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BACKGROUND AND INTRODUCTION

The G9 Offshore Wind Health and Safety Association (G9) comprises the world's largest
offshore wind developers who have come together to form a group that places health and
safety at the forefront of all offshore wind activity and development. The primary aim of
the G9 is to create and deliver world class health and safety performance across all of its
activities in the offshore wind industry. The G9 has partnered with the Energy Institute (El)
to develop materials including good practice guidelines for the offshore wind industry in
order to improve health and safety performance. Through sharing and analysis of incident
data provided by G9 member companies, an evidence-based understanding of the risks
encountered during the development, construction and operational phases of a wind farm
project has been developed. This information has been used to identify the health and safety
risk profile for the offshore wind industry.

In 2014, the Crown Estate asked the G9 to take over the running and delivery of their Safe by
Design workshops. The Crown Estate had run a number of these previously, covering topics
such as diving operations, lifting operations, wind turbine design and installation and the
safe optimisation of marine operations.

By bringing the Safe by Design workshops into the G9 work programme, the G9 aims to
explore industry operations and technologies with a focus on Safe by Design principles. The
G9 workshops will examine the current design controls relating to a particular topic, discuss
where current design has potentially failed, identify opportunities for improvement and
then seek to demonstrate the potential risk reduction to be gained from these new ways
of thinking. The outputs from these workshops will be made available on the G9 website in
reports to be used as a reference by the industry.

The second workshop was held on 25 March 2015 and covered emergency escape from
the nacelle in the event of fire. It explored a number of key topics covering: fire suppression
and mitigation; emergency escape equipment and personal protective equipment (PPE), and
emergency escape training and competency requirements. The outputs from this workshop
are documented in this report.

The information contained in this publication is provided for general information purposes
only. Whilst the El and the contributors have applied reasonable care in developing this
publication, no representations or warranties, express or implied, are made by the El or
any of the contributors concerning the applicability, suitability, accuracy or completeness of
the information contained herein and the El and the contributors accept no responsibility
whatsoever for the use of this information. Neither the El nor any of the contributors shall
be liable in any way for any liability, loss, cost or damage incurred as a result of the receipt or
use of the information contained herein.
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2.1

METHOD, AGENDA AND ATTENDANCE

METHOD

A one-day workshop was held on 25 March 2015 in Oslo, Norway. After opening remarks
from Frank Monaghan (Health & Safety Director, ScottishPower Renewables and G9 Focal
Group member) the workshop started with the first of three presentations focusing on
establishing a wind turbine fire safety case, to demonstrate how the risk of fire to personnel
working within an offshore wind turbine has been reduced to the as low as reasonably
practicable (ALARP) level.

A second presentation focused on the design characteristics of various types of PPE and
emergency escape equipment used in the offshore wind industry, exploring some of the
benefits, limitations and characteristics of the different equipment and PPE.

The final presentation focused on emergency escape training and competency requirements,
and looked at a particular case study where a G9 member had to review the adequacy of
their emergency escape provision after a high potential incident.

After the second presentation, a short exercise was used to communicate the bow tie risk
analysis/evaluation method as a tool to demonstrate the links between the potential causes,
barriers, controls and consequences of a particular incident (in this case a fire in a turbine).
During the breakout sessions, workshop attendees were encouraged to consider the bow
tie method for defining the causes of incidents and also the barriers and controls that are
currently in use in the offshore wind industry.

There were a total of three breakout groups each facilitated by a G9 member, tasked with
looking at different aspects of fire mitigation/suppression/detection technologies, emergency
escape equipment and PPE and training and competence of technicians. At the end of the
breakout sessions, each group leader presented their main findings and conclusions to all of
the attendees in a plenary session and further discussions were held before concluding the
workshop.

Feedback forms were also provided to workshop attendees and the results of these are being
analysed to inform future workshop topics.
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2.2

AGENDA

Workshop opening remarks
Frank Monaghan, Health and Safety Director, ScottishPower Renewables

Presentation 1 — Design characteristics of a nacelle that mitigate the impact of a fire
and increase the time for a person to affect an escape

Andy Lidstone, Risktec Solutions and Mark Jenkins, EHS Project and Stakeholder Manager,
Siemens Energy

Presentation 2 — Overview of different types of escape mechanisms/systems
Dave Thomas, Technical Director, heightec

First exercise — overview of the bow tie risk analysis methodology

Euan Fenelon, Offshore Health and Safety Manager, ScottishPower Renewables

Presentation — Training and competence of technicians in the use of escape
mechanisms and equipment

Stu Axcell, Emergency Planning Manager, HFR Solutions and Mervyn Coldron, Senior HSEQ
Manager — Power Operations, Centrica

Second exercise — breakout group sessions

Group 1 - Fire mitigation: nacelle design characteristics (facilitator. Euan Fenelon,
ScottishPower Renewables)

Group 2 - Fire mitigation: escape equipment/PPE/WTG escape methodology (facilitator: Peter
Villadsen, DONG Energy)

Group 3 - Training and competence processes (facilitator: Thomas Eriksen, Statkraft)

Plenary session — Presentation on key findings/outputs from breakout group
discussions

Closing remarks

Frank Monaghan, Health and Safety Director, ScottishPower Renewables




G9 SAFE BY DESIGN WORKSHOP REPORT: ESCAPE FROM THE NACELLE IN THE EVENT OF A FIRE

ATTENDANCE

Name

Mervyn Coldron
Peter Villadsen
Jody Plaister
Marcus Peters
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John Yorston
Andrew Sykes

Bir Virk

Claire Smith

David Thomas

Stu Axcell

Arve Sandve

Lucia Quintana Alonso
Mark Higgins

Peter Armstrong-Cribb
Philip Merson
Andy Lidstone
Gareth Ellor

Tom Semple
Roland Gutbrod
Euan Fenelon
Frank Monaghan
Jan Filip Rasmussen
Mark Jenkins

David Lange
Fredrik Rosen
Stephen Rose
Peter Brun

Thomas Eriksen
Anne Marit Hansen
Jostein Bolstad-Lind
Colin Mooney

Per Holten-Maller

Company

Centrica

DONG Energy

E.ON

E.ON

EDF Energy Renewables
EDPR

Energy Institute

Energy Institute

Energy Institute

heightec

HFR Solutions

Lloyd's Register Consulting
MHI Vestas Offshore Wind
MHI Vestas Offshore Wind
MHI Vestas Offshore Wind
Repsol

Risktec

Risktec

Risktec

RWE Innogy
ScottishPower Renewables
ScottishPower Renewables
Siemens Energy

Siemens Energy

SP Technical Research Institute of Sweden
SP Technical Research Institute of Sweden
SSE

Statkraft

Statkraft

Statoil

Statoil

The Crown Estate

Vestas




G9 SAFE BY DESIGN WORKSHOP REPORT: ESCAPE FROM THE NACELLE IN THE EVENT OF A FIRE

2.4

BREAKOUT GROUP DISCUSSIONS, RESULTS AND CONCLUSIONS

The notes presented in Annex A capture the discussions which occurred during the breakout
sessions. They have not been edited post workshop and so capture the essence of the
discussions which occurred.

In addition, the bow tie risk assessment in Figure 1 is a high-level illustration of the systems,
processes, mitigations and controls that were considered within workshop. Where the
workshop focused on the mitigations resulting from a fire in a wind turbine generator (WTG)
(more information is provided in this report), the suggested causes and threats of fire in the
WTG are also added to provide context. Controls for those threats are also suggested. A
more detailed risk assessment would be needed for each threat. For example, within the
maintenance threat line, if 'hot work' was being carried out then controls such as physical
protection, firewatcher and extra fire-fighting equipment may be required.

Going forward, and in response to some of the comments and suggestions that have been
made in these breakout sessions, the G9 will aim to:

- Support and collaborate on research that assesses and quantifies the risk of fire
occurring in a WTG.

- Engage with WTG manufacturers and obtain further information on their in-house
design/fire risk assessments.

- Encourage research institutes and organisations with specialist fire departments to
undertake further research on WTG fire risk.

- Investigate whether it is possible to quantify the 'human factor' and incorporate this
into a quantitative risk assessment (QRA) for WTG fire scenarios.

- Review the adequacy of current technician emergency escape equipment and PPE
and also the detection and suppression equipment installed in a WTG.
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Group 3 - Training and competence processes (facilitator: Thomas Eriksen, Statkraft)

1.

GWO/RenewableUK training

The current Basic Safety Training every two years is considered sufficient but more
drills with the emergency escape equipment that will be used offshore should be
undertaken. After training is completed, a technician should be fully proficient in
using the emergency escape equipment.

A refresher course every two years is considered adequate for Basic Safety Training,
but there would also be benefit once a quarter having a refresher-type course that is
structured and logged for each technician. The refresher frequency will also depend
on how often the equipment is being used.

The current Basic Safety Training provides an understanding of the risks in offshore
wind work, but it doesn‘t necessarily result in a higher skill set being gained by the
technician. There is a difference between training courses and drills, and drills are
arguably more important for improving skills. This again reinforces the need to have
more regular drills.

The level and frequency of training course certificates to work offshore is at a good
level. This has been confirmed within the industry recently.

Site management may not always prioritise training: technicians are cleared to attend
training courses, but when a turbine is down and maintenance work is required the
technicians are instead sent to work on the turbine. Technicians need to have support
from site management to reduce the number of training course cancellations.

Drills in a realistic environment in turbines

Training complemented by drills
Potential to have onshore familiarisation and offshore drills.
Familiarisation can be a fairly simple process.

More training in dedicated training centres is not necessarily needed as this may
increase costs without a justifiable benefit.

Mocked up clip on/attachment points on site can be used to give some practice/
familiarisation of particular systems. Understanding the shift of the loads when
clipped on is important. A mock up is a great idea if it can be done in a controlled
environment. Can still have a full emergency evacuation drill done using a dummy
on the turbine. There is a need to practice these on the turbine, which means the
turbine will need to be shut down during the drill.

Evacuation element in training is more focused around the rescue rather than
the evacuation. Can the G9 discuss formally with training providers about mock
evacuation situations and available facilities (which are more representative of
working offshore)?

How do incidents influence what the industry should be doing? Drills are important

as technicians do not always have time to think about what's going on in a real life
situation.

1 Due to the nature of this topic it was not possible to structure the notes around design/risk controls. Instead, these
notes are summarised and presented around the main issues and topics discussed.
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Planning drills

Experience has shown from an operational point-of-view that planning drills can
be complicated. Lots of planning is involved for a visitor to go on a turbine,
visitors need to go with two advance technicians, but this is still thought of as
appropriate. There can be a risk of people involved feeling demotivated, and so
they need to feel that the drill is worthwhile and beneficial. If operators put in a
requirement for people to go on a drill then it needs to be workable within the
existing operations.

How to create realistic drills

Demo installation offshore — use this as a live training base? Siemens opinion
that this would be valuable as it would allow for e.g. feel of the vessel motion
and other 'in the field" experiences.

Train realistically, i.e. be exposed to smoke. Smoke hoods may give you more
time to escape in a fire scenario. It is rare a technician will experience these
conditions, so a mock-up would be sufficient.

Risk of panicking is higher in a realistic situation.

Who will practice drills?

Not just about technicians but also need to think about people who go to
turbines less regularly.

Maybe need to look at requirements for people accompanying technicians.
Most people that go on training courses are technicians, they are working on
offshore wind farms full time. Zero ambition of incidents? Currently there is a
good trend in the industry for the prevention of serious incidents/fatalities.

When can drills be carried out?

If the turbine is shut down for the whole day then multiple drills/exercises can be
carried out in the morning and the afternoon.

Potential to use no wind days for drills? Cannot run training on these days,
so how is this dealt with? Weather days can be days where there is no travel
offshore so on these days mock-up facilities onshore could be used.

Dependent upon the turbine type and emergency escape plan to get someone
down to the TP from the nacelle the whole end-to-end escape path may need
reviewing and updating.

How does the industry effectively supplement drills with training? Potential to
implement a minimum number of drills offshore and then have the training
to support and underpin this. Practice and training can take place, but it
should always be recognised that this is not a real life situation. Drills should
be undertaken in the right environment. Outcomes from drills should be made
available to the turbine designer who should be challenged to find solutions
to problems experienced. The point is to learn and promote through drills and
the windfarm operators should have a certain number of drills planned and the
necessary training to back this up.

Workplace culture

Valid training certificates should be provided before sending anyone to work
offshore. When not offshore time should be used effectively e.g. team building
exercises etc. (to promote a positive safety culture).

A culture which recognises the importance of good housekeeping practices and
workplace safety will reduce the probability of serious incidents/fatalities.

The last barrier to an incident is the person (the ‘human factor’). The risk will still
be present if there is a poor safety culture.
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Other industries
— Strong case to look at otherindustries and sectors and see what their requirements
are for training and drills.

Feedback learning to manufacturers/designers

Need to start looking at emergency escape issues at the turbine design phase and
inform designers of these in sufficient time in order to influence future turbine
designs.

Designing and engineering the issues out at the beginning of the turbine design
process can greatly assist in ensuring incidents are not repeated.

Turbine manufacturers do not always fully understand the risks and hazards
encountered during wind farm O&M phase: it is in the industry’s interest to inform
the manufacturers of these issues at the early stages of a turbine design process.

Collaboration between manufacturer and the O&M service provider on
deciding on drills

It is possible that a realistic offshore environment can be replicated in a mock-up
facility onshore. When a developer plans and builds an O&M facility there should be
a budget in this for a mock-up as well.

Technicians need time to practice on a turbine, which means it needs to be shut
down for a period of time. There needs to be an agreement between the windfarm
owner/operator and the O&M service provider when planning this shutdown. The
operator needs to ensure the turbine is shut down when undertaking drills.

Train and drill with the equipment that is used

How are different types of equipment dealt with? Benefit in standardizing across the
industry.

Some rescue kits are within the nacelle, some have to be taken out by the technicians.
Examples of different equipment being used when an incident occurred compared to
what is used in training meaning technicians have to spend time reading equipment
instructions and becoming familiarised with it.

How drills are carried out will vary and be influenced by the type of turbine operated,
although this will not influence the number of drills undertaken.

Competency framework

Should the G9 consider setting key performance indicators (KPIs) for competence
and training?

Currently no plan for the G9 to introduce industry KPIs. In the G9 context there are
lagging indicators in the incident data and there is a commitment to produce LTIF and
TRIR safety statistics on an annual basis.

The G9 has already published good practice guidelines for some higher risk activities.
There are no KPIs in these; however, the G9 member companies are currently looking
to assess the level of implementation of the recommendations in the good practice
guidelines.

How many drills could be done per working hour? Drills can be expensive and
complex, but this can be discussed further within the G9.

s there a benefit in setting a zero harm 2020 target in the industry?
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The industry is on a journey to develop these tools further and currently it is not as
mature as some other industries (e.g. oil and gas).

There may be an over focus on training type/methodology. Some people are more
natural leaders. A company can have a good culture and still pull each other in the
wrong direction. The industry should not add more training/syllabus requirements
where they are not necessary.

Competency framework: many elements that can be done offshore and also many
at the O&M base. This can be managed by the operator in a number of ways. It is
important to train in real world conditions, but there is more risk in doing this when
training can be done onshore. Depends on the equipment needed.

There should be a top-down approach to training and competency within the
industry.
Build on leadership skills which already exist within individual personnel.

Consider having fixed teams of technicians as it can challenging to have different
teams travelling to and working at different sites.

Assessing the effectiveness of training

Vestas have developed a health and safety training questionnaire to assess the
effectiveness of training. How else can the industry check that training has been
successful?

There is an obligation to audit training providers. At the end of each course a
guestionnaire should be given about the course which can be completed by those
who attended.

Whilst all companies have competency matrices these could be supplemented by
completing feedback forms on training courses.

Contracts

It should be recognised in tender documents and subsequent service contracts
that turbines may require shutting down in order to perform drills and emergency
exercises. This could be included in the relevant health and safety sections of any
tender/contract documents.
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A.2

PRESENTATION INTRODUCTIONS AND SLIDES

Presentation 1: Andy Lidstone, Risktec Solutions and Mark Jenkins, Siemens
Energy: Design characteristics of a nacelle that mitigate the impact of a fire and
increase the time for a person to effect an escape

Executive summary

The presentation provides an overview of the recent work performed by Siemens and Risktec
in developing fire risk analyses for a number of turbine designs.

The fire analyses form part of a larger safety case project to provide a detailed review of all
risks associated with the design, construction, operation and decommissioning of a generic
offshore wind farm. The fire analyses comprised a detailed hazard identification to develop
a list of all credible fire scenarios from which semi-quantitative bow ties were developed;
representing the scenarios, and preventive and recovery controls, in place for the four major
risk scenarios.

Detailed computational fluid dynamics modelling was performed to model the scenarios.
For example, smoke and heat transport in fire scenarios. The results of which were used to
inform escape and evacuation reviews and evaluate the adequacy of the arrangements in
place for personnel in an emergency scenario.

The fire risk analyses concluded that there were no intolerable risk scenarios present; however,
a number of changes were implemented to the escape and evacuation arrangements for
personnel, including new equipment and alternative escape routes.
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Presentation 2 — David Thomas, heightec: Overview of different types of escape
mechanisms/systems

Executive summary

Wind turbines provide particular challenges for emergency escape in the event of fire, the
conseguences of which need to be considered. Designers should consider the ‘general
principles of prevention' (in particular, the need to avoid risk and combat the risks at source)
and the 'hierarchy for work at height' (remembering that personal fall protection equipment
is a 'last resort’).

In selecting equipment, it is important to 'look beyond the standard'. There is often confusion
with what is defined as PPE and when a CE mark can be affixed (or not). Product markings
should be clear and understood. If unsure, then consult with the manufacturer for advice.

Due account should be taken of the guidance given in G9's Working at height in the offshore
wind industry, in particular see 3.1 and 5.2. Additionally, rescue plans are not just 'bits of
paper'. They should be specific and not 'woolly'; avoid uncertainty and be specific. Make sure
that the full evacuation and rescue path has been trialled and ensure that responsibilities are
defined and understood.

There are many different types and makes of fall protection equipment: automatic descenders;
abseiling kits, and self-evacuation kits. Different kits will be appropriate in different
circumstances. Controlled rate descenders (CRDs) require the consideration of many issues:
the height of descent (and more); the numbers of users (multi-user); the mass of any users
(light and heavy); the number of people that need evacuating (the team size); the speed of
descent (that will vary with mass); whether additional friction is required; whether the device
can lift and lower; ease of deployment and intuitiveness, etc. Descent energy is important too:
standards imply that load and distance are directly proportional; however, this is not the case,
and the maximum rated load may not be achieved under the maximum descent height. For
information on descent times and the effect of fire on rope, it is important to seek information
from the device manufacturer.

A training regime should take account of 'skill fade' and there is a need to distinguish
between training, re-training, refreshers, product familiarisation, rescue and evacuation drills,
company induction, site induction and task briefings, etc.
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Presentation 3 — Stu Axcell, HFR Solutions and Mervyn Coldron, Centrica: Training
and competence of technicians in the use of escape mechanisms and equipment

Executive summary

The purpose of the presentation was to provide an overview of the work that Centrica Energy
have been doing to improve their emergency response to offshore windfarm installations.

The presentation was broken into two distinct parts; firstly looking at the history and a case
study that highlighted potential improvements in response to an emergency. This covered
the current status quo in terms of equipment, training and procedures to meet the needs
of an offshore incident. The second part of the presentation explained the work currently
underway to improve upon the status quo via a project called 'Boy Scout'.

Project 'Boy Scout' is a pioneering project reviewing all areas of emergency preparedness,
through a series of focus groups. The intention is that each focus group will critically examine
all areas of emergency preparedness and deliver recommendations for improvement.
Importantly, a number of recommendations centred around training frequency and the use
of no sail days (weather days) have already been implemented; supporting the competence
of personnel in the use and execution of first aid and rescue equipment.

A number of other work streams have been introduced as a result of this, including the
design and implementation of bespoke confined space training courses and further induction
training in collaboration with HFR Solutions. Whilst the project remains work in progress, this
G9 Safe by Design workshop provided a platform to share the work being undertaken with
the wider industry.
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ANNEX B

ABBREVIATIONS AND ACRONYMS

ALARP
CE
CDM
CRD
cTv

El

G9
GWO
HAZID
HAZOP
HSE
HV
KPI
PPE
O&M
QRA
RAM
RAMS
SIL

TP
WTG

as low as reasonably practicable
Conformité Européenne

construction, design and management
controlled rate descender

crew transfer vessel

Energy Institute

G9 Offshore Wind Health and Safety Association
Global Wind Organisation

hazard identification study

hazard and operability study

Health and Safety Executive

high voltage

key performance indicator

personal protective equipment
operation and maintenance
guantitative risk assessment

risk assessment method

risk assessment and method statement
safety integrity level

transition piece

wind turbine generator
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