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1 ABSTRACT  
 

Quantitative Risk Analysis remains one of the main tools available to understand the different 
consequences that might follow activities on offshore installations.  The form of the analysis varies 
depending on the tools and methodologies available to the practitioner and the requirements/needs of 
the client, but even the analyses at the simpler end of the spectrum are, by most standards, complex.  
The analysis becomes more challenging if it is intended to cover the progression of an event which deals 
with time varying hydrocarbon release rates, progressive barrier failures, escalations to other inventories 
and the movement of people around the installation.  

At the heart of the analysis there will be a risk 'engine' which will take a multitude of inputs from other 
parts of the analysis and use them to construct a 'story' of how the accident develops in order to 
calculate a contribution to the risk.  There will be many variations of this story depending on the nature 
of the initial release, the successes or otherwise of the safety systems, and the reactions of the 
personnel onboard.  Each analysis is calculated to have a frequency of occurrence and a set of outcomes 
in terms of the damage caused.  The combined effect of the different analyses produces the total risk 
picture for the installation.  

The modelling of the chain of events is more difficult than most people, even those working within safety 
engineering, appreciate.  This paper describes a process to analyze the risks in a more detailed way than 
is normally used.  It takes account of the consequences of the accident as they develop with time in 
reaction to the deployment of safety systems and the movement of personnel.  This has been done in an 
attempt to calculate risk levels more accurately and in turn provide the industry with a more powerful 
tool to understand and ultimately manage the risks on an offshore platform.  

Much of the methodology presented has been utilized in a new software tool, Safeti Offshore, which is 
able to depict the timeline of the development of the accident in a three-dimensional graphical form and 
with representation of mustering actions which enables insight by a range of stakeholders in a way not 
possible with conventional approaches.  
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2 INTRODUCTION 
 

The calculation of risks associated with hydrocarbon loss of containment incidents is a problem which has 
been analyzed using models of varying complexity.  There are many parameters to take into account and 
it has been usual to simplify the analysis in order to make the problem amenable to solution in 
spreadsheet models.  In doing so, some resolution is lost and the solution becomes less accurate. 

To examine this issue, this paper considers the range of parameters which may have to be varied in 
order to carry out an analysis which accounts for the very large number of combinations and undertakes 
a detailed consequence analysis for each.  

The second half of the paper describes the issues which the QRA model is likely to have to address by 
looking at the time history of a particular event as it develops from the initial release through detection, 
ignition, impairment of barriers and escalation to additional inventories. 

Illustrations of the development of the incident are provided by analyzing it in a QRA model of a three 
platform bridge-linked installation as shown in figure 1.  Some aspects of the structure and process 
systems have been amended for the purposes of this study.  Results presented later in this paper do not 
represent the actual behavior on the installation used as the basis of this example. 

 

Figure 1 : Example Bridge Linked Platform 
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3 ALTERNATIVE OUTCOMES  
 

The standard approach in dealing with process loss of containment events in an offshore QRA is to 
analyze a number of representative release scenarios.  The number of scenarios will depend on the 
number of isolatable sections, the number of areas of the platform and the release fluid, e.g. 2-phase 
well fluids, gas or oil.  Hence, a separator will normally have three release events associated with it 
within the process area where the separator resides.  If the inlet or outlet pipework continues to another 
area prior to the next isolation valve then it will be normal to include another release event in that area.  
Likewise if there are isolation valves on the line within the same area then another release point will 
normally be included to model the effects of a leak from the adjacent isolatable section in that process 
area.  In a complex installation there may be more than 100 such release events.   

Figure 2 shows a typical representation. 

 

Figure 2 : An Isolatable Section 

 

 
 

The consequences of a release depend on a great number of factors.  Some of these will be considered 
as fixed, definite values; the pressure of the leaking process system, the geometry of the area into 
which the hydrocarbon is released, etc.  Many others will be unknown; the size of the hole, the wind 
direction etc., each of which cover a spectrum, and others representing the success or otherwise of 
safety systems such as isolation and deluge.  Where there is a spectrum it will be normal to divide it into 
a number of categories and to represent each of these with a representative value.  Table 1 lists the 
range of factors which will have a bearing on the consequences of a given release event. 
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Table 1 : Factors With a Bearing on Consequences of Hydrocarbon Release Accidents 

 
Category Factor Typical Categories Immediate Influence  

M
et

eo
ro

lo
gi

ca
l 

Wind Direction 
8 categories 
e.g. 45˚ segments centered on N, NE, E 
etc. 

 Gas cloud size & location 
 Smoke cloud size & location.

Wind Speed 
1 -5 categories 
e.g. 1-3 ms-1, 3-7 ms-1,-7-10 ms-1, 
10-15 ms-1 and >15 ms-1 

 Gas cloud size & location 
 Smoke cloud size & location.

Sea State 

3-4 categories 
e.g. Beaufort 1-3, Beaufort 4-6, Beaufort 
7+.  Categories could be correlated with 
wind speeds 

 Escape and evacuation 
fatality rates.  

R
el

ea
se

 
C

ha
ra

ct
er

is
tic

s Size of Hole 

2-5 categories 
3 most common but 5 recommended.  
More may be needed for explosion 
analysis 

 Time dependent release 
rates. 

Release 
Direction 

Typically 6 categories 
e.g. Up, Down, North, South, East, West. 

 Gas cloud size & location 
 Smoke cloud size & location.
 Probability of flame 

impingement of structures 
and equipment 

Ig
ni

tio
n Ignition Time 

 Immediate Ignition 
 Delayed Ignition covering a spectrum of 

times 
 No Ignition 

 Size of cloud at ignition 
 Location of workers at time 

of ignition. 
 Maximum extent of cloud if 

unignited 

Ignition 
Location 

2-4 representative locations selected.  
Choice influenced by perceived main 
ignition sources 

 Overpressure generated by 
ignited cloud. 

S
af

et
y 

S
ys

te
m

s 

Detection Time 
2-5 representative times 
Alternatively simply categorize as prior to 
or after ignition 

 Time dependent release 
rate. 

 Movement of workers. 

Isolation 

Typically 2 : 
 Successful closure of all isolation 

valves bounding the section, or  
 Failure of one bounding valve. 
A more detailed analysis may consider 
failure of different combinations of valves 
including failure of all valves due to a 
common cause. 

 Time dependent release 
rate. 

Blowdown 

Typically 2 : 
 Successful opening of blowdown 

valve(s), or  
 Failure of blowdown valve(s) to open. 
Some isolatable sections may not have a 
blowdown system. 

 Time dependent release 
rate. 

 Time to failure of impinged 
equipment. 

Deluge 

Typically 2 : 
 Successful deployment of deluge in 

affected areas, or 
 Unsuccessful deployment of deluge in 

affected areas. 
A more detailed analysis may consider 
different levels of deluge deployment. 
 
 

 Explosion overpressure 
 Time to failure of fire 

impinged barriers and 
equipment. 
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Category Factor Typical Categories Immediate Influence  

S
af

et
y 

S
ys

te
m

s 
(c

on
tin

ue
d)

 

Walls/Decks 

Typically assume that walls/decks fail at 
their rated time of impingement or heat 
load, i.e. only one category. 
A more detailed analysis may consider 
the failure of the wall/deck at a time 
before or after the rated time or when the 
heat load is greater or less than the 
expected value. 

 Time dependent extent of 
flames. 

 Temperature of wall/deck on 
non-impinged side 

Safe Area 
HVAC 

Shutdown 

Typically 2 : 
 Successful closure of HVAC inlet 

ducts, or 
 Failure of HVAC inlet ducts to close. 
Some additional consideration may be 
needed for safe areas with more than 
one HVAC inlet. 

 Time dependent 
concentration of gas in safe 
areas. 

 Time dependent 
concentration of smoke in 
safe areas 

E
xp

lo
si

on
 

Explosion 
Level 

5 – 10 Different explosion overpressure 
categories. 
Could be based on percentages of the 
maximum overpressure or on the failure 
overpressures for wall/decks and 
equipment. 

 Damage to wall/decks & 
equipment 

 Impairment of escape routes 
 Fatalities 
 

P
op

ul
at

io
n 

Manning 
distribution 

Dependent on activities. 
 Day/Normal Operations 
 Night/Normal Operations 
 Day/Simultaneous Operations 
 Night/Simultaneous Operations 

 Number of fatalities 

 

Table 1 lists only the “immediate influences”, i.e. those parameters which are directly affected by a 
change in category of the factor being considered.  Other parameters will also then be affected, e.g. the 
hole size has an effect on the release rate which in turn effects the size of gas clouds and, if ignited, the 
size of flames.  The size of gas clouds then influences ignition probability and overpressure of an 
explosion.  Ultimately all parameters have an influence on the number of fatalities. 

Generally, a probabilistic explosion analysis is performed as a consequence analysis separate from the 
main risk analysis.  The explosion analysis will consider the various factors which could affect the 
overpressure and produce a probability of exceedance curve which represents the range of outcomes 
from the possible combinations of release rate, release direction, wind speed, wind direction, ignition 
time and ignition location.  Each of these parameters, with the exception of leak location, also has an 
influence on the effect of the fire event which is assumed to follow the explosion after it burns back to 
the leak location.  Therefore, although they affect the shape of the exceedance curve which is input to 
the risk assessment they still need to be considered again in the analysis.  Exceedance curves are 
discussed further in a later section.  The ignition location has no influence on immediate ignition and 
unignited scenarios. The control of ignition sources is an important safety system which is included in the 
analysis and different levels of risk may result depending on the success or otherwise of this process.  In 
general, successful ignition control will reduce the frequency of ignition and change the distribution of 
ignition versus time but it cannot eliminate it altogether and it therefore does not have an impact on the 
number of potential outcomes.  It may also modify the shape of the exceedance curve such as to change 
the relative probability of overpressures falling within the various categories.  There are some other 
safety systems, for example open drainage, which will have a role to play in reducing risks but which do 
not introduce new combinations. 
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The overpressure categories themselves can be predetermined for a given release location by 
consideration of the effects the explosion may have.  If failures due to overpressure are taken as single 
point criteria, it may be concluded, that the consequences of an explosion just strong enough to exceed 
one critical value is just the same as an overpressure just below the next critical value.  For example, if 
workers are considered to become fatalities when exposed to overpressures of 0.3 barg and that the 
next lowest failure overpressure of importance is the failure of equipment in the module, assumed at 0.4 
barg, then there is no difference in modelling terms, between an overpressure of 0.301 bar and 0.399 
bar.  It is therefore logical to use 0.3 and 0.4 as two of the critical overpressures to evaluate. 

 

It can be seen from the above, that with the exception of a correlation between wind speed and sea 
state, these factors can be considered to be independent of each other and any combination could exist, 
each having a different consequence and a different frequency.  Each combination therefore represents a 
potential F-N point (frequency [F] of occurrence and associated number [N] of fatalities). 

The total number of combinations depends on how many categories those factors which are continuous 
spectra are divided into.  Table 2 shows one example which results in approximately 10.5 million 
combinations. 

 

Table 2 : Example of Factor Combinations 

 

Factor 
Immediate 

Ignition 
Combinations 

Delayed Ignition 
Combinations 

Unignited 
Combinations 

Wind Direction 8 8 8 

Wind Speed 4 4 4 

Size of Hole 5 5 5 

Release Direction 6 6 6 

Detection Time 4 4 4 

Ignition Time 1 4 1 

Isolation 2 2 2 

Blowdown 2 2 2 

Deluge 2 2 2 

Walls/Decks 2 2 1 

Safe Area HVAC Shutdown 2 2 2 

Explosion Level 1 5 1 

Manning distribution 4 4 4 

Combinations 491,520 9,830,400 245,760 

Total Combinations 10,567,680 

 

To undertake a QRA which considers the problem at this resolution is onerous and the computational 
time required and data storage requirements may make it impractical.  It is normal to greatly reduce the 
number of categories or to undertake the analysis using a single representative value for a particular 
factor. 
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For each combination, an analysis to determine the consequence in terms of impairment, escalation and 
number of fatalities is performed.  The remainder of this paper describes this process using one of these 
combinations as an example. 

Impairment Mechanisms 

The offshore installation can be viewed as a collection of areas, walls/decks, structural supports, process 
systems, escape routes, escape equipment, safety systems and groups of people. At various stages in 
the progression of the incident, elements within each of these groups may become impaired, so that 
they are no longer useable as intended, or, in the case of workers, they become fatalities.  The 
development of the accident can be viewed in terms of the time varying status.  Different items may 
become impaired by the physical effects of fires, explosions or toxic gas.  Table 3 indicates which 
physical effects can result in impairment of the various groups. 

 

Table 3 : Impairment/Fatality Mechanisms 

 

Physical Effects 

A
re

as
 

W
al

ls
/D

ec
ks

 

S
tr

uc
tu

ra
l 

S
up

po
rt

s 

P
ro

ce
ss

 
E

qu
ip

m
en

t 

E
sc

ap
e 

R
ou

te
s 

E
sc

ap
e 

E
qu

ip
m

en
t 

S
af

et
y 

S
ys

te
m

s 

W
or

ke
rs

 

Explosion overpressure X X X X X X X X 

Flame impingement or radiation 
leading to loss of integrity 

X X X X X X X X 

Flame impingement leading to 
excessive temperature of protected 

face 
 X       

Smoke concentration reduces 
visibility 

X    X X   

Toxic effects of the smoke X    X X  X 

Flammable/Toxic/narcotic effects of 
gas 

X    X X  X 

 

The failure of a wall or deck will normally infer impairment of the area on the other side of it.  Similarly, 
failure of a support structure would be synonymous with impairment of the area(s) it was supporting. 

The probability of impairment or fatality can be calculated in a number of ways, for example, in 
increasing level of complexity; 

 Single point criteria 

 Stepped criteria 

 Ramping functions 

 S-curves and probit functions 
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A discussion of appropriate values is not considered here but advice on suitable criteria is available from 
a range of sources such as guidance from the UK HSE [1] and the Center for Marine and Petroleum 
Technology [2]. 

The Selected Combination 

For the purposes of this discussion, a particular combination of the parameters given in table 1 is 
selected to follow the development of the event as it progresses through time.  The event selected is a 
release in the wellbay with potential to escalate to the main process area.  The following parameters 
were applied in the example case:  

 

 Wind Direction : From Platform North 

 Wind Speed : 8.1 m/s 

 Size of Hole : Medium – 5 kg/s initial 
release rate 

 Release Direction : Up 

 Detection Time : 30 seconds 

 Ignition Time : 60 seconds 

 Isolation : Unsuccessful 

 Blowdown : Unsuccessful 

 

 Deluge : Unsuccessful 

 Walls/Decks : Failure at the design load 

 Safe Area HVAC Shutdown successful 

 Explosion Level : Sufficient to impair wall 
between wellbay and process area but 
insufficient to impair other walls or 
equipment 

 Manning distribution : 

 Normal Operations – Day time 

 

 

This is one of the 10,567,680 unique combinations for this particular event.   

Event Progression 

The selected case will have several different phases of development.  Each of these phases are distinct 
and have different implications for impact to people or asset facilities.  The modeled phases are 
described in the following sub-sections.   

Phase I – Initial Release to Detection 

In this phase, starting at t=0 seconds, the gas cloud is developing around the release location but 
workers are not aware of its existence and remain at their original locations. At the end of the period 
(t=30 seconds) escape routes and areas may have become impaired by toxic gas or high flammable gas 
concentrations.  Workers near to the release may become fatalities due to exposure to toxic gas 
concentrations. 

Figure 3 shows the status of the installation at time t=0 where there are no flames and none of the 
escape routes are impaired. 
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Figure 3 : Status of Installation Prior to Gas Detection 

 

 
 
Phase 2 – Detection to Ignition 

When the release is detected, alarms will signal and the workers become aware of the danger.  They will 
commence the muster process and this starts with a delay period as they secure their work. The gas 
cloud continues to grow and impairs additional escape routes and surrounding areas. The escape routes 
are considered to form a network connecting the significant areas of the platform and people start to 
make their way through this network towards their designated muster station. At the end of this period 
(t=60 seconds but before ignition) some worker groups have arrived at their muster location and are 
therefore relatively well protected.  Some worker groups are still within the working areas while others 
are located on the escape routes on the way to their muster location  

Phase 3 – Immediately after Ignition 

Ignition initiates a number of hazards. First, explosion overpressures can cause damage. Vulnerability 
data describe how various objects will be affected.  For example, walls and decks will have explosion 
resistance overpressures and fire resistance times.  In this specific case the wall separating the wellbay 
and the process module is not sufficient to resist the blast and the wall fails.  In modelling terms, the 
wall is removed and no longer affords a barrier to the passage of flame or shielding of thermal radiation.  
This changes the geometry of the installation and allows for a different flame shape. If a wall or deck 
fails, it allows overpressures to propagate further than would otherwise have been the case.  The fire 
which follows the explosion can engulf additional process equipment in the main process area with flame 
and thermal radiation exposure.  Smoke starts to be generated by the fire and this can have an effect 
through high temperatures and smoke density leading to fatalities or impairment. 

Although thermal radiation takes time to act, levels close to or in the flame may be so high that workers 
can be considered to become fatalities immediately. This may be coincident with death from 
overpressure. All these hazards are combined to give an overall probability of death in each area. Any 
fatalities at this time are considered ‘immediate’ as they occur in the phase of the accident directly 
following ignition. Fatality rates depend on where people are at the time of ignition. So, for instance, if 
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the leak has been detected and the ignition occurs quite late, then the people may be at their muster 
stations and will be well protected. Further fatalities are possible later depending on how the fire 
behaves. The model starts integrating a ‘smoke dose’ for each individual and this is monitored with time 
versus a level that is considered fatal. 

This is the most important phase in the development of the incident and the one which is associated with 
the highest number of fatalities. 

Figure 4 shows the situation at the end of this period (t=60 seconds but after ignition), an explosion has 
occurred which has destroyed the wall between the wellbay and main process area, there are fires from 
the original event and some workers have become fatalities as a result of the explosion and fires. 

Flames are represented as a combination of cones, cuboids and sheared cylinders using the output of a 
compartmental fire model [3]. 

The figure also indicates escape routes which are calculated to have become impaired.  Routes shown in 
red indicate those along which passage is no longer possible.  Routes shown in yellow are passable but a 
fatality rate will be applied to workers using them.  Routes shown in green are unimpaired. 

 

Figure 4 : Representation of the Explosion and Fire Immediately After Ignition. 

 

 
 
 

Phase 4 – Equipment Failure/Escalation due to Fire 

Process equipment subjected to fire impingement or high levels of radiation may fail and release 
additional inventories which further fuel the fire.  This is most likely to happen in the same area as the 
original release.  However, in this case all the inventories in the originating module have been designed 
to a high standard which resisted the explosion loads and is capable of resisting the fire for a further 20 
minutes of impingement.  Inventories in other locations may become vulnerable if the fire is able to 
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penetrate separating barriers.  In this case the explosion also destroyed the wall between the wellbay 
and the main process area which contains a large inventory in a horizontal separator.  The vessel is 
rated to withstand impingement for 300 seconds.  However, impingement from the fires in the wellbay 
area spread to the process area and at t=360 seconds (300 seconds after ignition) the equipment fails, 
thus starting a large jet fire from a new source.  This is shown in figure 5.  The inventory available would 
not normally be the full original inventory as it was at the release start (t=0) because after detection 
blowdown was initiated, which results in much of the gas being removed via the blowdown system.  
However, in this scenario, blowdown was unsuccessful so the full inventory is still available. 

At this point in the progress of the accident the fires from the inventories in the wellbay have abated 
although they still continue.  The escalated fires now provide a means of the flames spreading further, 
smoke concentrations increase in the temporary refuge (TR) and some more escape routes have become 
impaired.  Most workers are now assembled in the TR but some workers trapped in other parts of the 
platform became fatalities as a result of the escalation.  At this time all survivors are still on the platform. 

 
 

Figure 5 : Escalation to Equipment in the Main Process Area 

 

 
 

Phase 5 – Barrier Impairment due to Fire 

The fires modelled may impinge on structural elements such as wall or decks.  This could also include 
support structures such as jacket legs which although they do not prevent the passage of flame or 
smoke, may support sections of the installation and whose collapse could result in fatalities or further 
escalation.  Rule sets can determine the conditions under which the structural element is deemed to 
have failed.  In the example case it can be seen that the escalated fire continues to burn against the 
deck element at the left hand side of the platform which fails at t=660 seconds.  As shown in figure 6 
this allows the flame to spread further into an upper process area and impinge additional hydrocarbon 
containing equipment.  The concentration of smoke may continue to rise in some parts of the platform.  
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In others, the concentration may be decreasing allowing escape routes which were impaired earlier in 
the accident timeline to become passable again. 

The model continues to assess further possibilities for escalation to barriers or equipment. If none are 
found then it will move forward in time to assess whether or not evacuation is likely to be required. 

 
 

Figure 6 : Expansion of Flame into Upper Process Area 
 

 
 

Phase 6 – Second Equipment Failure/Escalation due to Fire 

It can be seen that the model needs to progress the escalation as a series of steps in which it considers 
the elements which are being subjected to flame or smoke and makes a decision on whether their 
integrity remains intact.  The current status of the walls and decks (whether failed or not) defines the 
geometry of the installation at a given time which in turn determines the shape of the flames for a given 
set of release rates from the release locations which are actively supplying hydrocarbon fuel. 

In the example case, an additional inventory is fails at t=960 seconds resulting in a further escalation in 
the form of a flame which is now burning against the underside of the temporary refuge.  This is shown 
in figure 7. 
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Figure 7 : Further Escalation of Process Equipment 

 

 

 

Phase 7 – Temporary Refuge Impairment by Fire 

The TR may be considered as being impaired in one of a number of ways: 

 The initial explosion overpressure 

 Flame impingement causing a wall bounding the TR to fail allowing passage of flame 

 The inside of the wall having excessive temperature 

 A structure supporting the TR fails due to explosion or fire. 

 The concentration of smoke in the TR becomes high enough to prevent suitable levels of visibility 

 The toxic effects of the smoke over time lead to dangerous levels of carboxyhemoglobin in the 
blood streams of workers taking refuge there. 

 The concentration of gas from an unignited release reaches an unacceptable flammability level. 

 The concentration of gas from an unignited release reaches an unacceptable toxicity level. 

 The model is required to determine whether any of these take place by means of comparing the 
physical effects of the accident with suitable failure criteria. 

In this example case a section of deck below the TR fails due to flame impingement at t=1260 seconds.  
This is shown in figure 8 where the flame is now present in the TR and there is a high concentration of 
smoke. At the same time there is an escalation within the wellbay as the 20 minute fire rating of process 
equipment there is reached. 
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Figure 8 : Flame Ingress into the TR 

 

 
 

Phase 8 – Evacuation/Escape 

While the preferred option will normally be to stay on the installation until the event subsides, there may 
be circumstances in which the decision to evacuate the installation becomes necessary. 

Some rule sets are required to determine the point at which this happens.  In a developing incident the 
overall manager of the platform may make this decision based on a set of criteria or more subjectively 
based on their awareness of the development of the situation and the likely results.  The conditions of 
the sea into which the workers would be evacuating may also have a bearing on the decision. 

Within a modelling context, the criteria could relate to a specified number of escalations or impairments.  
If the TR itself was impaired then that is likely to be sufficient grounds for evacuation so this is a likely 
criterion. 

The means of evacuation itself may require some decision making criteria to take account of the location 
of means of evacuation (lifeboats, life rafts, leg ladders etc.) relative to where the workers are located at 
the time, whether or not they have been impaired and what the preferred means of evacuation is. The 
model in this case makes decisions on the number of workers evacuating or escaping by the various 
means available based on the fatality rate associated with them.  This establishes a hierarchy; 
helicopters are the preferred means but are unlikely to be available.  Enclosed lifeboats are the next 
most favored; escape using life rafts and leg ladders are likely to be further down the order and jumping 
to sea the least preferred.  The model will also have to have to take into account the capacity of the 
various craft so that as they become full, less preferred means are used. 

There will be a fatality rate associated with the evacuation and escape process which is dependent on 
the means of evacuation or escape, whether or not these have been impaired and the weather conditions 
at the time. 
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Phase 9 – Rescue 

If workers are able to evacuate the installation, they will still be at risk until they are rescued and taken 
to a place of safety.  For workers in lifeboats these risks may be low but for those in the water they will 
be subject to the threat of drowning or becoming hypothermic.  The fatality rates may be calculated and 
will be dependent on a number of factors relating to the sea conditions, the clothing and safety 
equipment the workers are wearing and the availability of rescue craft. 

Phase 10 – End of Scenario 

The calculation continues in a step wise manner until the model identifies that there is no more potential 
for impairment, escalation or fatalities.  This may mean that the release rate for the ongoing events on 
the platform have fallen below a value which meets a criterion.  At this point all workers have either 
become fatalities, are safe on the platform or are safe in another location. 

The overall development of the accident is summarized in figure 9, which shows the various stages of 
the explosion and progress of the ensuing fire. 

 

Figure 9 : Time Progression of the Accident 
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Risk Calculation 

The process as described above is one out of the very large number of uniquely possible scenarios.  
Fatalities may occur at various times during the process but they are all part of the same chain of 
consequences resulting in a total number of deaths.  They are all part of the same F-N point and are all 
associated with the same end branch of the event tree which takes account of all the variations given in 
Table 2.  

The risk in terms of loss of life can be obtained simply by multiplying the frequency of that unique 
combination of factors with the corresponding number of fatalities to obtain an estimate of the number 
of fatalities per year.  This is normally referred to as the Potential Loss of Life (PLL).  Generally this will 
be a very small number since the frequency of a given branch of the event tree is itself very small, but in 
splitting down the overall set of possible outcomes with a fine resolution, a very large number of 
“packets” of risk are created which, when summed, could reveal a significant risk. 

The purpose of this fine subdivision of accident scenarios is that it allows the analyst the opportunity to 
look at the fine detail of certain accident scenarios and in doing so, gain a better understanding of the 
mechanics involved and identify which parameters or safety systems that are most critical with respect 
to risk control.  It also allows for more accurate calculation since there is less need to amalgamate a 
number of scenarios by adding their frequency and averaging their consequences.  This means that it is 
possible to isolate the very low frequency but very high consequence scenarios that would not be 
apparent when the they are grouped together. 

The disadvantages of such an approach are longer calculation times and the need to store more results. 
However, These disadvantages are continuously mitigated by the reducing cost of computing resources. 

 

4 CONCLUSIONS 
The analysis of hydrocarbon loss of containment events is generally done in simplified models where a 
limited number of combinations of controlling parameters are considered and averaging of inputs is 
required.  This leads to a more approximate solution and one where it is difficult to investigate the detail 
of selected combinations as the event develops with time.  A more precise approach identifies low 
frequency high consequence events which might otherwise be overlooked. 

DNV GL Software have developed the first version of a QRA tool in their Safeti suite which analyzes 
hydrocarbon releases at a resolution approaching what is described in this paper. Later versions will 
implement further features. It already allows for the detailed calculation of worker movements in 
response to the accident and limited by the impairment of escape routes and model potential escalation 
paths beyond the first escalation step.  The model handles time dependency both with respect to ignition 
time and escalation of the event.  

The model allows the assessment of different safety systems, the movements of personnel before, 
during and after the fire and presents it in a three-dimensional representation which illustrates the 
development of the event.  This step forward in risk assessment modelling will improve the basis for the 
identification of remedial measures to reduce the risks in both the design and operational phases of the 
installation. 
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ABOUT DNV GL 
Driven by our purpose of safeguarding life, property and the environment, DNV GL enables organizations 
to advance the safety and sustainability of their business. We provide classification and technical 
assurance along with software and independent expert advisory services to the maritime, oil and gas, 
and energy industries. We also provide certification services to customers across a wide range of 
industries. Operating in more than 100 countries, our 16,000 professionals are dedicated to helping our 
customers make the world safer, smarter and greener. 
 
SOFTWARE  
DNV GL is the world-leading provider of software for a safer, smarter and greener future in the energy, 
process and maritime industries. Our solutions support a variety of business critical activities including 
design and engineering, risk assessment, asset integrity and optimization, QHSE, and ship management. 
Our worldwide presence facilitates a strong customer focus and efficient sharing of industry best practice 
and standards. 


