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Abstract

Understanding the safety level of processes iniadystry or any sector requires a situational asialpf
current and future activities. This analysis in@sddentifying the hazards and sequence of eveatscan
harm and lead to specific losses. Safety and riskel$ are closely related to accident statistics.
Accident/incident statistics and reporting systeamsables enterprises and companies to identify ,risks
implement corrective measures’ and comply withriagonal requirements and standards on healthysaifet
environment.

The study describes how the accident statistichearsed as a basic tool for measuring the saéfgnmance

in oil and gas industry. The state of art in therture in the field will be highlighted and armdg with the
summary of personal injury related statistics imMegian continental shelf is highlighted and anatiiz

1. Introduction Accidents are of different types, they result fram
_ . combination of factors that, in some combination,

Numerous definitions of the termaccident aré 5,56 an accident. These combinations remain

mentioned in the literature. An accident is defiesd  jitficult to detect using traditional safety anatys

an event which results in unintended harm Orlogic [1].

damage. Heinrich _defln(_es it as an unplanne_d andy physical injury is a physical damage to a human

uncon;rolled event in which the action or reacm” body that is subjected to intolerable levels ofrgne

an object, substance, person or radiation, results . o pa g bodily lesion resulting from acute

personal injury or the probability thereof [20]. Yi¢b exposure to energy in amounts that exceed the

Health Organization (WHO) defines an accident asy,asnold of physiological tolerance, or it candse

an event that results or could result in an inl@91. jnairment of function resulting from a lack of one
Accidents may include anything in the daily work o' more vital elements (i.e. air, water, warmthg][2

life or external environment. Accidents resulting in personal injuries include a
An accident is normally perceived as some suddeRiqe variety of events, such as burns, falls, rigll

and unexpected event, leading “down stream” 10, e hoard,” mechanical impacts,  suffocation,
harmful consequences, such as injuries [2],

. [3]'asphyxiation, etc. or in a change of or interfering
Accident can be the result of a contact between alyith a normal body function (asbestosis, cancer

object and a source of energy (kinetic, mechanicaly|injness deaf, repetitive strain injury, etc gsiles
electrical, thermal, chemical, acoustical, radmyio ¢ girect consequences on injured persons, isjurie
etc.) [31] or involve the transfer of energy in BUC ignt have direct effect on the social interaction

ways and amounts, and at such rapid rates, thaf,ing conditions for the whole unit or company.
animated or inanimated sources are damaged [18].
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Some accidents might result in damages to progertiedeveloping safety program. These accidents were
or surrounding environment. reduced from 370 per one thousand, 300-day workers
Accidents appear to be caused by direct exposure tm 1900 to 109 per one thousand in 1911, a decrease
the energy source or by side effects of decision®f over 70 per cent. He went on to state that, the
made by different actors distributed in different reduction in accident frequency is the most
organizations, at a different level of society, andimmediate and striking result of safety work.

during activities at different points in time [30]. The characteristics of accidents vary in different
The regulations in the oil and gas industry make ittypes of industries, installation and companieq.[30
compulsory to report incidents to the national For industrial installations that have a potental
authorities. The companies in this industry ar® als large scale accidents, the acceptable frequency of
required to submit an annual condition reportaccidents will be low [31]. In the last decadesnglo
concerning load bearing structures summarizingwith higher energy consumption there has been a
operational experience and inspection findings.trend of increasing number of severe accidents
Based on these data, several types of statisticaksulting in fatalities and morbidities and gas
analyses are conducted to determine the safety levendustry. According to the previously publishedadat
of specific companies. Trend analysis is one suclon accidents the energy sector has been recognized
analysis triggering an investigation, whether teend as one of the main contributors to man-made
are present in the data. Trends are determineditay d disasters in the field of energy production. It was
showing an increase or decrease over time beyonedstimated that about 25% of the fatalities caused b
random fluctuations [5]. The information from oil severe accidents world-wide in the period
companies are therefore compiled and analyzed witi970-1985 occurred in the energy field [14].

various statistics and trends reported for learningAnd in Norway prior to 2002 the positive results in
purposes, for enforcement of legislation and forHSE performance on the Norwegian continental
triggering preventive actions. shelf has declined. Indicators of this negativexdre
The data from various database assessed withre: incident and accidents occurring in the affsh
analyzing of the trends in the data from Norwegianoil and gas industry in Norway have become more
petroleum safety authority. The results demonstratdrequent and severe, and the operator's ability to
clear decline of injuries and injury rates in the prevent the next accident could be questioned.eSinc
Norwegian continental shelf in the last years. Ehes several of these incidents and accidents have been
indicators and trends declare the usefulness of thesoccurring events [24]. In some areas of the itmgus
accident data collected by various institutionse Th work to improve safety is well advanced. As an
frequency of severe accidents are limited andexample, twelve years ago one of the major oil
incident rate varies by activities and type of thecompanies set what were then challenging targets to
installations, The decline of the injuries and igju reduce the 5-year average Fatal Accident Rate (FAR)
rates in Norwegian continental shelf can be a tesulfor air operations within the company from a lewél

of successful safety management programs in part af5 per million flying hours to less than 5 by theay
companies and high focus on safety culture and2000. Two years ago, the company reviewed its
safety promotion in part of public and authorities. goals and set intermediate targets to reduce the 10
In analyzing data based on severity and type ofyear average FAR from 4.0 per million flying hours
operations. We found variations in the scope baseat the time, down to less than 2.0 by 2008 anéds |

on the main activities and installation type. Inbi®  than 1.0 by 2013 [10].

installations the injury rate is higher in drillirend

well operations than other types of operations; inObjectives:

permanently placed installations the injury rate is

higher in operation and maintenance than otherstype « To highlight the main factors contributed to

of operations and activities. accident occurrence in the last decades,

At the beginning of the past century [9] Blanchard « To analyze the patterns of severe occupational
stated that, in general, there were no statisticthe accidents reported to the petroleum safety
number of industrial accidents throughout the Uhite authority in Norway during 1975 to 2009, and
States except for certain states have gathered such  To study the characteristics of the occupational
valuable data. accidents and provide scientific evidence for
In the same study [9] showed that, a careful reobrd prevention and control strategies.

the disabling injuries occurring in a large stelanp
from 1900 to 1911 shows the positive effect of apmethods:
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A review of relevant literature in the field conded An accident is defined as unexpected, unplanned, or
together with presenting a summary of severalunwanted events that may cause damage, injury or
theoretical models of accident causation andillness to people. An accident may interrupt the
searching websites for existing data and infornmatio production and flow of the work process. Accidents
on accidents in medium and large oil and gascaused by the transfer of an excessive amount of
companies. energy from other objects or substances.
Assessing the type of the data collected in eacheof Occupational accidents are accidents, which have
main databases studied in terms of variations angdonsequences on the working process, work site,
content. And assess if these data provide infoonati defined area of work and may cause injury and
about the future risk? mortality but are often having no potential to @us
The accident data have been collected from variougatalities outside the immediate area of the ingide
sources as WOAD database [1, 2, 15] and incidenAccidents are mutually independent events, two
registration from Norwegian petroleum authorities accidents cannot occur at the same time. Accidents
during the period 1975-2009. The data are analyzedan be classified based on different classification

with descriptive methods using PASW software. systems and definition.
Accident data are collected for personal injuries,
2. Statistical analysis occupational illnesses, fires, explosions, crashes,

i _ groperty damage, and environmental damages.
In this study we used the Correspondence AnalySis\cident statistics are considered to be one of the

as a descriptive/exploratory technique designed 14,5 tools for measuring the safety performance of

analyze simple two-way and multi-way tables comnnany [34]. Although the data are historical data
containing some measure of correspondence betwegfey would usually provide a good picture of whet t
the rows and columns. The method is a V|suaI|zat|orbXpect in the future [5]. The selection and

method for picturing the a:_ssociations between th%mplementation of appropriate safety measures
levels of a two-way contingency table [28]. It \oqire much more detailed information than the
provides insight into the dependence of WO ompijation of statistics. The database should
categorical variables by examining the deviationSy,erefore, contain uncoded information (i.e., \eritt

from the independence model in a way that allowsgee form descriptions of accidents for prevention
detection of patterns in these deviations. _ . purposes) [26]. All accidents occur in oil and gas
These methods were originally developed primarily;nqysiry can be classified as occupational accident

in France the original nameanalyse des 4t ojl and gas companies collect data on accident
corregpon_dances have thelr_root in the work of 5.4 injuries among their employees and others
Benz'ecri and coworkers in (1973). Kenett andworking for them.

Raphaeli[25] describe the method in details, the \edical Reports are vitally important in identifgin
observed association of two traits is summarlzgd bYeauses of injury morbidity (non-fatal injuries) [8]
the cell frequencies, and a typical inferentiale@$fs  personal injury and occupational illness data are
the study of whether certain levels of one cojlected and maintained for all operators in the
characteristic are associated with some levels of\orth Sea (Norway + UK). However, accident data
another. are reported in the organizations internal system t
An implementation of correspondence analysis usinghe related national authorities. This is a requéat
MINITAB is presented in figure 1 and 2. For more containing basic information on the event, the tgpe
details on correspondence analysis see GreenacfRe accident, severity, consequences, type of
(1993) and Fienberg (1987). In our study, thegperations and country of operations.

distance between the row points is a measure Ofood injury surveillance requires a standard system
similarity between the row-frequency profiles - the for classifying injuries, together with a systenr fo
severity degree and the installation type arerfamf  eeping records on individual cases and producing
each other because the_lr profiles are dlfferent.summary statistics [22]. Gordon (1998) emphasizes
Distances between the points representing years akfie jmportance of standardized accident reporting
interpreted in the same way — each year poinfgng analysis of human factors' causation for
represents the profile of that year across theouari  meaningful data analysis, and points out that @maj

severity degree. challenge facing oil companies in analyzing acdiden
. trends to avoid future oil spills is that the ashle
3. Theoretical framework data set of major accidents is very small. Whatever

the level of surveillance and whatever its scope, i
should be borne in mind that, most often, injury
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surveillance is limited to the tip and middle porti
of the morbidity iceberg [27].
Each potential source of data will have its owndfet

being sufficiently adapted to workers’ physical and
mental capacities. The descriptions of exposure
characteristics in injured individuals, and arefuise

advantages and disadvantages [22]. Personal igjuriefor detailed in-depth initial investigations of patial
property damages and production loss accident datéactors in injured subjects [6].

may be used for other purposes as insurance andhe quality and amount of data depend on the
claims. In the last decades different databasesvillingness of individuals to report witnessed
established by major authorities and stakeholders taccidents, which is often a challenge if the witniss
have an overview over the scope and magnitude ofhe same person that committed the offense. The
the incidents and accidents in oil and gas opearatio solution is to create a “reporting culture” where
onshore and offshore. individuals can report without fear of blame. The
reporting system should create an environment where
witnesses are encouraged, not discouraged, totrepor
However, accidents are not always preceded by a

ACC'dent.S leading to injuries an_d' injuries CannOtwake-up call (Turner studied 85 different accidents
occur without the action of specific agents. These

agents are the several forms of injury, varying anoland disasters, noting a common pattern: each had a
. : , N ’ long incubation period in which hazards and warnin
interacting with the characteristics of the host #re g P g

environment [19].. Different typgs of accidents haveﬁ;?sri]r?teprg(r)(;téz.tng f;ggiﬂ;s\,’équnilrtgse r();?ggc‘)argeid or
different mechanisms of causation. [36]

- External source of energy '

- Potential energy
Internal overload
Internal overuse

4. Accident categories

Results:

In the total of 6033 incidents registered items;
accidents accounted for 39.7%, incidents 43.4, near
miss 6% and 10% were insignificant.

The database of the Norwegian Petroleum Safety
stationary object, such as a surface, knife or ~ Authority (PSA) has 1223 cases registered for
vehicle) personal injuries covering the period from 2 Japuar
radiant (e.g. a blinding light or a shock wave 1997 - 29 April 2009. The reporting of incidentglan
from an explosion) accidents increased from 2004, the increase ggrtial

thermal (e.g. air or water that is too hot or too 1S due to including the incidents from onshore
cold) facilities reported to the Norwegian petroleum safe

electrical authority. , o

chemical (e.g. a poison or an intoxicating or The da'ta on the §ever|ty of |nC|dents.ba'sed on j[he

mind-altering substance such as alcohol or a PSA criteria sh_owmg the_ decre{:\se of |nC|dents_\_N|th

drug). at great potential for major accidents or mortaditi
and similar decline is seen in the last years for

In addition to categorizing data and accidents by/ncidents with severe consequences. _
classification (severity), a scaling system most 1 Ne consequences and severity of injuries varied

commonly used for classifying injuries is AIS based on the type of installations; 1.4% accidents
(Abbreviated Injury Scale). Based on the system théVhere incidents with a great potential for major

injuries can be classified as: minor, moderatépasr accidents or resulting in death, 14.6% classified a
(not life threatening), severe klife threatening, S€Vere incidents, 63.9% of the incidents reported a

of the classified group which requires easier fsllo
from management and operators.

The energy causing an injury may[22]:
« mechanical (e.g. an impact with a moving or

survival probable), critical (survival uncertainphda
Maximum injury (Virtually un-survivable) [35].
Accidents are also categorized by operational or
activity categories. These include; installatiopay
operation type and ownership.

Work related accidents in general, and fatal acigle
in particular, can be classified and grouped adngrd
to a variety of causal factors as many of the featu
of working conditions may present hazards by not
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Not registered

1

1

for 33.1% of the database and other 358 cases we

[Sotal

32

782

18

179

17

19%

122

B

registered as other not classified representing729.

There were totally 1223 incidents in the databask a
of total cases registered.

1138 of these classified as personal injuries, 149
cases as severe accidents and 16 of them as having
high potential for major accidents and death.

The data from PSA showing that, the total injutera

in NCS was declining for all activities, and typafs
installations. For mobile and movable installations
the total injury rate declined from 32.8 injuriesill
hours in 1999 to 8.7 injuries/mill hours of work in
2008. And for permanently placed installationg th
total injury rate declined from 26.5 injuries / hil
hours of work in 1999 to 10.7 injuries/mill hours o
work in 2008.

In mobile installations the injury rate is higher i
drilling and well operations than other types of
operations in 2008 the rate was 12.9 injuries/mill
hours worked, at the same time as in permanently

Occupational injury is characterized in this studyPlaced installations the injury rate is higher in

through various indices; It first indicates the operation and maintenance than other types of
category, second indicates the frequencies of th@perations and activities, it was 15.1 injuriesimil

injuries while the third refers to the severitytoe  hours worked.

injury and fourth refers to actual consequencesdas _

on DFU (defined hazard for accidents) Discussion:

classifications. R
Data related to DFUs as actual consequences arg
based on existing databases in the PSA which i
based on data collection carried out in cooperatio
with the operating companies.

Symmetric Plot
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Figure 2.Incidents registered per severity and type
of operations

isk, risk assessment and accident statistics are
osely related. In the last decades, lots of data
Tollected and numerous reports and tables are
rbroduced showing the number of fatalities, injuries
and damages as a result of accidents. These d@ata ar
stored within relational databases, where quaivitat

ta are stored in columns and rows that are easily
queried to quickly and effectively find desired
information [11]. These reports and statistic apedy
covered limited number of accident data assembled

These DFUs has been classified and each type h
been given a recognized number.

Table 1.Incidents registered per severity and DFU
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by different stakeholders and classified by differe the low accident frequencies of high reliability
categories. These accident data classified withirorganizations may lie in the effective barrier syss
different consequence categories (fatalities, peiso implemented and the organization's ability to recov
injuries, material damages, environmental impactsfrom problems once they occur.

etc.), and they could be related to different types The purpose of accident analysis is to look for the
activities such as; lifting, diving, transport, events and conditions that led to the outcome and
processing, accidents, etc. that is to find the set of probable causes [41].
Accident statistics are used by industry, theyseen  Understanding causation helps identify the factors
as an essential tool for management and obtaisurrounding an occurrence, particularly the
regular updates on the number of injuries (suitablyorganizational and human factor elements. In viéw o
defined) per hour of working, or any other relevantthat, the initiating events can be divided intoivas
references, for the total company and divided intocategories as: human or operational errors, teahnic
relevant organizational units [5]. These data arefailures, production disturbances, organizational
historical data and when using these data correctlynstabilities, external events or loads, and latent
for risk analysis, we need to classify personalries  failures from design.

based on occupations and operations as the risk dfazards and their causes. The low rate of actsde
personal accidents depends strongly on theéhowever, makes it difficult to discover repeating
occupations of the workers involved. patterns of these factors [25]. To understanchalé
The classical statistical approaches to deal withfactors, we need to gather the correct and detailed
accident statistics in oil and gas industry aredata on incidents and accidents. This helps us
ineffective for low frequency, high consequencerecognize and understand the main barriers and
events because of their rarity. Gordon (1998)elements that contribute to prevent and/or control
recommends that the oil industry combine accidenthese hazards and undesired situations [23]. As
databases with those of other process industrigs (e Gordon (1998) recommends, it may be possible for
nuclear, chemical) to draw on a broader data setthe oil industry to combine accident databases with
However, this would require standardized accidentthose of other process industries (e.g. nuclear,
reporting across industries. chemical) to draw on a broader data set. This may
Accident statistics are one of the basic tools forinclude the qualitative data, by looking over the
measuring the safety performance of a company [34]textual forms. We can state that, single accident
Although it is impossible in practice to prevenegy  investigations, mainly the major ones as the Three
accident, it is fully possible to prevent many and Mile Island [29], Bhopal [33], Challenger [38] and
perhaps most of them [23]. A successful accidentChernobyl [32] accidents provided a rich informatio
prevention program must accurately determine theand data source for researchers. In industriesrevhe
cause of previous accidents and focus safety effortpotential hazard consequences can be severe,
in the areas where hazard remediation can have theacidents produce the extra amount of data required
greatest effect on the future likelihood of seriousto obtain a clear picture of potential

industrial accidents [40]. The quality of accident data has been questioned in
Oil and gas accident statistics reveal that wotkersseveral studies. The major problem faced by injury
potential for injury or death from occupational studies, which rely on existing data collection
accidents is at least as high as that associatdd wisystems or are by design longitudinal, is the prese
explosions, fires, and other major incidents [4}eT of missing datd6] and continuity of data collection
control over the severe occupational accidents iver a long period in combination with the lack of
urgent. The trend of the characteristics of severematching data on the composition of the workforces,
occupational accidents is centralized in the higk r distinguishing onshore and offshore installationl an
industries, poisons and jobs [30]. The North Sea ca within offshore distinguishing mobile and permanent
be regarded as unfriendly environment for offshoreplaced facilities.

activities and the nature of activities in these The decrease in the severe and fatal accidentirates
circumstances may lead to severe offshore accidentsil and gas industry is mirrored in levels of sgfet
Total damages due to severe accidents in the energyctivity over recent years. There has been a steady
sector are very small in comparison with naturalincrease in the number of inspections carried gut b
catastrophes but also when compared with thelifferent national authorities as; STF, PSA, SRT
impacts of air pollution originating from the engrg inspectors, and an increase of the focus on safety
sector [21]. The accident frequencies in highissues by HSE professionals, safety representatives
reliability organizations are so low. The reasoms f and the public through media.
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5. Conclusion amount of resources for investigation and making
h its f hi d Id correction actions afterwards.

The results from this 'stu.y Wwoulth Serve as arg gssess the most suitable methods of accidemt dat

reference document for incident and accident datg.,jaction and analysis, it is important to ideytihe

classification ~and ~analysis. Accidents  aré mnae of scenario information that is required By a

distinguished from incidents in that accidents I#g0 ;o1 eholders.

personal injury andfor property damages while zg e frequencies are low and datasets are limitted
incidents include both accidents as well as nofig oegible to make a statistical estimate of the
injury/damage events. uncertainties in the resulting risks. These

Accident data should be collected and analyzeqcertainties may result from the choice of the
properly, in compiling statistics of accidents and y,iapases and the question of whether these
injuries, various sources of information should bedatabases are complete and representative.

used in order to provide a full picture as posstfle 14 minimize the uncertainties, data reporting stioul

the situation at a given point in time and to gare o e mphasized on, and data collection should cover
estimate of any under-reporting, which may occur.p | ayailable sources. When data collected from

The data should not be collected if it is not anedy itterent sources it is important to ensure that th

for understanding trends and draw strategies 1Q,ncents, definitions, coverage and classifications
prevent future injuries, illnesses or property dgena |, by the different sources are consistent.

In line with modern theories of accident causation,\ye pelieve our results demonstrate the clear declin
which emphaS|s the importance of factqrs upstreamy injuries and injury rates in the Norwegian
of the accident event, and modern techniques far da ., inental shelf in the last years. These indisato

collection and observation, we recommend more,q trends declare the usefulness of the accideat d
focus on standardization of type of data collected

'collected by various institutions: National

beside encouraging legislator, researchers and HS[iqjations and guidelines encouraged increase of
professions to focus on events and actors at thg,cigent reporting and our results for the accicerd
organization level. . person injury trends showing decline. This decline
In the oil and gas industry, the frequency of SeVer con he 5 result of successful safety management
accidents is limited as it; does not generate Gafit programs in part of companies and high focus on

data for leaming opportunities or sharing of gafery culture and safety promotion in part of bl
knowledge. We need a substantial amount of data Q14 authorities

enable the test to reveal changes in the safedl lev g aring information and experience are in our view

[5]. To increase the amount of data, we may includgegarded as essential in the learning process from

extra data of less severe incidents, near missés amrevious accidents and accidents and we hope this
deviations from established procedures. In the laspaper will contributes to that.

decades, many organizations have set up a system in

which near misses _belng h!ghllghted, reported antRefer ences

analyzed[37]. Such information of near misses and _

undesirable events can give a relatively good pictu [1] Amalberti, R. (2001). The paradoxes of almost
of where accidents might occur, but they do not totally safe transportation systermfety Science
necessarily give a good basis for quantifying risk. 37, 109-126. _ , _

The fact that numerous literature on occupationd?] Andersson, R. (1999)injury Causation, Injury
accidents was based on the concept of the “Accident Prevention and safety promotiom Laflamme,
Pyramid” which based on dependency of several of L., Svanstrom, L. & Schelp, L. Safety Promotion
common serious injuries on a certain number of research. Karolinska Institutet. 1999. Stockholm.
minor-serious injuries and near misses. The top ¢l Andersson, R. & Menckel, E. (1995). On the
the pyramid and iceberg representing a very serious Prevention of accidents and injuries - a
or even fatal accident, and these events on theftop ~ comparative analysis of conceptual frameworks.
the pyramid takes the more attention and resources, Accid Anal Prey27:757-768.

In the industry like oil and gas industry, thel4] Attwood, D., Khan, F., & Veitch, B. (2006).
occurrence of a fatality or serious accidents would ©Occupational accident models—Where have we
affect the safety statistics of the company forytbar been and where are we goingGurnal of Loss

in which it occurred as it would need to be Prevention in the Process Industriétolume 19,
considered in all analyses and formats used (intide  SSue 6, 664-682.

rate, accident frequency, etc.), and it will takeast
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