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A Progressive risk Assessment Process for A tyPicAl 
chemicAl comPAny: how to Avoid the rush to QrA

r. T. Gowland
european process Safety Centre, rugby

Safety management Systems are a requirement for compliance with the Seveso 2 Directive. 
A very important part of any Safety management System for a chemical company is the 
process Safety management System. most companies have constructed their own approach 
to the task and in some cases these pre-dated any regulatory requirements. A fundamental 
part of the process Safety management System is the risk management process and this in 
turn requires a risk assessment to determine the scale and likelihood of the operational 
risks of an establishment. once this has been accomplished, decisions need to be made 
about acceptance, reduction or cessation on the basis of some risk tolerance criteria set by 
the operator or by the regulator. Figure � illustrates the risk management ‘process’.

The assessment part of the process can range from the simple to the complex. As 
time goes by and technology advances, we seem to be moving in the direction of the 
complex. For small and medium enterprises and even for larger companies, this increasing 
complexity may not always bring a benefit in managing risk. Drawbacks include:

l	 A lack of full understanding of methods
l	 reliance on experts who may be remote from the operation 
l	 undue reliance on third parties to evaluate risk
l	 Key operations staff being vaguely aware of the true risks of the production process 

and potential deviations
l	 A lack of appreciation of the impact of changes to the manufacturing process on the 

level of risk
l	 illusory ‘precision’ in methods which use elegant models and mathematical 

expressions.

There is no doubt that the complex models are needed and have brought real benefits, 
but their application needs to be selective and consistent. in the past three years, several 
risk management systems have been observed where:

l	 risk Assessments (including QrAs) have been done and no one was quite sure why 
they were done, what the results really meant and what was done with them. in extreme 
cases it appeared that little had been done to address risks which could have been 
reduced easily and economically. Furthermore, obvious risks had been overlooked.

l	 Several studies at european and National levels have shown that the consistency issue 
remains unresolved.
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We do not need to be reminded that it would be bad practice reject a method simply 
because we did not understand it. it would also be irresponsible to seek an assessment 
system which gives us the least provocative answer, or to manipulate the inputs or assump-
tions used in a given method to achieve the same thing. Whilst examples of this are rare, 
they do exist and are not always inspired by the establishment operator.
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The following demonstrates a progressive approach which allows the use of simple 
tools to approximate the risk so that comparison with ‘tolerance criteria’ or ‘risk review 
elevation criteria’ can be made. Those cases which exceed these criteria are then taken to 
a deeper, more complex level of study. The example approach gives 4 levels of study, 
 starting simple and progressing to complex. each of these levels requires the use of tools, 
many of which are well known industry generic best practice and therefore allow some 
comparison establishment to establishment. Furthermore, some specific tools have 
appeared as examples in regulatory guidance from some member states in the european 
union and other countries such as Thailand and Australia.
How it can be done:

Starting from the design phase of a plant it is normal to be able to identify the 
 process materials and their physical and hazard properties

l	 process steps
l	 process conditions (temperature, phase, pressure etc.)
l	 basic reactive chemical issues (Thermal runaway potential etc.)

in the case of existing facilities, all these are well known and documented.
With such basic information it should be possible to make an estimate, at least in 

relative terms and in some cases in quantitative terms the consequences of major process 
deviations. in the case of Fire and Toxic releases, there are well established methods such 
as the Dow Fire and explosion index and the Dow Chemical exposure index.

For the case of vapour cloud explosion, there are simplified methods which can 
apply the TNo multi energy approach in a conservative way. These can all be used to 
quickly estimate the hazard consequences of deviations. A further resource is provided for 
worst case toxic release scenarios by the environmental protection Agency in the united 
States which supports the rmp plan.

it may help to have a standardised group of scenarios for the estimates being 
made. The ArAmiS project of the european Commission devotes some time to this 
topic. The referenced Dow methods include suggested scenarios and the explosion case 
is well covered in papers from martin Goose of the united Kingdom Health and Safety 
executive.

The whole risk management ‘process’ can be described graphically in the following 
diagram.

At each stage the work is done and the outcome compared with the elevation criteria 
to decide if the next level risk review needs to be done. The effect is that only the risks 
which have a high severity or about which there is most doubt reach the stage of Quantitative 
risk Assessment. Furthermore, the scope of work for QrA will probably be narrowed 
because of all the knowledge gained from the lower level reviews. 

The tools used range from the simple to the complex:

Stage � (simple)

l	 Formal review to demonstrate operator knowledge of the production process
l	 Questionnaires designed to extract all process deviations and hazardous scenarios
�
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l	 Semi Quantified Screening tools for Consequences of Fire, explosion and Toxic 
substance releases. examples are shown in Appendix �, 2 and �.

l	 Comparison of results with screening criteria set by the company

All these activities are carried out by plant based production technical personnel 
who have been trained by process Safety expertise. The results are communicated to 
process Safety expertise for validation.

Stage 2 (intermediate)

l	 Detailed Hazard identification (HAZop)
l	 Layer of protection Analysis
l	 Comparison of results with screening criteria set by the company

These activities are carried out by plant based production personnel under the facili-
tation of process Safety expertise for the technology being used. 

Stage � (Technology based process Safety expertise)
Confirmation of severity and frequency of potential consequence by use of more 

complex modelling including

LEVEL 1:   PROCESS HAZARDS ANALYSIS
– Triggers :  All plants, significant projects and changes
• Fire & Explosion Index (FEI)
• Chemical Exposure Index (CEI)
• Credible case scenarios and lines of defence (with 

frequency or LOPA target factors). 
• Worst case scenarios and relationship to Emergency Plan 

(EPA RMPtool)
• Explosion Impact (Building Overpressure) evaluation* 
• PHA Questionnaire 

LEVEL 2:   RISK REVIEW
– Triggers: F&EI >=110 or CEI = ERPG2 at fence line , 

LOPA Target Factor to be defined (check output from 
Level 1) e.g. fatality at freq > KNR governance criteria

• Cause-Consequence pair Identification* e.g. ‘bow tie’
• HAZOP
• LOPA and Triggers:  LOPA Target >= 5 or LOPA 

inappropriate.
•Structured Hazard Analysis
(Fault Tree analysis*, FMEA, Checklist, etc.)

LEVEL 4:  QUANTITATIVE RISK ASSESSMENT
– Triggers:  Individual Risk contours in off-site population exceeds 

Business Governance Elevation Criteria
• Combination of Consequence Analysis, Frequency of Impact 
• Focuses on highest risk activities

Level 1: RISK REVIEW  
PROCESS HAZARD ANALYSIS

Level 2:
RISK REVIEW

L4:
QRA

LEVEL 3:  ENHANCED RISK REVIEW 
– Triggers:  LOPA Protection Gap > 0 i.e. we are not meeting 

governance criteria  
• More accurate Dose considerations e.g. AEGLs or AETLs
• Screen for QRA*

Level 3
RISK

REVIEW

figure 2. Summary diagram of a progressive system
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l	 Dispersion models e.g. DNV pHAST
l	 potential exposure e.g. AeGLs, AeTLs, for each predicted event
l	 Screening and scoping for QrA

These activities are carried out by process Safety expertise for the technology being 
used with assistance of Technology Leaders and plant based production personnel.

Stage 4 (Corporate process Safety expertise/�rd party provider)

l	 Quantitative risk Assessment

the simPle tools exPlAined:
1) toxic release from standardised credible case scenarios

First taking the case for toxic release, the Chemical exposure index can quickly 
provide the distance which is travelled by a specified toxic release. Criteria are based on 
emergency response planning Guidelines. The estimate of ‘hazard distances’ from each 
case are made available. it seems logical that if the toxic release travels a distance which 
is less than the distance to the company’s fence line it should be possible to protect site 
based persons from adverse effects. Various methods play a role from detection and 
response to personal protective equipment and ‘shelter in place’ etc. These measures are 
not practical for application outside the site. in the scheme presented, it is suggested that 
any scenario which develops a toxic concentration of erpG2 or greater outside the fence 
line should be subjected to deeper study.

The same approach can be made using the epA dispersion model for catastrophic 
worst case scenarios. if these demonstrate a potential for erpG� concentrations at the 
fence line, it could be assumed that extra studies would be needed. These would be used to 
refine the on and off site emergency plans and any possible scale reduction or mitigation 
measures. The principle of inherently Safer Design might be intensified or in extreme 
cases, the process changed. An example is shown in AppeNDiX �. The software is demon-
strated in the presentation of the paper. 
2) the worst case toxic release scenarios are studied via the ePA rmP approach

This assumes the catastrophic failure scenario with all inventory discharged in �0 
minutes. This is available from the epA website http://yosemite.epa.gov 
3) for fire cases, the Dow Fire and explosion index can be used to assess fire effects

in this case the criteria for deeper study would be based on the criteria used by some 
companies and some legal authorities. For example – Fire and explosion index exceeds 
��0. An example is shown in AppeNDiX 2: where the results are reproduced from a 
simple excel spreadsheet with simple user inputs.
4) occupied Buildings close to plants where flammable materials present an  
explosion risk

This is studied with the use of TNo multi energy methodology. An example  
is illustrated in AppeNDiX � where the results are reproduced from a simple excel 
 spreadsheet with simple user inputs.
5



SympoSium SerieS No. �54 © 2008 iCheme
APPlicAtion
The Dow Chemical Company has based its approach on using these kind of criteria, its 
trigger criteria are developed, but the system may be used with user defined numbers. 

conclusion
The work of process risk assessment is aided by many tools. it seems reasonable that the 
greatest hazards should receive the deepest studies, possibly involving greater complexity 
and expense. The combining of simple publicly available indexing tools with screening or 
trigger criteria offers a way of adding efficiency to the activity. most importantly, it ensures 
that the people closest to the risk and whose responsibility in managing it daily, understand 
their process and its hazards and the role they must carry out in preventing or responding 
to unsafe deviations.

APPendix 1 exAmPles:

Chemical exposure index Calculation make entries in yellow cells only
plant: Chlorination
unit of process plant: store V�0�
Calculation by: Gowland
material in case studied Chlorine in pressurised store
Date: January 4 200�

piping release or vessel nozzle release

Level 2 Risk Analysis is triggered (Liquid Release)

Level 2 Risk Analysis is triggered (Gas Release)

Distance travel by erpG2 concentration metres (Liquid release) ��9�2

Distance travel by erpG2 concentration metres (Gas release) �57�

The software also allows the cases of hoses, overflows and relief systems to be studied.
�
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APPendix 2: fire And exPlosion index

Solids pesticides warehouse  
Fire and explosion index 4�.78
material Factor (see material Data) �4.00
NFpA Health rating (Nh) �
NFpA Flammability rating (Nf ) 2
NFpA instability rating (Ni) �

General process Hazards  
Base �

1A exothermic reaction (range of input 0.�–�.25) 0.00
1B endothermic reaction (input range 0.2–0.4) 0.00
1c material Handling and Transfer (input range 0.25–0.8) 0.00
1d enclosed or indoor process or storage units handling Flammable 

materials
0.00

1e ease of Access for emergency responders 0.�5
1f Drainage and Spill Control 0.50
 General process Hazards Factor �.85

Base �
2A Toxicity of the material handled. 0.20
2B process or Storage operates at vacuum (<500 mmHg) – penalty 0.5 0.00
2c operation in or near the flammable range (input range 0.0–0.8) 0.00
2d Dust explosion (input range 0.0–2.0) 0.00
2e pressure penalty 0.00
2f Low Temperature operation 0.00
2g1 Combustible and Flammable materials in process 0.00
2g2 Liquids or gases in Storage 0.00
2g3 Solids in Storage or process 0.4�
2h Corrosion and erosion (input range 0.0–0.75) 0.00
2i Leakage, Joints, packing, flexible joints 0.00
2J use of Fired equipment (Fig �) 0.00
2k Hot oil Heat exchange equipment (Table 5) 0.00
2l rotating equipment 0.00

Special process Hazards Factor �.��
Fire and Explosion Index 4�.78
Level 2 Risk Analysis is not triggered

Software calculation demonstration is included in the oral presentation.
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