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The intention has been to present the higtoric risk levels on the Norwegian Continental Shelf during the
previous 10 years, covering fatality risk to personne, risk to the environment, risk to assets, and focused

on the following types of indalations and activities:
C Fixed and floating production ingtalations
Mohbile drilling units, induding trandt movements

Helicopter transport to and between ingtalations

OO OO

Standby, supply vessdls, anchor handling tugs, diving vessdls, pipe laying, crane vessels

Pipdine trangportation of oil and gas, tanker transportation of crude ail.

The basisfor establishing risk levelsfor hitoric periods, isa precise and detailed mapping of dl activities
involved in the offshore operations on the Norwegian Continental Shelf, including fixed and floating
platforms, dl types of vessals and barges, diving, helicopter transport and product transport by tanker

or pipdine,

For personnel the most critical aspects are shown to be mobile ingdlations and vessels, which have
consderably higher risk level sthan thefixed ingdlations. It isdemonstrated that therisk to personndl over

the last ten years on an overdl leve is congant.

Index terms, English: Norsk:
Risk leve Riskoniva
Risk to personnel Personrisko

Risk to environment Miljerisko

Risk to assets Materidl skaderisko
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1 Summary of Approach

1.1 Obj ectives and Scope of Work

The Main project in 1997-98 has determined the historic risk levels-mainly in the past ten years - and the
expected future risk picture on the Norwegian Continental Shelf during the next ten years, covering
fatality risk to personnel, risk to the environment, aswell asrisk to assets. The presentation in this report
is focused on the following types of ingtalations and activities:

Fixed and floating production instalations

Mobile drilling units, including transit movements

Standby, supply vessdls, anchor handling tugs

Diving vessdls

Pipe laying, crane vessels

Helicopter transport to and between installations

Pipeline trangportation of oil and gas, tanker trangportation of crude oil.

OO OO OO

The basis for establishing risk levels for historic and future periods, was a precise and detailed mapping
of dl activities involved in the offshore operations on the Norwegian Continental Shelf, in relation to
operation of the above mentioned installations and activities.

Most of the historical data was used from the ten year period, 1988 - 97. In the present updated report,
the historic risk level s have been extended to include dataa so from 1998, implying that the ten year period
which is consdered is 1989-98.

A complete update of the study, aso including future risk levels, is planned to be done in year 2000.
The approach used is presented in the previous report, Ref. 1. The most important terms and abbrevia-

tions are defined in Annex A.

1.2 Study Method

The study method was based on establishing comprehensive spreadsheets, with key datafor al production
ingdlations individuadly, on the basis of the fild and platform names, with main operationa features on
an annud basis, historically for the period 1988-97, and for the period 1999-2008.

For the other activities (i.e. exploration, pipe-laying, instdlation and decommissioning, use of varioustypes
of vessels), named data has not been established, but the activity levels have been modelled with respect
to volume, both historically and for the future.

The consideration of risk to personnel inthe study islimited to fatdity risk, whereasinjuriesare considered

only in a few cases. When fatality risk is considered, there are mainly two categories, occupational
accidents and magjor accidents, including helicopter accidents.
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1.3 Use of Risk Estimates

The risk estimates which are used in the present study, are considered to be expected vaues, rather than
conservative estimates which often are used in risk analysis. Thisis considered appropriatein light of the
purpose of the estimations, to present aredlistic risk picture.

The present study has used an extensive amount of numbers in order to illustrate offshore safety and
emergency preparedness both in the past and in the future. It isin that context vital to note the following:

C The assessment of historic frequenciesis the only exact quantification of accident frequencies
which ispossible.

C Thisreport presents historic frequenciesfor the Norwegian sector, which can be used to consider
trends and important differences.

C Risk estimates provide the most explicit quantification of the uncertainty about occurrence of
future accidents and related effects. Theimplication of thisview, isthat the entire report is about
guantification of uncertainty. Therefore, no separate quantification of uncertainty is presented.

C The report ismainly focussed on fatality risk, fatalities are [fortunately] quite rare, implying that
the data basis will always be rather limited.

C Quantitative results should aways be considered in relation to quditative eva uations of the same
aspects. An explanation should aways be sought when these two approaches do not match.
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2 Summary of Trends - Risk to Personnel

There has been 79 fatal accidents and 265 fatalities in Norwegian offshore operations since the start of
oil and gas operations in 1966, and until the end of 1998. This excludes fatalities on shuttle tankers, but
includesfatalities on attendant vessel and other specia vessels and barges that are used. Figure 1 shows
a condensed summary of the development since the beginning of the operations in mid 1960-ties.

It should be noted that Figure 1 does

not relate the number of accidents to 20 —
the level of activity. Thisisdone later
in this section. The frequencies are Fatal ace
presented for threeten year intervals, R R [ L
pus the 1997-99 separately, (see & Fataiities
comment below) wherethefollowing g -
is shown for each interval: 210 """"""""""""""""""""""
£
C Average number of fatal 2
accidents per year § e
C Average number of fatalities 1
o il
0 - :

1967-76  1977-86  1987-96  1997-09
Period

The second period is strongly influ-
enced by the capsize of ‘Alexander
L. Kidland' in 1980. The average
number of fatalities per year is19.3if Figurel Overview of fatal accidents and fatalities
this accident isincluded, 6.9 fataities

per year if excluded (see distinction made in the diagram).

The last period shown in only 2.5 years, from 1.1.1997 until 30.6.1999. Three fata accidents have
occurred during this 30 months period, with a tota of 14 fataities, including 12 fatalities from the
helicopter crash into the seain 1997. The average number of fatalities per annum is considered to be so
high, because of the short period considered. The period was extended into 1999 in order to have aslong
aperiod as possible. The ten year period considered is 1.1.1989 until 31.12.1998 in al other contextsin
the report.

2.1 Overview of Accidents to Personnel

The total number of fatal accidents in the period 1989 - 98 is 18 fatal accidents with 33 fatalities. These
fatal accidents on the Norwegian continental shelf have occurred on the following different platform and
vessel types:

C Fixed platforms: 5fatd accidents 6 fatalities
C Mohbile platforms: 5fata accidents 5 fatdities
C Attendant vessals: 5fatal accidents 6 fatdities
C Crane and pipe-laying vessdls: 1 fatal accident 1 fataity

C Diving: no fatal accidents
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C Hdicopter accident (platform maintenance): 1 fatal accident 3fatalities
C Hdlicopter transportation (shuttling to shore): 1 fatal accident 12 fataities

Accidents that have occurred inshore or atshore are excluded from the values considered in the report,
even though in some few cases similar accidents could have occurred at an offshore location.

It should be noted that 2 fatal occupational accidents have occurred during the firgt half of 1999, on
production ingtdlations. These are not considered for the following estimations.

A closelook at the period 1.1.1977 until 30.6.1999 is shown in Figure 2 below, for production installations,
mahbile drilling units and attendant vessels. Thisoverview islimited to occupationd accidents, implying that
the capsize of the *Alexander L. Kidland' flotel in 1980 and helicopter accidents are not shown.

7

[¢)]

Att. vessel

MODU

w

Prod. install

Fatalities per year
N EN
|

S RS SE

1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999
Year

Figure2 Overview of occupational fatalities on the Norwegian shelf, 1977 - 30.6.1999

Consdering the helicopter accidents and the ‘Alexander L. Kidland' accident in addition to those in
Figure 2, it emerges that the following years have been free of fatal accidents after 1980:

C 1986 C 1997
C 1988 C 1998
C 1992

It can be seen that fatalities on production install ations have over the last 15 years occurred roughly every
second year. For mobile units and vessels, the patterns are not similarly regular, for mobile units the
accidents occurred in the period 1981 - 1993. Similarly, the period with fatalities for attendant vesselsis
from 1987 until 1996.
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2.2 Fatal Accident Rates

This section presents historic FAR levels for occupational accidents (except helicopter risk), thus based
on exposure in terms of working hours for al personnel onboard, i.e. 12 hours of exposure per 24 hours
of offshore stay. The following are estimates of FAR levelsin the period 1989-98:

C Production ingtalations 2.7 fatalities per 100 mill.
manhours

C Production ingdlations, including helicopter
accident with three fataities, associated with flare

tip replacement 4.2 fatalities per 100 mill.

manhours

C Mobiledrilling units 10.8 fatdities per 100 mill.
manhours

C Attendant vessels 23.8 fataities per 100 mill.
manhours

C Crane and pipe-laying vessels 16.7 fataities per 200 mill.
manhours

C Diving 0 fatalities per 100 mill.
manhours

C Hdlicopter transport 160 fatalities per 100 mill. person
flight hours

C Totd for dl (including helicopters) 10.1 fatdities per 100 mill.
manhours

C Tota (excluding attendant vessels and helicopters) 3.7 fatdlities per 100 mill.
manhours

No diving accidents have occurred in the period. Diving is therefore not included in any of the values
given above. Except in the case of the helicopter accident in 1997 the values are limited to occupational
accidents, dueto the fact that no major accident with fatalities had occurred. A truerisk picturetherefore
needs to consider additiona waysto estimate risk levels. Thiswas done for the estimation of risk for the
period 1999-2008 in the 1998 version of the report.

It should be noted that there was two fataities on production ingtallations in the first half of 1999. If the

period was taken from 1.7.1989 until 30.6.1999, the average value for production ingtalations would be
2.9 fataities for 100 mill. manhours.

2.3 Trendsin Fatality Rates

Animportant aspect of the study has been to identify possibletrendsin historic fataity risk levels, in order
to identify areas or operations where special efforts may be necessary. Trends are based on activities
which are limited to the activity which takes place on the instalations/'vessels itsalf. Thus fatalities on
Alexander L. Kidlland are excluded. These trends are established separately for production installations,
mobile drilling units and attendant vessals.
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The fatal accidents are few in number. If just annua valueswere anaysed, very considerable variations
would have resulted, probably without the possibility to identify clear trends. The analysis has therefore
been based on rolling ten year averages for the last ten years, (i.e. a 20 year period is considered in
total) where an average FAR value is calculated based on fatalities and estimated exposure manhours
(in the case of production, these values are available from NPD. For the other activities, the values are
mainly derived from activity levels). Thevaluesinclude dl fatalitiesthat have occurred in the period. The
following three diagram show three curves:

C Actual ten year rolling average values calculated for each year in the period,

C Trend curve, based on linear trend analysis.

C Previous trend curve, see comment below

The following diagrams are presented below:

C Figure3 Production ingtalations
C Figure4 Mobile drilling units
C Figure5 Attendant vessels
3.2 . . . . > 20
3 —— All accidense=== Trend line . /’/ / —— All accidentSemm Trend line
[T K\
.éze / JV 816 T~
& L : N
Bas J></‘/ g ST — - >$‘ <
2 // /,\< b \ B %"\;\
, .
1.8 "// 10
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Figure3 Trend in ten year average FAR Figure 4 Trend in ten year average FAR
values for production ingtallations values for mobile drilling units
Thedotted linesin the three diagramsarethe R
trend lines presented for the pervioustenyear —— Al accidentsmmm Trend line
period, 1988-97, in Ref. 1. 2 | ST
gz s
For production ingtdlations, thereisaslowly increa-  §=0 ;?/
sing trend over thelast ten years. If the period is split §15 /
in two five year periods, thereis clear increase until & P ~/
1993, after which the trend is dowly falling. No ?4/
.y . . . . 5
fatalitiesoccurred on production ingtallationsin 1996, 1060 1000 1001 1002 1083 1904 1085 1086 1007 1088
1997 and 1998, but two fatal accidents in the first
half of 1999.

Figure5 Trend in ten year average FAR
values for attendant vessels
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For mobile drilling units, there are considerable variations, but the trend analysis gives a dowly faling
trend over the period.

For attendant vessels, the trend is actually the clearest, in the sense that the annual ten year averages and
the analysed trend line all give an increasing trend.

It could be noted that if the trend analyses are repeated based upon five year rolling averages (as opposed
to ten years which is used in the diagrams above), then the following trends result (not shown in the
diagrams):

C Marginaly increasing for production installations after 1993
C Clearly decreasing for mobile drilling units after 1993
C Strongly increasing for attendant vessels after 1993

What do these trends imply for expected future risk levels? This is uncertain, and will also depend on
actions that are taken by all parties involved. It should be noted that taking the value calculated for the
last year in the period, actually impliestaking an average over thelast ten years, dueto therolling average
caculation. Taking this average may be too optimistic, where there is a clearly increasing trend. Where
the trends are close to constant, this may be more redistic.

24 Risk L evel for Helicopter Transport

The Helicopter Safety Study (by SINTEF, 1990, Ref. 2) estimated a fatal accident level of:
3.8 10° per person flight hours

The present study has divided the accident frequency in separate values for cruising and landing/takeofT,
but a comparable value (for average flight time of 60 minutes per trip) may be given as:

1.61 § 10 per person flight hours (29% from landing/takeoff)

This may seem as a considerable reduction in fatal accident frequency, but there are several factorsthat
need to be given consideration in this context:

C The SINTEF study covered the period 1966-89. It has been documented in the report that the
period 1975-86 was a period with more than 125 fatdities in helicopter accidents in the North
Sea. After 1986 only two fatal accidents with 23 fatalities occurred until the end of 1998.

C Theimpact from the period 1975-86 was considerable in the Helicopter Safety Study, but the
study did not attempt to consider if any trends could beidentified, or whether there was basisfor
making distinctions between Norwegian and UK operations.

C Itisan established fact that improvements were introduced in the helicopter operations in the
1980-ties because of the accidents, reduction in accident frequencies would be expected.

It might be argued that taking aten year period after the period with the high number of fatalities leads
to too optimigtic an estimate. However, it would be impossible to define how much of the earlier period
that would need to be included to avoid the optimism. It is aso noted that one of the most severe
helicopter accidents in the Norwegian sector (in 1997) is included in the period which is considered in
order to establish ahigtoric risk level.
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The SINTEF study isin mid 1999 till being updated, but their statistical predictions are available from a
project memo (Ref. 3). The dtatistical estimates are made for the period 1990-97, the intention being to
address a period after that covered in the first helicopter study (1966-89). Therisk estimated in average
for Norwegian and UK sectorsis 2.1 { 10°° per person flight hours, down from 3.8 § 10° per person flight
hours in the previous study.

The period 1990-97 is quite short in relation to an average return period of about 3 years between fatal

accidents (after 1986). It could be noted that the SINTEF Memo itself refersto an average fatal accident
rate of 1.5 [ 10°® per person flight hours for the period 1988-98.
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3 Evaluations and Conclusions

3.1 Overall Aspects

1998 was a favourable year in the Norwegian offshore operations from a fatality risk point of view. No
fatal accidents occurred. Therewere no accidents on fixed and floating/mobile platformsin 1997 nor 1998
(if we exclude the helicopter accident in 1997). But these occurrences are somewhat random, and we
should not draw too extensive conclusions based on this.

The randomness of these occurrencesiis clearly demonstrated by the fact that two fatal accidents have
occurred on production ingtallations in the first haf of 1999.

3.2 Occupational Accidents

The FAR values presented in Section 2.2 above are somewhat lower for the 1989-98 period, when
compared to the period 1988-97. The changes are small for the production installations, more notable for
the mobile drilling units, vessels and barges. For these activities however, one additiond fatdlity in the
future may influence the estimations quite considerably.

The occupational accidents are so frequent that estimations of FAR levelsfor different installation types
and vessels may be made on the basis of accident statistics. This is usualy performed on the basis of
Norwegian ingtallations aone.

It is noteworthy that after the two fatal accidents on mobile drilling units (MODUSs) in 1993, there have
been no fatal accidents on MODUSs. It should be mentioned however, that there was a serious near-miss
in December, 1998, when a heave compensator failed. Once before, there hasbeen asimilarly long period
without fatalities on mobile drilling units, between 5.11.1983 and 16.5.1989.

The last accident on mobile unitswas on 13.12.1993. Thisimpliesthat the present period (until 30.6.1999)
is the longest after 1980, without fatal accidents on mobile units.

3.3 Helicopter Accidents

The FAR vauefor helicopter trangport isvirtua ly unchanged when comparing the period considered here
(1989-98) to the period previousy considered, 1988-97. During the last ten years, there have been two
fatal accidents during cruising (onein UK, 1992 and one in Norway, 1997), and onefatal accident during
landing/take-off (UK, 1990). The total number of fatalities in these three accidents is 29, survivors are
13.

It isafact (an unwanted one, but nevertheless a redistic one) that helicopter accidents are so frequent
in the UK, Dutch and Norwegian offshore operations that a redigtic estimation of FAR levels may be
made from accidents statigtics. Estimations are usualy made taking the average in UK and Norwegian
operations.
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34 Major Accidentson Installations

Major accidents (in this context excluding helicopter accidents) arefortunately few and seldom occurren-
ces in European offshore operations. 1988 saw two such accidentsin the UK sector (Piper Alpha, Ocean
Odyssey). The only potentially major accident sincethen in the North Sea (including Norwegian Seaand
Atlantic/West of Shetland) is the collison by a passing vessel into a pipeline booster platform (see for
instance Ref. 4) in the German sector in 1995 (even though it could be considered a near-miss, with
virtudly no damage). Shuttle tanker low energy impactsinto FPSOs/FSUs are then disregarded as major
accidents, and also a approximately 15 gas explosions (Ref. 5). Only one of these had an overpressure
exceeding 0.2 bar. All of them caused only minimal damages. The loss of the Seipner GBS structurein
1991 during inshore construction/testing is aso disregarded.

Because the mgjor accidents are so few in number, the only possible approach to estimation of risk levels
isto use the risk assessment approach. This implies that the estimation of the risk level will be based on
estimation of:

Initiating event frequency

Failure probahilities for safety barriers

Probabilities for different escalation scenarios

Failure probabilities for emergency preparedness actions

O O O OO

Probabilities for different extents of consequences

The estimations are usualy based on relatively generic data, possibly combined with some ingtallation
specific data, athough this is much less used than what one would think. Thisimplies that trendsin risk
levels never can be observed.

One way which may be used for visualisation of trends in major hazard risk is to use so-caled ‘risk
indicators or ‘performance indicators . Some companies are using this approach, see for instance a
discussion of this approach in Ref. 6. It is however, not aswidely used as might be expected. There are
two possible approaches to this:

C Individua indicators for each important aspect.
C Overdl indicator(s) in order to reflect the combined effect of severa critical aspects.

Risk indicators are not used by authorities to demonstrate what is the trendsin major hazard risk levels.
This could be one possible way to visualise this aspect of risk.

One of the challenges of operating offshore instdlations over many years, isto be able to maintain ahigh
attention level on major accident prevention, especially if the operation has been free of major accidents
or near-misses for many years. The use of risk indicators within the company is one possible way to
achieve such focus.
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Annex A: Comparison of Current Risk Estimates with the Previous Estimates

The following are estimates of FAR levelsin the period 1989-98 compared to the FAR estimates for the
previous period, 1988-97:

1989-98 1988-97

C Production instdlations 2.7 2.8 fatalities per 100 mill.
manhours

C Production ingdlations, including
helicopter accident with three

fatalities, associated with flare tip 4.2 4.2 fataities per 100 mill.
replacement manhours
C Mobiledrilling units 10.8 12.7 fatalities per 200 mill.
manhours
C Attendant vessels 23.8 26.3 fatalities per 100 mill.
manhours
C Crane and pipe-laying vessels 16.7 20.7 fataities per 100 mill.
manhours
C Diving 0 0 fatalities per 200 mill.
manhours
C Hdlicopter transport 160 160 fatalities per 100 mill. person
flight hours
C Totd for dl (including helicopters) 10.1 10.5 fatdities per 100 mill.
manhours
C Total (excluding attendant vessels 3.7 4.2 fatalities per 100 mill.
and helicopters) manhours
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Annex B: Definitions, Terms and Abbreviations

Term Definition/I nter pretation Comments
AIR Average Individua Risk
Attendant Taken to include standby vessds, supply
vessals vessdls and anchor handling vessels
Environ- Direct or indirect reduction of one or severa
mental resources resulting from an accidenta spill,
damage measured in terms of recovery
FAR Fatal Accident Rate Exposure hours may be based on
Fatalities per 10° exposure hours ‘on-shift’ hours (12 per day) or both
‘on- and ‘off-shift’ hours (24 per
day). The exposure hours may also
rdlate to the entire manning
complement or groups within this
total, such as al personnd in so-
caled ‘hazardous areas’. The basis
for the calculation should be stated
when such values are used.
Floating Includes FPSOs (see below) and other The TLP units are in some respects
production floating production units of semi-submersible consideredas'fixed' ingalations, this
unit type, including TLPs. is noted separately where relevant.
FPSO Floating Production, Storage and Offloading Implies use of amonohull, i.e. tanker
unit shaped vessdl.
Intervention Is taken to imply all activities conducted in
production wells other than wireline and
coiled tubing operations.
MODU Moabile Drilling Unit
NPD Norwegian Petroleum Directorate.
Personnel Risk to employees on offshore installations The study is mainly limited to fatality
risk and vessels involved in offshore operations. risk.
QRA Quantitative Risk Assessment
Recovery Time required before aresource hasrecove- The recovery time for at least one of
(duration) red to the population level or condition prior the affected resources must be at
to the spill, considerations given to natural least 1 month for the effect to be
variations. classified as environmental damage.
Risk Expression of probability for and conse-
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Final report
guence of one or several accidental events.
Risk Analysis which includes a systematic identi-
analysis fication and description of risk to personnd,
environment and assets.
Risk to Risk for damage to structures and/or Limited to effects of accidents, i.e.
assets equipment events which may cause injury to
personnel or environmental damage
Risk to Risk for damage to environmental resources Limited to accidenta spills
Environ-
ment
Special Includes vessdl types such as diving vessals
vessals
TLP Tension Leg Platform
WOAD Worldwide Offshore Accident Databank Annua 1994 report used
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