].

Fig. 1. An example of an LNG spill and vapor 

dispersion [2].

Fig. 3. KORA framework of National Institute of Chemical Safety [5].

1. Introduction

Accidental chemical releases often lead to se-

rious accidents due to leakage of toxic, combus-

tible and explosive materials through various 

paths such as tanks, pipes, cracks, pumps, 

valves, and flange leaks. In addition to the dam-

age caused by toxic chemicals, spilled chemicals 

may form explosive vapors and explode.

The dispersion model explains the phenom-

enon in which gaseous chemicals are transferred 

from the accident site to the factory or other 

nearby areas. After spillage, the toxic material 

moves away due to wind in the form of plume 

or puff (see Fig. 1). Since toxic substances dis-

perse and rapidly mix with air, their concen-

trations decrease as wind blows from the source 

of the leak. Several parameters affect the atmos-

pheric dispersion of toxic substances: wind di-

rection/speed, atmospheric stability, site con-

ditions (building, water, trees, etc.), height of 

leakage point, and buoyancy and momentum of 

leaking material. Many models exist to repre-

sent these dispersion phenomena numerically, 

also expressed in various empirical formulas. 

2. Theory

2.1. Consequence analysis software
Unlike in cases of detailed plant safety design, 

real-time accident responses require fast and re-

petitive calculations to predict the affected area 

quickly as well as to reduce the uncertainty in 
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Fig. 4. Estimation of real-time gas dispersion, integrated with 

surrogate prediction models (adapted from [10])

Fig. 5. Basic principle of cellular automata simulation (adapted from [13])

the distribution of damage within the affected 

area. (In a real-time response, on-site informa-

tion of the accident naturally contains guess-

es/estimates, and simulations should handle in-

herent uncertainties.) EPA ALOHA [7] and KORA 

of National Institute of Chemical Safety [5] are 

popular choices in off-line analyses (see Figs. 2 

and 3). Sensor-enhanced, real-time estimation of 

the dispersion is another notable approach (see 

Fig. 4). 

2.2. Cellular automata
Cellular automata (see Fig. 5) have been ap-

plied to simulations in many fields such as as-

trophysics, social phenomena, fire spread, and 

evacuation. Lattice gas cellular automata are 
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Fig. 7. Proposed dispersion simulation, based on 

cellular automata implemented in Python

Fig. 6. An agent-based, forest fire simulation on 

NetLogo [11]

used to simulate fluid flows, deriving the mac-

roscopic Navier-Stokes equations. 

Lattice Boltzmann methods (LBM) is a sort of 

simplified molecular dynamics model in which 

space, time, and particle velocities are all dis-

crete. LBM, originated from the lattice gas au-

tomata method, is actively used for fluid simu-

lation [12].

Based on cellular automata [6,12,13], this study 

develops a model for off-line as well as re-

al-time consequence analyses of the dispersion 

of hazardous chemicals. It implements main func-

tionalities for a public domain software pack-

age, necessary for mandatory risk assessments 

of and emergency responses for probable dan-

gerous accidents in chemical plants.

2.3. Agent-based modeling
Agent-based modeling (ABM) is a computa-

tional methodology that enables one to model 

complex systems [11]. It has some overlaps with 

cellular automata. If identification of character-

istics of emerging behavior during dispersion is 

main part of investigation, ABM could be a 

good choice. NetLogo would be used to study 

variance of domino effects depending on the 

layout configuration of storage tanks of hazard-

ous materials. Fig. 6 shows an agent-based mo-

del investigating propagation of a forest fire, si-

mulated on the NetLogo environment. 

2.4. Traditional CFD-based solution
Computational fluid dynamic models are also 

based on cells; control volumes are used in case 

of the finite volume method [9]. Cases solving 

turbulent unsteady flows inside a complex 3D 

geometry of a chemical plant are suitable for 

CFD simulations. However, our system is in-

stead focused on the long-range dispersion sim-

ulation for emergency response, and CFD sol-

utions would be integrated later when we con-

sider short-term, inside-plant dispersions.
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Fig. 8. Popular scientific Python libraries [1]

2.5. Proposed approach
This study made it possible to supplement 

the model and code continuously and is differ-

ent in its development of free software speci-

alized for small and medium enterprises. Com-

pared to the full-scale CFD, which requires lar-

ge amounts of development and computation 

time and is hard to use in real-time responses, 

the loss in relative accuracy would be compro-

mised, and the convenience of the general user 

is enhanced with easier interfaces and intuitive 

understanding of the models. 

3. Results

3.1. Implementation and open source software 
distribution

Python is a widely used, general-purpose, high 

level programming language. It was initially de-

signed by Guido van Rossum in 1991 and de-

veloped by Python Software Foundation [8]. It 

was mainly developed for emphasis on code 

readability, and its syntax allows programmers 

to express concepts in fewer lines of code. Py-

thon is a programming language that lets you 

work quickly and integrate systems more effi-

ciently [3].

Python has been growing in popularity over 

the last few years. The 2018 Stack Overflow 

Developer Survey ranked Python as the seventh 

most popular and the number one most wanted 

technology of the year. Quite a number of lead-

ing software development companies use Py-

thon [8].

Among various Python libraries (shown in Fig. 

8), the following libraries were selected and used 

for open-source development:

•NumPy: base N-dimensional array package

•Matplotlib: data visualization

•JSON: JavaScript Object Notation encoder 

and decoder

•Urllib: URL handling modules

•SciPy: fundamental library for scientific com-

puting

Python open-source libraries and meteoro-

logical information linkage made it possible to 

expand and update the functions continuously, 

and users can easily obtain the results by sim-

ply inputting the layout of the plant and the 

hazardous materials registered for use at the 

plant site. The developed system (see Figs. 7, 9 

and 11) could be distributed as open source 

software, supporting GPU-accelerated comput-

ing for faster computation. Fig. 9 shows the 

flowchart of the system execution integrated 

with real-time meteorological information.
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Fig. 10. Comparison of a simulation result against 

Gumi chemical leak (2012)

Fig. 9. Flowchart of the implemented system

3.2. Verification of the simulation results
Accuracy of the simulations was verified against 

full-scale CFD simulations, including a real acci-

dent case of Gumi, Korea (2012). Red, green and 

blue lines in Fig. 10 represent the concentration 

contour obtained by the extensive simulations, 

with the support of Korean EPA [4]. Simulation 

results of the proposed system, in Fig. 7, corre-

spond well against it. 

3.3. Comparison of cellular automata against 
computational fluid dynamics 

Dispersion of gas release is a well-known 

problem of fluid dynamics. However, tradi-

tional CFD-based implementation and execution 

of the code requires huge amount of compu-

tation. Even the code is hard to maintain, re-

quiring a group of experts during the revision 

process. Equations of CFD are straightforward if 

you are familiar with differential equations; but 

the mechanisms that cause these dynamics are 

not readily apparent from the equations. 

Cellular automata or agent-based representa-

tions would employ simple algorithmic models 

[7]. These instructions are also explicitly stated 

in an easy to read and understand language. 

This is especially important in cases of complex 

dispersion simulations such as dispersion in 

complicated and/or dense geometry or convert-

sion of a part of the leaked gas during disper-

sion by rain or mitigative actions. Time is expli-

cit in solving of CFD, but sometimes, arbitrary 

time step in cellular automata simulations needs 

to be converted into corresponding time in an 

actual physical domain. 
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Fig. 11. Part of the open source OSSCA implmented in Python

4. Conclusions

Using cellular automata, this study developed 

a simulation model for real-time emergency re-

sponses as well as off-line consequence analyses 

of the dispersion of hazardous chemicals. Even 

though the National Institute of Chemical Safety 

distributes KORA as free software, implemen-

tation as open source software that is fully shar-

ed among members of academic communities 

and industrial experts has been in much need of 

timely and continued updates of the system, in-

cluding new results and advances in gas dis-

persion simulation and computation. 

Compared to the full-scale CFD, which re-

quires large amounts of computation time and 

is often restricted to off-line uses, the relative 

accuracy loss was compromised, and the con-

venience of the general user was improved. Py-

thon open-source libraries and meteorological in-

formation linkage are supported, making it pos-

sible to expand and update the functions con-

tinuously. Users easily obtain the results by sim-

ply inputting the layout of the plant and sus-

pected candidate materials of high risk. Accuracy 

of the implemented system was verified against 
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full-scale CFD simulations and real cases of ac-

cidents, and it will be available as open source 

software (OSSCA as the package name), with en-

hanced support for GPU-accelerated computing.
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