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This paper studied the design and implementation of safety assessment software for chemical plant. The 
common safety assessment methods and accident consequence models are analysed, and the research idea 
and design scheme of safety assessment with computer technology are determined. Then a set of 
assessment software has been developed using Visual Basic 6.0 Database Access technology, including 
document management module, assessment method module, accident prediction module, occupational health 
module and system help module. Visual Chm software is used to prepare legal and regulatory documents. 
This file can be called at any time for reference of relevant standard and norms during assessment, which 
provides standard support for the preparation of safety checklist. Therefore, the assessment software 
developed in this paper can quantitatively assess risks of petrochemical production, storage and other plants, 
featuring engineering value. 

1. Introduction 
With the development of the petrochemical industry, a large number of dangerous chemicals such as 
flammable, explosive, toxic, harmful and corrosive continue to emerge. They appear in the fields of production, 
processing, handling, storage, transportation and operation as raw materials for industrial production or 
products (Ammara et al., 2016). The hazardous nature of chemicals poses a significant threat to production 
and human livelihoods (Xu et al., 2016). Many world-striking major accidents such as fires, explosions and 
leakage of toxic substances occurred in the late 1970s (Shen et al., 2016). It is critical to identify the 
dangerous and harmful threats and take effective measures to ensure safe production of petrochemical 
enterprises (Oudejans et al., 2016). Subject to major accidents such as fires, explosions and leakage of toxic 
substances in petrochemical enterprises, this paper analyses and compares the characteristics and 
interrelationships of various assessment methods and summarizes the impact of key parameters in accident 
consequence model on the accident consequence (Kavak et al., 2016). Using object-oriented programming 
and database technology, the safety assessment system is programmed and developed including database 
management module, assessment method module, accident prediction module and occupational health 
module etc. (Nasad et al., 2016). This application software can be widely used in the pre-assessment of 
enterprise security, the comprehensive assessment of the status quo and the simulation of accident 
consequences, which makes the assessment easier (Nikolsky et al., 2016). 

2.  Methods 
2.1 Consequence model of leakage of toxic substances 

(1) Accident mechanism 
Break of toxic substance tanks or leakage of pipelines can cause poisoning in certain areas if the dispersed air 
mass diffuses into the surrounding space (Oliveira et al., 2016). 
(2) Classification of leakage sources 
1) Continuous leakage source, referring to long time continuous leakage of materials through small holes, 
such as reactors, tanks, pipe holes or valves, flanges, pumps and other seal failure (Taran et al., 2016). 
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2) Instantaneous source of leakage, referring to long time continuous leakage of  large number of materials 
through large holes in short time, such as break of large pipelines or rupture disk, explosion of reactors due to 
over-pressure, causing instantaneous leakage of large number of materials (Imaeda et al., 2016). 
(3) Atmospheric stability and diffusion coefficient 
The modified Pasquill - Turner (PT) stability classification method is adopted for classification of atmospheric 
stability (Pang et al., 2016). According to the actual situation in our country, the P-T stability classification is 
modified and the atmospheric stability is divided into six categories: Strongly Unstable, Unstable, Weakly 
Unstable, Neutral, Weakly Stable and Stable, denoted by A, B, C, D, E, and F respectively (Table 1) (Ammara, 
et al., 2016). 

Table 1: Atmospheric stability level 

Ground speed(m/s) Strong solar  Medium solar Weak  solar Cloudy  Low cloud Cloud cover
<2 A A-B B D   
2≤~<3 A-B B C D E F 
3≤~<5 B B-C C D D E 
5≤~<6 C C-D D D D D 
≥6 C D D D D D 

2.2  Occupational Health assessment model 

When there are several environmental hazards in the workshop, section and department of the project, the 
composite index is used as the health assessment index (Zhang, et al., 2016). 
(1) Composite index 

NPPI ii /)()(
max=

                                                                                                                                     (1)
 

where I is the composite index. (P୧)୫ୟ୶ - The maximum individual index (the maximum of the individual index for each test point) (Xenos et al., 
2016);∑(p୧)- The sum of the individual index of each item (Chen et al., 2016); 
N- The number of concurrent monitored items (Li et al., 2016). 
(2) Comprehensive health assessment level (Table 2): 

Table 2: Comprehensive health assessment level 

General index Health classification General occupational health standard 
<1.0 I qualified 
1.0-1.2 II basically qualified 
1.2-1.5 III deadline governance 
>1.5 IV unqualified 
The diffusion coefficient is calculated in two ways: one is the statistical theory, and the Taylor formula is used 
to determine the diffusion parameters (Zhang et al., 2016). The other is the empirical formula obtained through 
the diffusion test of large t (Sun et al., 2016). Pasquill classifies atmospheric diffusivity into six (A-E6) stability 
categories based on conventional meteorological data such as cloud t, cloudiness, solar radiation and surface 
wind speed (Yilmaz et al., 2017). 

3. System software design 
3.1 Programming language 

Visual Basic language has become one of the popular programming languages in recent years. The Visual 
Basic system "encapsulates" the complexity of Windows programming in a very clever way, using a 
combination of Basic language and new visual design tools, designing the application through graphic objects. 
Visual Basic is one of the computer languages which adopt the event-driven programming. Event-driven is a 
kind of programming method suitable for Graphical User Interface (GUI). When designing the program by the 
event-driven method, the programmer do not have to write each step that is executed in order, but just write 
the program for the user’s action, such as selecting the command button, dragging the mouse, clicking an icon 
etc. Based on the above advantages, Visual Basic language is adopted as the development platform. 
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3.2 System structure design 

This software is designed modular. Each module has a function for a specific task. The modules are 
independent of each other. This design idea facilitates program debugging and expansion. 
Document management module 
The document management module includes the modules of legal standards related to safety production, the 
module of hazardous characteristic parameters of hazardous chemicals and the assessment result module. 
Assessment method module 
The assessment method module includes the risk assessment method, Dow Chemical Method (Edition 7) and 
the Mond Fire, Explosion and Toxicity Index. During the assessment process, the physicochemical properties 
and basic data used in various methods are called from the Hazard Property Database. The assessment 
results are stored in the assessment result database in the form of tables. The assessment method interface 
provides a mapping function. The report of assessment result mapping data can be called from the database 
for compare and summary. 
Accident prediction module 
The fire, explosion and poisoning accident model was selected to calculate the accident consequence 
parameters and the damage scope via analysis of fire, explosion and poison leakage accidents and in 
compliance with the relevant norms and standards at home and abroad. The accident prediction module 
includes pool fire model, boiling liquid expanding vapor explosion (BLEVE) model, steam cloud explosion 
model and leakage of toxic substances model. The drawing function of software is used in the design of 
accident prediction module, so as to draw the curve of influence of certain parameters on the accident 
consequence, and dynamic trend of the accident consequence following the parameters. 
Occupational health assessment module 
The occupational health assessment module is used to assess whether the occupational hazards of the 
workplace can meet the occupational health standard. 

3.3 Realization of software 

The realization of software has four steps: 
(1) Entry information 
Enter the relevant data through the user interface to enter the database relationship table. 
(2) Processing 
The program automatically collects relevant data and information according to the ideas and structure of the 
assessment hierarchy, and organizes the calculation. Part of the processed data is displayed as an 
intermediate result on the screen, and the other data is stored as an assessment result in the database 
relation table. 
(3) Store 
Exchange and store input information and processing results. 
(4) Results 
Display the assessment content. The user can view the assessment results through the program, or view the 
unit's assessment results by drawing the crystal reports. Figure 1 shows the flow chart of the realization of 
function. 

Entry 
information

Processing

Processing

Store

Store Results show

Evaluation 
unit

Entry 
information

Collect data 
information

Analysis and 
evaluation

Save
results

Generate  
report  

Figure 1: Flow chart of the realization of function 

4.  Realization of function 
4.1 Assessment method module 

The risk assessment method is selected. Figure 2 shows the flow chart of risk assessment method. 
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Figure 2: Flow chart of risk assessment method 

 

Figure 3: Realization of accident consequence analysis 

4.2 Accident prediction module 

The accident prediction module provides three kinds of consequence models: fire, explosion and leakage of 
toxic substance. The fire model includes two kinds of accident models: pool fire model and boiling liquid 
expanding vapor explosion (BLEVE) model. The four models provided by the program have similar calculation 
flow (Figure 3). 

4.3 Occupational health assessment module 

The occupational health assessment module provides a method for evaluating whether occupational hazards 
such as dust, poisons and noise in workplaces are in compliance with national health standards. There are 
similarities between the assessment of individual occupational hazards and multiple occupational hazards. 
Figure 4 shows the flow chart of occupational health assessment. 
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Figure 4: Flow chart of occupational health assessment 

5. Conclusion 
In this study, Access database technology was used to establish a database of hazardous substances 
parameters. The program provides the functions of querying, modifying, adding and deleting of the database 
etc. More than 30 latest related standards and norms on the safety production of petrochemical enterprises 
were collected. Visual Chm software is used to prepare legal and regulatory documents. This file can be called 
at any time for reference of relevant standard and norms during assessment, which provides standard support 
for the preparation of safety checklist. A set of assessment software has been developed using Visual Basic 
6.0 Database Access technology, including document management module, assessment method module, 
accident prediction module, occupational health module and system help module. The drawing function of 
Visual Basic is used in the design of accident prediction module, so as to draw the curve of trend of the 
accident consequence following the parameters. Finally, the flow charts of main modules of the chemical plant 
safety assessment software are given. 

Reference  

Ammara R., Fradette L., Paris J., 2016, Equipment performance analysis of a canadian kraft mill, part ii: 
diagnostics and identification of improvement projects, Chemical Engineering Research & Design, 115, 
107-115, DOI: https://doi.org/10.1016/j.cherd.2016.09.018 

Ammara R., Fradette L., Paris J., 2016, Equipment performance analysis of a canadian kraft mill, part i: 
development of new key performance indicators (kpi), Chemical Engineering Research & Design, 115, 
160-172, DOI: 10.1016/j.cherd.2016.09.019 

Chen, X., Dai, R., Ni, S., Luo, Y., Ma, P., & Xiang, X., et al., 2016, Super-high-rate performance and its 
mechanisms of a spiral symmetry stream anaerobic bioreactor, Chemical Engineering Journal, 295, 237-
244, DOI: 10.1016/j.cej.2016.03.056 

Imaeda K., Imura K., 2016, Dye-assisted visualization of plasmon modes excited in single gold 
nanoplates,Chemical Physics Letters, 646, 179-184, DOI: 10.1016/j.cplett.2015.12.067 

Kavak N., Yamak H., 2016, Picture chem: playing a game to identify laboratory equipment items and describe 
their use, Journal of Chemical Education, 93, 1253-1255, DOI: 10.1021/acs.jchemed.5b00857 

Li Y., Wengerter M., Gerken I., Nieder H., Scholl S., Brandner J.J., 2016, Development of an efficient 
emulsification process using miniaturized process engineering equipment, Chemical Engineering 
Research & Design, 108, 23-29, DOI: 10.1016/j.cherd.2015.11.002 

Lochmüller M., Schembecker G., 2016, Simultaneous optimization of scheduling, equipment dimensions and 
operating conditions of sequential multi-purpose batch plants, Computers & Chemical Engineering, 94, 
157-179, DOI: https://doi.org/10.1016/j.compchemeng.2016.05.012 

Nasad T.G., Kochetkov A.V., 2016, Highly efficient methods of machining titanium for oil-gas drilling 
equipment, Chemical & Petroleum Engineering(3), 1-4, DOI: 10.1007/s10556-016-0179-4 

1529



Nikolsky V.Y., Lobodenko A.V., Reshetnyak I.L., 2016, The study physical-chemical properties of water 
treated by contact heating method, 10, DOI: 10.20998/2078-774x.2016.10.23 

Oliveira J., Krzyzaniak S., Picoloto R., Bolzan R., Mello P., 2016, Determination of inorganic contaminants in 
electrical and electronic equipment after digestion using microwave-assisted single reaction chamber, 
Journal of the Brazilian Chemical Society, 28(9), DOI: 10.21577/0103-5053.20160317 

Oudejans L., O’Kelly J., Evans A.S., Wyrzykowska-Ceradini B., Touati A., Tabor, D., 2016, Decontamination 
of personal protective equipment and related materials contaminated with toxic industrial chemicals and 
chemical warfare agent surrogates, Journal of Environmental Chemical Engineering, 4(3), 2745-2753, DOI: 
10.1016/j.jece.2016.05.022 

Pang F., Song F., Zhang Q., Tan Y., Han Y., 2016, Study on the influence of oxygen-containing groups on the 
performance of ni/ac catalysts in methanol vapor-phase carbonylation, Chemical Engineering Journal, 293, 
129-138, DOI: 10.1016/j.cej.2016.02.093 

Shen Z., Zhong J.Y., Han X.Y., Wang L.Y., Cui Y., Chen, L,K., et al., 2016, Decontamination of chemical 
warfare agents on sensitive equipment materials using zr 4+, and ge 4+, co-doped tio 2, and 
hydrofluoroether suspension, Chemical Engineering Journal, 302, 111-119, DOI: 
10.1016/j.cej.2016.04.153 

Sun H., Zhang L., Shen D., 2017, Urantide protects ccl4-induced liver injury via inhibiting gpr14 signal in mice, 
Biotechnology & Biotechnological Equipment, 31(1), 1-6, DOI: 10.1080/13102818.2016.1253436 

Taran Y.A., Taran A.L.,2016, Revamping equipment and technology of existing granulating plants to improve 
the quality of granulated products, Chemical & Petroleum Engineering, 11(9), 1-9, DOI: 10.1007/s10556-
016-0090-z 

Xenos D.P., Kopanos G.M., Cicciotti M., Thornhill N.F., 2016, Operational optimization of networks of 
compressors considering condition-based maintenance, Computers & Chemical Engineering, 84, 117-131, 
DOI: 10.1016/j.compchemeng.2015.08.008 

Xu C., Zhao S., Li M., Dai Y., Tan L., Liu Y., 2016, Chemical composition, antimicrobial and antioxidant 
activities of essential oil from flue-cured tobacco flower bud,Biotechnology & Biotechnological Equipment, 
30(5), 1-5, DOI: 10.1080/13102818.2016.1195240 

Yilmaz M., Guvercin B., Konca C., 2016, Paroxysmal nocturnal haemoglobinuria: a case presenting with 
isolated thrombocytopenia,Biotechnology & Biotechnological Equipment, 30(2), 1-3, DOI: 
10.1080/13102818.2015.1112750 

Zhang J., Zhang Y., Diao N., 2016, Combined approach for soybean wastewater chemical oxygen demand 
reduction using aspergillus niger pelletization technology, Biotechnology & Biotechnological Equipment, 1-
7, DOI: 10.1080/13102818.2016.1262751 

Zhang L.P., Xing Y.P., Liu L.H., Zhou X.H., Shi H.C., 2016, Fenton reaction-triggered colorimetric detection of 
phenols in water samples using unmodified gold nanoparticles, Sensors & Actuators B Chemical, 225, 
593-599, DOI: 10.1016/j.snb.2015.11.083 

 

1530




