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Way Ahead



Slide 2

Private and Confidential

COINCIDENCE?

JAIPUR FIRE
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Caribbean Petroleum Corp's refinery and tank farm is 
engulfed in flames behind the entrance to the facility in 

Catano, Puerto Rico, early October 23, 2009. 



Slide 4

Private and Confidential

HOW THE INVESTIGATION OF BP TEXAS FIRE CARRIED OUT?
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DID YOU KNOW WHAT HELPED INSURERS SETTLE THE CLAIM?



Slide 6

Private and Confidential

WHAT DOES QRA REFER TO….

QUANTITATIVE RISK ANALYSIS ?

QUANTITATVE RISK ASSESSMENT ?

QUANTIFIED RISK ANALYSIS ?

QUALITATIVE RISK ASSESSMENT ?

QUALITATIVE RISK ANALYSIS ?
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ANALYSIS VS ASSESSMENT
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Risk Assessment Method 

Soundly based perception

Deterministic approach
- Occurrence of an incident is assumed, not related to 

possible incident scenario

Probabilistic Approach
- Not only effects of accident explosion and also the 

probability of its occurrence
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Hazard Analysis

Qualitative Analysis

Quantitative Analysis
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Qualitative Analysis Methods

Safety Reviews

Check list analysis

Relative Ranking

Preliminary Hazard Analysis

What If analysis

Hazard and Operability Analysis

Cause and Consequence Analysis
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Quantitative Analysis

Failure and Effect Mode Analysis

Fault Tree / Event Tree Analysis

Risk Matrix

Mathematical modelling
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RISK IN PROCESS INDUSTRY – QUANTITATIVE DEFINITION

Risk = Probability of an Accident X Estimated Loss in 
Accident (Consequence)

Probability to be assessed by
Frequency of similar events in the past

Fault and Event Tree Methods
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Elements of QRA
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Steps of QRA – HAZARD IDENTIFICATION

Hazard Identification is a critical step in Risk Analysis through 
Fault Tree & Event Tree Analysis

In this phase all potential incidents are identified and tabulated. Site 
visit and study of operations and documents like drawings, process 
write-up etc   will be used for hazard identification. 

Types of hazards include the Fire, explosion, toxic dispersion etc.  
Maximum Credible Accident (MCA) scenarios will be identified in 
this step by using Fault Tree Analysis.
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HAZARD IDENTIFICATION TECHNIQUES
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IDENTIFICATION OF ACCIDENT EVENTS

Accident Event Description;

Isolated Inventory Calculation;

Modelled Release including pressure and temperature;

Initial mass flow rate and flow rate at two given time;

Upstream and downstream isolation;

Release duration
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Consequence Estimation is the methodology used to determine the 
potential for damage or injury from specific incidents. A single
incident (e.g. rupture of a pressurized flammable liquid tank) can 
have many distinct incident outcomes (e.g. Unconfined Vapour 
Cloud Explosion (UVCE), Boiling Liquid Expanding Vapour 
Explosion (BLEVE), flash fire.  

The calculations will be  roughly be divided in three major groups:

a) Determination of the source strength parameters;

b) Determination of the consequential effects;

c) Determination of the damage or damage distances

Physical effects will be calculated by using the internationally
reputed and latest software model PHAST Version 6.51
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CALCULATION OF SOURCE CHARACTERISTICS

Outflow rate

Release duration

Spreading 

Evaporation

Other factors

Vapour release

Liquid release

Two-phase or pressurized liquid release
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Types of Hazard event
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FACTORS FOR CONSEQUENCE ANALYSIS

hazardous substance released;

process conditions (pressure, temperature);

location where the hazardous substance is released and where it is 
likely to spread to;

degree of confinement;

possible presence of ignition source in case of release of flammable

substances;

meteorological conditions
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Consequence Estimation
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Damage Limits Identification and mapping on the layout
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Damage Limits Identification and mapping on the layout



Slide 24

Private and Confidential

THREE STEPS OF CONSEQUENCE MODELLING
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FLAMMABLE MODELLING CONSEQUENCES

FIRE BALL/ BELVE

JET FIRE

POOL FIRE
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FIRE BALL – RESULTS EXPECTED

Fire Ball Maximum Radius

Duration

Lift Off height

Fraction of heat radiated from flames surface

Maximum Surface Emissive Power of the flame

Models Adopted in the software

TNO Model

HSE Model

DNV Recommended model
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Steps  involved in Fire Ball modelling
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JET FIRE
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OUTPUTS OF JET FIRE

FLAME & FRUSTUM LENGTHS

FRUSTUM BASE & TIP WIDTHS

ANGLE BETWEEN RELEASE AND FRUSTUM AXES

LIFT OFF DISTANCE OF THE FRUSTUM

FRACTION OF HEAT RADIATED FROM THE FLAME

MAXIMUM SURFACE EMISSIVE POWER OF THE FLAME
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JET FIRE MODELS

API RP 521 MODEL – SINGLE 
POINT MODEL

SHELL MODEL – SEMI EMPIRICAL 
FRUSTUM SHAPED

CHAMBERLAIN MODEL ( VAPOUR)

COOK MODEL ( LIQUID)

DNV RECOMMENDED
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POOL FIRE OUTPUTS

Burn Rate

Radiation levels

Fire Diameter

Fire Height

Tilt angle

Mass fractions and temperature
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Definition of Risks

Individual  Risk
The chance that a person staying at a fixed location 
permanently is killed as a result of an accident in the 
hazard zone (units/ year)

Societal  Risk
A chance that in a single accident in the hazard source a 
certain number of victims is exceeded. ( 100 % fatality is 
generally taken as the basis in India)
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INDIVIDUAL RISK – CONSEQUENCE ANALYSIS
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SOCIETAL RISK
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ALARP

Unacceptable region
10-3 Per annum

Risk cannot be 
justified

The ALARP or tolerability
Region (risk is undertaken
only if a benefit is
desired)

Tolerable only if further risk 
reduction is impractical, or 
the cost is not 
proportionate to the benefit 
gained

Broadly acceptable
region

Negligible risk

Risks closer to the unacceptable region merit a clo ser examination of 
potential risk reduction measures
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Diagrammatic representation of CBA process from QRA 

Risk Analysis (CBA)
Implement Necessary RRM s

Unacceptable 
region

Unacceptable Unacceptable 
regionregion Risk level in 

unacceptable 
region

Risk level
in negligible 

region

Negligible
Region

Negligible
Region

STOP
No further risk reduction needs to 

be done 

Identify possible RRMs

Evaluate RRMs qualitatively

Yes

No

Yes

No

Implement RRM

Update risk anslysis
(QRA)

ALARP 
Region
ALARP ALARP 
RegionRegion
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Diagrammatic representation of CBA process from QRA …

Evaluate RRMs qualitatively

Define RRMs
individually for 
implementation

No

Implement RRM

Update risk analysis (QRA)

Yes

Carryout CBA for RRM that are not 
inadequately implemented

Risk aversion 
or qualitative  
aspect imply 

implementation

Yes

Cost 
disproportionate to 

benefit

STOP
No further risk reduction should to be done 

No

Yes

No

ALARP 
Region
ALARP ALARP 
RegionRegion
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TYPES OF SOFTWARE MODELS AVAILABLE IN THE MARKET
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SOME OF SOFTWARE MODELS AVAILABLE IN THE MARKET

INTEGRATED MEANS THAT MOST CALCULATIONS ARE DONE “ ON LINE WITH IN SOFTWARE” RATHER THAN 
“OFF LINE” BY OTHER TOOLS

RISK TEC ANALYSIS CONCLUSION:  “SAFETI IS MOST ARGU ABLY MORE INTEGRATED 
THAN SHEPHERD”

THERE ARE MORE THAN 80 SOFTWARE TOOLS AVAILABLE IN THE MARKET!

NO SINGLE QRA TOOL SUITABLE FOR OFF SHORE AND ON SH ORE!

OFF SHORE PACKAGES FOCUSES ON EMERGENCY EVACUATION,  ON SHORE 
FOCUSES ON PUBLIC SAFETY!
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KEY SELECTION CRITERIA FOR SOFTWARE

SCOPE AND FUNCTIONALITY

REPEATABILITY AND TRANSPARENCY

COST 

MANAGEMENT

USER FRIENDLINESS

APPLICABILITY
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RISK ASSESSMENT RECOMMENDATIONS

PREVENTION

DETECTION

CONTROL

MITIGATION

EMERGENCY RESPONSE
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Limitations of Risk Analysis

Different approaches and  methodologies give the different results

Scenario selection depends on the expertise of the risk assessor

Change in environmental conditions like temperature, humidity and 
wind speed can alter the results.

Dispersion values are not available for all chemicals.

Each software model simulate different  results for the same 
chemical  release scenarios.

All countries do not have statutes specifying the acceptable risk 
limits.

Data base used for probability can be different
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WAY FORWARD

LESS COMPLICATED, BUT OBJECTIVE TYPE TECHNIQUES 
LIKE LOPA WILL BE PREFERRED

MODELS GIVING HUMAN BASED RISK REDUCTION 
MEASURES WILL BE DEVELOPED

SYSTEM BASED RISK REDUCTION MEASURES – OHSAS 
18001 WILL BE GIVEN CREDIT

INTEGRATION OF RISK TARGETS IN THE SOFTWARE

COUNTRY SPECIFIC RISK TARGETS WILL BE DEFINED

ENVIRONMENT RELATED IMPACTS WILL BE INCLUDED

RELIABILITY BASED RISK REDUCTION MEASURES WILL 
QUALIFY
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SUGGESTED READING

PURPLE BOOK, RED BOOK, GREEN BOOK

US EPA GUIDELINES

CCPS PUBLICATIONS

CORPORATE QRA STANDARDS
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FOR ANY QUERIES PLEASE WRITE TO 

THIS PRESENTATION IS MADE PURELY AS KNOWLEDGE 
SHARING EXERCISE. THIS IS MEANT NOT TO BE USED FOR 
ANY COMMERCIAL PURPOSE BY ANYONE.

J. RAMESH BABU

GENERAL MANAGER 

CHOLAMANDALAM MS RISK SERVICES LTD.

CHENNAI, INDIA

PH: +91 9840324550 (INDIA)

+965 97481457 (KUWAIT)

rameshbabuJ@cholams.murugappa.com
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