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Abstract. Process safety and personal safety are often distinguished in literature and practice
despite an acknowledged advantage in their integration. Degree of damage and type of
hazard are advanced as factors that distinguish process and personal accidents. A damage
production model based on a hazard systematically characterised by an energy is
proposed. This distinguishes energies external to the victim and specific to process
operation from energy related to the victim's movements. This development is based on
six accident cases, of which three are consistent with common representations of a
process accident and three of a personal accident. They are identified in the sea fishing
and hospital sectors. This ensures broad coverage of different hazard types and resulting
damage. The proposed model is capable of formalising the coexistence of hazards (i.e.
energies) that are fundamentally different. It highlights different kind of energies to be
controlled by a sociotechnical system. Our model also reveals practical difficulties of
protecting an exposed target in relation to the type of energy causing damage. It is a tool
useful for integrating control of process and personal energies, combining the aims
adopted for managing process and personal safety.

KEYwoORDS: Accidents - Energies — Sociotechnical systems — Models — Safety

1. INTRODUCTION

A distinction between process and personal safety is made in practice and in the literature
(Hopkins, 2009; Grote, 2012) despite the advantage expressed for their integration (Fahlbruch
and Wilpert, 2001; Carayon, Hancock et al., 2015). Type of hazard and resulting damage are
what clearly distinguish process safety from personal safety (Hopkins, 2009). It is our
hypothesis that a model formalizing the difference between process and personal accident, in
term of hazard, could represent an advance towards integrating these process and personal
safety.

Hazard is the element through which a risk is apprehended and its identification is the starting
point of risk management. The hazard is characterised differently if it is a process accident or
a personal accident. For example the bowtie model-based generic representation of an
accident may be used for hazardous substance risk management under the Seveso Il directive
(Bragatto et al., 2015). In this representation, hazard appears as the “hazard top event”, one of
whose modes is “overflow of chromic solutions into containment basin”. In this case, the

hazard top event refers to loss of control of a chemical process. The bowtie model may also
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be used as a tool for comparing occupational accidents based on their seriousness (Bellamy,
2015). In this representation, hazard appears as the “accidental release of the hazard agent”
whose modes mostly refer to how the injury is produced (e.g. contact with electricity, extreme
muscular exertion or contact with machine moving parts) or else to loss of control of the
victim’s movement (e.g. fall on the level). We note a different characterisation of the hazard
when process or occupational accidents are concerned. We also note that in occupational
accidents, hazard categories are neither mutually exclusive nor mutually consistent. Indeed,
some injuries can result from contact with machine moving parts which can itself result from
a fall on the level. In the case of a fall on the level, the injury can be caused by contact with
the floor or an object in the physical environment. Why are we not consistent with other
contact-related hazard categories by considering “contact with the floor” instead of “fall on
the level”?

In short, the polysemic nature of the hazard concept leads to adopt labels of different natures
to express the hazard. These items are neither comparable, nor always mutually consistent.
This paper proposes an harmonized characterisation of hazard for every accident occurring in
a sociotechnical system, whether it is a personal accident or a process accident. We develop a
model of accident damage production - the very final stage of damage genesis that involves
the hazard concept - based on a common energy-based hazard characterisation. This model
focuses on the two types of energy involved in the loss of control with which the
sociotechnical system must cope: energies specific to process operation and energy related to
workers’s movements.

This paper is divided into three sections. The first one examines the current status of the
contents of databases, which capitalise on different accident types in sociotechnical systems.
It allows to highlight the issue related to each kind of safety and the fuzzy perimeter between
process and occupational accidents. It also emphasizes different types of hazard that are
present and managed in these systems, before going on to examine the hazard concept. The
second section of the paper describes development of a damage production model using a set
of 6 accidents embracing the different types of hazard encountered in sociotechnical systems.
In this model, hazard is systematically characterised by an energy. Finally, the third section of
the paper is a discussion on safety management based on the developed model and on the

literature.



2. STATE OF THE ART

2.1. PROCESS ACCIDENTS/PERSONAL ACCIDENTS: ISSUES, PERIMETERS AND HAZARDS

Examining the contents of databases, which capitalise on different accident types in
sociotechnical systems, is a way of assessing the risks present and managed in these systems
and of taking up the challenge represented by their prevention. We note that these accidents
are covered by different surveys based on the targets jeopardised by them (workers, provided
service beneficiaries, environment, installations, etc.) and on the type of declaration required
by the system, (e.g. when work accidents occur).

The ARIA (Analyse Recherche et Information sur les Accidents) database was developed by
BARPI (Bureau d’Analyse des Risques et Pollutions Industriels’) to record process accidents
occurring at "Installations Classées Pour I’Environnement" (ICPE), environmentally classified
facilities in France, and those involving transport of hazardous materials, gas distribution and
domestic usage, mines, quarries and hydraulic structures. These are accidents that have caused
(or could have caused) damage to targets such as company installations, the environment,
surrounding populations and/or company personnel. Such accidents result from loss of control
of hazardous materials or technical equipment, so the term process is here used to characterise
technical equipment and hazardous materials and does not include the associated personnel.
Data on French accidents listed on the ARIA database come from different sources, in
particular, public authorities, the press and sometimes professional bodies. Moreover, a
number of international organisations also provide information on accidents outside France.
Finally, the ultimate aim of creating the ARIA database was to ensure that prevention could
benefit from experience feedback.

With regard to occupational accidents, databases have been drawn up using compulsory
declarations made by companies for each employee injured at work; the ultimate purpose of
these surveys being to ensure redress on the part of the victims.

We note that these surveys are performed neither uniformly nor exhaustively. On the one
hand, there are overlapping areas in their records: for example, an ARIA database accident
causing so-called major damage, which has inflicted bodily injuries on several workers,
appears as many "personal accidents at work" database entries as there are worker victims. On
the other hand, an accident revealing loss of process control, whose resulting damage is

qualified as minor and limited to the company, is not systematically listed on a process

" Industrial hazard and pollution analysis unit at the French Sustainable Development Ministry's General
Directorate for Risk Prevention



accident database. It will appear on the database that lists occupational accidents in the form
of as many events as there are victims among the workers. It should also be stated that the
ARIA database does not only include accidents that have occurred in France and that the
database consolidating occupational accidents at companies belonging to the French general
social security system only covers approximately 75% of French employees. Despite these
limitations, it is still interesting to examine the frequencies of the accidents recorded on these
two databases. Since 1992, the ARIA database has been enriched with a total of 43,976
accidents and incidents. 37,586 of these are in France, of which 26,368 involve classified
facilities. 899 accidents were recorded in 2013; each of these gave rise to an intervention by
public emergency services and a declaration to the French classified facility inspectorate.
These accidents had consequences, in particular environmental in 251 cases and human in 160
cases. There were 7 fatalities, 19 serious injured victims and 158 injured victims. At the same
time, over 600,000 occupational accidents with days lost, over 500 fatal occupational
accidents, over 40,000 occupational accidents leading to permanent disability and over
18,000,000 days lost due to temporary disability are recorded each year for companies
belonging to the French general social security system employing more than 18 million
people nationally (CNAMTS data). Around a quarter of these accidents resulted in injuries
caused by an element, with which any contact or closeness will cause injury (high voltage
source, corrosive chemical, certain moving parts of a machine, etc.). The remaining three-
quarters resulted in injuries prompted by falling more or less from a height, collisions,
jamming, elements that give way when the person exerts actively forces on them or
appearance of pain, especially during handling operations (Leclercq, Cuny-Guerrier et al.
2015). These accidents most frequently reflect the victim's loss of control of his/her
movement without involving systematically hazardous materials or technical equipment in the
production of injury.

The nature of the various risks to be confronted by a sociotechnical system is strongly
dependent of the activities developed by these systems. While the so-called "high risk” only
exists at certain companies, the risk of an accident caused by movement disturbance is
effectively present in all sociotechnical systems and can affect directly both company workers
and provided service beneficiaries. Having said this, every sociotechnical system, whatever it
may be, has to confront accident risks that involve hazards of different types affecting
different targets. These different hazards are distinguished and sometimes qualified as process

hazard or personal hazard, the latter causing most injuries and fatalities (Hopkins, 2009).



2.2. HAZARD CONCEPT

The October 2005 glossary of technological risks defines a hazard as “an intrinsic property of
a substance (butane, chlorine, etc.), a technical system (pressurizing gas, etc.), a provision
(elevation of a load), a body (microbes), etc., likely to cause damage to a "vulnerable
target"”. The International Risk Governance Council (IRGC, 2005) stated that “Hazards
describe the potential for harm or other consequences of interest. They characterize the
inherent properties of the risk agent and related processes”. Kjellen (2000) adopts the
following definition of hazard: “a source of possible injury to personnel or damage to the
environment or material assets”.

Hazard is therefore frequently characterised by an intrinsic property of an element/agent
likely to cause damage to an exposed target, which can be a human being and/or the
environment. In most cases, these definitions refer, explicitly” or not, to an element that is
external to the target and recognizable as harmful when assessing a priori the risk. For
example, when mapping hazards, Koehler and Volkens (2011) project the intensity or
concentration of a chemical agent onto a two-dimensional floor plan or workplace layout. In
this case, the hazard is a chemical agent (a chemical energy carrier), which is external to the
target and identified a priori as a clear possible cause of damage, if exposure occurs.

On the other hand, Rasmussen and Svedung (2000) consider hazard sources as “physical
phenomena that may lead to damage, if not adequately controlled”.

Other definitions of hazard are also adopted in the context of occupational accidents, in which
the target and the negative outcome are a human being and an injury respectively. Unlike the
previous definitions, these refer to the fact that hazards can originate from humans or objects,
both energy carriers (kinetic, potential, thermal, chemical or radiant) that can be harmful to
humans (Hoyos, 1980). The expression “physical ergonomic hazard” is also used to qualify
work activities and/or workplace conditions that create biomechanical stress for the workers
(Tak and Calvert, 2011).

Z In the International Classification of External Causes of Injury (ICECI, 2004) for example



3. DEVELOPMENT OF A DAMAGE PRODUCTION MODEL USING SAME ENERGY -
BASED HAZARD CHARACTERISATION

3.1. METHOD

3.1.1. A SET OF 6 CASES OF ACCIDENTS IN 2 DIFFERENT SOCIOTECHNICAL SYSTEMS: SEA
FISHING AND HOSPITAL CARE

The developed damage production model is intended to be generic and not specific to one
given activity sector. The set of 6 accidents was composed from the literature and from
databases. The underlying aim was to best cover the possible types of hazard and the resulting
degrees of damage. Two very different activity sectors were considered for this purpose.
Three of the six accidents occurred in the sea fishing sector and three others in the hospital
care sector. These accidents were either caused by losing control of a process, leading to
major damage® or damage limited to the organisation, or could be characterised as personal
and be caused by the victim losing control of his/her movement. Personal accidents affect
company workers or beneficiaries of a provided service.

The developed model represents the damage production, i.e. the very final stage of damage
genesis that involves the hazard concept. Only this final stage is represented without
considering factors leading to the loss of control.

3.1.2 ENERGY-BASED HAZARD CHARACTERISATION FOR EACH ACCIDENT CASE

As early as 1961, Gibson represented production of a bodily injury as energy (electrical,
chemical, mechanical, etc.) absorption by a part of the body (Gibson 1961). In the generic
accident models, we often note this notion of energy release to initiate damage production
(e.g. Kjellen, 2000; Bellamy et al., 2013). We therefore systematically characterise the hazard
by its damage causing energy in our proposed model. However, this characterisation creates a
difficulty in formalising the type of energy in some accident cases. In the process accident
quoted by Hopkins* (2009), it is loss of control of chemical energy (toxic substances) that

causes the human, physical and/or environmental damage. In a road accident, loss of vehicle

* These accidents are associated with so-called high risk processes (more in terms of seriousness than frequency
—cf. Section 2.1), when they are likely to cause release of a considerable amount of energy. This produces
damage affecting not only the organisation and its employees, but also the external environment and/or
surrounding populations.

* Typical process safety incidents include escape of toxic substances and release of flammable material which
may or may not result in fire or explosions.



control releases kinetic energy, which increases as the vehicle speed increases and this release
causes damage that is also human, physical and/or environmental. Kjellén (2009) cites other
accidents, such as falls and "caught in or between machinery", as involving specific energy
types, although he does not detail these. Faced with the question “In what energy class
belongs cutting oneself in the hand?”, Rasmussen and Svedung (2000) discard hazard
taxonomy based on exclusive classification of energy forms that could harm people. They
indeed adopt a more pragmatic classification of hazard sources based on a number of well
defined, bounded sources and a further category entitled “others, mixed”. To characterise
systematically the hazard based on energy, we referred to the accident model with movement
disturbance developed by Leclercq, Monteau et al. (2010) (illustrated in Figure 1). This model
IS not generic. It only represents certain personal accidents: those in which the victim loses
control of his/her movement. This model indicates that, in the above case of a person
sustaining a cut on the hand when manipulating a cutting implement, injury is directly caused
by the person's movement energy combined with the cutting implement characteristics (shape,
deformability). The hazard would therefore be composite and the energy that proves harmful
in cases of movement disturbances when working (collision, trip, slip, twist, etc.) is the

energy of worker movements (Leclercq 2016).

LOSS OF CONTROL PHASE MECHANISM OF INJURY
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Figure 1. Model of damage producing mechanism for an accident with movement disturbance

according to Leclercq (2016)



We therefore characterise the hazard for each accident by the energy, whose control has been
lost. We distinguish the energies external to human (process energy) from human's movement
energies (personal energy).

3.1.3 REPRESENTING DAMAGE PRODUCTION FOR EACH ACCIDENT CASE

We represent damage production by instantiating it for each of the 6 accident cases using the
generic accident model developed by Kjellén (2000) (illustrated in Figure 2). In this model,
the damage is represented as the result of a loss of control, which causes energy to be
absorbed by an exposed target. In Figure 2, the length of the arrow conveying this energy
represents the damage production time. Damage ceases to be produced when the energy
absorption stops. For each accident, we identify a posteriori the targets that were exposed at
the moment control was lost and the relevant type of damage producing energy. We then
represent damage production by an arrow conveying the energy; the beginning and end of this
arrow being associated with the exposed targets and the end of damage production

(formalised by the damage itself) respectively.

root Contribu
causest—y ting Deviations ) | Incidents Energy Loss
(general factors T | | *People

and (department - T T T = * Environment

SHE 41 and work Lack of Loss of Target Energy *Property
ﬁfﬁe [ system) control control exposed to absorption *reputation

energy ceases
INPUT PROCESS OUTPUT

Figure 2. Generic accident model (Kjellen, 2000)

3.2. RESULTS

Table 1 includes six accidents, which occurred in the sea fishing and hospital care sectors. For
each accident, we detailed: 1. An extract of the accident account describing damage
production; 2. The damage targets; 3. The energy producing the damage. Accidents 1, 2 and 4
are consistent with common representations of a process accident. The damage affected the
boat, the boat and its skipper and the patients treated respectively. In each case, the energy
producing the damage was specific to the process (boat movement energy, energy subsequent
to an explosion on board the boat and radioactive energy used to treat the patients). Accidents



3, 5 and 6 are consistent with common representations of a personal accident. The damage
affected a seaman, a nurse and a patient respectively. The energy producing this damage was
either process-specific (boat movement energy) or victim movement energy (arm movement

energy, movement energy when falling).
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Accident  Activity Extract of accident account describing Damage targets Energy producing Reference
number  sector damage production damage
Trawler ran onto rocks near port entrance Trawler Trawler ~ movement Bureau d’enquétes sur
1 causing its extensive major damage. energy les é;/énements de mer
2016
Trawler skipper burnt on face and hands. Trawler skipper and Explosion thermal Bureau d’enquétes sur
Sea Trawler equipment, structure, partitions and trawler energy les événements de mer
2 fishing electrical systems damaged by on-board 2014°
explosion.
When boat moved, seaman's fingers Seaman Boat movement Le Bouar and Chauvin
3 crushed between bow and quay. energy (2006)
23 patients over-irradiated during X-ray Patients Radioactive energy IGAS 2007’
4 treatment between May 2004 and August
2005.
The nurse injured her elbow on the corner Nurse Movement energy of Leclercq, Saurel et al.
5 Hospital ~ of the cupboard, when installing the patient nurse's arm (2014)
sector on the chair with a colleague.
Patient twisted right ankle when falling Patient Patient's  movement National Patient Safety
6 after getting up from chair near bed. energy during fall Agency 2007°

Table 1.Extracts of the accident accounts describing damage production, identification of damage target and energy producing damage for each
of the 6 referenced accidents, which occurred in the sea fishing and hospital care sectors.

> http://www.bea-mer.developpement-durable.gouv.fr/IMG/pdf/BEAMER-FR_CINTHARTH_2015.pdf
® http://www.bea-mer.developpement-durable.gouv.fr/IMG/pdf/BEAMER-FR_CINTHARTH_2015.pdf

"http://www.ladocumentationfrancaise. fr/var/storage/rapports-publics/074000198.pdf

® http://www.nrls.npsa.nhs.uk/EasySiteWeb/getresource.axd?Assetl D=61390&
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Table 2 includes the damage production representations for each of the 6 accidents using the
elements identified in Table 1. Process specific energies are represented by * The energy
of the human is represented by % The different targets exposed to hazard are represented
as foIIows:ﬁfor the workers, 7,1 for the surrounding populations and the beneficiaries of the

provided service, Q’: equipment and company facilities and T the environment.
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Activity  Accident  poecentation of damage production

sector number
Absorption of trawler movement energy:
(3 ) at points of impact on rocks
' !
Trawler impact on rocks Extensive damage to trawler (¢%)
Absorption by skipper and trawler of
Sea thermal energy ( 3#) released at time of
.. explosion
fishing 2
Explosion on trawler, on  Burns to face and hands of skipper (ﬁ)
which skipper was present Damage to trawler (¢%)
Absorption of boat movement energy (3%)
3 by seaman’s fingers during crushing T
Start of crushing of seaman’s fingers Fingers injuries ﬁf\h

Absorption of radioactive energy (3)
4 by patient [

!

Irradiation of patient’s

Over-irradiation of patient (/,)
treatment area

Hospital Absorption of employee’s arm movement
sector energy (%) at elbow ]

!

Employee’s elbow collides with

Elbow injur
cupboard corner Jury Q:D

Absorption of patient’s movement
6 energy (%.) at ankle T

!

Foot twisted when falling Ankle sprained (],))

Table 2. Representation of damage production for each of the 6 accidents

Figure 3 gives a model of damage production from the loss of control of energy characterising
the hazard for any accident occurring in socio-technical systems. It distinguishes cases based
on type and quantity of energy producing the relevant damage (energy external to a human
and energy conveyed by a human). It should be recalled that we are not highlighting, in this
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model, the differences in the causes upstream in the damage genesis according to the type of
damage producing energy. In personal and process accidents, these causes are referred to in

the discussion on the proposed model and the literature.

Loss of control of an Damage Targets possibly affected by
energy when targets production damage cor-15|der|ng one
are exposed to it accident
A great quantity of process BT
energy (eitherinstantly or ﬁﬁﬁ
overalongterm) [ | gmendt A
R o
L S B
Absorption of the dl e d
A small quantity of process | energy by targets
energy <
Personal energy (the energy
of human movements) m
%

Figure 3. Model of damage production from loss of control of energy characterising the
hazard in any accident occurring in socio-technical systems. Process specific energy is
represented by*. Human energy is represented by%. The different hazard-exposed
for workers,

targets are represented as follows: for surrounding populations and

beneficiaries of a provided serviced=g for equipment and company facilities and “f’ or

the environment.

4. DISCUSSION

4.1. PROCESS AND PERSONAL ACCIDENTS : A QUESTION OF QUANTITY BUT, ABOVE ALL OF
ENERGY TYPE

The proposed model formalises the coexistence of hazards/energies of fundamentally
different nature. Accidents with a victim (e.g. cases 3, 5 and 6 above) may involve energy
external to man but it is more often human movement energy that produces the damage (cf.
Section 2.2.). Accident 4, featuring radioactive energy, involved several patients. An accident

featuring radioactive energy and causing one victim patient is also possible. However, would
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this accident be considered a personal accident in the same way as accident 6 with a victim
patient? It appears likely that qualification of an accident as process or personal is determined
not only by the quantity of energy that produced the damage and thus by the amount of
damage, but also by a risk (suggested by the energy type involved) greater than that which
manifested itself through the accident concerned. Such a risk always involves process energy.
The accidents included on the ARIA database (cf. Section 2.1.) are effectively those that
caused (or could have caused) damage affecting multiple targets.

Unlike accidents causing major damage, loss of a person's movement control usually only
threatens that person himself or herself, even though that person may lose his or her life. Such
accidents are therefore undeniably personal accidents due to the type of energy producing the
damage and due to the damage itself. Falls, collisions and other accidents caused by
movement disturbance are moreover the examples most frequently quoted to illustrate
personal accidents. Persons at work or outside work are very often in movement and this
creates a more or less high risk of movement disturbance depending on the conditions
governing movement execution. This almost permanent exposure may explain the high
frequency of accidents triggered by movement disturbance. These accidents can exhibit all
degrees of seriousness depending on the conditions governing movement execution and the
potential consequences of movement disturbance (working at height or sharp edges with
which there is accidental contact). Considering the lethality nature of hazards as well as
exposure leads us to note that it is not the most lethal hazards which cause the most deaths
(Bellamy, 2015).

4.2. HAZARDS CHARACTERISED BY ENERGY REVEAL OCCUPATIONAL ACCIDENTS OFTEN
OVERLOOKED BY RISK ASSESSMENT

Figure 1 illustrates that, in accidents triggered by movement disturbance, the hazard is
composite in the sense that two elements contribute directly to the injury production. These
are worker movement energy and an element in the physical environment with which there is
contact following movement disturbance. It seems that in such accidents, the hazard is usually
identified as the major direct cause of injury, obscuring the second cause with a more minor
role in injury occurrence. “Fall from height” or “fall on the level” suggests a hazard as being
the kinetic energy and the element on which the victim falls is therefore neglected. “Contact
with moving parts of machine” or “contact with sharp edges” suggests a hazard associated
with elements in the physical environment, the energy of the victim’s movement being

neglected. In connection with other injuries sustained by children falling in playgrounds,
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Runyan (2003) identified explicitly playground equipment and devices (not the kinetic energy
accumulated during the fall) as the accident-causing “agent/vehicle” (i.e. hazard). Systematic
characterisation of hazard as an energy can therefore help us to highlight the very many
occupational accidents that are usually not revealed in risk assessment. These involve injuries
caused by movement disturbance when working (e.g. collision/jamming/twisting) that are not
impacts against an element identified as "hazardous/harmful™ and do not result from a loss of
balance, when moving, or when working at height. Yet, these accidents are very frequent and
are often serious. Indeed, they represented more than 20% of occupational accidents in
Quebec, Canada from 2005 to 2007, resulting in 51 days lost on average (Gauvin, Lan et al.
2015).

4.3. PRACTICAL DIFFICULTIES IN PROTECTING THE TARGET

Using Gibson’s energy model (Gibson, 1961), Haddon derived 10 prevention/protection
strategies involving the energy source (modification, quantity limitation, etc.) by placing
barriers between it and the victim. He also developed strategies involving the victim himself
or herself (increasing his/her resistance, etc.) (Haddon 1973). Insertion of different types of
barrier also represents a method of preventing process accidents (Hollnagel 2004; Hollnagel
2008).

If we examine Haddon's strategies (cf. Figure 4), we see that they are appropriate when bodily
injury is caused by energy external to man and which proves to be harmful when close or in
contact (high voltage, corrosive chemical, certain moving parts of a machine, etc.). In the
event of collision with a machine frame, it is the victim's movement energy at the moment of
impact and the characteristics of the machine frame (deformability, shape) that will cause
injury. Under these circumstances, most of Haddon's strategies cannot be implemented for
two reasons. First, the energy causing the injury is not external to the victim but conveyed by
him or her. Hence, the strategy that involves "separating in time and space the energy source
from the vulnerable target” cannot be applied. Second, interactions with the machine cannot
be eliminated because they are inherent to the work itself. While dedicated to personal
accidents, Haddon's strategies are usually unsuited to risks arising from movements at work,
while the latter represent the majority of the accident risks to which persons at work are
exposed (Leclercq, Cuny-Guerrier et al. 2015). These strategies do nevertheless determine the
common representations of occupational accidents as involving energy external to man.
Indeed, according to Hovden, Albrechtsen et al. (2010), “there seems to be little need for new
models and approaches for the sake of understanding the direct causes of occupational
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accidents in daily work at the sharp end. For this purpose, Gibson'’s basic energy-barrier

model and Haddon’s 10 strategies for loss prevention will never be outdated".

V4 m— A

Hazard . Victim
(Energy source) Barriers (Vulnerable target)

Strategies related to the | Strategiesrelated to Strategies related to the

energy source: barriers: vulnerable target:

1. Prevent buildup of 6. Separate, intime or 8. Make the vulnerable
energy space, the energy target more

2. Modify the qualities source and the resistant to damage
of the energy vulnerable target from the energy

3. Limitthe amountof | 7. Separate energy flow
energy source and the 9. Limitthe

4. Prevent vulnerable target by development of loss
uncontrolled release physical barriers (injury or damage)
of energy 10. Stabilise, repair and

5. Modify rate and rehabilitate the
distribution of the object of the
released energy damage

Figure 4. Haddon’s 10 accident prevention strategies.
Source. Kjellen (2000), adapted from (Haddon 1980)

Haddon’s strategies are not the only barriers that prevent damage. Hollnagel (2004; 2008)
describes precisely this broad concept of barrier. It can be as much a safety cover or guard-rail
as any mean or rule intervening at any stage in the genesis of the damage to stop it. Barriers
can be physical, functional or symbolic. The efficiency of physical and functional barriers like
Haddon’s strategies which intervene at a level close to the damage in its genesis is the
highest. However they are difficult, if impossible, to implement when injury is produced by

the victim’s movement energy.

4.4. LINK BETWEEN PERSONAL ACCIDENT AND PROCESS

Hopkins (2009) observed that personal safety hazards may have little to do with the
processing activity of the plant. If we limit accident consideration to the content of Figure 3,
the relationship between the energy/hazard and the technological process only appears
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explicitly when the injury causing energy is specific to process operation. The link between
personal accidents and process is therefore not that simple, as Kjellén (2009) suggests. It is
even more unclear when in-depth analysis of personal movement disturbances during work
reveals contributing factors that involve the overall production process, e.g. safety
management (Bentley and Haslam 2001), equipment usage (Kines 2003), work organisation
(Leclercq and Thouy 2004) or work system design (Derosier, Leclercq et al. 2008).
Contributing factors of the same type would therefore explain both personal and process
accidents. However, in keeping with Hale (2002), we can assume that singular factors
(although of the same nature) and their accident causing combinations differ depending on the
type of energy affected by the loss of control.

If a personal accident damages neither the company installations nor the external
environment, we cannot ignore its indirect consequences on company operation: the need to
replace the victim, the added workload temporarily allocated to his/her colleagues, possible
production stoppage and disorganisation, additional workload (care, declaration, management,
analysis, etc.), and other negative effects. These consequences contribute to creating a fertile

breeding ground for any type of process or personal accident to occur at the company.

4.5. COMPROMISES AND REGULATIONS TO COPE WITH PRODUCTION AND SAFETIES.

Bellamy (2015) notes that “failure to control body balance” is the prime safety barrier failure
on the basis of 963 scaffold occupational accidents. This means that the worker could not
perform the job while controlling his movement. The author also notes that safety barrier
failures result from a lack of motivation/awareness in relation to workplace safety and from
the fact that the main goal would seem to be getting the job done (conflict resolution failure).
Regulations are implemented at every level of the sociotechnical system (as far as service
beneficiaries, if applicable) for managing production and the different risks. This is reflected
by the 2005 BP Texas City Plant explosion analysis, which revealed a high level of
occupational safety but less attention to process-related signals. At the sharp end (work
situations), we also observe that the worker invariably makes compromises between
production/production safety and his/her personal safety — controlling his/her movement in
this case (Leclercq, Thouy et al. 2007).

Regulations and compromises embody the need to integrate process and personal energy
control. Integration implies integration of goals adopted for managing process and personal

safety. In the former, management is intended to prevent potential damage due to losing
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process control; this damage can affect or not affect those involved in process operation. In
the latter, management is intended to preserve operators contributing directly or indirectly to
process operation from bodily damage. The proposed model is useful for this purpose and so
for further field studies and methodological developments focusing on the control of both

process and personal energies.

5. CONCLUSION

This paper presents a proposed damage production model in the event of an accident
occurring in a sociotechnical system, whether this is a personal or process accident. The
suggested model distinguishes damage production energies that are external to man and
specific to process operation from energies that are conveyed by man, i.e. energy from human
movements when working. It is the energy external to man that produces the damage in
process accidents. On the other hand, it is the energy of the victim's movements that produces
the damage in most personal accidents; energy that most often threatens only the victim
himself or herself, if control is lost.

This damage production model highlights many occupational accidents, in which the type of
hazard/energy heavily curtails the potential for installing the most efficient preventive
barriers. The model formalising the coexistence of hazards/energies of fundamentally
different types could be a useful tool to progress in integrating control of process and personal
energies. This integration appears indeed necessary in view of the regulations and
compromises encountered between production, process safety and personal safety.

Accidents are not limited to damage production, which also emphasises the need to pursue

model development further upstream in the damage genesis.
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