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ABSTRACT: The oceans will become the major contributor to the needed increase in global food production
towards 2050. The fish farming industry is characterised by operations that are susceptible to changing weath-
er, wind and currents, and face challenges when it comes to safety for fish and personnel. Previous research
and accident analyses reveal a lack of understanding of risk factors during aquaculture operations. The objec-
tive of the paper is primarily to describe the status for risk assessments practices in the Norwegian fish farm-
ing industry according to the regulatory requirements. To improve the safety level at workplaces, the operators
need to be aware of the safety challenges in their working environment. A practical approach to risk assess-
ments based on preliminary hazard analysis is presented in this paper. This approach has been developed in
cooperation with the aquaculture industry and has been evaluated in a series of workshops involving several

operators with good results.

1 INTRODUCTION

Due to a growing population on our planet, the
world's food demand is estimated to increase by 69%
towards 2050. The oceans will become the major
contributor to the increase in global food production
(World Resources Institute 2013). Furthermore, ma-
rine oils are already in short supply, since both the
health food industry and the producers of fish food
have an increasing demand for this essential ingredi-
ent. Thus, a higher volume of marine oils also has to
be produced and harvested from the oceans (Carvajal
et al. 2015). Because of the growing market for sea-
food and biomarine ingredients, the Norwegian fish
farming industry is expected to grow fivefold within
year 2050 (Olafsen et al. 2012). Locations for the in-
creasing biomass production in Norway are sought
in more remote and exposed waters (Bjelland et al.
2015). This implies a need for the development of
new technology, concepts and management strate-
gies that meet the requirements for production in
harsher environments. An important task in the con-
cept engineering process is to evaluate how risks re-
lated to health, safety, and the environment (HSE) in
aquaculture can be reduced by implementing new
strategies for fish farm operations, including auton-
omous systems and integrated operations (Utne et al.
2015).

Today's fish farms already face challenges when it
comes to safety for fish and personnel. Operators in
the Norwegian aquaculture industry have the second

most dangerous profession in terms of occupational
accident rate (Aasjord & Holmen 2009, Holen et al.
2016a). Since 2005, eight fatal accidents in Norwe-
gian aquaculture have occurred (SINTEF Ocean
2017). Operations involving cranes or winches are
the major contributors to these accidents (Holen et
al. 2016b), of which many are performed as part of
work-demanding delousing procedures. Lice are par-
asites that pose a hazard to the fish welfare, as well
as the delousing process to remove them. The com-
panies will be fined if violations against the Fish
Welfare Act is revealed (Food Safety Authority
Norway 2017a), and strict regimes to monitor fish
welfare and conduct delousing are decreed (The
Norwegian Ministry of Trade, Industry and Fisheries
2012, Food Safety Authority Norway 2017b).

Present delousing techniques implies an increased
risk for occupational injuries and for escape of fish.
Actions were taken during the beginning of this mil-
lennium to mitigate the increasing numbers of es-
caped fish due to structural breakdowns or techno-
logical failures (Jensen et al. 2010). Operational
errors and structural deficiencies due to insufficient
or missing safety barriers are now the prevailing
causes for fish escape (Directorate of Fisheries
2016).

Research is ongoing to develop fish farm con-
cepts that will reduce infestation by sea lice and thus
prevent the risks associated with delousing opera-
tions. However, chemical and mechanical methods
are still dominating (Stien et al. 2016). Both the wel-



fare of the fish and the industry's reputation are
threatened by escapes, and the operators admit that
personal safety may be compromised to prevent an
accident (Stagrkersen 2012). Thus, the "human fac-
tor" can be pointed to as a safety factor in fish farm-
ing (Thorvaldsen et al. 2015). Knowledge about this
is important to understand the elements of the risk
picture in the aquaculture industry. A preliminary
study by Holmen & Thorvaldsen (2015) showed that
the aquaculture industry is behind comparable indus-
tries with respect to implementing systematic risk
management.

Risk management is the continuous process of
identifying, analysing, planning, tracking and con-
trolling risks (1ISO 2009, Rausand 2011). Risk as-
sessment is an essential part of risk management be-
cause it supports decisions by analysing and
evaluating risk, and prioritisation of risk reducing
measures for design and operation. The goal of risk
management is to implement measures to prevent
identified hazards or reduce the consequence of un-
desirable events (Aven and Vinnem 2007). This
concerns the health and safety of workers or people
in general, as well as the environment, property and
other assets.

Previous research and accident analyses reveal a
lack of understanding of risk factors during marine
operations in aquaculture (Jensen et al. 2010, Holen
et al. 2014, Thorvaldsen et al. 2015, Holen et al.
2016a, Holen et al. 2016b, Holmen et al. 2017a,
Holmen et al. 2017b). Two investigation reports on
fatal marine accidents (AIBN 2014, AIBN 2015),
both point to the fact that inadequate competence
(training) and risk management were major contribu-
tors to the accidents. The fish farming industry is
characterised by operations that are susceptible to
changing weather, wind and currents, which affect
the availability of the fish farms. Fish welfare is de-
pendent on regular feeding and prevention of diseas-
es and parasites. In this context, the experience and
skills of the fish farmers are important organisational
safety barriers. Inadequate training thus seems to be
a risk factor in itself.

The fish farming industry is thus likely to benefit
from improved risk management. A starting point
could be to implement improved strategies for thor-
ough assessments of operational risks as a basis for
developing effective preventive measures. Operating
personnel need to be involved in the risk assess-
ments to increase the individual awareness of risks
inherent in daily work. This is also a regulatory re-
quirement (Norwegian Ministry of Labour and So-
cial Affairs 1996). The aim is to ensure that relevant
workplace hazards are identified and understood by
those actually performing the work, and to facilitate
development of adequate preventive measures.

The objective of the paper is to describe the status
for risk assessment requirements and practices in the
Norwegian fish farming industry. Additionally, the

paper suggests an improved practice for the risk as-
sessments, compared to how many aquaculture com-
panies perform them today.

2 METHOD
2.1 Risk assessment

Some sectors in Norway have their own regulations
on how to perform risk assessments, or it is required
that they follow a certain international or national
standard. The aquaculture sector does not have an
industry standard for risk management. The Norwe-
gian standard NS5814 (Standard Norway 2008) de-
scribes requirements to risk assessments and for in-
dustries in general. Some regulations in the
aquaculture sector refer to this particular standard;
otherwise, it is voluntary to implement it. There are
examples of individual companies that have internal
requirements linked to NS5814. It is mandatory to
perform and document risk assessments for all aqua-
culture operations, as well as the activities related to
breeding and farming fish and keeping them healthy.
The risk assessment process used in this paper is
based on the approach in NS5814:
I. Planning
a. Initiate process, define problem and scope
b. Organise the work, establish work group
c. Choose method and data sources
d. Establish description of system and object to
be analysed, document conditions and as-
sumptions
Il. Risk analysis
a. ldentify hazards and undesired events
b. Analyse causes and probabilities
C. Analyse consequences
d. Describe risk as a correlation between conse-
quence and probability
Il. Risk evaluation
a. Evaluate risks against risk acceptance criteria
b. ldentify mitigating measures, compare alterna-
tives and their risk-reducing effect
c. Document in writing and conclude

2.2 Data collection

The methodological approach in this paper includes
data collection from several information sources.
Relevant standards, laws and regulations have been
searched for relevant regulatory requirements on risk
assessments. The requirements are summarised in
the next section. Interviews and observations have
been conducted during service operations at fish
farms. During the visits, samples of the documenta-
tion in the safety management systems were
checked. The information gathered through the in-
terviews and observations gave an overview of cur-
rent practices, deficiencies and needs for improved
risk assessment in aquaculture. Based on this
knowledge, an alternative approach to conduct risk



assessment tailor-made for aquaculture was devel-
oped and tested during four workshops.

The information from participants in interviews
and workshops have been treated anonymously and
has been handled according to the principles of the
Norwegian Data Protection Official for Research.

2.2.1 Interviews and observations

Interviews were conducted with managers, HSEQ
(health, safety, environment and quality) personnel
and operators in six Norwegian aquaculture compa-
nies regarding practices for risk assessments. In-
formants from both fish farming companies, in-
house service vessels and subcontracting service
providers were included. Nine individual interviews
were carried out at the workplace of the operators.
Eight interviews were conducted with HSEQ repre-
sentatives in the companies. Furthermore, meetings
were arranged with two management groups and
questions regarding HSE policies were asked. The
interviews were semi-structured (Bernard 2006) and
performed either in person or by phone.

In addition, observations were conducted on
board four service vessels performing maintenance
operations on fish farm structures and moorings.
One of the service vessels were hired, the other three
were owned and operated by one of the fish farming
companies. The crew of the service vessels were two
or three operators, depending on the range of use for
the particular vessel. The operators on board the ves-
sels were asked to demonstrate and explain work
practices and risk treatment in daily operations.

The purpose of the interviews and fieldwork was
to audit the risk assessment practices, and how these
were used in the daily work on board. The questions
asked were adapted according to the responsibility
associated with the informant's formal position in the
company. The HSEQ personnel were primarily
asked questions on the system level, procedures for
risk management and documentation of the practical
applications.

2.2.2 Workshops

Four workshops were arranged in December 2015,
March and April 2016, with managers, fish farmers
and service vessel operators. Some of the interview
objects were also participants in one or two of the
workshops. Providers of aquaculture technology
were invited to the latter two, to explore the potential
for integrating risk-reducing measures, or safety bar-
riers, in the design of technology concepts. Risk as-
sessments for several service vessel operations were
performed. The operations were identified to be of
high risk based on current analyses of causalities in
occupational accidents and fish escapes, in addition
to the participants’ own experiences. Table 1 pre-
sents the work operations that were risk assessed,
and the number of participants and their expertise.

The general process in NS5814 were followed.
The planning of the risk assessments was carried out
by the organising team beforehand, except that the
work operations were described by the participants.
For the first two workshops, the organising team
consisted of two researchers and one HSEQ coordi-
nator from one of the fish farming companies. Three
more researchers and a representative from the in-
dustry participated in the preparations for the next
two workshops.

Table 1. Description of workshops. Work opera-
tions for risk assessments, number and category of
participants are shown.

Workshop no. 1 2 3 4
Participants* MFS MFS MFST MEFST
No. of participants 20 17 12 13
|Operations

Cleaning of float- X
ers

Tightening of X X
moorings

Set and fasten an- X X
chors in seabed

Swim fish between X
net cages

Mount nets in cag- X
es

Lift coupling X X
plates

Preparations for X
fish transfer

Maintenance oper- X
ations

Lifting sinker tube X

Removal of old X
moorings

*Participant categories: Managers (M), fish farmers (F), service
vessel crew (S), technology providers (T).

3 RISK ASSESSMENTS IN NORWEGIAN
AQUACULTURE

3.1 Regulatory requirements

The fish farming industry in Norway has to report to
five different regulatory authorities regarding safety
management. These are the Directorate of Fisheries,
Food Safety Authority, Norwegian Maritime Author-
ity, Norwegian Labour and Inspection Agency and
the County Administration. These bodies have the
supervision for fish welfare, food safety, fish farm
technical standard, vessel design and equipment,
HSE. The safety management requirements are de-
scribed in more detail by Holmen et al. (2017a). This
Section summarises the legal framework for risk as-
sessments in the different regulations.



3.1.1 Fish welfare and food safety

The aquaculture legislation and regulations place le-
gal responsibilities on the companies and the opera-
tors regarding risk management and control. The
purpose of the Aquaculture Act (Norwegian Ministry
of Trade and Fisheries 2005) is to facilitate the aqua-
culture industry's profitability and competitive abil-
ity within the frames of sustainability. The Regula-
tion on internal control to comply with aquaculture
legislation, IK Aqua (Norwegian Ministry of Trade
and Fisheries 2004) states that the companies have to
document systematic measures to show compliance
with the aquaculture legislation: Assessments of
risks, mitigating measure, plans and actions to re-
duce risk. The Directorate of Fisheries and The Food
Safety Authority are both regulatory authorities for
the IK Aqua, but within separate areas. This is ex-
plained further in the next paragraphs.

The Regulation on the operation of aquaculture
production sites (Norwegian Ministry of Trade and
Fisheries 2008) is statutory in the Aquaculture Act
and aims to support technical, biological and envi-
ronmentally sound production. Risk assessments
must be conducted to minimise the risk of fish es-
capes and implement systematic preventive
measures. The regulatory authority for this part is the
Directorate of Fisheries. The same regulation also
contains clauses concerning fish health and welfare,
controlled by the Food Safety Authority. These re-
quirements are linked to the Food Act and the Ani-
mal Welfare Act. Risk assessments shall be per-
formed for health control parameters and water
quality. The follow-up of these requirements should
be included in the internal control system of the
company.

3.1.2 Technical regulations for aquaculture struc-
tures and vessels

The Fisheries Directorate is the controlling authority
for the technical requirements of the components of
a fish farm. The technical state of fish farms shall
comply with the requirements in the Norwegian
standard NS9415: Marine fish farms - Requirements
for site survey, risk analyses, design, dimensioning,
production, installation and operation (Standard
Norway, 2009). This standard refers to NS5814
(Standard Norway 2008) for risk assessments.

The "Regulation on technical requirements to
floating aquaculture installations” (Norwegian Min-
istry of Trade and Fisheries, 2011) was introduced to
ensure compliance with NS9415. A site survey and
assessments of component and mooring design and
dimensions, are to be performed and approved prior
to the establishment of the fish farm.

A regulation for cargo vessels of 8-24 meters
length was enforced by the Norwegian Maritime Au-
thority in 2015 (Norwegian Ministry of Trade, In-
dustry and Fisheries 2014). This regulation intro-
duced new technical requirements for the

aquaculture fleet below 24 meters. The Maritime
Authority thus became the regulatory authority for
the service vessels. One of the requirements is to
have the vessel stability tested, so that the safe load
margins are known to the crew. Several accidents
have happened due to errors in lofting or loading op-
erations compromising the stability of the vessel.
The service vessels are an important tool in several
fish farm operations and shall thus be included in the
risk assessments of such operations.

The working environment for the crews are, how-
ever, still under the supervision of the Norwegian
Labour and Inspection Agency (NLIA).

3.1.3 Health, safety and environment (HSE)

All workers are entitled to have a safe and sound
working environment and this right is sanctioned by
the Working Environment Act (Norwegian Ministry
of Labour and Social Affairs 2005). Several regula-
tions detailing requirements to, e.g., workplace safe-
ty, machines and tools, organisation and involve-
ment and internal control are linked to the Working
Environment Act.

Initiate

Follow-up process

Plan and
prioritise
MBasures

Mapping
and risk
assessments

Figure 1. The steps of the Internal Control mandatory for the
Norwegian aquaculture industry (adapted from NLIA 2017b).

The internal control regulations on health, safety and
environment (HSE) (Norwegian Ministry of Labour
and Social Affairs 1996) decrees the enterprises to
document compliance with the working environment
laws and regulations. One of the mandatory tasks is
to conduct and document risk assessments and plans
for implementing risk-reducing actions. This shall be
carried out for all physical, chemical and biological,
organisational, psychosocial and ergonomic ele-
ments of the working environment. This includes a
range of fish farm and service operations, work pro-
cedures, as well as tools and equipment used. Fur-
thermore, it is stated that employees shall be trained
to be active contributors in this work. The Norwe-
gian Labour and Inspection Agency (NLIA) checks
the documentation of this work during audits (NLIA
2017a). Figure 1 shows the steps of the Internal Con-
trol loop (NLIA 2017b).

The environmental part of the Working Environ-
ment Act, i.e., risk assessments of the sustainability



of the aquaculture location and emissions to the sur-
rounding environment, is controlled by the County
Administration.

3.2 Practices for risk assessments in Norwegian
aquaculture

The aquaculture companies aim to comply with the
legal framework presented in the previous Section.
The present regime of complying with requirements
audited by five authorities is time-consuming and re-
source demanding. The priorities of the companies
involved in the interviews and workshops were
found to be affected by possible harms for the profit
or the reputation of the industry. A recent study con-
cludes that media's negative publicity of the fish
farming industry influences not only the public, but
also constricts the regulatory focus on sustainability
to environmental risks (Olsen & Osmundsen 2017).
Furthermore, a general industry standard for a holis-
tic risk management across the regulatory disciplines
is lacking, and safety requirements concerning simi-
lar objectives are found in separate regulations. This
results in a fragmented approach to risk manage-
ment, and most work are put into the documentation
of actions to mitigate environmental hazards, i.e.,
fish escapes.

The interviews and observations show that the
quality and implementation level of risk manage-
ment vary considerably, between both companies
and different geographical locations within the same
company. Some companies have written procedures
on how to do risk assessments, specifying the range
of areas to be included, and have online systems for
documenting internal control activities. Other com-
panies struggle to find time to do risk assessments,
as required. Several of the informants had not been
personally involved in the process, and work was
still going on to complete the risk assessments for
some of the vessels. The service providers experi-
ence an increasing demand from the fish farming
companies to document work operations and com-
pliance with safety requirements.

Fish farmers and service vessel crews assess
weather conditions and other factors influencing safe
operations during work, however, these are not doc-
umented. The crews are given the authority by their
managers to delay or abort operations, because the
situation may change rapidly. It requires a certain
degree of competence to execute this authority and
to make the right decisions. There are no formal stop
criteria, thus solely dependent on the expertise of the
operational manager.

The requirements for risk analyses in NS5814 do
not specify whether they shall be quantitative or
qualitative. Qualitative risk analyses using risk ma-
trixes prevail, in fact no quantitative risk analyses
have been presented to the researchers. It is usual to
describe risk as the product of consequence and

probability. The result is evaluated against risk ac-
ceptance criteria expressed by the colours green (low
risk - no further action needed), yellow (medium risk
— consider additional safety measures) or red (high
risk — risk-reducing measures to be implemented
immediately). The risk acceptance criteria is decid-
ed by the management, based on a suggestion made
by HSEQ personnel. One of the companies in this
study conducts risk assessments along seven dimen-
sions: Fish escape, health and safety for humans, sur-
rounding environment, fish welfare, fish health, food
safety, food threats. A 5x5 risk matrix is often used
to illustrate the total risk picture.

The fish farming companies should perform risk
assessments in several areas. It can be resource de-
manding to keep track of the hazards recorded for
each area. The follow-up and risk treatment activi-
ties is a considerable job and raise the need for a
computerised systems to keep track of the follow up
actions. It is common to use spreadsheets in MS Ex-
cel to record and process inputs to the risk assess-
ments. This program is well known and has the flex-
ibility to insert extra columns and rows when
needed. There are also several commercial comput-
er-based risk assessment systems available, and
some of the companies have — or are about to - im-
plement such tools.

Several challenges were identified regarding risk
assessment performance: first, the companies may
have difficulties in finding time to gather all relevant
personnel who should participate in the analyses. At
some fish farms, risk assessments are performed at
manager level only. Secondly, some of the partici-
pants are not motivated for the task as they see it as
an unavoidable "exercise” to satisfy the demands
from the authorities or their own management.
Third, those requiring the risk documentation are
more concerned about text and numbers in all col-
umns of the risk assessment form than to check
whether the safety level is acceptable. Fourth, the
scope of the risk assessments is too broad, and it
may take several days to perform risk assessments of
all relevant parts of the fish farming. Some opera-
tions could then be omitted due to limited time.
Fifth, when the risk assessments are finalised, the
follow-up work with detailing of action plans and
improvements of procedures are not prioritised. This
may give the wrong signal back into the organisation
that the only use of the risk assessments is to satisfy
the documentation requirements in the regulations.

3.2.1 "A cup of coffee chat"

In the ideal world, the identified risks would be the
input to safe job analyses (SJA) prior to complex
operations. SJA is unfortunately not yet a standard
procedure at all locations, however, the aquaculture
industry is advancing and some of the companies in
this study are about to implement SJA for certain
safety challenging operations. Some operation man-



agers have their own version of SJA, which we have
named "a cup of coffee talk". All personnel involved
in, e.g., a delousing operation, which involves 3-4
service vessels and sometimes a well boat, are invit-
ed for a cup of coffee on the feeding barge before the
work starts. During the coffee chat the known haz-
ards and safe work procedures are discussed, experi-
ences are shared, and agreements are made on re-
sponsibilities and communication lines during the
operation. Some jobs may last for several days, and
new crews can be updated in the same kind of in-
formal meetings. All companies are encouraged to
do SJA and to document it with a few text lines in
the log book. The log can be digital or a physical
book. Notes in a book can be transferred to a com-
puter assisted management tool by taking a picture
with a smart phone and storing it together with other
required documentation about the operation.

3.3 Animproved approach to risk assessments

An improved approach to the current practice for
risk analyses in the aquaculture industry was evalu-
ated during four workshops. The approach is based
on the preliminary hazard analysis (Rausand & Utne
2009). Operators, operational and shift managers,
safety representatives and managers participated.
Technology manufacturers were in addition invited
to workshop 3 and 4.

Overall, the risk assessment steps in NS5814 were
followed (Section 2.1). The following changes in the
work process were made compared to today's prac-
tice in the Norwegian aquaculture industry: First,
stakeholders were involved in the planning process.
The workshop participants selected the operations
for risk assessment based on their own experience
and perception of hazards. The work operations were
then described in detail by the participants, and a
thorough description of the work tasks and involved
objects/tools was established. The operators were
fully involved throughout the process of developing
risk-reducing measures associated with the identified
hazards. The evaluation against risk acceptance cri-
teria were not a central task during the process, but
left to the HSEQ personnel (risk experts) to finish.

In the next paragraphs, the organisation of the
workshops is explained in detail.

The room was organised with three or four large
tables with markers and flip-over sheets. The partic-
ipants were divided into groups, mixing professions
and locations/vessels when applicable. The number
of groups was adjusted according to the number of
workshop participants, limited to five persons per
group. Each group got markers of one specific col-
our: green, red, blue and black, respectively.

First, it was decided which operations to include
in the workshop. Three or four operations of antici-
pated high risk were selected, equal to the number of
groups. Each group was assigned with the task to de-
scribe one of the operations in detail, including use

of gear and equipment. After a while, the groups ro-
tated to the next table to fill in what they considered
missing or erroneous in the description made by the
previous group, bringing their markers. This contin-
ued until all groups had discussed all operations.
This initiated a fruitful discussion on differences in
work practices and exchange of practical experienc-
es. Figure 2 illustrates the workflow of the groups.

The next task was to identify the hazards and pos-
sible incidents associated with the operations, also
this time circulating the groups. This resulted in
more comprehensive recordings of hazards than any
groups produced on their own. Existing safety barri-
ers were also identified, and causes and consequenc-
es were discussed. The groups worked until they felt
that they had no more relevant input.

The risks were described and evaluated against
risk acceptance criteria set up by the organisers be-
forehand, if it was within the timeframe of the work-
shop. The participants were instructed not to spend
too much time on disagreements in assessing the se-
verity of consequences or probabilities. They were
encouraged to rather identify additional risk-
reducing measures and discuss their potential effects.

The organising team documented the process con-
tinuously during the workshop and prepared the next
sessions during breaks and other activities. The risk
assessments were typed out and summarised in a
worksheet table afterwards for all participants to
share the results. The workshop should ideally last
from lunch to lunch to allow time for discussions
and reflections, and to include the risk evaluation
step (Section 2.1).

{
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Figure 2. Groups and work flow in the risk assessment work-
shops (illustration by SINTEF Ocean).
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The workshops resulted in detailed descriptions
and risk assessments of work operations and equip-
ment, as well as a list of preventive and risk—
reducing measures. These can be integrated in the
risk assessments of the participating companies. A
common platform of understanding the work envi-
ronments and operations were established between
the operators and managers. Furthermore, the partic-
ipants appreciated the possibility to exchange expe-
riences across regions and companies.



4 DISCUSSION

The interviews in this study show that the motivation
for performing risk assessments is relatively low in
parts of the aquaculture industry, and that risk as-
sessments often are performed with the primary ob-
jective to comply with regulatory requirements, ra-
ther than to improve safety levels. It is, nevertheless,
evident that this situation seems to be improving
(Holen et al. 2016). One explanation is that the au-
thorities now have a stronger focus due to a high ac-
cident rate compared to land-based industries. An-
other is that the industry, which is rapidly growing,
need to improve its reputation to recruit qualified
workers.

Compared to, e.g., the oil and gas industry, the re-
quirements and practices for safety work is at a con-
siderably lower level (Holmen & Thorvaldsen 2015).
The majority of the employees avoid "paper work".
Hence, a more practical approach for improving risk
management and risk assessments is needed for the
fish farming industry.

The risk assessments are successful if the partici-
pants — the operators and their managers — gain a
greater understanding of the risk picture in their
working environment. The operators possess the
practical experience and they daily face the dangers
and make decisions to prevent accidents to evolve.
The work should start by mapping the stages in the
operations, which they know well, and identify the
associated hazards. Causes and consequences should
also be discussed in groups of operators, managers
and HSEQ staff. Furthermore, if the managers fol-
low up by documenting the process and establishing
a shared action plan for risk-reducing measures, a
major part of the regulatory internal control is im-
plemented (Figure 1). Hence, it is a potential for
merging requirements in different regulations into
one management system.

The process of describing risks, and evaluate
against acceptance criteria, can be finalised by the
management supported by HSEQ personnel if they
have participated in the earlier steps of the risk as-
sessments. Decisions on which preventive measures
to prioritise is closely connected to budget discus-
sions at the management level, and the suggested
approach will ensure that the management are famil-
iar with the risk levels at the workplaces. In audits or
accidents investigations, the risk assessments are
used by the authorities as a quality indicator of the
risk management. They will also record which risk-
reducing measures the company has identified and
possibly implemented. Thus, it is essential that the
companies can document that they have performed
thorough risk assessments as the basis for mitigating
risks inherent in the work environment on vessels
and fish farms.

The largest improvement of the approach present-
ed in this paper, compared to established practices, is

the strong involvement of the operators. This is a re-
quirement described in the internal control regula-
tion. The use of group discussions and documenting
input on flip-over sheets lowers the threshold for
contributions from everyone. Furthermore, the focus
is shifted from lowering the risk numbers to ac-
ceptable levels, towards a shared understanding of
the need for measures that can eliminate hazards or
reduce the consequence of possible incidents. This
approach thus supports the overall goal of the re-
quired risk assessments, namely to implement sys-
tematic preventive measures to maintain fish wel-
fare, food safety, technical and personnel safety at
aquaculture workplaces.

5 CONCLUSIONS

Previous studies indicate that the safety limits in ag-
uaculture operations at today's sites already are
reached due to harsher working environments and
complex operations handling large energies in semi-
manual operations. Risk assessment is a mandatory
part of the internal control regulations and is a core
activity in risk management systems. The practices
for risk management varies considerably between
companies in the Norwegian aquaculture industry.
Hence, there is a potential for improving the situa-
tion considerably by implementing a systematic and
standardised approach to risk management and risk
assessments in particular.

To improve the safety level at workplaces, the op-
erators need to be aware of the safety challenges in
their working environment. An improved approach
for risk assessments based on preliminary hazard
analysis has been evaluated in cooperation with the
aquaculture industry. The largest difference com-
pared to the present practice is to describe the opera-
tion in detail and assess the hazards associated with
each task, instead of merely listing general hazards
and assigning risk levels. The method has been eval-
uated in a series of workshop and showed good in-
volvement of the operators. When risk awareness
and control is achieved in daily work, the next step
should be to identify indicators for assessing risk
levels during operation and maintenance of aquacul-
ture farms.
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