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Abstract — The industrial accidents are a matter of major concern to both the public and the
environment and governments aim to minimize them by laying out different regulatory bodies to
keep check on the impacts of chemical releases. However, many incident databases are relied on
qualitative information instead of the quantitative as quantification from some databases is
challenging to be taken into account. Nevertheless, accident/incident database can help decision
support systems to consolidate completely into a single index that can assist in decision making for
providing safety of both public and nature. In accordance to this, accident database taxonomy has
been developed to reduce the severity and occurrence of the chemical accidents. It is proposed to
integrate information from three types of databases (containing data on accidents, equipment
failure, and chemical substances reactivity) which can prove to be a major breakthrough in reducing
accidents.
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AHHoTanusi — [IpomblllUIeHHbIE aBapHH, OCOOCHHO aBapUHM C Y4YaCTUEM XHUMHUYECKUX BEIIECTB,
BBI3BIBAIOT CEPHE3HYI0 03a00YEHHOCTh B OTHOILEHUH MX IOCIEACTBUH, KaK JJIs HACEIEHUs, TaK U
OKpPY’KaIOIlEeW Cpefpl, U MPABUTENIBCTBA CTPEMSTCS CBECTH MX K MUHHUMYMY, CO3/1aBasi pa3jiuvHbIC
PEryIupyoIIne OpTraHbl JUIst KOHTPOJISA 3a BO3/IEHCTBHEM BBIOPOCOB XMMHUUECKUX BemecTB. OHAKO
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EFFECTIVE UTILIZATION OF DATABASES FOR PREVENTING CHEMICAL ACCIDENTS

MHOTHE 0a3bl JaHHBIX, coJAepKamue WHPopMauilo 00 WHIUACHTAX, OCHOBAaHBI JIMIIbL Ha
KAueCTBEHHOW, a HE HAa KOJMYECTBEHHOW HH(OpPMALMH, MOCKOIbKY KOJIWYECTBEHHYIO OLEHKY B
HEKOTOPBIX 0a3ax IaHHBIX CIOXKHO y4ecTb. Tem He MeHee, 0a3a JaHHBIX aBapUW/MHIIMICHTOB
MOJKET MMOMOYb CUCTEMAaM TOAIEPKKU MPUHATHUS PEIICHUH, TOJTHOCTHIO KOHCOJIUIUPOBAB JIaHHBIC B
€IMHBIA WHJEKC, KOTOPBI MOXET CIOCOOCTBOBATh MPHUHATHIO PEIICHUH B IEISIX OOecredeHus
0e30macHOCTH, Kak oOmiecTBa, Tak M NpUpoAbl. B cooTBeTcTBUM C 3TUM OblIa pa3zpaboTaHa
TakCOHOMHUS 0a3bl JAaHHBIX 00 aBapwsiX, YTOOBI CHU3HTH CEPHE3HOCTh M KOJIMYECTBO aBapuil Ha
XUMHUYECKUX npeanpusatusax. [Ipeanaraercs o0beIuHUTh HH(OPMALIMIO U3 TPEX TUIIOB 0a3 TaHHBIX
(comepkamux JgaHHbIe 00 aBapusAxX, OTKa3e OOOPYAOBaHUS M PEAKIMOHHOW CHOCOOHOCTH
XUMHUYECKUX COCAMHEHMI), UYTO MOXKET OKa3aThbCsi CEPbE3HBbIM IMPOPHIBOM B CHUXKCHHUH
ABAPUITHOCTH.

Kniouegvie cnosa: 6e3omnacHoe ynpaBlieHHE IPOLIECCAMH, CUCTEMA MOAJECPIKKU IPUHSTUS PEIICHHH,
IporpaMMa YOpaBJiI€HUs PUCKaMM, XMMHUUYECKas aBapus, 0a3a JaHHBIX COOOLICHMH 00 aBapusx,
aBapUiiHbIE YBEJOMJICHUSI.

INTRODUCTION

Databases of accidental records of where, when, and how an accident may have
occurred is mandatory to record. The chemical database releases are sometimes
voluntary and mandated in others [1]. Chemical release information is needed to be
reported to governmental authorities, such as environmental protection agency
(EPA), national disaster management, occupational safety and health administration
(OSHA), and chemical weapon conventions (CWC). The risk management plans
(RMP) database, OSHA statistical data, and EPA databases contain information on
most significant toxic chemicals released from industries with 85% of the content
regarding to twelve chemicals known as persistent organic pollutants (POPs) [2]. The
sources, chemical information and release consequences are presented for those
chemical releases.

The objective of this article is to explore the different databases like failure rate
databases accidental databases, reactive chemical databases in order to link each
other to achieve high value of chemical industrial safety. Linking failure rate
databases and reactive chemical databases is needed to interconnect an appropriate
information on chemicals behavior and process equipment through one database to
another for improving the performance of equipment and predicting hazards of
chemicals to make conclusions which help in reducing accidents [3]. The challenges
with present databases include unreliable data and using less variables for report
generations. Also, there is little or no information provided about the specifics of
accidents occurred under wrong variables. But this doesn’t mean that the currently
available databases do not provide information on hazard of chemicals. In fact,
lessons from chemical accidents are learned in terms of implementation of safe
industrial practices and creating awareness programs on public or national safety.

For any research, fast accidents information lessons are reviewed to reduce the
occurrence and severity of upcoming incidents. All the failure data bases can help to
prevent future losses. Therefore, those databases should be analyzed scrupulously and
effectively in terms of industry practices to prevent reoccurrence of similar incidents
[4]. The preciseness and accuracy of databases are required. Incident databases
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should have both accurate facts and analytical statistical tools. Accurate facts hold the

information on incident specific data like type of the chemical, process unit,

equipment type, toxicity, number of employees which need to be considered.

Analytical statistics results are basics for determining incident root causes and, the

learned lessons should be extensively published and their incorporation in practice is

necessary for safer operational conditions. Deeper analysis is imperative to evaluate

the root causes of emergencies, therefore, interlinking accident/incident data and

development of their taxonomy are significant which can be done by performing the

following tasks:

— By listing the statistical data analysis collected from several accidents, which are
triggered by directly or indirectly through chemical elements.

— By analysing the interlinkages of chemical data, which contributed the accidents.

- Understanding the major contributors of the chemical accidents.

- Understanding the time and occurrence due to typical design errors in the facility.

- Expansion of safety focused designs to prevent any accident recurrence.

METHODOLOGY

The incident database procedure for the safety assessment of chemical
processes at facility is accomplished by an interactive online tool. As a part of various
database tools, the process of safety assessment using the appropriate database has
many versions having web-based applications which can be accessed by anyone [5].
In addition, the documents comprising different checklists should be available. To
create a safety awareness capacity building program, it is required safety re-design
based on various parameter and factors [6, 7]. The three main components are
significant for any risk management system as shown in Fig. 1:
Good Engineering Design: Good engineering protocols will provide basic standard
information through database to deal with crucial situations.
Good Process Design: The process needs to meet the requirements on yield, quality
of outputs for updates as per demand. Parameters updating drives the safe control on
process.
Good Basic Data: The basic information on physical and chemical data of raw
materials, reaction parameters, reaction kinetics, side reactions, applied materials
should be accurate and clearly understood.
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Fig. 1. Data components in risk management system.
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Good Engineering Design, Good Process Design, Good Basic Data
components must be routinely maintained to have a better risk management. All the
three components are organised, planned, monitored, reviewed and audited by
database system. After the comprehensive analysis of the input variables, risk
analysis is done which yields measures clearly related to various risk levels like
acceptable, improved, or eliminated.

DISCUSSION

Bond [7] developed the software for incident analysis during the process. The
main aim of his database is to assess the risk at the initial level either in raw
materials, process unit operations, equipment, storage etc. Trevor Klez [8] proposed
the integrated database with spell check program with key words highlighted with
information and user-friendly approach. HAZOP [9] is used to analyze process
hazard data with the help of experienced persons and safety information of the
previous history of accidents. Chung [10] has established a fuzzy search and a tool
that integrates the process maintenance, design, operators with CAD and control
system. Anand [11] developed the novel methodologies of data mining on fixed
facility to analyze the data with systematic approach. Hazardous substance
emergency events surveillance provides the information on hazardous compounds
release with publishing fact sheets and audit reports [12, 13]. The official database is
developed as major accidents reporting system, emergency response notification
system [14], known as Accidental Release Information Program (ARIP) database.
The database needs to be integrated with upgraded version so that all the incident
variables information will be accessible to all stakeholders as an analysis and lessons
In a stepwise identification.

Present databases need to be justified by improving the data parameters entry
towards safety of the facilities. Apart from adding data on parameters, few efforts
need to be done to improve risk management program database, in order to have a
better analysis on safety of equipment performance. As equipment letdowns lead to
initiation of the emergency event (industrial accident), so the facilities need to run
through the failure database to get advanced solutions on procedures. Accident can
happen because of both equipment failure and chemical reactivity associated events.
Reactivity data are not available for every chemical to make the proper conclusion for
correlation between the incident data and reactivity data for the reason that mislaid
facts are often entered in reports, but this can be achieved by experiments and
chemical computation [15, 16].

A better understanding can be achieved for plant authorities on consistency of
equipment running with hazardous chemicals through the linkage between three types
of databases which can prove to be a major breakthrough in reducing accidents. Fig.
2 shows various steps to analyze the risk and hazards. To take for risk assessment, at
initial step the identification of the activity which leads to hazards by chemical
process or maintenance problem, or human error, or safety failure, is required.
Assessment is performed to build hazard consequences and frequencies in order not
to repeat those errors. The reports are generated to implement the additional safety as
per requirements for the facility used.
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Fig. 2. Various steps to analyze the risk and hazard of accidents.

Risk assessments through damages are lessons to avoid future risks. The Fig. 3
provides the various steps of risk levels that can be minimized though incorporating
the hazards data information in administrative systems.

Remaining Risk

Organizational strategies: |—
e.g. training, instructions etc.

7S

Active engineered: -

Strategies on orientation over safe process by regular training,
work instructions, supervision, maintenance, procedure, etc.

e.g. devices of safety,
automated controls etc.

Additional planning to control the accidents by active safety
systems: equipment controls, valves, detectors, security alarms

Passive engineered:
e.g. dikes, fire wall etc.

The planning to control the consequences of accident by using
safety equipment

Process Layered Protection

Inherent safety
e.g. low inventory, small,

Controlling the hazards on spot through proper safety
measurements using scale i.e. minimize, moderate, extreme,
plant design, substitute compounds, error tolerance etc.

simpler etc.

Planning for fine strategy to avoid hazards and control the
Risk Control || releases through all parameters
AN Evaluating hazards depends on outcome based scenarios.

Standing methods: Risk methods, Layers protection analysis,
Quantitative risk assessment, Faults and effects analysis etc.

Risk Assessment

7S

Hazard Identification

Analysis

Identification of hazards components release i.e. explosion,
toxic, fire. Standing methods: Checklist, Hazard and operability
studies (HAZOP), Preliminary hazard analysis (PHA), Dow
Chemical exposure Index (CEI) etc.

Fig. 3. Various steps in layered system of protection in risk management approach.

The flow chart represents that a hazard possibility may have arisen at any
chemical plant in the form of fire, toxic chemical release, or explosion. These hazards
are to be eliminated by an integrally protective designing a multilayered system
which is divided into inherent safety, passive engineered and active engineered
categories. The default parameters of any passive layer indicate design involved in
processes and operations which can lead to blast. The active engineered system
operates safety controls, alarms, pressure valves, indicators that clearly depend on
chemical plant process. The technical approaches are included in the final layer to

28



EFFECTIVE UTILIZATION OF DATABASES FOR PREVENTING CHEMICAL ACCIDENTS

provide strategy working guidelines and procedures of individual defensive

equipment.

The data on accident related variables of a database can be extended by
comparing its information to that from another database (failure rate, accidental and
reactive chemical databases) [17]. Initially, the understanding of all the hazards of the
process is essential to prioritize, and secondly, the estimation of the risk assessment is
required taking into account chances of accident consequences. Afterwards, the
applicable plans should be developed to minimize the risks by controlling it in every
possible way. Applying only accidental database irrespective of its prominence is
incomplete by reason of:

— The database is typically based on initial statements prepared instantaneously after
the accident/incident happened so the released details may be inaccurate.

- The facts of the data are not certified. Reports parameters are not advanced.

- The few reports have shortcomings like manipulation, duplicates, and more than
one report related to one release.

- Transcription miscalculations over calling may cause errors in quality of
insufficient data.

The Major Accident Reporting System (MARS) is a free searchable database
containing more than 400 reports of the major accidents from European Union. The
MARS database is well organized with detailed structured information on safety
understanding performance analysis [18]. Still, every chemical database delivers
insufficient information or conclusion as single chemical has many paths of reactions
which can lead to accidents. The accidental databases help to conduct search for
accidental chemical release, for example, ERNS database covers the release of
various hazardous compounds and oils [19]. ARIP database contains data of
substantial releases [20] and is integrated with ERNS database (Emergency Response
Notification System) for more precise information on facilities which is updated
periodically and the data do not represent geographical dissemination of releases over
a certain period. The decision support system (DSS) is a smart system to provide the
best single decision from numerous combinations of decisions accessible to
screening. The single decision means the DSS makes the decision instead of the user
and the user does not even need to delegate combinations of decisions to DSS [21].
The system provides an option to select the combinations of decisions which are
functionally proceeding through the following steps:
~ The user adds the entries with the deviations in his process.

- The system calculates the information like data from chemical reactivity database,
incident database, equipment database and incident decision database from the
known accident databases.

- These calculated data on decision are represented as a mathematical model to aid
with combinations of decisions to screen.

This user manual of DSS demonstrates to be a smart thinking system. The
integration with process control models in this type of system will deliver safe
process with finding irregularities in the system in two steps to enable the decision.
First step is modeling using the database;
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— The data is chosen for facilitating decision-making. This is the most important
decision criteria.

- Then storage of collected data is determined and is placed in the appropriate table.

- Next, the different data must be integrated in the database model.

There are three main objects describing a chemical incident. These objects are
type of the incident, chemical component involved, and equipment engaged in the
process, basing on their compliances it is necessary to take decision using primary
database [22, 23]. For effective decisions, DSS database is loaded with variables of
information on incident, chemical compounds involved, equipment information,
while decisions on incidents are mandatory to store as tables. To get a good decision
support system, a relational model between these objects and the database model
suggested is based on the requirement that the incident must be well investigated and
documented. Second step is decision implementation using information resulted
which will further form a basis for execution. But in spite of the robust functionality
of the system, some issues must be addressed before using the system. It is clear that
any decision that is selected will be one derived directly from analysis of chemical
incident information only. Such analysis will be devoid of a risk assessment or hazard
assessment study for the scenario selected. Future focus on integrated systems is able
to provide better decision support than using chemical incident information solely in
the procedure of risk and hazards assessments and analysis.

Table 1 provides the usage of data analysis on incidents with risk assessment
and management. Data analysis mainly contains date, time, week, location, event,
reasons of the event, sampling details, effect on living organisms, distance from spill
area to population residence, evacuation, and type of released compounds. Chemical
risk assessment factors depend on chemical substance physical and chemical
characteristics like odor, state, flash point, melting & boiling point, relative density,
vapor pressure, auto-ignition temperature, solubility, flammability, surface tension,
oxidizing properties, explosive properties, explosive limits, viscosity, dissociation
constant, etc. The general aim of analysis is (i) to determine physical and chemical
properties of hazardous compounds; (ii) to list out the information and risk aspects on
injuries and facility damage; (iii) to make conclusions how to mitigate the further
harmful consequences from hazardous compounds [24].

It is important to assess the consequences of worst, moderate, alternate
scenario for probability of release. It is crucial that risk assessment and management
correspond to each other and both can be documented with three technical steps: (i)
risk assessment comprises identification of hazards and assessment of dose response.
The relationship of adverse effects and dose of exposure of the hazardous compound
need to be identified, (ii) exposure assessment comprises identifying the levels of
doses exposed, (iii) the final step is risk characterization and appraising the incident
harshness of hazards. Risk analysis and risk evaluations are categorized into few
elements to have a better understanding. The questionable elements are (i) What went
wrong?, (ii) Is it often?, (iil) Any consequences occurred?, (iv) So further what? [25].
In nutshells, before any regulatory decision it should be kept in mind that risk
assessment needs to be considered before making any risk decision by both
qualitative and quantitative analysis.
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Table 1. Parameters which need to be considered while database entry

Data Category Data parameters Action Plan
Event reporting Reporting party

information Data and time reported

Facility/Event Facility name

location Facility location

Event location

Event information The incident time and date
The incident transportation
Information on facility
Type of elements involved
Elements Concentration
Mode effects

Final result of the incident Comparl_son
. Interruptions
Causes Primary source .
Data Analysis
Secondary source .
. . Risk management
Information on equipment :
) Strategies
Damage Damage of properties
Major and minor injuries
Evacuation
Deceases
Effect on environment
Action to cleanup Maintenance and controlling
procedures

Announcement / Waring
Repairs / Prevention

Remarks Documental report on entire
assessment

The quantitative methods for risk assessment can be evaluated quantitatively
by adding the CAS number to database [26]. All the CAS numbered compounds must
have occupational exposure limits ranges with their webpage links, call center
numbers and corresponding emails. At present, the database (MARS) comprises 1341
compounds from 18 organizations. The vast varieties of occupational exposure limits
(OELSs) ranges are reported by many organizations, in fact, the limits can be verified
by integrating the databases. The qualitative methods of risk assessment can be
evaluated qualitatively by precise documentation analysis. All the OELs must be
consistent with standards with the factor of 100. The documents should be linked
with search option to find the critical effects of released points (incident occurred
points). The released point was taken as primary information for key studies [27, 28].
Later, all the cited risk interpretations and evaluations are compared for lessons to
learn for future strategies. The proposed concept of chemical accident/incident risk
management system is shown in Fig. 4.
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Fig. 4. General concept of chemical accident/incident risk management system.

CONCLUSION

The web based technical information on chemical accident information
reporting system (CAIRS) is monitoring and providing the updates on failures of
chemical accidents and also shares this information to all the stakeholders. The local
authorities need to evaluate regularly on the chemicals’ stockpiles, safety
management, security and awareness programs for all the stakeholders. The
directives on assurance of compliance are significant from central level to district
coordinator to assist the emergency prevention. The disaster management
coordinators and stakeholders should declare the key persons with their contact
numbers as a handbook to control the information in a more effective way. The
disaster management will address the key issues of i) Flow of information; ii)
Reporting incident data in a format; iii) Deficiency in communication; iv) Deficiency
in support and infrastructure; v) Compliances on provision of the directives; vi)
Compliances of transportation of dangerous substances; and vii) Tendency of first
responders to rush into the scene without proper briefing.

The current databases containing unstructured data on emergencies also
provide significant information for analysis of incidents. The integration of such
databases is important for mining the variables to compile and open the lessons to be
learned for public. The errors in equipment operation, knowledge on chemical
properties of materials are needed to be emphasized in databases and training
programs.

The disaster management authority should issue the guidelines for various
disasters including chemical accidents/incidents to set up the emergency response
centers to store the technical database (contact address and emergency numbers) for
evacuation on any mishap. These centers will coordinate with state and local
disaster/crisis group on chemical emergency relief plans through capacity building
programs.
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