Offshore accident and failure frequency data
sources - review and recommendations

Prepared by the Health and Safety Executive

RR1114

Research Report

© Crown copyright 2017
Prepared 2015
First published 2017
You may reuse this information (not including logos) free of charge in
any format or medium, under the terms of the Open Government
Licence. To view the licence visit
www.nationalarchives.gov.uk/doc/open-government-licence/, write
to the Information Policy Team, The National Archives, Kew, London
TW9 4DU, or email psi@nationalarchives.gsi.gov.uk.
Some images and illustrations may not be owned by the Crown so
cannot be reproduced without permission of the copyright owner.
Enquiries should be sent to copyright@hse.gsi.gov.uk.

Appropriate failure frequencies are a crucial requirement to
perform quantitative risk assessment (QRA) to demonstrate
compliance with established risk criterion and the
associated regulatory compliance. It also enables estimation
of potential loss of life, one of the measures used by HSE to
prioritise offshore inspections. This work critically reviews
failure frequency data sources relevant to the offshore oil
and gas industry to develop a methodology to produce
suitable failure frequencies for use in offshore QRA.
This review of failure frequencies, their sources and their
impact on offshore QRAs concludes that duty holders should
use the most appropriate data sources, and where possible
these should be specific for the offshore environment on the
United Kingdom Continental Shelf.
The recommended data sources from the review are:
•
The Hydrocarbon Release Database (HCRD);
•
HSE offshore statistics (accidents and injuries);
•
Pipeline and Riser Loss of Containment (PARLOC);
•
SINTEF Blowout Database; and
•
International Association of Oil and Gas Producers
– Risk Assessment Data Directory
Other recommendations include potential improvements to
the HCRD and wider availability of data sources. Data
sources should produce a report describing the data
(including the number of failures and the underlying
population) and have a method of receiving feedback from
users.
This report and the work it describes were funded by the Health and
Safety Executive (HSE). Its contents, including any opinions and/or
conclusions expressed, are those of the authors alone and do not
necessarily reflect HSE policy.
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EXECUTIVE SUMMARY
Appropriate failure frequencies are a crucial requirement for performing a quantitative risk
assessment (QRA) to estimate the potential loss of life (PLL), which is one of the measures used
by HSE’s Energy Division (ED) to prioritise offshore inspections. The oil and gas industry uses
frequency data for assessing levels of risk, for informing choices at the design and operations
stages of an installation’s life, and for supporting decision making including demonstrations of
ALARP, etc.
The aim of this work was to critically review failure frequency data sources relevant to the
offshore oil and gas industry, and then to develop a methodology to assess the suitability of
failure frequencies used in offshore QRA. The work aimed to produce recommendations for the
use of failure rate data so as to increase the consistency of QRA across the industry and identify
modifications to improve the data sources.
This review of failure frequencies, their sources and their impact on offshore QRAs concludes
that dutyholders should use the most up-to-date data sources, and where possible these should
be specific for the offshore environment on the United Kingdom Continental Shelf (UKCS).
The review of safety cases during this work found that dutyholders often use older sources of
data.
The recommended data sources from this review are:
•

The Hydrocarbon Release Database (HCRD) (or failure frequencies derived from
analysis of this; this can be a practitioner’s own analysis, or those published by DNV
GL or OGP);

•

HSE offshore statistics (accidents and injuries);

•

Pipeline and Riser Loss of Containment (PARLOC);

•

SINTEF (Stiftelsen for industriell og teknisk forskning – Norwegian) Blowout Database
(however, there are problems with access to this data source); and

•

International Association of Oil and Gas Producers – Risk Assessment Data Directory
(OGP Data) (these need to be used with care because these data sources are not always
the most up to date or UKCS specific). This largely reproduces data from other
sources, but serves as a starting point or when one of the sources it references is
unavailable to the user.

During this review, HSE researchers made recommendations on the new Report of an Oil or
Gas Incident form (ROGI); these are given in Appendix B to this report (Section 10).
It is recommended that the population in the HCRD be updated to improve the accuracy of the
failure frequencies generated and, where practical, the population update be backdated to the
date when it changed. It would also be of benefit if the population data could be downloaded in
a raw format. This would make the data more transparent and useable. The incident data is
already available to download in a raw data format although it has been anonymised and some
fields are grouped, making it difficult to model releases.
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The HCRD records of incidents are thought to be thorough because the record must be
completed within a few weeks of the incident occurring before data can be lost. The database is
continually updated, giving it an advantage over databases which are updated by studies several
years apart and therefore more susceptible to loss of data quantity.
It would also benefit safety in the offshore industry if data sources were more widely available
rather than restricted to a particular project’s sponsors. However, commercial considerations
may influence this.
It would be useful if data sources produced a report setting out the basis of the data and
highlighting any shortcomings in its collection and analysis; this could be updated periodically.
This report could also identify modes of failures, sizes of leaks, significance of the events, etc.
It is recommended that data sources include a contact or means by which users of the data can
provide feedback and suggestions on how to improve the format and granularity of the data.
This work found that few data sources make the number of failures and underlying populations
used to calculate the failure rate publically available; this would be beneficial as it would allow
confidence ranges of the failure rate to be estimated. These confidence ranges could be used in
sensitivity analyses of calculations where the result is critically important or where the result
depends strongly on the failure frequency. It would also allow dutyholders and QRA
practitioners to more easily identify the most robust data sources that contain the largest
relevant operating histories.
Low frequency events, such as total loss of structures and failures of equipment related to
escape, evacuation and rescue pose a particular challenge because of the low numbers of
incidents. Care should be taken when using data sets with small numbers of incidents, which
have correspondingly wide confidence ranges. Further work may be required in this area to
identify solutions. Further work may also be required for floating LNG (FLNG), where there is
an absence of data.
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1. INTRODUCTION
Appropriate failure frequencies are a crucial requirement for performing a quantitative risk
assessment (QRA) to estimate the potential loss of life (PLL), which is one of the measures used
by HSE’s Energy Division (ED) to prioritise offshore inspections. The oil and gas industry uses
frequency data for assessing levels of risk, for informing choices at the design and operations
stages of an installation’s life, and for supporting decision making including demonstrations of
ALARP, etc.
The aim of this work was to critically review failure frequency data sources relevant to the
offshore oil and gas industry, and then to develop a methodology to assess the suitability of
failure frequencies used in offshore QRA. The work aimed to produce recommendations for the
use of failure rate data so as to increase the consistency of QRA across the industry and identify
modifications to improve the data sources.
Note: throughout this report, the term data source is used to describe a source or collection of
information, whilst data is used to describe that information. The data is contained within the
data source.
1.1

PROJECT AIMS

The aims of the project were to:
1. Identify and evaluate sources of offshore Major Accident Hazard failure rate data relevant to
the United Kingdom Continental Shelf (UKCS).
2. Provide recommendations on the use of each data source to support compliance
demonstrations and risk control decision making.
3. Review data sources (such as the HSE Hydrocarbon Release Database) and provide
recommendations on their current suitability to provide the data required for risk analysis.
4. Identify what modifications would be required to enable, if possible, the use of such data and
report where this is considered improbable.
5. Analyse and report, where possible, on the confidence levels associated with the appropriate
databases’ information and outputs.
6. Produce recommendations for the use of failure rate data sources to provide an increased
consistency of risk assessment reporting across the offshore industry.
7. Develop and provide a methodology to assess the suitability of failure rates used in offshore
QRA.
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2. METHODOLOGY
HSE Energy Division’s internal guidance “Guidance for the topic assessment of the major
accident hazard aspects of safety cases” (GASCET) (HSE, undated) contains key assessment
questions for generic historic data (section F1, Loss of Containment – Process). It is therefore a
good starting point for developing a methodology to evaluate any data source. These questions,
where relevant, were separated into two categories: evaluating data sources (Table 1) and QRA
good practice (Table 2). The questions were added to after an initial early review.
Answers to questions in these categories are also provided in Tables 1 and 2.
Table 1: Questions to evaluate failure frequency data sources
Question

Comments

Is the data source relevant to the Ideally, all data sources used should be Installation
specific, but that is unlikely to be practicable or
UKCS oil and gas industry?
appropriate for rare events due to the relatively small
sample size.
However, if generic data sources are used then these
should preferably cover related offshore activities at
(in order of preference):
• Local level (i.e. similar Installations in the
area);
• UKCS;
• Overall North Sea;
• Gulf of Mexico (where relevant); or
• Worldwide level.
Where offshore oil and gas specific data sources are
not available, onshore oil and gas industry or chemical
industry data or wider marine data sources may be
suitable, provided that they are relevant.

Is the data sufficiently specified in Ideally, the data source will specify the type of failure
terms of the type of failure being that occurred.
analysed, and its frequency or
The data should be recorded in an appropriate format
probability?
for the event being analysed, e.g. per drilling
equipment year, per demand, per well drilled, per
helicopter flight, per year or hour of operation, etc.
Is the data the most recent The most recent, but relevant, data should be used.
This shows the need to maintain and update data
available?
sources periodically. Data sources should ideally have
a process in place to collect data on an on-going basis,
and update published frequencies as appropriate.
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How many incidents/records are
contained within the database and
how many years of data have been
collected?
Also, how many
failures have contributed to the
failure frequency chosen for use in
QRA?

The higher the number of failures the smaller the
confidence intervals, so more records is preferable.
However, there is a trade-off between sample size
reducing confidence intervals and the relevance of the
data. For example, safety standards may have changed
in recent years so only more recent data sources are
relevant, or there are too few incidents in a given
region so data has to be collated worldwide.
Also, any database grouping of similar equipment
types together will result in a greater number of
failures to study, but the result will be less specific (see
Section 5.7 for an example using Offshore Reliability
Data (OREDA)).

How large is the population Population data are often difficult to ascertain and are
sample used for data collection the largest source of uncertainty in failure frequencies.
(population data)? How reliable
Were the incident data collected from a known
are the population data?
population, or were all incidents reported from an
entire population used in conjunction with an estimate
of the population? Both methods have potential
problems.
How reliable is the data source?

Where the result is sensitive to the data source and
where the risk levels are significant, the reliability of
the data source should be discussed and account taken
of the sample size etc. including justification of
confidence levels.

Do release frequency analyses Generic leak frequency data sources do not always
give a breakdown of leak size within the overall
include hole size distribution?
frequency figure.
However, the analyses should be carried out for a
range of leak sizes. Leak size has a considerable
bearing on the magnitude of the consequences of the
leak and can also affect the ignition probability.
A minimum range of hole sizes to be considered for
use in a QRA would comprise pin hole, 50 mm
diameter, and full bore/rupture. These should each be
given a probability of occurrence, together with a leak
rate in kg/s.
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How thorough and detailed is the It is much easier to answer the above questions if
report?
more detail is provided about the data collection
and analysis.
It would be useful if data sources produced a report
setting out the basis of the data and highlighting
any shortcomings in its collection and analysis. This
could be updated periodically. This report could
also identify modes of failures, sizes of leaks,
significance of the events, etc.

Table 2: Questions to evaluate QRA good practice
Question

Comments

Are the data sources properly Identification of data sources is essential in order to
check their validity. Data used must be fully
identified?
referenced. Data should be available for audit if
required.
Has experience and/or expert It may be necessary to consider how the individual
judgement been used to adjust situation being addressed is likely to differ from the
‘typical’ situation, and what effect this could have on
generic frequencies?
accident frequency or severity and hence on the risks.
Experience and/or expert judgement may have to be
applied to adjust the figures to suit, thus introducing
further uncertainties.
Are the calculation methods for The applicability and accuracy of such methods
producing estimated data (e.g. (formulae, parameters, etc.) should be discussed in the
release
rates,
ignition safety case or in the reports that underpin it.
probabilities) appropriate, and are
they being applied properly?
Has a sensitivity analysis been Where there are large uncertainties in the data used and
where the associated risk levels are of particular
carried out?
significance, then the sensitivity of the data should be
examined.
If the uncertainty and significance remain after the
sensitivity analysis, then efforts should be made to
obtain more accurate data. A 90% confidence band or
higher is preferable.
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3. EVENTS OF INTEREST
Below is an example list of major accident hazards that need to be taken into account during a
QRA, plus some risks such as occupational safety that are often taken into account during
QRAs. These are based upon HSE’s delivery guide for “Inspection of Temporary Refuge
Integrity (TRI)” (HSE, undated):
•

Hydrocarbon release event from topside process equipment (including pipework on
bridges);

•

Hydrocarbon release event from a well;

•

Hydrocarbon release event from a riser;

•

Hydrocarbon event from a subsea pipeline (only events within 500 m of the installation
are typically included in QRAs);

•

Non-process fires;

•

Severe weather including storm, wave, snow and extremes of temperature;

•

Aircraft impact;

•

Dropped or swinging load/object;

•

Ship impact;

•

Earthquake, subsidence or seabed scour;

•

Structural failure (including loss of stability for floating vessels);

•

Occupational safety risks;

•

Transport risks; and

•

Escape, evacuation and rescue.
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4. REVIEW OF OPERATING INSTALLATION QRAS
HSE researchers sampled ten operating installation QRAs, from the relevant Safety Cases, to
see how failure frequencies fitted into the QRA process and what failure frequency data sources
were used.
Figure 1, adapted from the Flow Diagram for QRA in Spouge (1999), shows the process for a
typical operating installation QRA. Events of interest would be identified in the Hazard
Identification section. The Frequency Analysis section would typically use failure frequencies
for the events of interest and include some reliability data. Ignition, safeguard system
availability/failure on demand and human error probabilities are typical event tree probabilities.
The Consequence Modelling section would estimate the consequences (fatalities and major
injuries) of the scenarios being modelled. The conclusions of the QRA would typically include
Individual Risk Per Annum (IRPA), Potential Loss of Life (PLL) and Temporary Refuge
Impairment Frequency (TRIF). An assessment of the risks calculated would be made to see if
they were tolerable and as low as reasonably practicable (ALARP). If not, further risk reduction
measures would be required to be considered and the QRA would have to be reviewed. Even
after an acceptable safety case, which included the results of the QRA, is issued, it is required to
undergo a Thorough Review by the dutyholder every five years under the UK regulatory
regime.
The frequency data sources found in the ten QRAs for the events of interest are listed in
Appendix A (Section 9). The safety cases studied were from the period 2008 to 2012. The data
sources found were relevant to the UKCS. However, the latest versions were not always
referenced; sometimes they were over ten years old at the time of reference. QRAs are updated
regularly for changes such as number of persons on board (POB) and new hazards, but the
failure frequency data sources quoted typically remains the same. Thus old failure frequency
data sources may be referenced in the QRA. The Thorough Review process ought to lead to
changes in the QRA if failure frequency data sources are updated. Sometimes data changes are
not significant, so there is no need to update, but the fact that newer data are available should be
recognised in the Thorough Review. Section 5 references the latest frequency data sources for
the events of interest.
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Figure 1: Typical Operating Installation QRA
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5. REVIEW OF DATA SOURCES
This section reviews some of the most commonly used data sources. It will attempt to address,
where possible, the questions from Section 2. This review will begin with OGP publications
that reproduce data sources that are useful for offshore QRAs and will then move on to look at
some of the more important sources in more detail. Next, this review will look at data sources
from the Norwegian sector of the North Sea, and finally some onshore data sources that may be
useful if more suitable offshore specific data sources are not available.

5.1

OGP PUBLICATIONS

The section below contains brief summaries of International Association of Oil and Gas
Producers – Risk Assessment Data Directory (OGP – RADD) publications that are relevant to
this work, and where possible lists data sources (some of which are reviewed in more detail later
in this section). Where the data source is reviewed in more detail later, only a brief analysis or
description will be documented here. OGP-RADD is largely a collection of data from other
sources; but serves as a starting point or when one of the sources it references is unavailable to
the user.
5.1.1

Process Release Frequencies (Report 434 – 1)

The data are derived from analysis of the Hydrocarbon Release Database (HCRD) records
between 1992 and 2006. The frequencies and breakdown of data are similar to DNV’s failure
frequencies derived from the HCRD (which used data from 1992 to 2010 for its analysis). See
Sections 5.3 and 5.4.
5.1.2

Blowouts (Report 434 – 2)

This publication contains tables of blowout and well release frequencies, for both operations of
North Sea standard and those not of North Sea standard. The report recommends, and
reproduces data from, Lloyds Scandpower’s analysis of the SINTEF Blowout Database (See
Section 5.6) for use with North Sea standard operations (and therefore on the UKCS).
However, this Scandpower report dates from 2006 so is not the most up-to-date possible.
OGP further recommend and reproduce SINTEF’s own analysis of their Blowout Database for
operations not of North Sea Standard, which is also from 2006. This however would not be
recommended for use on the UKCS due to the differing safety standards for operations from
which this data are derived.
Information on blowouts is updated on an annual basis in the SINTEF and Lloyds Scandpower
Reports. A user would only resort to the OGP publications if they did not have access to the
current reports.
5.1.3

Storage Incident Frequencies (Report 434 – 3)

This report gives frequencies for different types of releases, fires and tanks. The types of tanks
studied in this report include atmospheric storage tanks, refrigerated storage tanks, pressurised
storage vessels, oil storage on FPSOs, non-process hydrocarbons storage offshore and
underground storage tanks.
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The data sources are highly varied, including both onshore and offshore data from many parts of
the world. Care would need to be taken while using this report to ensure any data used are
appropriate for offshore on the UKCS, and where any data are used that are derived from
onshore or worldwide that these are the most suitable available.
For non-process hydrocarbons offshore, the report contains failure rates for methanol and diesel
tanks, however these are based on hydrocarbon release statistics from 1997 and data from
Spouge (1999). While this data source on non-process releases is highly relevant for the UKCS,
it is not the most recent as data on hydrocarbon release statistics up to 2010 have been published
(see Section 5.4).
OGP cite a study on oil storage on FPSOs from 1990, but due to the age of this report
recommend that failure rates are estimated using a theoretical approach, such as fault tree
analysis, to take into account the specific design of the vessel.
The report also looks at uncertainties in the failure rates; it states that uncertainties will be
highest for catastrophic failures due to lack of failure experience and that these failure modes in
historic data may be inappropriate for more modern tank designs. It estimates the uncertainty in
atmospheric storage tanks to be a factor of 10, and for large pressure vessels the failure
frequencies to range over four orders of magnitude.
5.1.4

Risers and Pipelines (Report 434 – 4)

This data source is North Sea specific, as it comes from DNV’s re-analysis of 2001 Pipeline and
Riser Loss of Containment (PARLOC) data. The report gives failure frequencies for pipelines
and risers (broken down by size, type and location), distributions of hole sizes and distributions
of release locations for risers. A 2012 version of PARLOC is now available, see Section 5.5 for
more details. PARLOC 2001 contained data for Norwegian waters but the 2012 version is
UKCS only.
The report recommends that appropriate expertise and data specific to the location should be
used in situations where there are several causes such as ship anchor damage or subsea
landslide, or when critical decisions depend on the results of the analysis.
European Oil Company Organisation for Environment, Health and Safety (CONCAWE) data
are used for onshore oil pipelines and European Gas Pipeline Incident Data Group (EGIG) data
for onshore gas; these have distributions of events by failure type and mechanism.
5.1.5

Human Factors (Report 434 – 5)

The report gives guidance on performing human factors studies and contains tables of generic
Human Error Probabilities and Performance Shaping factors. The information is taken from the
power generating and nuclear sectors, so care will need to be taken using it and some
modification may be required to make it suitable for use in the offshore oil and gas industry.
5.1.6

Ignition Probabilities (Report 434 – 6.1)

The report reproduces the UKOOA look-up tables which were published in the EI Ignition
Probabilities report (2006). A new version is due to be published but will not change the
correlations themselves. The look-up tables cover both onshore and offshore ignition scenarios
with the use of a spreadsheet tool for detailed analysis. The look-up tables cover the following
release types:
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•

Release of gases;

•

LPG releases or other flashing liquefied gases;

•

High pressure oil releases - a spray release with likely flashing/evaporation/aerosol
formation; and

•

Low pressure oil releases – a spreading pool with no aerosol formation or flashing.

Graphs for the ignition scenarios are also available, showing the ignition probability as a
function of the release rates from 0.1 to 1000 kg/s. The graphs are extended to 10000 kg/s where
the probability function does not reach a maximum.
It states that the Cox, Lees and Ang (1990) data has previously been accepted because of its
wide use rather than the rigour of the theory underlying it.
Scandpower’s analysis of the SINTEF Blowout Database is used for ignitions after blowouts.
5.1.7

Mechanical Lifting Failures (Report 434 – 8)

The report contains dropped object probabilities for fixed and mobile installations. It is based
on analysis of UKCS data (HSE accident statistics up to 1998) and the World Offshore Accident
Databank (WOAD). The report has frequencies for the main crane, drilling derrick and “other
devices” broken down by load weight; this breakdown is unavailable straight from HSE
accident statistics, see Section 5.2.
This data source is highly relevant as it comes from the UKCS and it contains a breakdown of
the data within it that is not available directly from HSE statistics. However, more recent HSE
data that goes up to 2007 are now available.
5.1.8

Water Transport (Report 434 – 10)

The data in this report are to be used for assessing risk to personnel on board water transport
vessels, the frequency of accidents and the frequency of oil spills. It mostly contains worldwide
data derived from the Lloyd’s Maritime Information Service (LMIS) and it recommends using
the ratios of fatal accident rates (FARs) for offshore personnel in different parts of the world
from OGP 391 to modify fatality rates for marine personnel.
The report states that the data it contains are sufficient if transport is a relatively small
contribution to the overall risk, and that local data are obtained if transport risks are the object of
the study.
5.1.9

Aviation Transport (Report 434 – 11.1)

The report uses OGP data (1998 to 2006 yearly reports) for helicopter risks for all of the North
Sea, Gulf of Mexico and the Rest of the World combined. The report only has worldwide data
for fixed wing aircraft, and it is not broken down by region.
A UKCS-specific data source for helicopters is however available from Oil & Gas UK (OGUK)
covering the period 1981-2010, which is also more up to date as well as being more relevant to
the UKCS. The 2010 OGUK study is an update of the previous 2007 study, which was
supported by the Civil Aviation Authority (CAA).
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5.1.10

Occupational Risk (Report 434 – 12)

This report publishes OGP (2002-2006) and IADC (International Association of Drilling
Contractors) data and gives FARs for company employees, contractors and all personnel. The
report also tabulates multiplication factors by region and job type so that more specific FARs
can be calculated. These tables have multiplication factors for Europe or the North Sea rather
than the UKCS, but the UKCS FAR is quoted in the report. It also gives the percentage
breakdown of causes of fatal accidents.
An HSE data source on occupational risks is also available (see Section 5.2.1).
5.1.11

Structural Risk (Report 434 – 13)

This report gives structural failure frequencies and probabilities of mooring failures, and has
both worldwide and UKCS data. The worldwide data are based on WOAD and the UKCS data
on HSE accident statistics (1980-2005).
UKCS frequencies for severe damage are higher than worldwide frequencies; the difference is
believed to be due to the harsher operating environment. There have been no total loss events
on the UKCS, so worldwide data will be needed or a theoretical approach used to determine this
frequency.
More recent HSE accident statistics up to 2007 are also available (see Section 5.2.2).
5.1.12

Ship/Installation Collisions (Report 434 – 16)

The primary data source in this report is WOAD, and as such is a worldwide data source. The
report also contains some UKCS data (from 2005).
However, collision frequency is strongly location specific and therefore, UKCS specific data
sources would be recommended (a UKCS data source from HSE until 2007 is now available,
see Section 5.2.2).
Ship collision frequency is specific to each individual platform and would normally be
calculated on a case by case basis based on proximity to shipping lanes and the size speed and
number of craft in those lanes.
5.1.13

Major Accidents (Report 434 – 17)

This report gives statistics on major accidents and brief details on the worst major accidents
taken from WOAD. This data source is not suitable for direct use in QRAs, as no frequency
data are provided, but could be used for hazard identification studies to answer the question “has
this happened before?”.
For more details on WOAD see Section 5.8.
5.1.14

Construction Risk (Report 434 – 18)

This report has both worldwide and North Sea data. The worldwide data are likely to be
representative of simple installations in shallow water so is unlikely to be applicable to most
installations on the UKCS.
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The North Sea data finds construction risks in this region to be around 10 times higher than
worldwide averages and these frequencies would need to be used for QRAs of UKCS
installations. This is based on HSE accident statistics (1980-2005); however, the HSE report
does not directly quote statistics related to construction.
The report also reproduces HSE accident statistics (using data before 2007) that deal with
injuries due to construction and maintenance together. HSE accident statistics until 2012-13 are
now available (see Section 5.2.1).
5.1.15

Reliability Data (Report 434 – 20.1)

This report, unlike the others from OGP, does not contain tables of data. OREDA (SINTEF
Offshore Reliability Data) is listed as a source for offshore topside equipment. It also lists
“SINTEF Reliability Data for Safety Instrumented Systems - PDS Data Handbook” as a
potential source, and this is based on OREDA (see Section 5.7), Trends in Risk Level
Norwegian Petroleum Activity (RNNP), operational reviews, vendor data and expert judgement.
PDS recommends its use for Safety Instrumented System (SIS)/Safety Integrity Level (SIL)
assessments.
There are also data sources given for subsea systems and from other industries listed. These are
mostly control and instrumentation data for use with Layers of Protection Analysis (LOPA) and
SIS/SIL.

5.2

HSE STATISTICS (INJURIES AND ACCIDENTS)

5.2.1

Injuries

HSE reports injury data in annual reports (from 2004-05 to 2012-13), injury rates for different
severities of injuries (including fatalities) and the numbers of injuries/fatalities for the different
work processes (the reports do not give rates by process) (HSE Injury Statistics, undated).
To get frequencies with a higher degree of reliability to use in QRAs, data from the different
reports will be needed to be combined to give a sample size of multiple years.
This data source is highly specific to the UKCS and is the most recent available.
The reports also give details of the type of injuries and the different types of dangerous
occurrences that have occurred. There is also an analysis of trends. While this is not directly
relevant to QRA it may be of use during other safety studies.
5.2.2

Accidents

The most recent report, detailing HSE accident data, covers the years 1990-2007. It gives
frequencies for events such as anchor failure, falling/dropped objects, helicopter events and
structural failure rather than specific pieces of equipment (OGUK, 2009).
This data source is highly specific to the UKCS and is the most recent available.
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5.3

HYDROCARBON RELEASE DATABASE (HCRD)

5.3.1

Background and History

Following the Piper Alpha disaster of 1988, a public inquiry by Lord Cullen made 106
recommendations to improve safety in the offshore oil and gas industry. Recommendation
number 39 was that “The regulatory body should be responsible for maintaining a database with
regard to hydrocarbon leaks, spills and ignitions in the Industry and for the benefit of Industry.”
The regulatory body was to regularly report trends to industry and allow access particularly for
the purpose of carrying out quantified risk assessment.
This was incorporated into UK legislation by the Reporting of Injuries, Diseases and Dangerous
Occurrences Regulations (RIDDOR) 1995, which required the dutyholder to report
unintentional releases of petroleum hydrocarbons from offshore platforms. In addition, a
voluntary industry scheme was established to provide supplementary information about
RIDDOR reportable hydrocarbon releases.
The Hydrocarbon Release System (often referred to as the HCR database or simply HCRD), a
web-based database, has been in operation since 2003 and contains records of unintentional
hydrocarbon releases which, once anonymised, are available to industry and the public. Detailed
statistical analysis was also published on a regular basis by HSE up until 2002 then in a series of
reports in 2007. Annual reports since then have only included total numbers of releases.
5.3.2

Scope

The purpose of the HCRD is to provide information to industry about major accident precursors
in terms of releases (loss of containment) of hydrocarbon process and non-process fluids.
Because of this focus there are a number of limitations of the database’s scope.
The database scope covers records of all reportable releases from wells, manned or unmanned
installations, or releases from pipelines within 500 m of an installation. Releases from pipelines
beyond 500 m from an installation or onshore are not included in the database. Neither are
“major accident” incidents such as marine, weather or transported/dropped object accidents
which impacted and possibly damaged installations or pipelines but did not result in
hydrocarbon releases.
Only those events that caused an actual hydrocarbon release are included, therefore operational
or mechanical component failures that did not directly lead to a dangerous occurrence are not
represented. Neither is there a definition of whether equipment is online or what duty life it has
seen. This may skew statistical analysis if not treated with care (i.e. a high failure rate for a type
of equipment could be obscured by a large population of off-line systems).
The interpretation of the RIDDOR reporting threshold changed in 2014. Before this, the scope
included any fire or incident which could have caused death or a specific injury and involved an
unintentional, unignited release of a hydrocarbon substance. This definition of hydrocarbon was
reinterpreted as a well fluid, restricting records of unignited releases to only those of the
substances being drilled and processed. The lower boundary of what size of release could cause
a death or specific injury was also quantified (i.e. a jet fire of 3 kg/hour, a flammable gas cloud
of 0.15 kg or a pool fire of 3 kg of natural gas liquid / 10 kg of condensate / 30 kg of crude oil).
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The European Commission Implementing Regulation (EU) No 1112/2014 has also introduced
additional reporting criteria of any ignited unintentional release of oil or gas or unignited release
of gas greater than 1 kg or oil greater than 60 kg. Since these reporting boundaries are higher
than those required under RIDDOR and used in the HCRD, they are unlikely to change
significantly change the scope of the database.
The scope of the database is limited to those installations that are covered by UK legislation
within the UKCS. Hydrocarbon releases from offshore installations outside this area are not
included and the database might not be representative of other geographical areas that have
different weather conditions, marine traffic, operating depths and/or hydrocarbon chemical
properties. Installations in other legislative regimes may also have a different standard of safety
management, which would influence the level of safety.
The database started recording incidents in 1992 and the standard of operational safety has
improved since the database began. For example, records of procedurally-caused releases or
fixed detection activation from 20 years ago may not be valid today. However, because the
database has been continually operating for over 20 years, it can take some account of ageing
and degradation of plant, although this information is not immediately available, as a knowledge
of installation age would be required, which is not part of the database reporting facilities,
although the 5 year grouped installation age can be accessed by downloading the raw data.
5.3.3

Number of Records

The database includes all installation hydrocarbon releases from October 1992 to date. There
used to be about 250 reported incidents per year but this has decreased in the last 10 years to
about 150 (Table 3). Half of these could be “major accident precursors” (classified as major or
significant in the HCRD).
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Table 3: Number of HCR reported incidents by reporting year
Reporting Year
1992/1993#
1993/1994
1994/1995
1995/1996
1996/1997
1997/1998
1998/1999
1999/2000
2000/2001
2001/2002
2002/2003
2003/2004
2004/2005
2005/2006
2006/2007
2007/2008
2008/2009
2009/2010
2010/2011
2011/2012
2012/2013
2013/2014
2014/2015#
Total

Number of
Incidents
81
271
325
212
226
219
233
234
270
241
230
269
265
209
173
189
158
188
168
133
97
123
47
4561

Number of “Major
Accident Precursors”
62
175
214
154
148
153
148
139
125
113
86
97
83
73
74
74
61
86
73
56
47
43
25
2309

#1992/93 return low because records began in October.
#2014/2015 reporting year not completed at time of writing, note
change of reporting criteria

Installations should be registered on the database when they become operational or enter into
the UKCS. It is assumed that they remain operational from the date they commence start-up
until the date they are abandoned. The number of registered installations has increased from 314
in 1992/3 to 511 in 2014/5. Since the number of installations registered each year is recorded,
the total number of installation years can be retrieved. This is reported in Table 4 below.
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Table 4: Number of HCR registered installations and incidents between 1992/3 and 2014/5
Types of Installation
Fixed
Mobile
Subsea
Total

Number of Installation
Years
5,939
2,640#
1,516
10,095*

Number of
Incidents
4,068
138
8
4,214

Number of “Major
Accident Precursors”
2,052
371
6
2,429

*Counting 1992/93 data as half a year because it only included the second 6 months
#Mobile installations are assumed to have remained in the UKCS until listed as abandoned.

There is approximately one minor and one “major accident precursor” release every five years
for each installation, although as the number of registered installations has increased, the
average number of reported releases has decreased from 0.9 incidents per installation in 1993/94
to 0.2 in 2013/14.
5.3.4

Thoroughness of Records

Not only is the database thought to include a very large proportion of reportable events in UK
waters, but the level of detail in the recording of incidents is high. By requiring a record to be
complete before it can be added to the database, missing data have been pursued and added at
the time of reporting. If data is not collected on an ongoing basis, the quality of the details
which are obtained when a study is commissioned several years after the incident took place
will necessarily be of lower quality and have more missing data.
One exception to this is where the database has allowed some flexibility in reporting because
the circumstances of the release could not be categorised. For instance, an allowance is made in
the causal analysis field for operators to enter ‘other’ and write in the cause, thereby removing
the record from statistical analysis. Although this is thought to be a necessary compromise, it is
noted that it was not used for the first thirteen years of reported data and only started being
reported shortly after the web-based interface was introduced in 2003. Until 2005 the records
used the categories ‘other-not known’ or ‘other-awaiting investigation’.
The database is based on information volunteered by dutyholders. Whilst records are checked
for consistency, the majority of data are accepted at face value; therefore, some fields such as
release location/equipment or detection method have not been validated.
The reported release quantity field is only intended to be an estimate. This could be recalculated
by assuming that the other release parameters are determining variables, but this would not take
account of factors that could limit the release size or rate such as a fixed hydrocarbon inventory,
a flow restriction upstream of the release orifice, a varying driving pressure, or varying orifice
size.
5.3.5

Events Not Reported

Because reporting incidents is an industry standard of good practice, it is believed that almost
every incident within the scope of the database has been included. This means that the HCRD
has a very high fidelity for a QRA data source. However, unignited releases below the reporting
criteria are by definition outside the scope of the database and are not reported unless they
trigger either the ‘ignited’ or ‘executive action taken to prevent escalation’ caveats. For this
reason the proportion of ignited or particularly dangerous weeps and seeps may be artificially
high.
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5.3.6

Population Data

As well as including a record of all hydrocarbon releases, the HCRD includes the number of
operating installations along with the number of systems and pieces of equipment on each. By
combining this with how long each installation has been operating, it allows users to perform
statistical analysis and identify data trends and calculate failure frequencies per installation year.
The number of installations has been continually updated up to 2013/14. This is used by the
database to provide failure frequencies through the reporting facility. The user can retrieve the
absolute number of reported releases by system or equipment and the number of hydrocarbon
release related failures per operational year. However, there is some concern that whilst the
number of installations is amended when new installations are registered, they are not removed
from accounting when decommissioned.
The number of fixed and floating installations operating in UK waters is also recorded by the
Department of Energy and Climate Change (DECC), which has published the list along with the
location and registration date. This indicates that there were 174 registered installations by April
1993, increasing to 302 by April 2015, but only 283 were still operational.
There is also concern that the system/equipment population data for existing installations have
not been updated since 2003 and data for new installations have not been added. Both of these
factors mean that the reported frequencies may be calculated incorrectly.
As an example, Scandpower found a ratio of 7 m per flange on a sample of three Norwegian
installations from 3D-CAD models (Falck et al, 2009); however, the HCRD population count
has 2 m of piping for every flange, indicating that the HCRD part count may be incomplete.
The database categorises reported releases into 18 system types, many of which can be subdivided into different sub-systems. There is a statistically useful number of records for most
system categories and there does not appear to be a bias either for or against larger releases by
system except for ‘blowdown’, which has a higher than average proportion of larger releases,
and ‘utilities’, which has a lower one. The number of incidents by system is shown in Table 5.
Including different size and pressure rating groups there are over 100 sub-categories of process
equipment; however, some categories of equipment have very few leaks so the resulting failure
frequency will have a large uncertainty. In such cases a cautious approach should be used and
confidence limits calculated for the failure frequency (see Section 5.7.1 on OREDA taxonomy).
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Table 5: Number of HCR reported incidents by ‘system’
Systems
Blowdown
Drains
Drilling equipment
Drilling ops
Export
Flare
Flowlines
Gas compression
Import
Manifold
Metering
Processing
Separation
Utilities
Vent
Well
Well control
Well ops
Grand Total
5.3.7

Number of
Incidents
18
208
31
90
495
82
365
808
78
124
210
467
281
735
109
213
8
191
4513

Number of “Major
Accident Precursors”
14
91
14
54
226
52
211
478
46
75
102
208
144
279
56
131
2
100
2283

Validity of Data Source

The data are explicitly collected to provide information to UK offshore installation dutyholders
for QRA purposes. It is specifically suited to operators in UK waters but could be adapted for
use as a strong data source for other offshore areas, and it is probably the most widely used data
source for QRAs. It is considered to be the most extensive data source available, and because it
contains recent data, it reflects current integrity management systems.
The HCRD is also used onshore for QRA because it is widely perceived as a high quality data
source, but it needs to be used with care outside of the offshore industry, from which the data
are derived.
It is recommended that the raw data are downloaded and frequencies are calculated by the user
so any assumptions are known and transparency is maintained; see for example DNV GL’s
interpretation in Section 5.4. The problems with the equipment count will inevitably lead to
uncertainties in the calculated frequencies. The HCRD does not directly provide frequencies
broken down by hole size; to obtain these, the user needs to do their own analysis. Instead, the
HCRD provides frequencies that can be broken down by the severity of the hazard.
The HCRD provides release event frequencies and allows users to analyse events by initiating
causes, although the high proportion of records assigned to the ‘other’ cause category makes the
analysis questionable.
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The size of release must be reported as mass of escaped hydrocarbon, severity of event and hole
size but only the severity is available through the website. The other reported details are
available by downloading the datasets, but some parameters are grouped to anonymise the data
(i.e. hole size, installation age).
Unfortunately, the datasets report hole sizes at or above 100 mm as ‘greater than 100 mm’. This
has made analysis of the data to derive hole size distributions difficult, especially in terms of
identifying events that may be considered as ruptures. Rupture frequencies can be an important
factor in the QRA results and are currently an area of uncertainty when assigning hole size
distributions. These could be identified in many cases since the HCRD contains both the hole
size and flange/pipe/valve sizes. HSE is currently in discussion with the industry to allow the
actual hole size data to be made available, and also to allow access to other text fields within the
database that may be useful in understanding the nature of the releases and their relevance to
QRA.
The greatest uncertainties, in terms of the derived frequencies, are for the largest hole sizes, as
these are the lowest frequency events (i.e. have the least reported incidents) but these also have
the highest consequences.
The proportion of releases which were ignited can be calculated but care should be taken that
non-ignited releases are not discounted because they did not occur concurrently with an ignition
source.
Although the use of mitigation measures (such as shutdown, blowdown, isolation) and detection
methods (such as gas, smoke, heat) are reported there is not enough information in the records
to calculate their success rates or failure on demand frequencies.

5.4

DNV PROCESS EQUIPMENT

The HCRD is used by DNV GL to generate their failure frequencies (1992-2010 data) (DNV,
Failure Frequency Guidance, March 2013). The frequency of hole size “exceedance” is
modelled as a function of the hole size for the different equipment types. Smoothing also
needed to be applied because of the noise in the data (Falck et al, 2009, Hazards XXI). DNV
groups the data where appropriate, fits analytical leak frequency functions and then splits the
data into different leak scenarios (full pressure and zero pressure).

5.5

PIPELINE AND RISER LOSS OF CONTAINMENT (PARLOC)

5.5.1

Background and History

Originally compiled by HSE and the United Kingdom Offshore Operators Association
(UKOOA – now Oil and Gas UK), Pipeline and Riser Loss of Containment (PARLOC) is a
series of reports containing pipeline and riser incident data. It was created to provide
information to offshore dutyholders for trend identification and risk assessment purposes. The
first report was published in 1990 with subsequent reports in 1992, 1994 and 1996. A further
report, published in 2001 (Mott Macdonald Ltd, June 2003), updated and consolidated all the
recorded pipeline releases up to 2000, thereby replacing the previous reports.
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A new report and database has recently been published as PARLOC 2012 (Energy Institute,
January 2015) by DNV GL on behalf of the Energy Institute and Oil and Gas UK. PARLOC
2012 is based on new reported releases from 2001 to 2012 but does not contain historical
releases reported in previous versions as the original data sources are no longer available in a
suitable form and some concerns were identified with the older data and its interpretation.
Regrettably this prevents the original database from being kept up to date but it would be
helpful if the records relevant to the scope of the new PARLOC 2012 could be extracted,
although this would have to take account of the additional geographical area within the UKCS
but outside the North Sea.
5.5.2

Scope

The 2001 PARLOC report was based on data from reported pipeline releases in Danish, Dutch,
Norwegian and UK sectors of the North Sea. It covered all reported and verified pipeline
releases from the beginning of records in 1977 to the end of 2000.
Since original data from the previous versions of the report could not be retrieved, the 2012
report is based on newly compiled records. This covers the period from 2001 to the end of 2012.
It was compiled from an analysis of offshore pipeline releases reported as RIDDOR pipeline
dangerous occurrences or Petroleum Operations Notice No. 1 (PON1) oil discharge reports.
Therefore, although it previously covered multiple sectors of the North Sea, it now includes
only the UK sector of the North Sea along with all other UK waters. PARLOC is the only
pipeline data source specific to the UKCS. The reports of release beyond the first pig trap or
above-water isolation valve were excluded as out of scope. Further information about each
reported release was sought from the operators along with any unreported incidents.
5.5.3

Number of Records

There were 183 identified reported pipeline releases over the period 2001 to 2012. These were
further categorised into phase of operation and type of pipeline. The breakdown of the releases
is shown in Table 6.
Table 6: Number of PARLOC 2012 reported pipeline releases
Phase of operation
Commissioning/Test
Operating
Removal

Steel
2
85
2

Type of pipeline
Flexible
Umbilical
2
5
50
10
7
0

Total
N/A
1
15
4

10
160
13
183

N/A refers to incomplete records

5.5.4

Thoroughness of Records

The number of recorded releases is statistically small at 183 and a significant proportion of each
data field is incomplete (e.g. 20 of the 183 release records do not have a completed pipeline
type). It has been assumed that the missing data are randomly distributed without bias so these
releases have been reassigned to categories on a pro-rata basis.
Therefore the fidelity of the records has been compromised but the relative distributions were
preserved.
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5.5.5

Events Not Reported

The data used to derive the PARLOC 2012 report are limited in scope to meet various
legislative requirements; this means there are likely to be missing events which fall outside the
reporting requirements.
The reporting requirement for RIDDOR pipeline dangerous occurrences is that the release could
have caused injury or fatality; required the shutdown of the pipeline for more than 24 hours; or
required immediate intervention to protect the pipeline from seabed movement. Therefore,
whilst most pipeline releases close to installations and populations will be reported, in more
isolated areas only the larger releases will be within scope.
The PON1 oil and chemical discharge reports are required for legislation to record pollution and
environmental damage. This scope covers oil and liquid chemicals but not gaseous releases.
This lack of need to report gas releases beyond the 500 metre safety zone leaves an obvious gap
in the scope of the reported pipeline releases.
An attempt was made to fill this gap by requesting pipeline operators to provide information on
any known releases that were not identified in the PARLOC 2012 report.
5.5.6

Population Data

The pipeline database was rebuilt for the PARLOC 2012 report. A number of database sources
were considered but found to be incomplete or not suitable. The most complete source was
determined to be a commercial database by Infield Systems Ltd. This was used as a basis and
cross referenced with the DECC and Oil and Gas UK Common Data Access Limited (CDA)
registries for information such as decommissioning dates. The numbers of pipelines identified
are shown in Table 7.
Table 7: Number of PARLOC 2012 reported pipelines/risers/umbilicals
Type of pipeline

Steel Pipeline
Flexible Pipeline
Steel Riser
Flexible Riser
Umbilical

Number of
Pipelines / Risers /
Umbilicals
1,372
1,288
1,130
440
209

Number of
Operating years

Number of
Operating
kilometre - years
219,165
10,133

11,997
3,974
13,781 – 26,830

The lack of complete population data was a problem for the project and a recommendation was
that a more comprehensive data set should be produced to support further PARLOC studies.
5.5.7

Validity of Data Source

The PARLOC 2012 report is the best available data source for pipeline failure rates in UK
waters. It presents both absolute numbers of reported releases and derives failure frequencies for
steel and flexible pipelines and control umbilicals. It does not attempt to cover ignition
probability, release size or mitigation measure failure on demand.
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The failure frequencies are directly applicable to offshore pipeline QRA in UK waters and
should also be highly applicable to offshore pipelines in other geographical regions. The failure
frequencies are derived from reported offshore pipeline releases so the validity to onshore
pipelines or chemical plant is questionable considering the difference in environmental
conditions and traffic/impact.

5.6

SINTEF OFFSHORE BLOWOUT DATABASE

The SINTEF Offshore Blowout Database was released as an internet database in 2009. It
includes well description, present operation, blowout causes and characteristics. The database
also categorises the blowout type and consist of worldwide data dating back to 1955. The
exposure and blowout data are not linked within the database, and therefore frequencies cannot
be established directly (SINTEF website, undated). The database gives worldwide incidents but
exposure is only given for certain locations. It mainly covers UK, Norway and US Gulf of
Mexico (GoM) events.
The database is updated annually and a report published covering all events, for example
SINTEF 2014. A new category of abandoned wells has been introduced into the 2014 report.
The report published by SINTEF gives blowout frequencies.
Scandpower also produces an annual report on UK, Norwegian and US GoM relevant data, for
example Lloyds Scandpower 2014. The Scandpower report enables blowout frequencies to be
obtained for areas where North Sea standards are followed and where the number of blowouts
and exposure is known. Both reports focused on incidents occurring from 1980 to 2012.
One issue is that the database and two annual reports are only available to the project sponsors.
However, the SINTEF data source is quoted in the OGP Risk Assessment Data Directory on
Blowout frequencies (see Section 5.1.2), but this will not include current data. It is unclear to
HSE during its safety case assessment work which dutyholders have access to the current
version of the database.
In its work on this report, HSE researchers tried to obtain copies of the latest SINTEF and
Scandpower reports. SINTEF could not grant us access directly as HSE is not one of the project
participants. Lloyds Registry Consulting reported that the Scandpower report is only available
to SINTEF sponsors. This shows the difficulty in obtaining the latest version of SINTEF unless
the company concerned is a SINTEF sponsor. Offshore safety would benefit if data sources (and
the data they contain) were more widely available, rather than restricted to a particular project’s
sponsors. However, commercial considerations may prevent this.

5.7

OFFSHORE RELIABILITY DATA (OREDA)

OREDA is a source of reliability data rather than failure frequencies, but it is reviewed here
because of its usage in QRAs. Lessons learned from reviewing this data source, for example the
use of the taxonomy, can also be applied to other sources.
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OREDA produces generic data and covers a wide range of geographic areas, installations,
equipment types and operating conditions. It is based on equipment surveys done on a
continuous basis. It uses the approach of having a known (limited) equipment population and
then recording the number of incidents, whereas other sources such as the HCRD record all
incidents from the population and then have to estimate the total population. Both methods
have their flaws and result in uncertainties in the data.
The data are primarily from offshore installations, but also from onshore exploration and
production (E&P) equipment. The 2009 issue re-uses some data from the 2002 issue as later
data collections have focussed on subsea data. A 2015 version of OREDA was published during
this work, but it has not been studied as part of this work.
The failures are related to hardware, and implicitly include human failure. The use of generic
frequency/reliability data assumes that the operations (i.e. installation and its personnel) meet
the average requirements for the location covered by the data.
The effect of preventative maintenance on the frequencies is difficult to measure; it is difficult
to extract the failure rate without preventative maintenance (Sandtorv et al, 1996, Reliability
Engineering and System Safety).
The failure rates are based on the assumption that they are constant and independent of time, i.e.
they are at the bottom of the bathtub curve and represent a minimum failure rate (not verified by
statistical tests). OREDA is one of the few data sources that give confidence intervals for the
failure rates calculated. OREDA also provides useful information on the failure mode
experienced and the level of failure/degradation arising from that failure. This information is
useful in refining reliability and availability data for specific scenarios.
5.7.1

Use of the OREDA Taxonomy

Care needs to be used when deciding how to use the taxonomy within OREDA; this section will
use data on valves as an example to discuss the limitations. The lower and upper limits (of the
90% confidence interval used in the OREDA handbook) of the failure rates need to be
considered in addition to the mean. It should be noted that the lower, mean and upper failure
rates quoted in OREDA are characteristic of the distributions of the equipment studied rather
than of the entire populations of the equipment.
It would not be suitable to use the top level of the taxonomy in the case of valves. Firstly,
engineering judgement suggests that the failure modes and the reliabilities of the different types
of valves are likely to be different. Secondly, the statistical distributions of the data have to be
considered. Three of the 15 different types of valves (non-return, injection master and
Emergency Shut Down (ESD)) for which OREDA has data are reproduced in Table 8. Table 8
uses data from all failures; however for some studies it may be appropriate to use the data for
only certain types of failure. It can be seen that the upper limit for the failure rate for non-return
valves is below the lower limit for the failure rate for ESDs (while using 90% confidence
intervals), so there is a high level of confidence that these belong to separate populations that
have different statistical distributions (and failure rates). This is also supported by engineering
judgment.
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Table 8: Selected data from OREDA 2009
Item

In service
time (106
hours)
22.29
1.85
0.55

Number
of
failures
289
0
5

Failure rate (per 106 hours)
Lower
Mean
Upper

1.30
13.57
Valves*
-3
1 x 10
0.27
Valves – non-return
0.13
15.86
Valves – injection
master
3.71
98
3.82
25.08
Valves – ESD
2.35
61
3.95
26.82
Valves – ESD – Ball
0.24
2
1.46
8.25
Valves – ESD –
Butterfly
1.07
33
3.98
26.40
Valves – ESD – Gate
0.04
2
8.78
49.49
Valves – ESD – Plug
*For clarity not all types of valves within the database are shown

37.01
1.02
53.52
61.92
66.73
25.96
65.31
155.76

To be consistent such that the outputs of QRA can be used for risk ranking of events, valve
types from this level of the taxonomy should be used (even when distributions overlap, for
example in the case of injection master valves) provided that enough operations data are
available to get a confidence range that is not too large.
In the event of a lack of data giving a relatively large confidence interval (judgement would
need to be used in deciding on this), a sensitivity study needs to be performed using the mean
and upper failure rates for that level of the taxonomy and for the level above to see how
sensitive the results are to the choice of failure frequency. The failure frequency that gives the
cautious best estimate should be chosen to be used in the QRA outputs. If the use of the highest
failure rate(s) leads to an intolerable risk, then further investigation will be required into
whether the risk is actually intolerable.
Looking at the lower taxonomy level for ESDs (ESDs were chosen for study because they have
one of the larger operating histories compared to that of other valves), it can be seen that their
distributions overlap with each other. The overall failure rates for ESDs are dominated by ball
types because these make up over half of the known failure and operational histories. It can be
seen that butterfly and plug types have lower and higher mean failure rates respectively. As the
confidence intervals for ball and gate valves overlap those for butterfly and plug ESDs, it cannot
be determined whether the failure rates are significantly different. If there is a true difference
between these values, the limited nature of the data has restricted the ability to demonstrate this.
This work would recommend the use of the higher taxonomy level that gives the failure rate for
all ESDs combined rather than the lower ones for the individual ESD types. If the individual
valve types are used then a sensitivity analysis (see above) is needed to determine the cautious
best estimate. Use of the taxonomy needs to be applied consistently such that failure rates for
specific types of valve, regardless of whether they are above or below the failure rate for the
entire population, are used where appropriate if using the detailed taxonomy.
OREDA also contains failure rate data for ball type ESDs broken down into size ranges.
However, this level of the taxonomy was not considered further in this study because it was
already difficult to distinguish the failure rates of ball type ESDs from the population of ESDs
as a whole.
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In conclusion, engineering judgement should play a part in deciding which values should be
considered separately from the others. Statistics may put some equipment into the same group
based on the data that are available; however an expert in the area may decide that the usage and
function of that equipment mean that they should be considered separately. Consistency is
important in application of the use of the taxonomy so that risks can be ranked reliably.
5.8

WORLDWIDE OFFSHORE ACCIDENT DATABANK (WOAD)

WOAD contains information on over 6700 incidents and technical information on 3700
offshore units. The data source includes chains of events, causes and consequences. It is derived
mainly from public domain sources such as Lloyds Casualty Reports, industry publications,
newspapers and official publications; in this respect, there may be some accidents that are not
recorded in WOAD. The majority of the data are from the North Sea (57%) and US Gulf of
Mexico (26%).
The data source is not suitable for direct use in QRAs, but could be used for hazard
identification studies to answer the question “has this happened before?”. To use this data
source in QRA, an estimate of the population data from which the accident data are derived
would be needed. In this regard, there are plans to add population data to the updated version of
WOAD to allow different accident frequencies to be calculated.
WOAD contains mostly data on larger accidents such as those reported by TV and newspapers;
it does not include “slips, trips and falls” i.e. occupational accidents. Therefore, it is likely that
there is under-reporting of events with minor consequences, such as leaks and near misses.
WOAD contains the rate of accidents by unit type, geography, function and accident type
available (Hickey et al, undated).
The WOAD database is easy to use and can be searched by accident (incident) or unit
(installation). This allows an incident history for a particular installation to be easily identified.
Useful data are provided on the unit (either fixed or mobile) such as oil or gas production,
position, start-up date, number of legs, water depth, drill depth, tonnage. Key fields include the
function of the unit, well data and source data. Sometimes limited information is provided in the
key fields. The incident descriptions vary in length depending on the availability of information.
The key accident fields are the date, unit name, operation mode, geographical area, event chain,
fatalities and damage severity.

5.9

NORWEGIAN SECTOR DATA

Data from the Norwegian sector of the North Sea are highly relevant due to the similar
operating environment to the UKCS. Below are reviews of different data sources produced by
the Norwegian offshore regulator Petroleum Safety Authority (PSA).
5.9.1

Corrosion and Damage Database (CODAM) – Structures, Pipelines and
Risers

This data source lists all incidents since 1974 with brief descriptions. It is qualitative, rather
than quantitative and would be useful for hazard identification studies, rather than QRA, in
order to answer the question “has this happened before?”.
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5.9.2

Personal Injury Statistics on the Norwegian Continental Shelf

This contains data from 2004 to 2013. It gives injury statistics for fixed or mobile installations,
and gives injuries per hour for different activities. This data source is applicable for use on the
UKCS because of the similar operating environments, but UKCS specific data are available
from HSE.
5.9.3

DSYS – Diving

This report is in Norwegian only. It contains some statistics and graphs on activity levels and
injuries, but is not suitable for use in QRA as it contains no frequency data.
5.9.4

RNNP – Trends in Risk levels

These are a series of reports produced annually (available from 2000 to 2013) describing the
risk levels across the offshore oil and gas industry on the Norwegian Continental Shelf. The
data source is mostly qualitative and describes developments in risk levels; while it may not
always be useful for QRA, it may be of use in other safety studies. Data studied in the reports
include:
•

The number of DFUs (Defined Accident and Hazard Conditions, Norwegian equivalent
of RIDDOR Dangerous Occurrences) by type and year;

•

The number of hydrocarbon releases per year; and

•

The percentage of failed tests for safety barriers.

5.10

DUTCH AND BELGIAN GOVERNMENT DATA

These are onshore data sources. They were found by DNV GL to give lower frequencies than
the HCRD. They omit flanges, valves and instruments associated with major equipment items.
They are based on fewer data than the HRCD.
The Purple Book (VROM 2005) covers pressurised tanks/vessels, atmospheric tanks/vessels,
pipes, pumps, heat exchangers, pressure relief devices and ships in establishments (unloading
and loading of tanker ships in harbours for use at chemical plants). Original data sources are
well explained with references given, but sometimes modifications and frequencies are based on
expert judgement, e.g. for pressure relief devices. Pressure vessel failure frequencies are for
vessels that are static, vibration free and operating under no corrosion or thermal cycling
conditions. These assumptions are non-conservative and would seem to be unrealistic for
chemical plants as well as offshore. HSE has already identified issues with the Purple Book for
use in UK COMAH safety reports, mainly around exclusion of causes such as corrosion and
human error (Nussey 2006). The Purple Book deals with pipelines separately with other
transport failure frequencies.
The Flemish Guidance (Flemish Government 2009) covers pressure tanks, atmospheric tanks,
heat exchangers, pumps and compressors, pipe systems, loading and unloading and control
systems (repression systems). Original data sources are well explained. Pressure vessel failure
rates are based on the nuclear industry in the UK and US.
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5.11

HSE FAILURE RATE AND EVENT DATA (FRED)

This document (HSE, 2012) was published by HSE to record failure rates, and is intended for
use with chemical plant Land Use Planning cases. The data source was not originally intended
for use in COMAH Safety Report Assessment work because it may not take account of all
factors that could be relevant or significant at particular installations. However, in the absence
of site specific data, the values provided would be a good starting point for COMAH Safety
Reports. The relevance of the failure rates to the offshore situation needs to be considered
carefully. Original data sources are discussed, but sometimes the original data source is
confidential or internal to HSE. The following types of vessel/tanks are covered: atmospheric
tanks, refrigerated ambient pressure vessels, refrigerated LNG vessels, tanks, pressure vessels,
LPG vessels and spherical pressure vessels. Valves, pumps, hoses and couplings, flanges and
couplings, pipework and pipelines are also dealt with. The relevance of data sources is
discussed, e.g. some pressure vessel, valve and pump failure data are based on chlorine sites.

5.12

LEES’ LOSS PREVENTION IN THE PROCESS INDUSTRIES

This publication reproduces data from numerous sources, many of which are old. The data
sources include the offshore industry, the onshore chemicals industry and the nuclear industry.
The data sources from this publication need to be used with care; it is a potential data source to
be used when nothing more suitable is available.
Discussion with QRA practitioners revealed that there is a lack of data for floating LNG
(FLNG) installations, and currently they extrapolate data from the HCRD for use with the much
larger pipes that are used on FLNG installations. Lees reproduces some LNG data from Welker
and Schorr (1979). Further study of this LNG data source would be required to assess its
suitability for use in QRA and the values compared with those extrapolated from the HCRD by
QRA practitioners, but this is beyond the scope of this work.
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6. SUMMARY
Table 9 summarises the data sources that are recommended from the review in Section 5 and
includes a summary of the comments and recommendations made.
Table 9: A summary of data sources and recommendations for the events of interest
Event of Interest
Hydrocarbon event from
topside (including pipe
work on bridges)

Recommended Data
Sources
HCRD
DNV Process Equipment
OGP Process Release
Frequencies (1992-2010)

Comments/Recommendations
The recording of incidents is
the most complete available
and specifically designed for
QRA.
However, there are issues with
the population count, which
questions the calculated
frequencies and the groupings
used to anonymise data. The
solutions for these are currently
being worked on.
It is recommended that
experienced QRA practitioners
use the HCRD directly.
However, non-specialists
should use frequency data that
has been analysed by specialist
QRA practitioners.
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Event of Interest
Hydrocarbon event from a
well

Recommended Data
Sources
SINTEF Offshore Blowout
Database

Comments/Recommendations
Access to the most recent
version of SINTEF is restricted
to SINTEF database sponsors.
Making this data more widely
available would benefit
offshore safety.
Lloyds Scandpower takes
information from the database
and derives blowout
frequencies which are
appropriate for installations
working at North Sea
standards. However access to
these are also restricted to
SINTEF database sponsors

Hydrocarbon event from a
riser

OGP Blowout Frequencies

The OGP report reproduces the
frequency results from the 2006
version of SINTEF and the
equivalent results for
operations of North Sea
standard derived by
Scandpower, so is not the most
up to date, although it is
publicly available.

HSE Accident Statistics

HSE publish blowout
frequencies, but it contains less
details and breakdown of the
data compared with OGP
blowout data.

PARLOC

There are two versions of
PARLOC which are still
relevant, the most recent (2012)
uses data reported under legal
frameworks from 2001-12 but
only within the UKCS. The
reporting limit for PON1 is also
higher so there may be a bias to
larger releases

OGP Risers and Pipelines

This uses analysis of data from
the 2001 version of PARLOC
The HCRD scope includes
risers within 500 m from the
installation

HCRD
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Event of Interest
Hydrocarbon event from a
subsea pipeline within
500 m of the installation

Non process fires

Severe weather including
storm, wave, snow and
extremes of temperature

Recommended Data
Sources
HCRD

Comments/Recommendations

PARLOC

PARLOC includes pipelines
both within and outside 500 m
of installations. All pipeline
events in the HCRD are within
scope of PARLOC but divided
over the length of the pipeline
where additional PON1
reporting limits are higher and
the environment is different.

OGP Risers and Pipelines
An individual assessment
needs to be made based on
the installation’s equipment,
inventory, etc.
Some events covered by the
HCRD.
HSE Accident Statistics

WOAD

Aircraft impact
Dropped or swinging
load/object

The HCRD scope includes
pipelines within 500 m from
the installation.

This uses data from the 2001
version of PARLOC.

HSE accident statistics are
highly relevant as they are
collected on the UKCS.
WOAD is not quantitative, it is
a useful source of qualitative
information. Population
estimates need to be made to
calculate frequencies. WOAD
only contains information on
large publicly known events.

An individual assessment of
the installation’s strength
may be needed.
HSE Accident Statistics
HSE Accident Statistics

Most up to date and relevant
source.

OGP Mechanical Lifting
Failures

Based on old HSE Accident
data (up to 1998), but contains
an analysis that is unavailable
directly from the HSE data.
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Event of Interest
Ship impact

Recommended Data
Sources
HSE Accident Statistics

Earthquake, subsidence or
seabed scour

A detailed individual
assessment may need to be
made based on the
installation’s location.
Common Data Access
Limited (CDA)

Structural failure
(including loss of stability
for floating vessels)

HSE Report (2003) – “An
appraisal of existing seismic
hazard estimates for the UK
Continental Shelf”
HSE Accident Statistics
OGP Structural Risk

Comments/Recommendations
This is strongly location
specific, so UKCS data should
be used.

A record of UKCS seismic
surveys is held by CDA and
available on a fee for request
basis.

There have been no total loss
events on the UKCS, so
worldwide data or a theoretical
approach is needed to
determine this frequency.
Anchor failure on the UKCS
available from HSE Accident
Statistics.

Occupational safety risks

Transport risks

HSE Injury Statistics
OGP Occupational Risk
OGUK “UK Offshore
Commercial Air Transport
Helicopter Safety Record
(1981 – 2010)”
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More recent FARs (per
100, 000 flying hours)
available from OGUK yearly
Health and Safety Reports,
however these contain less
detail than the 1981-2010
report.

Event of Interest

Recommended Data
Sources

Comments/Recommendations
Discussions
with
QRA
practitioners also revealed that
most data sources for escape,
evacuation and rescue (EER)
are at least 20 years old.

Escape, evacuation and
rescue

This work found that there are
some new studies for Arctic
EER but that there are no new
North Sea data sources.
It is difficult to get data on
EER because these are rare
events, and new studies/work
tend to re-use old data.
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7. RECOMMENDATIONS AND CONCLUSIONS
This review of sources of failure frequencies and offshore QRAs concludes that dutyholders
should use the most up-to-date data sources, and where possible, these should be specific for the
offshore environment on the UKCS. The review of safety cases during this work found that
dutyholders often use older sources of data.
The recommended data sources from this review are:
•

The Hydrocarbon Release Database (HCRD) (or failure frequencies derived from
analysis of this);

•

HSE offshore statistics (accidents and injuries);

•

Pipeline and Riser Loss of Containment (PARLOC);

•

SINTEF (Stiftelsen for industriell og teknisk forskning – Norwegian) Blowout Database
(however, there are problems with access to this data source); and

•

International Association of Oil and Gas Producers – Risk Assessment Data Directory
(OGP Data) (these need to be used with care because the data source is not always the
most up to date or UKCS specific). This largely reproduces data from other sources,
but serves as a starting point or when one of the sources it references is unavailable to
the user.

During this review, HSE researchers made recommendations on the new Report of an Oil or
Gas Incident form (ROGI); these are given in Appendix B to this report (Section 10).
It is recommended that the population in the HCRD be updated to improve the accuracy of the
failure frequencies generated and, where practical, the population update be backdated to the
date when it changed. It would also be of benefit if the population data could be downloaded in
a raw format. This would make the data more transparent and useable. The incident data is
already available to download in a raw data format although it has been anonymised and some
fields are grouped, making it difficult to model releases.
The HCRD records of incidents are thought to be thorough because the record must be
completed within a few weeks of the incident occurring before data can be lost. The database is
continually updated, giving it an advantage over databases which are updated by studies several
years apart and therefore more susceptible to loss of data quantity.
It would also benefit safety in the offshore industry if data sources were more widely available
rather than restricted to a particular project’s sponsors. However, commercial considerations
may influence this.
It would be useful if data sources produced a report setting out the basis of the data and
highlighting any shortcomings in its collection and analysis; this could be updated periodically.
This report could also identify modes of failures, sizes of leaks, significance of the events, etc.
It is recommended that data sources include a contact or means by which users of the data can
provide feedback and suggestions on how to improve the format and granularity of the data.
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This work found that few data sources make the number of failures and underlying populations
used to calculate the failure rate publically available; this would be beneficial as it would allow
confidence ranges of the failure rate to be estimated. These confidence ranges could be used in
sensitivity analyses of calculations where the result is critically important or where the result
depends strongly on the failure frequency. It would also allow dutyholders and QRA
practitioners to more easily identify the most robust data sources that contain the largest
relevant operating histories.
Low frequency events, such as total loss of structures and failures of equipment related to
escape, evacuation and rescue pose a particular challenge because of the low numbers of
incidents. Care should be taken when using data sets with small numbers of incidents, which
have correspondingly wide confidence ranges. Further work may be required in this area to
identify solutions. Further work may also be required for FLNG, where there is an absence of
data.

41

8. BIBLIOGRAPHY
M. Christou and M. Konstantinidou, Safety of Offshore Oil and Gas Operations: Lessons from
Past Accident Analysis, European Commission JRC Scientific and Policy Reports (2012)
A.W. Cox, F.P. Lees and M.L. Lang, “Classification of Hazardous Locations”, IChemE, 1990.
DNV, Failure Frequency Guidance: Process Equipment Leak Frequency Data for Use in QRA,
March 2013.
http://issuu.com/dnv.com/docs/failure_frequency_guidance_process_
Energy Institute, Pipeline and riser loss of containment 2001 – 2012 (PARLOC 2012), 6th
edition of PARLOC report series, January 2015 (in preparation for publication)
A. Falck, B. Bain and L.K. Rødsætre, Leak Frequency Modelling for Offshore QRA based upon
the Hydrocarbon Release Database, Hazards XXI, 638 (2009)
Flemish Government, LNE Department, Environment, Nature and Energy Policy Unit, Safety
Reporting Division, Handbook Failure Frequencies 2009 - for drawing up a Safety Report, May
2009
Flemish Government, LNE Department, Environment, Nature and Energy Policy Unit, Safety
Reporting Division, Background Information Appendix to Handbook Failure Frequencies 2009
- for drawing up a Safety Report, May 2009
C. Hickey, E. Funnemark and M. Thomas, The Worldwide Offshore Accident Databank
(WOAD), DNV GL, undated.
https://www.dnvgl.com/software/campaigns-2015/receipt/phast-woad-whitepaper-receiptnoindex.html
(accessed 26/06/2015)
HSE (2003), An appraisal of existing seismic hazard estimates for the UK Continental Shelf
HSE, Failure Rate and Event Data for use with Risk Assessments, 28/06/2012
HSE, GASCET (Guidance for the topic assessment of the major accident hazard aspects of
safety cases)
http://webcommunities.hse.gov.uk/connect.ti/gascet/view?objectId=62036
(accessed 13/04/2015)
HSE, HID Offshore Inspection Guide, “Inspection of Temporary Refuge Integrity
(TRI)”, http://www.hse.gov.uk/offshore/ed-temporary-refuge-integrity.pdf
(accessed on 24/04/2015).
HSE Injury Statistics http://www.hse.gov.uk/offshore/statistics.htm (accessed 02/07/2015)
International Association of Oil and Gas Producers, “OGP Risk Assessment Data DirectorySummary”, March 2010
http://www.iogp.org/bookstore/product-category/safety/risk-assessment/
(accessed 02/08/2017)

42

Lloyds Scandpower, Summary, Blowout and well release frequencies based on SINTEF
offshore blowout database 2014, 2014
Mott Macdonald Limited, PARLOC 2001 - The Update of Loss of Containment Data for
Offshore Pipelines, 12 June 2003
C. Nussey, Failure frequencies for major failures of high pressure storage vessels at COMAH
sites:
A
comparison
of
data
used
by
HSE
and
the
Netherlands
(2006) www.hse.gov.uk/comah/highpressure.pdf
(accessed 13/04/2015)
Oil and Gas UK, Guidance on Risk Related Decision Making, Issue 2 (July 2014)
Oil and Gas UK, Health and Safety Report 2014,
http://oilandgasuk.co.uk/wp-content/uploads/2015/05/HS087.pdf (accessed 07/12/2015)
Oil and Gas UK – Accident Statistics for Offshore Units on the UKCS, April 2009
http://oilandgasuk.co.uk/wp-content/uploads/woocommerce_uploads/2015/10/HS029-2009CURRENT-Accident-Statistics.pdf (accessed 07/12/2015)
Oil and Gas UK – UK Offshore Commercial Air Transport Helicopter Safety Record (1981 –
2010)
http://oilandgasuk.co.uk/wp-content/uploads/2015/05/HS027.pdf (accessed on 07/12/2015).
PSA - CODAM – Corrosion and damage database
http://www.ptil.no/aging-and-life-extention/damage-and-incidents-involving-load-bearingstructures-and-pipeline-systems-article4306-1032.html
(accessed on 24/04/14).
PSA - DSYS – Diving Database
http://www.ptil.no/news/report-incidents-in-connection-with-diving-article9222-878.html
(accessed on 24/04/14).
PSA - RNNP – Trends in Risk Level
http://www.psa.no/getfile.php/PDF/RNNP_2013/Trends%20summary%202013.pdf
(accessed on 24/04/14).
PSA – Personal Injury Statistics in the Norwegian Continental Shelf
http://www.ptil.no/facts-and-statistics/personal-injuries-on-the-norwegian-continental-shelf2004-2013-article10647-921.html
(accessed on 24/04/14).
T. Rasche, Databases for Application in Quantitative Risk Analysis (QRA), Discussion Paper,
The Univeristy of Queensland (2002)
H.A. Sandtorv, P. Hokstad and D.W. Thompson, Practical Experiences with a Data Collection
Project: The OREDA Project, Reliability Engineering and System Safety 51, 159 (1996)
Spouge J, “A Guide To Quantitative Risk Assessment for Offshore Installations”, CMPT (1999)
SINTEF, Report, Blowout and Well Release Characteristics and Frequencies, 2014

43

SINTEF website, undated
https://www.sintef.no/en/projects/sintef-offshore-blowout-database/
(accessed on 20/10/15)
VROM, Publication Series on Dangerous Substances (PSG3), “Guidelines for quantitative risk
assessment”, December 2005, CPR 18E (Purple Book)
Welker JR and Schorr HP (1979), LNG plant experience database, American Gas Association,
Transmission Conference paper 79 – T-21

44

9. APPENDIX A – OPERATING INSTALLATION QRAS
HSE researchers sampled ten operating installation QRAs from the relevant Safety Cases to see
how failure frequencies fitted into the QRA process and what failure frequency data sources
were used:
9.1

SAFETY CASE 1 - MAY 2008
•

No failure frequency data.

•

Temporary Refuge Impairment Frequency TRIF, Potential Loss of Life PLL, Individual
Risk per Annum IRPA discussed.

9.2

SAFETY CASE 2 - MAY 2009
•

Type: Floating production vessel.

•

Topside process hazards – Frequency models in “ARAMAS” were used and based on
historical data where possible. Primary data source for leaks is the HSE OIR12
database (no date given) which is used in conjunction with a parts count. Cox, Lees and
Ang used for immediate ignition probability because it is more conservative than the
recent (no date given) HSE/Oil and Gas UK work.

•

Risers – PARLOC 2001 for risers and HSE OIR12 data for valves. Release frequency
based on a parts count combined with HSE OIR 12 data (no date given). Ignition
probability from Cox, Lees and Ang.

•

Subsea Process Hazards – Failure through corrosion and erosion from HSE OIR 12 data
(no date given). PARLOC 2001 used for the subsea element of the riser and pipelines.
Release frequency based on a parts count combined with HSE OIR 12 data (no date
given).

•

Ship collision – Data from “Shiproutes” database used.

•

Helicopters – Based on data from the CAA combined with installation specific data.

•

Loss of vessel stability - For loss of vessel stability the following data sources were
used:
o

Accident statistics for Floating Offshore Units on the UK Continental Shelf
1980-2003, HSE RR353, 2005. (Leakage and listing aspects); and

o

A guide to practical human reliability assessment, Barry Kirwan, London:
Taylor & Francis Limited, 1994. (Stability / ballasting error).

•

Dropped objects - HSE OIR 12 data (no date given).

•

Diving - Statistics for the North Sea from HSE were used. No further information on
source.
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9.3

SAFETY CASE 3 - JUNE 2009
•

Topside Process - E+P forum, “Hydrocarbon leak frequency and ignition database”,
1992.

•

Riser and Pipeline Releases – PARLOC 96 – Update of loss of containment data for
offshore pipelines, HSE OTH 551, 1998.

•

Blow Out Frequencies – Scandpower, “Blow Out Frequencies 2000”, BlowFAM
edition 2000.

•

Generic Releases, Seismic, Structural, Ignition and Explosion Probabilities, Escalation
and Non HC – Report for Dutyholder, 1997.

•

Gas Lift Well Completion – Failure analysis for completions, Eclipse, 2001.

•

Ship Collisions – Dovre Safetec, COLLIDE Ship Collision Software.

•

Safety System Reliability - Active Safety System Reliabilities for use in QRA
Modelling, Dutyholder Report 2001.

•

Temporary Refuge Impairment Frequency TRIF, Potential Loss of Life PLL, Individual
Risk per Annum IRPA discussed.

9.4

SAFETY CASE 4 - AUGUST 2009
•

Blow Out Frequencies - Scandpower/ SINTEF “Blowout and Well release Frequencies”
2006.

•

Process Plant and Equipment - HSE OIR 12 database 1999 version, SRD-pressure
vessels, OREDA, US NRC - valves.

•

Ignition Probabilities - UKOOA / EI “Ignition Probability review, model development
and look up correlation”, 2006.

•

Risers and Pipelines - PARLOC, 2001.

•

ESDV and Flanges - HSE OIR 12 database 1999 version.

•

Ship Collisions - NMI collision database, DOE incident stats, HSE ship collision data,
MAIB.

•

Attendant vessel collisions - HSE ship / platform collision incident database 2001
RR053.

•

Passing vessel collisions - COLLIDE, COAST, UKOOA.

•

Helicopters - DNV Helicopter Transport Risk for Dutyholder.

•

Aircraft - Philips / AEA.

•

Dropped Objects - WOAD.

•

Crane Structural Failures - OREDA 1992.
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•
9.5

Temporary Refuge Impairment Frequency (TRIF), Potential Loss of Life (PLL),
Individual Risk per Annum IRPA discussed.
SAFETY CASE 5 - OCTOBER 2009

•

SINTEF - OREDA 2002.

•

PARLOC 2001 – Update of Loss of Containment for Offshore Pipelines, Mott
McDonald Ltd.

•

E+P Forum “Hydrocarbon Leak and Ignition Database”, May 1992.

•

DNV Ship Collision Assessment Code CRASH.

•

E+P Forum “Extreme weather risk data sheet”, May 1997.

•

OGP, Safety Performance of Helicopter Operations in the Oil and Gas Industry, 2003.

•

DOE Development of the Oil and Gas Resources of the UK, “Brown Book”, 1991.

•

HSE Offshore Accident and Incident Statistics.

•

Accident Statistics for fixed offshore units on the UKCS 1980-2001 RR096.

•

Offshore Accident Rates 1996 to 1998, HSE OTO 2000 012.

•

Offshore Injury and Incidents Statistics Reports 2000-2005.

•

Temporary Refuge Impairment Frequency TRIF, Potential Loss of Life PLL, Individual
Risk per Annum IRPA discussed.

9.6

SAFETY CASE 6 - MARCH 2010
•

Type: Jack-up accommodation vessel.

•

The frequency data sources used are not given.

9.7

SAFETY CASE 7 - NOVEMBER 2010
•

Type: Mobile offshore drilling unit.

•

QRA - Statistics for the original QRA taken from the North Sea Database for the 12
years prior to 1993. Updated statistics (to mid 2001) have been used for blowouts,
dropped objects and helicopter risks.

•

Safety case does not provide failure data sources.

9.8

SAFETY CASE 8 - JULY 2012
•

Type: Drilling, production, utilities and accommodation module.

•

Topside process and hydrocarbon hazards – parts count based on P&IDs coupled with
generic leak frequency data from HSE Offshore Hydrocarbon statistics (2001). HSE
OIR12 (2000) data were also used.
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•

Risers and pipelines process hydrocarbon hazards – Generic failure rate data from
PARLOC (1998) and HSE OIR12 (2000). *NOTE THAT SAFETY CASE QUOTES
1998 PARLOC BUT THE RISK ASSESSMENT DOCUMENT STATES 2001*

•

Generic blowout data have been used for producing wells. Source is Hydrocarbon Leak
and Ignition Database, E&P Forum, 1992.

•

Helicopters – Risk assessment based on statistical accident data published by the CAA:
Helicopter Safety Offshore, HSE Offshore Technology Report 2000/089, 2001.

•

Ignition probabilities – Calculated by the ARAMAS model for jet fires and pool fires.
Cox, Lees and Ang used for pool fires from oil systems.

9.9

SAFETY CASE 9 - AUGUST 2012
•

Accommodation Fires - A Guide to Offshore QRA (CMPT), RR095 (Accidents
statistics floating) (1980-2001), RR096 (Accident statistics fixed) (1980-2001).

•

Diesel and Aviation Fires - A Guide to Offshore QRA CMPT, OREDA 5th edition
(2009), OGP Ignition Probabilities.

•

Marine, Collision, Mooring Failure - A Guide to Offshore QRA CMPT, UKOA EHS30
UKCS 1990-2007.

•

Helicopter - OGP Database for helicopter incidents and fatalities for North Sea (19942004), Aviation Transport Accident Statistics 2010.

•

Occupation Data - HSE Injury Data – Update of the UKCS Risk Review OTO 94 458.

•

Fire - OREDA 5th edition (2009), OGP Ignition Probabilities 2010.

•

Rig Structural - WOAD Veritec 1992.

•

Collision Frequency - UKOA EHS30 UKCS 1990-2007.

•

Dropped Object - OREDA.

•

Marine Hazards - UKCS 1980-1998, WOAD 1980-89.

•

Temporary Refuge Impairment Frequency TRIF, Potential Loss of Life PLL, Individual
Risk per Annum IRPA discussed.

9.10

SAFETY CASE 10 - NOVEMBER 2012

•

Type: Production unit plus x3 satellite stations.

•

Leaks – Based on Dutyholder asset specific leak frequency data recorded since July
2006. Riser and pipeline leak frequencies for subsea and above-sea releases based on
PARLOC 2001.

•

Ignition probability – HCRD. For some releases ignition probability is calculated using
a model developed on behalf of UKOOA, HSE and the Energy Institute (Ignition
Probability Review, Model Development and Look-up correlations, IP research report,
Jan 2006).
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•

Blowout - Blowout frequency for drilling predicted from historical blowout data, e.g.
the SINTEF database (not clear if other databases were used).

•

Helicopters - Risks derived from CAA data (1999).
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10. APPENDIX B –COMMENTS ON NEW REPORT OF AN OIL
AND GAS INCIDENT FORM (ROGI)
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Published by the Health & Safety Executive 08/17

Offshore accident and failure frequency data
sources - review and recommendations

Appropriate failure frequencies are a crucial requirement to
perform quantitative risk assessment (QRA) to demonstrate
compliance with established risk criterion and the
associated regulatory compliance. It also enables estimation
of potential loss of life, one of the measures used by HSE to
prioritise offshore inspections. This work critically reviews
failure frequency data sources relevant to the offshore oil
and gas industry to develop a methodology to produce
suitable failure frequencies for use in offshore QRA.
This review of failure frequencies, their sources and their
impact on offshore QRAs concludes that duty holders should
use the most appropriate data sources, and where possible
these should be specific for the offshore environment on the
United Kingdom Continental Shelf.
The recommended data sources from the review are:
•
The Hydrocarbon Release Database (HCRD);
•
HSE offshore statistics (accidents and injuries);
•
Pipeline and Riser Loss of Containment (PARLOC);
•
SINTEF Blowout Database; and
•
International Association of Oil and Gas Producers
– Risk Assessment Data Directory
Other recommendations include potential improvements to
the HCRD and wider availability of data sources. Data
sources should produce a report describing the data
(including the number of failures and the underlying
population) and have a method of receiving feedback from
users.
This report and the work it describes were funded by the
Health and Safety Executive (HSE). Its contents, including
any opinions and/or conclusions expressed, are those of the
authors alone and do not necessarily reflect HSE policy.
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