	Screens, displays, controls and actuators
	Controls work in unexpected ways

Controls that were hard to figure out

Controls that were too far away from devices

Controls that were too easy to activate accidentally

Controls with ambiguous or unintuitive labels

Controls that were too similar to each other

Indicators do not show the control has been activated

Unexpected placement of controls

Users didn’t receive feedback for actions they made on the interface

Users were not able to easily reverse their actions
	The design process of screens etc. wasn’t based on ISO or other HF principles for human interaction with displays and control actuators, to minimize operator errors and to ensure an efficient interaction between the operator and the equipment. 

Engineers responsible for the design didn’t have competency in HF in design. 

The contractors, suppliers and their sub-contractors didn’t have HF design requirements integrated into their design processes.

	Engineers responsible for design, assembly, refurbishment of the equipment

Suppliers responsible for design to determine how they integrated HF design industry standards into their processes and competency

Other operators using the displays and controls. 
	Engineering documents, blue prints, policies demonstrating requirements underpinning design. 

Ask a new operator to walk you through how they would use the controls and what they find confusing. People who are performing the task on regular basis are more easily articulate the usability challenges
	ISO 9355 
— Part 1: Human interactions with displays and control actuators 
— Part 2: Displays 
— Part 3: Control actuators 
— Part 4: Location and arrangement of displays and control actuators

	Team work
	Team member didn’t anticipate the needs of team members.

Team member didn’t provide timely support to team members without needing to be asked.

Team member didn’t recognize when team members were having difficulty.

Team member didn’t check common understanding of the objectives of a task.

Team members didn’t act to avoid or resolve potential situations of conflict.

Team member focused on what is right, rather than who is right.
	There were no efforts to build an effective team focusing on trust, communication techniques and mutual care. 
	
	
	IOGP Guide Introducing behavioural markers of non-technical skills in oil and gas operations




	Fatigue
	Person had more than 10h rest in 24h before incident

Stress or worry that could interfere with sleep?

High workload or physically arduous work completed

The individual working nights for > 4 consecutive nights 

Overtime or double shift taken

It was the first night on night shift

The incident took place between 02:00 and 06:00 or 15:00 and 17:00

Tasks involving long period of concentration or mental demand

Others observed fatigue-related behaviors

People didn’t have a good understanding of fatigue symptoms
	Fatigue risk management arrangements weren’t informed through risk assessment

The management of fatigue wasn’t integrated into the safety management system

Clear rules weren’t established for maximum working hours, minimum rest periods, split shifts and changes to expected shift (e.g. last-minute change from day to night shift)

Consideration wasn’t given to the effects of mobilisation and demobilisation on both process and personal safety

There weren’t processes for employees to self-report fatigue and for dealing with individuals who may be suffering from the effects of fatigue e.g. assessment and remedial action

Key Performance Indicators and/or audits weren’t used to monitor and review the effectiveness of the fatigue management arrangements

Fatigue risk management awareness training wasn’t provided for those with responsibilities for managing fatigue, including the workforce
	Supervisor – to determine typical working patterns

Planner – to determine the demands on working time

Site manager – to determine the availability of manpower resources

Medic or health advisor – to determine approaches to managing fatigue
	Review any fatigue risk assessments. Do they consider important fatigue risk factors such as shift design, hours of work, overtime and callouts, sleep environment (especially for nightshift workers), delays to mobilisation and demobilisation, effects of medication.

Review the fatigue risk management arrangements. Is fatigue formally managed, are clear rules established for maximum working hours, minimum rest periods, split shifts and changes to expected shift (e.g. last-minute change from day to night shift).

Review any monitoring data such as overtime and call out records. Can any issues be identified such as excessive overtime or repeated last-minute swing shifts?

Inspect the sleeping arrangements for nightshift workers. 

Discuss how fatigue is managed with important personnel (CRO, Production Operators, Medic, Supervisors and OIM). Do they have a good understanding of fatigue risk? Are fatigue management arrangements implemented effectively? Do they receive any formal training on how to manage fatigue?
	
BPs guide to identifying fatigue contributing to incidents 


Investigating fatigue in incidents tool 

	Ambient Environment
	The amount of light available made it more difficult to perform this task

The noise level made it more difficult to perform this task

The air temperature made it more difficult to perform this task
	Resources for heating / Air conditioning, lighting, equipment generating noise
	Facilities manager AND 
Site manager responsible for the budget and planning of facility conditions
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Investigating fatigue in incidents tool (IFIT)

Fatigue is the state of tiredness that is associated with long hours of work, prolonged periods without sleep or
the requirement to work when people would normally be resting. A person experiencing fatigue might be:

e More likely to make mistakes and take risks.

e Less able to respond to unusual or emergency events.

The influence of fatigue on human performance can and has had a causal and contributory role in incidents.
However, identifying the causal or contributory role of fatigue can be complex in investigations. To support
investigations teams the Investigating Fatigue in Incidents Tool (IFIT) was developed. The application of IFIT will
help investigations systematically investigate lines of enquiry and determine whether fatigue contributed or can
be ruled out. It is necessary to look at fatigue in a systematic way because an individual's perception may not
recognize fatigue or it’s impact on performance.

The IFIT analysis process is complimentary to a cause and effect analysis approach and also seeks to link with
the Basic HF Analysis Tool described in the HF Investigation Toolkit. The IFIT comprises of two parts applied in
sequence being driven through the cause and effect tool.

e Part A enables the investigation team to understand if the human behaviour could have been influenced by
fatigue. This involves analysing whether the human error or behaviour was of a type potentially linked to
fatigue. You may need to base this on assessment against the subject’s ‘normal’ behaviour. IFIT Part A
contains a checklist of relevant error types and behaviours that could be related to fatigue.

e Part B requires the investigation team to examine lines of enquiry to establish whether causes of fatigue
were present. The causes or indicators of fatigue described in Part B would likely impair human
performance creating preconditions for the sorts of errors in Part A to occur.

If you have identified fatigue-like behaviour or errors (Part A) and verified evidence that causes or indicators of
fatigue existed for the individual concerned (Part B) then you should establish fatigue in the cause and effect
tool as a causal or contributory factor along with the causes of the fatigue you identified using Part B. You
should utilize the following questions to establish the strength of contribution and make an informed
judgement of the role fatigue had in the incident:

Is there a link between the items you have identified in Part A and Part B?

Are multiple items from Part B selected?

Were there indications of fatigued behaviours observed or reported by witnesses?

Were the observed behaviours inconsistent with the subject’s ‘normal’ behaviours?

Was the task being undertaken routine and highly familiar to the individual?

Was the task new, complex or in an abnormal situation, requiring sustained concentration or vigilance?

o P g B9 9 =

Example showing a cause and effect tool branch with the results of the Human Error Analysis and IFIT incorporated. The
red text is explanatory and not required. Prompts are shown where further investigation may be required:

| __ The valves are identical and located |
|| B4 next to each other (PSF)

The valves are not labelled or | a Why? |
& distinctly identified (PSF) B .

The Technician routinely uses the

valve he closed during other

) &d operational tasks (PSF)
Technician closed wrong valve in | =
14 c-:-‘.-cm-n_zlxglio; OE?:;.M?::?L ?ﬂa]\I:'C[T\r S This task was executed at 04:15 PR
L2 i e T e A bl P VR r near the end of the shift lor| @ why?
Ed (Part B IFIT)

0 Unverified ] " The technician had done arduous

1 he technic was fatigued (PSF) [=n : Why
&4 The technician was fatigued (PSF) H_ work for 4 hours without a break o [7] Why?
&4 verified B4 (part B IFIT)
Edruled out | This was the 5th consecutive night | [ @ Why? |

1 B shift (Part B IFIT)






Examine HF analysis
and cause / effect tool

ey

PART A: Were there fatigue-like behaviours evident in
the incident?

Tick ALL
that were
evidenced

b —>C Did not react to information present ) | |
—>( Lost focus on the relevant information — focus elsewhere ) | |
Sensory error —>C Lost concentration and focus ) | |
—>( Did not recognise own errors ) | |
—>C Did not recognise that performance was impaired ) | |

Y
—>C Forgetful or unable to remember sequence of events ) | |
—>C Forgot recent information or instructions ) | |

Memory error

—>C Forgot established or learned procedures ) | |
—>( Inaccurate recollection of operational procedure ) | |

1

Y
—>C Poor judgments in the decisions made ) | |
—>( Selected inappropriate ways for dealing with a problem that led to an error) | |

Decision error

—>C Responded on automatic or reverted to old habits ) | |
—»C Ability to assess the risks in a situation or course of action was impaired ) | |
—>C Did not anticipate likely sequence of events from their behaviour ) | |

Y
—>C Accidentally did the wrong thing (commission error) ) | |
Action error —»C Accidentally did not do the right thing (omission error) ) | |
—>(Inaccurate or incomplete info passed on due to poor communication quality) | |

I

Y
—>C Took unnecessary risks that put others in danger ) | |
—>( Uncontrollable sleep or micro-sleep taken ) | |
—>( Ignored normal checks or procedures ) | |
—>( Other fatigue related behaviours ) | |

You have identified that fatigue-like behaviour was evident in the incident. Go to Part B and

)

investigate lines of enquiry to identify fatigue causes present in the people concerned

Note evidence supporting this analysis:






Collect relevant info

to examine these
lines of enquiry

PART B: Identify and verify causes of fatigue?

Quantity and quality
of sleep

Tick ALL
that were
evidenced

—>C < 10 hours off shift in 24 hours before incident? ) |
—>( > 16 hours awake since the last period of quality sleep? ) |
—>C Period of sleep prior to day of incident worse than normal? ) |

—>( Does the person have medical condition making sleeping difficult?

| —>C Any self reports of tiredness, fatigue or reduced alertness? ) |
¥ P =
Use table 1 to describe sleep patterns in the 3 days prior to the incident.
Identify and include interruptions to sleep and naps taken.
N\ /
Sleep debt ( Apply sleep credit method. )
1 hour of sleep = +2 credits, 1 hour awake = -1 credit. I:I
3 If result is a negative score then fatigue likely. J
|
L —>C Taken a flight crossing > 4 time zones in the week prior? | |
—>C Does the individual work permanent night shifts?
Scheduling / time of —>( Was the individual working nights for > 4 consecutive nights?

day

—>C Were the shifts starting progressively earlier through the shift cycle?

—>C Overtime or double shift taken leading up to the incident?

NI NS N N NI

—>C Did the incident take place between 02:00 and 06:00 or 15:00 and 17:007? ) |

Work / duties on day
of incident

—»C Any significant on call duties completed?

) |

—>C High workload or physically arduous work completed?

)|

—>C Duties or tasks involving long period of concentration or mental demand? ) |

—>( Duties involved long periods of inactivity or/ underload?

) |

—>( Others observed fatigue related behaviours (e.g. yawning or quiet)

) L]

( Any other causes of fatigue? Specify:

L]

If you have identified fatigue-like behaviour or errors (Part A) and verified evidence that the

causes of fatigue existed in people involved in the incident (Part B) then establish fatigue in

the Logic Tree as a causal or contributory factor.

<—

Note evidence supporting this analysis:






Table 1: Record the person’s work rest patterns in the days leading up to the incident

Shade all the days when the person had 24 hours off in the 30 days before the incident (DI)

30|29|28|27|26|25|24|23|22|21|20|19|18|17|16|15|14|13|12|11|10| 9|8|7 | 6 | 5|4|3|2|1 |DI|

Shade all the times that the person was at work, resting and sleeping in the three days leading to the incident
Day of the incident

Calculate time awake and

asleep
Work | | | | | | | | | | | | | | | | | | | | | | | |
or 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| | | | | | | | | | | | | | | | | | | | | | | |
Rest (I N T T T T T T T T T T T T T O I Y Hours awake
Slee | | | | | | | | | | | | | | | | | | | | | | | | Hours of Sleel
P 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i
Midnight 1am 2am 3am 4am 5am 6am 7am 8am 9am 10am 1lam 12am 1pm 2pm 3pm 4pm Spm 6pm 7pm 8pm 9pm 10pm 1lpm Midnight ||Sleep credit:
1 day before incident
Work | | | | | | | | | | | | | | | | | | | | | | | |
e 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Rest | | | | | | | | | | | | | | | | | | | | | | | | Hours awake
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| | | | | | | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
H f S|
slEep 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 S BN S
Midnight 1am 2am 3am 4am 5am 6am 7am 8am 9am 10am 1lam 12am 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm 1lpm Midnight||Sleep credit:
2 days before incident
Work | | | | | | | | | | | | | | | | | | | | | | | |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| | | | | | | | | | | | | | | | | | | | | | | |
Rest H k
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 = g
Slee | | | | | | | | | | | | | | | | | | | | | | | | Yeurs aF e
P 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -
Midnight 1am 2am 3am 4am 5am 6am 7am 8am 9am 10am 1lam 12am 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm 1lpm Midnight||Sleep credit:
3 days before incident
Work | | | | | | | | | | | | | | | | | | | | | | | |
or 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| | | | | | | | | | | | | | | | | | | | | | | |
H ki
Rest 1 1 I I 1 1 1 1 1 1 1 1 1 1 1 1 I I I I I I I I e
I | | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | | | | 1 1 1 1 H £5|
Sleep IR A T T ST NI T T T T N T T T N T N T O A G o <P
Midnight lam 2am 3am 4am 5am 6am 7am 8am 9am 10am 1lam 12am 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm S9pm 10pm 1lpm Midnight||Sleep credit:
NOTES: Sleep credit method:

2 credits for each hour of
sleep and -1 credit for every
hour awake
Fatigue indicated with
negative number
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NORSOK standard S-002 Rev. 4, August 2004

Foreword

The NORSOK standards are developed by the Norwegian petroleum industry to ensure adequate safety,
value adding and cost effectiveness for petroleum industry developments and operations. Furthermore,
NORSOK standards are, insofar as possible, intended to replace oil company specifications and serve as
references in the authorities' regulations.

The NORSOK standards are normally based on recognised international standards, adding the provisions
deemed necessary to fill the broad needs of the Norwegian petroleum industry. Where relevant, NORSOK
standards will be used to provide the Norwegian industry input to the international standardisation process.
Subject to development and publication of international standards, the relevant NORSOK standard will be

withdrawn.

The NORSOK standards are developed according to the consensus principle generally applicable for most
standards work and according to established procedures defined in NORSOK A-001.

The NORSOK standards are prepared and published with support by The Norwegian Oil Industry
Association (OLF) and Federation of Norwegian Manufacturing Industries (TBL).

NORSOK standards are administered and published by Standards Norway.

Annexes A, B, C, D, E and H are normative. Annexes F and G are for information only.

Introduction

Revision 4 includes the following changes:

¢ Implementation of unique ID reference tag number for both existing and new requirements information.
All new requirements/supplementary information is identified with revision mark.

o Clause 4 is changed considerably in order to highlight the importance of early-qualified execution of
studies/analyses for validation and verification in line with industry and authorities expectations. In
addition, there are, through the clauses/annexes, several changes both in textual descriptions as well as
to tabular information.

e The following annexes in the previous revision have been voided:

Annex D "Typical hazardous substances"
Annex G "List of applicable acts, regulations, standards and guidelines for the Norwegian continental
shelf"

e Updating according to regular revision cycle and in view of International Standards (ISO) and European
Standards (EN).

e Capture the good practices and project user experience reported by the oil and gas industry since issue
of revision 3.

NORSOK standard Page 2 of 56
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1 Scope

This NORSOK standard applies to the design of new installations and modification or upgrading of existing
installations for offshore drilling, production, and utilisation and pipeline transportation of petroleum, including
accommodation units for such activities.

This NORSOK standard stipulates design requirements related to the working environment of petroleum
installations as well as requirements regarding systematic management of working environment issues in
project development and the design process.

The purpose of this NORSOK standard is to ensure that the design of the installation promotes the quality of
the working environment during the operational phase.

2 Normative and informative references

The following standards include provisions and guidelines which, through reference in this text, constitute
provisions and guidelines of this NORSOK standard. Latest issue of the references shall be used unless
otherwise agreed. Other recognised standards may be used provided it can be shown that they meet or
exceed the requirements and guidelines of the standards referenced below.

2.1 Normative references

API RP 521 Guide for Pressure-relieving and Depressing Systems
Dangerous Chemicals Regulations Regulation related to classification, labelling of waste of hazardous
chemicals, The Norwegian Pollution Control Authority (SFT 2002)

(Merkeforskriften)

DLI 361 Directorate of Labour Inspection, order no. 361

DLI 444 Directorate of Labour Inspection, order no. 444

DLI 528 Directorate of Labour Inspection, order no. 528

EN 292-1, Safety of machinery - Basic concepts, general principles for design —
Part 1: Basic terminology, methodology.

EN 292-2, Safety of machinery - Basic concepts, general principles for design —
Part 2: Technical principles and specifications.

EN 349, Safety of machinery - Minimum gaps to avoid crushing of parts of the
human body.

EN 563 Safety of machinery - Temperature of touchable surfaces - Ergonomics
data to establish temperature limit values for hot surfaces.

EN 614-1, Safety of machinery - Ergonomic design principles — Part 1:
Terminology and general principles.

EN 614-2, Safety of machinery - Ergonomic design principles — Part 2: Interactions
between the design of machinery and work tasks.

EN 626 Safety of machinery - Reduction of risks to health from hazardous
substances emitted by machinery.

EN 894-1, Safety of machinery - Ergonomic requirements for the design of

displays and control actuators - Part 1: General principles for human
interactions with displays and control actuators.

EN 894-2, Safety of machinery - Ergonomic requirements for the design of
displays and control actuators - Part 2: Displays.

EN 894-3, Safety of machinery - Ergonomic requirements for the design of
displays and control actuators - Part 3: Control actuators.

EN 1005-2, Safety of machinery - Human physical performance — Part 2: Manual
handling of machinery and component parts of machinery.

EN 1005-3, Safety of machinery - Human physical performance — Part 3:
Recommended force limits for machinery operation.

EN 12464-1, Light and lighting - Lighting of workplaces - Part 1: Indoor workplaces.

prEN 12464-2, Light and lighting — Lighting of workplaces — Part 2: Outdoor
workplaces.

ISO 141221, Safety of machinery - Permanent means of access to machinery — Part
1: Choice of fixed means of access between two levels.

ISO 14122-2, Safety of machinery - Permanent means of access to machinery — Part
2: Working platforms and walkways.
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ISO 14122-3,
ISO 14122-4,

ISO 15534-1,

ISO 11064-1,
ISO 11064-2,

ISO 11064-3,
EN ISO 11690-1,

EN ISO 11690-2,

EN ISO 11690-3,

ISO 717-1,
ISO 2631-1,
ISO 5349-1,

ISO 5349-2,

ISO 17776

NORSOK C-001,
NORSOK C-002,
NORSOK E-001,
NORSOK S-001,
NORSOK S-005,
NORSOK S-012,

Rev. 4, August 2004

Safety of machinery - Permanent means of access to machinery — Part
3: Stairs, stepladders and guard rails.

Safety of machinery - Permanent means of access to machinery — Part
4: Fixed ladders.

Ergonomic design for the safety of machinery — Part 1: Principles for
determining the dimensions required for openings for whole-body
access into machinery.

Ergonomic design of control centers - Part 1: Principles for the design
of control centres.

Ergonomic design of control centers - Part 2: Principles for the
arrangement of control suites.

Ergonomic design of control centers - Part 3: Control room layout.
Acoustics - Recommended practice for the design of low-noise
workplaces containing machinery - Part 1: Noise control strategies.
Acoustics - Recommended practice for the design of low-noise
workplaces containing machinery - Part 2: Noise control measures.
Acoustics - Recommended practice for the design of low-noise
workplaces containing machinery - Part 3: Sound propagation and
noise prediction in workrooms.

Acoustics - Rating of sound insulation in buildings and of building
elements — Part 1: Airborne sound insulation.

Mechanical vibration and shock - Evaluation of human exposure to
whole body vibration - Part 1: General requirements.

Mechanical vibration - Measurement of human exposure to hand-
transmitted vibration — Part 1: General requirements.

Mechanical vibration - Measurement of human exposure to hand-
transmitted vibration — Part 2: Practical guidance for measurement at
the workplace.

Petroleum and natural gas industries - Offshore production installations
- Guidelines on tools and techniques for hazard identification and risk
assessments.

Living quarters area.

Architectural components and equipment.

Electrical systems.

Technical safety.

Machinery - working environment analyses and documentation.

Health, Safety and Environment (HSE) in construction-related activities.

NS 3150, Dgrer — Lydisolasjon — Klassifisering/Sound insulation doors —
Classification.

YA 711, Petroleum Safety Authority Publication: Principles for alarm system
design (YA 710 is the Norwegian edition).

2.2 Informative references

Concawe Report 87/59,
EN ISO 11688-1,
EN ISO 11688-2,

ISO 6385,
ISO/TR 11079,

ISO 14163
ISO 15667
Kjellén, U.

Nordtest,

The prediction of noise radiated from pipe systems - An engineering procedure
for plant design.

Acoustics - Recommended practice for design of low-noise machinery and
equipment - Part 1: Planning.

Acoustics - Recommended practice for design of low-noise machinery and
equipment - Part 2: Introduction to the physics of low-noise design.

Ergonomic principles in the design of work systems.

Evaluation of cold environments - Determination of required clothing insulation
(IREC).

Acoustics. Guidelines for noise control by silencers.

Acoustics. Guidelines for noise control by enclosures and cabins.

Prevention of Accidents Through Experience Feedback. Taylor & Francis,
London and New York, 2000.

Proposal 1566-01-01: NT ACOU 114 Measurement of occupational noise
exposure of workers - Survey method.

Proposal 1566-01-02: NT ACOU 115 Measurement of occupational noise
exposure of workers - Engineering method.

Kirwan, B., Ainsworth, L.K. A guide to task analysis. Taylor and Francis, 1992.
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Salvendy, G. (Ed.) Handbook of Human Factors. Whiley, 1986.
Stig Ole Johnsen et al, CRIOP - A scenario method for Crisis Intervention and Operability Analysis
(Draft) SINTEF Report STF38 - ISBN 82-14-02723-3, Trondheim 27.01.2004.

3 Terms, definitions and abbreviations
For the purposes of this NORSOK standard, the following terms, definitions and abbreviations apply.

3.1 Terms and definitions

3.1.1
can
verbal form used for statements of possibility and capability, whether material, physical or causal

3.1.2
enclosed work area
area that is fully protected against exposure to the open air and ambient conditions

31.3
hazard
source of possible damage that may be caused by human error

31.4
manning
Three levels of manning of work areas and workplaces are defined as follows:

Permanently manned: work area or workplace manned at least 8 h a day for at least 50 % of the
installation's operation time.

Intermittently manned: work area or workplace where inspection, maintenance or other work is planned to
last at least 2 h a day for at least 50 % of the installation's operation time.

Normally unmanned: work area or workplace that is not permanently or intermittently manned.

3.1.5
may
verbal form used to indicate a course of action permissible within the limits of the standard

3.1.6
open work area
area with no substantial obstacles to the open air and completely exposed to ambient conditions

3.1.7
semi-open work area
area that is weather-protected (e.g. with weather louvers) and partially exposed to the open air

3.1.8

shall

verbal form used to indicate requirements strictly to be followed in order to conform to the standard and from
which no deviation is permitted, unless accepted by all involved parties

3.1.9

should

verbal form used to indicate that among several possibilities one is recommended as particularly suitable,
without mentioning or excluding others, or that a certain course of action is preferred but not necessarily
required

3.1.10

validation

confirmation by examination and provision of objective evidence that the particular requirements for a
specified intended use are fulfilled
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NOTE In design and development, validation concerns the process of examining a product to determine conformity with user needs.

3.1.1

verification

confirmation by examination and provision of objective evidence that specified requirements have been
fulfilled

NOTE In design and development, verification concerns the process of examining the result of a given activity to determine conformity
with the stated requirements for that activity. Tangible evidence is regarded as being information that can be proved to be true, based on
facts obtained through observation, measurement, test or any other means.

3.1.12
work area
area of the installation where personnel stay or move in connection with work

3.1.13

workplace

space within a work area, allocated to one or more persons to complete work tasks related to production,
inspection or maintenance

3.1.14

work system

combination of people and work equipment, acting together in the work process, at the workplace, in the
work environment, and under the conditions imposed by the work task

NOTE For information, see ISO 6583.

3.1.15

working environment

totality of all physical, chemical, biological and psychological factors at work that may affect the employees'
health and well-being through acute trauma or lasting exposure

NOTE The influences from lasting exposure may be positive and negative.

3.1.16
working environment analysis
systematic work process including the following:

— definition, limitation and breakdown of the installation, work systems and work areas with respect to one
or more parameters to reduce risk of human error and improve task performance, e.g. area, activities
during operation, type of equipment, chemical substance;

— hazard identification;

— estimation of potential consequences to the employees' health and, if feasible, of probability of
occurrence;

— evaluation of needs for remedial actions;

— development of recommendations for remedial actions and/or follow-up activities;

— identification of nonconformities and problems in meeting specified requirements.

3.2 Abbreviations

ALARP as low as reasonably practicable

CCR central control room

Concawe The oil companies’ European association for environment, health and safety in refining and
distribution

CRIOP crisis intervention and operability analysis

DRA demand-resource analysis

FEED front-end engineering design

HRA health risk assessment

HSE health, safety and environment

HVAC heating, ventilation and air conditioning

JHA job hazard analysis (equivalent to job safety analysis)

LQ living quarter

MSDS material safety data sheet
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4.2.1.0-2

4.2.2.01

occupational exposure limits

The Norwegian Oil Industry Association
public address

Tjenstemennens Centralorganisation
visual display unit

wind chill index

working environment

working environment area chart

working environment impact assessment

4 Systematic management of working environment in design and
fabrication
4.1 General

Systematic management of WE in project development and the design process comprises activities
to define WE objectives, management tools and the WE design basis, as well as activities to control
and verify that the design requirements in Clause 5 and normative annexes are implemented. The
role of analyses and verification activities in relation to the design process is outlined in Figure G.1.

Clause 4 stipulates the WE management activities that shall be performed and documented for new
installations.

For modification projects (e.g. upgrading of existing installation/module, tie-in of satellite field), WE
management activities adjusted to project scope and complexity shall be performed, including new
analyses or updating of existing analyses for the WE factors that are considered to be affected by the
modification.

In concept optimisation and design development, priority shall always be given to the use of
preventive measures/exposure barriers and inherently safer design principles to reduce occupational
health and safety risks. ISO 17776, 5.4.1, and Annex A are referred to.

4.2 Management system

4.21 Working environment programme

A WE programme shall be established for every project phase. The WE programme may be a
separate document or integrated into the project's HSE programme, and shall be linked to the project
execution plan.

The WE programme shall define the project's WE objectives and risk acceptance criteria for
occupational safety, human error and health risks, state references to applicable WE requirements
and procedures, and describe means of ensuring the statutory worker participation in the design
process. The WE programme shall include an activity plan stipulating the responsibilities, schedule
and deliverables for the various activities to manage WE in the design process. In particular, the WE
analyses shall be planned with due consideration of the needs for timely input to design and
procurement, and needs for verification and documentation. The WE activity plan shall be maintained
to provide status regarding execution and documentation of the various WE management activities.

4.2.2 Procedures and work instructions

Procedures and work instructions for execution of the various WE management activities shall be
developed and maintained in order to ensure implementation of Clause 4 requirements. In general,
the documentation shall describe the following:

- scope and objectives,

- definitions and references,

- responsibilities for initiation and execution, and follow-up of the results,

- organisation of the analysis, including requirements to personnel qualification and participation of
operations/worker representatives,

- it shall be shown how the different analyses interact and how they are scheduled in relation to
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each other,

- scheduling in relation to project progress,

- types of input required for the analysis,

- types of work to be done, including methods for estimation, calculation and/or measurement, with
reference to relevant standards and codes,

- documentation and follow-up of the results.

Deviations from WE requirements shall be subject to the project’'s nonconformity procedures. The
nonconformity request shall describe the reason for, and consequences of, accepting the deviation,
including the compensating measures that will be implemented. Operation's project representative
and worker representatives (e.g. safety delegates) shall participate in handling of the nonconformity
requests.

4.2.3 System for follow-up

A follow-up system shall be established that enables proper documentation, handling, follow-up and
closeout of agreed actions and recommendations from the various WE studies and analyses in the
project. The WE follow-up system shall be integrated in the overall HSE management system in the
project. The system shall be applied from concept selection throughout all project phases, and shall
be maintained to enable an updated status at any time. After commissioning, the system shall be able
to convey to operations important assumptions, decisions and other WE-related issues that shall be
passed on to later life cycle phases for follow-up or information.

To document status regarding implementation of WE requirements, WEACs according to Annex E or
equivalent shall be issued at predefined project milestones. In principle, a working environment area
status shall be prepared for each room and area on the installation. However, to maintain a
manageable number of area charts, several identical areas (e.g. offices, cabins, escape routes) can
be covered by one typical WEAC.

The WEACSs shall include the results of predictions and verification measurements (e.g. as-built data
for illuminance and noise), and shall describe identified problem areas and nonconformities as well
as the status regarding decisions on remedial actions.

A WE status report shall be prepared based on WEAC and final inspections. The report shall
document status according to design requirements and include reference to analyses, summary of
other relevant control activities and summarise any deviations.

4.3 Working environment (WE) design basis

4.3.1 General

During early phases of project development, functional and specific WE requirements in regulations,
company specifications and applicable standards and codes shall be identified as input-appropriate
philosophies for engineering. Reference is made to the design requirements in Clause 4 and Annex
C.

WE analyses (see 4.4) shall be performed to identify basic assumptions and actions necessary for
implementation of the WE requirements, including development of functional/goal-oriented
requirements into specific/prescriptive design requirements.

The processes of implementing functional and specific WE requirements into design is outlined in
Figure G. 1.

4.3.2 Working environment area limits

Detailed specifications of working environment area limits for each room/work area that is readily
accessible shall be established as input to engineering. In the specifications of the installation's
working environment area limits, the following applies:

Annex A stipulates applicable area limits for illuminance, temperature, vibration, total noise levels and
HVAC noise levels for typical areas of an installation.

The area limits shall be documented in the WEACSs, see 4.2.3 and Annex E.
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Adequate calculations shall be performed in order to ensure implementation of the area requirements
in design and data sheets for vendor packages. These calculations shall be documented in the
WEACSs where relevant.

Implementation of the area limits shall be verified by appropriate measurement methods and
documented in the WEACs.

When establishing noise area limits above 85 dB (A), the individual worker's exposure time in noisy
areas shall be considered in relation to noise exposure limits, see 5.5.2. The highest permissible
noise limit [110 dB (A)] should only be allowed in connection with brief inspections or work tasks that
are to be carried out in an area where there is no passage through to other areas. Provisions should
be made for noise-deflection of noisy equipment when maintenance or other work is carried out in the
area.

Area limits for the number of air changes per hour shall be established. For Norway, the limits shall
be based on the calculation method recommended in DLI 444.

4.3.3 Experience transfer

To ensure transfer of WE-related experience from relevant installations in operation, the company
shall issue an experience report as input to engineering. Sources of experience should include

- earlier modifications to improve WE,

- good technical solutions,

- solutions/equipment to be avoided,

- statistics on occupational accidents and injuries, near-accidents and work-related diseases,
- results of WE surveys and risk assessments.

The experience report shall be used to identify installation areas and vendor packages that need
particular attention during design development, and for development of adequate requirements based
on experience transfer through end-user involvement.

4.3.4 Organisation and manning

The company shall issue an organisation and manning study. The study shall be elaborated with
sufficient details regarding frequency/ duration of task to be used as basic information/ support in
establishing WE area requirements and for WE analyses.

The study shall describe the various personnel categories in the platform organisation, their skills,
experience, responsibilities and operations/maintenance tasks, and the distribution of working hours
by area. The study shall be elaborated with sufficient details regarding frequency/duration of tasks to
be able to

- determine the means of access,

- perform ergonomic task analyses,

- perform risk assessment of chemical exposures,

- perform personnel noise exposure calculations,

- identify outdoor work exposed to cold stress,

- perform psychosocial analyses, determine mental workload, control at work and social interaction.

4.3.5 Psychosocial preconditions

As input to detailed engineering, the company shall perform a systematic analysis of the
preconditions for a safe, efficient and health-promoting interaction between the worker and the
environment. The purpose is to analyse organisation, manning, and workplace design in order to
identify potential problem areas related to psychosocial WE in particular.

For various positions on the installation, the analysis should, as a minimum, include an evaluation of
the psychological job demands and the preconditions for social interaction/support and control at
work. The analysis should also consider the preconditions for restitution during the time off at the
installation.

Reference is made to the psychosocial analysis method in G.2.
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4.3.6 Arrangements/means of access

The requirements to access for operation and maintenance of equipment shall be defined and
documented as input to engineering, see the requirements for means of access in 5.1.2.

In selecting type of access, consideration shall be given to the access frequency (daily, weekly,
yearly, or less frequently) and the needs for access in the event of an emergency. The following
method is recommended, and the results shall be documented (e.g. in a table):

1. Identify all equipment needing access by area and system and tag number.
2. Determine access frequency and whether there is need for emergency access.
3. Decide about means of access.

For equipment without permanent access, the methods for providing temporary access shall be
described in each case.

4.4 Working environment analyses

4.41 General

The WE analyses presented here shall be performed to identify and assess occupational safety and
health risks, and potential problem areas associated with the various WE factors, as input to design
development, see 4.3. This includes how WE factors influence task performance in work systems
where human error may have severe consequences. Regarding execution responsibilities and
schedule, reference is made to the management system, see 4.2. The results of one analysis may
cause an update of other analyses performed earlier as new information has been brought forward.
Typical timing of the various analyses relative to project development is outlined in Figure G. 2.

In cases where the design represents a standard and previously accepted solution, and provided
earlier analyses can be used as a basis, experience from use shall be collected and the need for
reassessing the design shall be evaluated.

Where practicable, and taking into account project scope and complexity, execution and/or
documentation of the various analyses should be combined.

For WE analysis and documentation of machinery, see NORSOK S-005.

Personnel and/or teams conducting the analyses shall have adequate WE expertise for the subjects

considered (e.g. machinery safety, ergonomics, acoustics, occupational hygiene, human factors) and

general knowledge of the project development to ensure that relevant input data is identified and
used.

Operations' project representatives and worker representatives (e.g. safety delegates) from the
company's organisation shall participate in the analyses.

Examples of methods for WE analysis are presented in Annex G.

44.2 Concept WE impact assessment (WEIA)

A concept WEIA analysis shall be performed during the concept selection phase to identify
installation areas and vendor packages that need particular attention during design development and
to provide input to concept selection and validation of the selected concept. The analysis shall be
updated during concept definition and optimisation/FEED, to summarise WE aspects of the selected
concept as input to detailed engineering.

The analysis shall cover but not be limited to the following potential problem areas:

- accidents and musculoskeletal injuries when handling heavy materials and drilling equipment. The

analysis shall include important issues regarding arrangements of permanent access and
transportation routes, lifts, platform crane operations, laydown areas, and material handling of
equipment > 1000 kg. For drilling modules, the pipehandling arrangements and equipment shall
be included.
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- exposure to cold stress/wind chill in open and semi-open areas. When considered necessary, the
analysis shall include preliminary calculations of WCI, see 4.4.9,

- storage and handling of hazardous substances,

- storage of bulky equipment and materials, e.g. containers, scaffolding,

- noise and vibration-emitting equipment and areas with noisy activities adjacent to quiet areas, see
H.5.1,

- solitary work in permanently manned areas.

WEIA shall include 4.4.3 to 4.4.10 and the resulting extent of relevant analyses shall be based on
qualified identification.

4.4.3 Job hazard/risk of occupational injuries

During engineering, the risk of occupational injuries shall be analysed and compared to the risk
acceptance criteria in the WE programme. The risk analysis method shall be adapted to the
applicable acceptance criteria. Reference is made to the JHA and comparison risk analysis methods
in G.1.

A coarse JHA shall be carried out for each work area on the installation. The analysis shall include
the following:

- tasks associated with operation/drilling, repair/maintenance, material handling, waste
handling/housekeeping activities, and personnel traffic/walking shall be analysed,

- risks of severe injury or fatality due to moving parts of machinery, trapping/entanglement, falling to
a lower level, sliding/stumbling/collision, ejected materials, fire/explosion, and/or toxic/corrosive
chemicals shall be identified and evaluated,

- causes and potential consequences shall be identified, and decisions on follow-up actions shall be
made for identified hazards.

For critical workplaces, which involve tasks with a high risk of accidents, a detailed JHA shall be
carried out. Minor accident risks should also be covered. Criteria for the selection of workplaces for
the analyses include:

- frequently repeated manual tasks, especially in material handling,
- manual tasks in the risk zone of mechanical equipment,
- manual tasks involving hazards with potentially severe consequences.

For risk assessment of machinery, see NORSOK S-005.

44.4 Ergonomics/prevention of musculoskeletal strains and Injuries

During engineering, ergonomic task analyses shall be performed to identify potential problem areas
in workplace design and to ensure that the maximum workload requirements can be met, see 5.2.1.

The analyses shall be performed for all relevant workplaces involving tasks in operation or
maintenance with a significant risk of musculoskeletal injuries. Input concerning manning, work
sequences, frequency of operation, inspection and maintenance tasks, necessary equipment for
performance of the tasks, personnel selection, and previous experience in similar tasks should be
ensured prior to the analysis.

The analyses shall include, but not be limited to, evaluations of

- layout,

- access and clearances for performance of tasks,

- location of work functions (displays, control actuators, manually operated valves, etc.),
- view conditions,

- repetitive movements,

- lifting and transportation aids,

- manual handling,

- sedentary work.

The analyses of material handling tasks shall be integrated with the material handling study.

NORSOK standard Page 11 of 56





NORSOK standard S-002 Rev. 4, August 2004

4.4.5.01

4.4.5.0-2

4.4.5.0-3

4.4.5.0-4

4.4.5.0-5

4.4.5.0-6

4.4.5.0-7

4.4.5.0-8

4.4.5.0-9

4.4.5.0-10

4.4.5.0-11

4.4.6.0-1

4.46.0-2

4.46.0-3

44.5 Ergonomics/human factors in work systems

During project development, analyses shall be performed to ensure that the design complies with
main objectives and philosophies, and minimises the potential for human error in work systems that
control safety-critical activities on the installation, and to enhance the system's capacity for recovery
from incorrect actions.

Control rooms.

The ergonomic/human factor principles and design process stipulated in ISO 11064 (all parts) shall
be applied in the design of the CCR and the driller's control room/cabin. For mobile offshore units,
ISO 11064 (all parts) should also be applied in design of the wheelhouse/bridge and the machine
control room.

During concept definition and optimisation/FEED, the activity shall include

- afunctional analysis and allocation describing functions to be performed, defining system
performance requirements, and allocating manual and/or automatic functions,

- atask analysis defining tasks based on allocated functions, and defining requirements (time,
cognitive demands, etc.) for operator tasks, including information needed and the interface
devices necessary to handle these tasks.

During engineering, a job and work organisation analysis shall be performed to provide input
regarding job design and organisation of operator work, including requirements to communications,
operating procedures, operator training and information and control.

The analyses shall be updated and elaborated in an iterative process to ensure that further
development of requirements is in compliance with the main objectives and philosophies.

As part of validation of the design, manning and procedures, and the ability to control process
disturbances and emergencies, the CCR and driller's control room/cabin shall be subject to a
scenario analysis (e.g. CRIOP or similar). For guidance on the CRIOP method, see G.3.2. Depending
on the issue in focus, the use of additional verification and validation tools (e.g. questionnaires,
simulators) may be justified, see ISO 11064-1.

Other work systems

During engineering, an evaluation shall be made in order to determine in which work systems human
error may cause accidents with severe consequences to personnel, environment or material (e.g.
crane cabins, control units/panels for pipehandling equipment and remotely operated vehicles.) For
these systems, analyses of allocated functions, tasks and job organisation shall be performed to
evaluate and minimise the potential for human error during all operational modes including start-up
and shutdown, emergency operations, and maintenance.

For guidance on task analysis, see G.3.1, EN 614-1 and EN 614-2.

4.4.6 Hazardous chemicals

During project development, a chemicals HRA shall be performed to identify, evaluate and control
chemical health risks to an acceptable level, see the risk acceptance criteria in the WE programme.

The chemicals HRA shall be performed for all activities where hazardous chemicals are planned to
be used during operations or maintenance, and for all processes containing hazardous chemicals
that are, or can be, emitted to the working environment. Processes in this respect means production
systems, drilling and well operations, combustion (exhaust), workshop activities (e.g. hot work,
handling of coating products), evaporation from storage tanks, etc. If the actual identity and
composition of a chemical is not known, the chemicals HRA shall be based on the composition of a
typical chemical. For hazard classification of chemicals, reference is made to the regulations relating
to Dangerous Chemicals (Merkeforskriften).

Risk assessment methods/tools shall be adapted to the complexity of the activity and the potential
risk levels according to the industry’s best available practice. For Norway, they shall at least comply
with the regulations relating to the Protection against Chemical Exposure at the Workplace
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(Kjemikalieforskriften). An example is given in G.1.2.
When completed, the chemicals HRA shall document:

- health hazards for all chemicals (actual or typical) to be used, including substances used in,
and/or released from, processes,

- elimination or substitution of hazardous substances/products to less harmful,

- estimated/calculated exposure levels of airborne chemicals and skin contaminants related to
planned activities, including inspection, sampling, maintenance and cleaning activities,

- arisk assessment combining information about health hazards, exposure levels, and duration and
frequency of exposure related to planned activities,

- the quality of established exposure barriers,

- need for storage areas,

- need for emergency showers and eyewash stations.

During concept definition and optimisation/FEED, the activity shall ensure that

- major chemicals emitting sources are identified,

- possible enclosure of sources is evaluated,

- areview of the localisation of high emitting sources in relation to permanently manned work areas
is performed,

- need for storage areas is defined.

During engineering, the activity shall ensure that

- all chemicals (actual or typical) that are planned to be used or can be released to the working
environment are identified,

- significant chemical emissions are identified and their effects evaluated,

- elimination, or substitution of less hazardous chemicals are evaluated,

- chemicals HRA is performed and documented,

- need for exposure barriers is specified, including need for general and/or local ventilation,

- need for emergency showers and eyewash stations is defined,

- additional administrative and personal barriers necessary to control the chemical health risk in
accordance with the acceptance criteria in the WE programme shall be described and agreed by
the company.

During construction/commissioning, the proper function of exposure barriers shall be tested and
documented in the WEACSs, including smoke tests of general/local ventilation used to control
exposures to chemicals.

4.4.7 Noise and vibration control

During project development, the procedure for noise control in Annex H, or a procedure documented
to be of equivalent functionality and quality, shall be applied.

During concept definition and optimisation/FEED, the activity shall ensure that:

- major noise and vibration sources are identified,

- possible use of low-noise equipment is evaluated,

- areview of the localisation of noisy equipment and noise-exposed areas in relation to quiet areas
is performed, and the use of "buffer" zones is evaluated,

- area noise level limits (total and HVAC) are specified,

- preliminary predictions of area noise levels and personnel exposure levels are performed,

- noise data sheets are issued for high-noise equipment to be ordered in the FEED phase. The
equipment noise level limits shall be based on the project's area limits, and shall take into account
other noise sources that are planned in the area, and area/room characteristics.

During engineering, the activity shall ensure that:
- significant noise and vibration sources are identified and their influences evaluated,

- sound absorption treatment for all enclosed work areas, sound insulation and vibration isolation
for equipment and machinery are specified,
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maximum noise and vibration levels for significant noise and vibration sources are specified on the

basis of area noise and vibration limits, the area's acoustic properties, and the adequate sound

insulation between areas. The additive effects of several sources in the same area and room
acoustic characteristics shall be taken into account. A minimum safety margin of 3 dB shall be
applied unless it is documented that the supplier includes correction for measurement uncertainty

(K-value) in the guaranteed noise level data,

- noise data sheets for all potential noisy equipment are established and included in the inquiries,
see Annex F,

- suppliers shall submit guaranteed noise level data for the contract object, and prepare a
procedure for testing and control of the guaranteed levels. The procedure shall be part of the
contract, see NORSOK S-005,

- requirements to acoustic pipe insulation are specified. For piping identified to be on the borderline
for required acoustic insulation, space for future installation shall be implemented in the design,
including in the 3D model,

- noise and vibration levels are predicted and documented for the various areas of the installation at
a stage of the project where all requirements have been stated,

- the individual noise exposure is calculated for typical categories of personnel working in areas
with a noise level above 83 dB (A). No use of hearing protection shall be assumed for the
calculations, except for exposures in unmanned machinery room and helicopter handling where
hearing protection is mandatory and the protector's expected real life attenuation can be included
in the calculations. Calculations of personal noise exposure shall take into consideration the
actual noise levels and the duration and frequency of the noise exposure. Experience data and
operations participation shall be used to collect exposure information and validate the predictions,

- the need for anti-vibration mounting is considered for all rotating equipment, in particular for
equipment in work areas with motor effect > 200 kW,

- in areas where whole body vibration limits may be exceeded, structural vibration analysis shall be
performed,

- noise and vibration predictions are updated, based on supplier-guaranteed noise and vibration

data and the detailed engineering of the installation.

During construction, the activity shall ensure that

- all noisy non-standard equipment is tested according to the predefined test procedure during the
fabrication acceptance test. For standard equipment, data from earlier tests may be accepted,

- noise tests on main equipment are executed or withessed by a qualified project noise control
engineer, see NORSOK S-005,

- detailed acoustic measurements are conducted for the mock-up cabin.

During commissioning, the activity shall ensure that

- where feasible, a full noise level mapping of the various areas of the installation is performed,
- as-built data are recorded in the working environment area charts.

4.4.8 lllumination

During engineering, quality of illumination should be analysed in all relevant rooms, including control
rooms, offices, recreation areas and galley.

The illumination should be analysed especially in the control room, cabins and other rooms where
work with high visual demands takes place, where display screen equipment is used and where the
work requires good visibility during various weather conditions. The studies should include how to
avoid reflection and glare.

449 Outdoor operations/cold stress

Outdoor operations analyses shall be carried out for open work areas and semi-open work areas, in
order to identify and remedy potential problem areas due to overall exposure to temperature, wind,
icing and precipitation, including investigation of the weather protection necessary to comply with
WCI and other functional requirements identified in the analysis.

The analysis shall be performed early in design/layout development, and shall be updated when
design changes are made that will affect personnel’s exposure to cold stress.

The activity shall ensure that
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workplaces in open and semi-open areas where there is frequent work with a duration of 10 min

or more are identified,

- the analysis includes WCI calculations for the identified workplaces, in combination with explosion
load calculations. When calculating the WCI, verified meteorological data (combined wind and
temperature) for the past five years or more should be used. The formula in ISO/TR 11079, Annex
D, should be used to calculate WCI,

- simulations shall be made for the seven coldest months of the year, for each of the following
WCls: 1000, 1200, 1400 and 1600 W/m?,

- the acceptability of the exposure to high WCls is determined, taking into account the type of work,
activity level and duration of stay in exposed areas, and assuming normal winter work clothing,

- where necessary, measures to avoid exposed workplaces or reduce the exposure to wind and/or

precipitation are evaluated, e.g. redesign/relocation of equipment, windbreaks. Design/layout

measures that are feasible with respect to both technical safety and working environment shall be
identified for implementation in the design.

4410 Constructability

During detailed engineering, a constructability analysis shall be performed to ensure that the design
of the contract object promotes a satisfactory HSE standard during construction. In particular, the
following shall be considered:

- accessibility (with respect to installation, lifting, cutting, welding, shot blasting, and surface
treatment), including selection of steel details and profiles,

- selection of materials and chemicals,

- relevant experience related to health, safety and environmental pollution during construction.

Reference is made to NORSOK S-012, Clause 7.

4.5 Verification and validation of design

451 Working environment design reviews

During design development, design reviews shall be performed as necessary to verify compliance
with specific WE requirements applicable to the contract object. Further validation shall be performed
to ensure that design is in accordance with specific intended use.

Design reviews shall be performed in the early phases of engineering, and shall be repeated prior to
construction.

Special checklists shall be prepared for review purposes, and shall be used to document the results
and findings. For machinery, see NORSOK S-005, 5.3.

In particular, design reviews shall be used for:

- machinery and vendor packages that are considered critical from a WE point of view. For such
equipment, suppliers shall be requested to submit the completed checklist as part of the bid
documentation, and WE aspects of the delivery shall be evaluated in the bid clarification process,

- installation areas/systems to verify arrangements, material handling and access to equipment.
Use of the 3D model is recommended. Reference is also made to the valve and instrument
access and operability review in G.3.3,

- layout and physical work environment of control centres/CCR,

- installation areas to verify illumination predictions and evaluations.

Personnel/teams performing WE design reviews shall have adequate WE qualifications, and shall be
familiar with operation and maintenance activities associated with the contract object.

4.5.2 Working environment inspections

During construction and mechanical completion of installation areas/modules and vendor packages,
WE inspections shall be carried out to verify that the fabricated contract object is in compliance with
established design requirements and that actions from WE analyses are implemented. Inspections
during construction should take place while rectification work is still possible, e.g. 80 % complete.
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5.1.2.0-6

5.1.2.0-7

Special checklists shall be prepared for inspection purposes, and shall be used to document the I
results and findings.

5

5.1

Working environment requirements

Arrangements

5.1.1  General
Safe distances according to EN 349 shall apply between moving machinery parts and fixed objects.

Provisions shall be made for safe and efficient transportation of materials, both horizontally and
vertically.

Storage areas and lay down areas belonging to them should be located in the vicinity of each other
and on the same level.

Dedicated storage areas shall be provided for scaffolding. I

To enable an effective and efficient waste handling system for segregation of waste, permanent I
waste handling stations shall be located on the same deck level as the main waste sources, i.e.
workshop, galley etc.

Offices, coffee bars and recreation rooms should have access to daylight if possible. I

Workplaces shall be arranged to provide for contact with others. Solitary work shall be avoided in
permanently and intermittently manned areas.

Sensitive equipment near transportation routes shall have protection to prevent damage caused by I
the handling and transport of equipment.

Piping, ducting, cable installations, lighting fixtures and floodlights, loudspeakers, and fire and gas I
detectors should be avoided in lifting areas. If such equipment is installed, it shall be mechanically
protected.

For vertical and horizontal clearances, see Annex B.

5.1.2 Means of access

All work areas shall have a layout that provides for safe and easy access for operation, inspection, I
readings and maintenance.

Ladders may replace stairs where stairs are not feasible or where daily access is not required. I

Floors in work areas and walkways shall be designed in accordance with the following:

Walkways for access to permanently and intermittently manned workplaces shall be arranged. These
shall be shown on relevant drawings.

Drips of oil and slippery liquid onto floors shall be avoided, e.g. by using drip trays.

Protruding objects shall be avoided in walkways, access ways and transportation ways.

Preferred means of access shall be in following order: I

ground level or floor,
ramp,

stair,

fixed inclined stepladders,
fixed vertical ladders.
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5.2.1.0-2

See ISO 14122-1.

Permanent means of access shall be provided for all equipment (including junction boxes, floodlights,
lighting fixtures, motors, valves, instruments, emergency stop switches, gas/smoke detectors, etc.)
that needs to be accessible for operator attention during start-up, normal operation, shutdown or in
an emergency situation.

The need for permanent access shall be evaluated with respect to frequency and criticality. Where
frequent access is necessary or easy access is critical, the access shall be permanent. The means of
access shall be designed to meet the maintenance requirements of the equipment.

For other equipment that needs maintenance and/or operator attention, as well as monorails/lifting
lugs, permanent means of access shall be provided unless one of the following conditions is met:

o the equipment is accessible from a stepladder/footstool of maximum elevation 1 250 mm, e.g.
lighting fixtures, junction boxes;

o safe access is possible from a temporary/mobile platform that does not require scaffolding, e.g.
scissors lift. The space required for storage, transport and operation of such a platform shall be
taken into account, e.g. fire and gas detectors, thermocouples, floodlights;

¢ the activity can be planned for, and executed during scheduled, campaigns/turnarounds, and
safe access can be provided using scaffolding, e.g. access for manholes, vents for pressure
testing.

For primary stairs and secondary stairs, NORSOK C-002 shall apply.
For other stairs, reference is made to Annex B and ISO 14122 (all parts).
Stairs, ladders and platforms shall be designed in accordance with Annex B and recognised

standards listed therein.

At the top of vertical and inclined ladders, self-closing gates shall be installed. Such gates shall not
open towards the ladder, and shall not be of the gravity falling bar type.

Fixed stepladders shall be provided with handrail on both sides.
A safety cage shall be installed on all vertical ladders where the ladder flight is more than 3 000 mm.

All ladders (also with ladder flights < 3 000 mm) where there is a risk of falling to a lower level than
the ladder's departure area, shall be identified and the necessary fall protection shall be provided.

Access openings in vertical partitions into cofferdams, tanks etc. shall be equipped with handgrips on
both sides above the opening.

Storage tanks (fixed tanks for diesel, water, mud etc.) shall have internal ladders (internal/external
height > 450 mm).

Slippery floor surfaces shall be avoided in work areas and access ways.

Non-slip systems shall be installed in exposed stairways and stepladders, including the uppermost
step at deck/platform elevation.

5.2 Ergonomics
5.21 Prevention of musculoskeletal injuries

5.2.1.1 General

Workplaces shall be designed such that the personnel are not exposed to excessive workloads with
risks of musculoskeletal injury.

For determination of maximum workload and force limits, see EN 1005-2, EN 1005-3 and EN 894-3.
The requirements above entail that efforts should be made to avoid
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- monotonous muscular load,

- excessive muscular load,

- work in fixed or static position,

- work with joints in extreme position,

- work requiring high precision and which at the same time requires substantial use of force,
- work in kneeling, squatting and lying positions,

- work of long duration and of repetitive nature with hand above shoulders or below knees,
- continuous asymmetric load on the body.

5.2.1.2 Manual handling, transportation
Transportation ways where trolleys and carts are used shall not contain steps and thresholds.

There shall be enough space for the use of lifting and transportation gear where lifting or
transportation of more than 25 kg is required.

For equipment/objects of mass 25 kg to 200 kg, space for use of adequate lifting and transportation
devices (permanent or temporary, e.g. elephant cranes, A-frames, beam clamps, etc.) shall be
provided.

Trolleys, transportation tables and similar means of transportation should be easily manoeuvrable
and have a low rolling resistance. Minimum two of the wheels shall be lockable.

Units in everyday use shall not be stored above shoulder height (1 500 mm) and should not be stored
below 900 mm.

Permanent arrangements (e.g. monorails, pad eyes) shall be installed for material handling of
equipment/objects > 200 kg.

In addition, when designing for permanent or temporary lifting equipment, the estimated frequency of
the lifting operations shall also be taken into account. For frequent/routine lifting operations,
permanent equipment shall be installed.

Manual lifting of gas bottles shall be avoided.

Cupboards for gas bottles shall be of a non-threshold type.

5.2.1.3 Elevators

For installations with more than one deck, an elevator for handling of equipment and daily heavy
loads shall be installed, unless other acceptable solutions are documented.

The elevator shall provide access to all main deck levels, and in particular, easy access to/from the
mechanical workshop and main stores, and other decks where handling of heavy equipment is
needed.

Floating production units shall be equipped with suitable elevators capable of handling equipment
placed in the substructure.

5.2.1.4 Hatches and doors
Vertical inspection hatches should be side-hinged.

The opening force of doors in frequent use shall not exceed 65 N for side-hinged, and 50 N for sliding
doors respectively.

No doors shall have an opening force in excess of 130 N for side-hinged, and 105 N for sliding doors.
Mechanically assisted opening of doors shall be considered in the main walkways.

Hinged doors leading to open areas shall be provided with a damping mechanism to prevent crushing
injuries.
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It shall be possible to secure hatches in an open position.

External doors exposed to wind pressure shall be sliding doors.

5.2.1.5 Adaption for cleaning

A ring main for high-pressure wash down stations shall be considered in areas where heavy cleaning
will take place.

Drains shall be located in order to facilitate cleaning.

Materials and surfaces of structural members, installations and equipment shall be easy to clean and
maintain.

Maintenance and/or cleaning equipment and associated consumables should be stored in the vicinity
of areas with frequent maintenance or cleaning.

Equipment and fixtures should be mounted on plinths or fixed to walls in order to provide maximum
free floor space for easy cleaning.

There shall be dedicated space for the necessary cleaning equipment adjacent to rooms requiring
cleaning by hand such as offices, coffee bars and toilets.

The space shall be equipped with cold and hot water, utility sink with grid (height 600 mm above
floor) and sufficient vertical distance to the tap for filling buckets.

There shall be sufficient floor space to park a cleaning trolley.

5.2.2 Human-machine interfaces/human factors

For control rooms, cabins and control panels where human error may cause accidents with severe
consequences to personnel, the environment or material, or where recovery by human operator is
important to avoid such accidents, the following shall apply:

The design shall be based on task analyses of functions, see 4.4.5.

Controls and displays shall be located in a logical manner with respect to frequency of use and
importance for safe operation; the movement of a control device should be consistent with the effect
in direction and magnitude. They shall be clearly marked in the language of the relevant country.

Information shall be organised and presented according to recognised principles (e.g. grouped,
coded and prioritised) in a manner that facilitates correct operator response to safety-critical
information.

Alarm systems shall be designed according to the principles stated in YA 711.
Displays and controls shall be designed in accordance with acknowledged ergonomic principles and
in order to allow the operator to carry out his tasks in a safe manner. The number and type of

displays should, however, be minimised.

Screens, panels and lighting fixtures shall have a location that provides a satisfactory view in a
normal working posture.

It shall be easy to adjust the height and angle of computer screens and keyboards, as well as their
distance to the operator.

If VDUs are used, information given to operators shall support task performance and be given in a
manner that ensures adequate workload.

Total system overviews should be available from the displays, giving the operator opportunities to
watch process performance.
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For the design of displays and control actuators, reference is made to EN 614-1 and EN 894 (all
parts).

Visual displays, gauges, level glasses etc. shall be within the operator's field of vision and easy to
read when standing on the floor or a working platform.

For detailed requirements to workplaces with VDUs, see C.4. The requirements apply to all VDU
workplaces, also outside LQ/CCR.
In Norway, DLI 528 is applicable.

5.3 Technical appliances

5.3.1 General

Machinery shall be designed in accordance with the methods and technical principles according to
EN 292-1 and EN 292-2.
Relevant type B European standards shall be identified and implemented.

NORSOK S-005 shall be applied for procurement of machinery.

5.3.2 Hot/cold surfaces

It shall not be possible to reach surfaces with a temperature above +70 °C or below -10 °C from work
areas, walkways, ladders, stairs or other passageways, see EN 563.

5.4 Chemical substances and products

5.4.1 General

The design shall ensure that the exposure to chemical substances and products containing
hazardous substances is minimised. For Norway, the design shall be in accordance with the
stipulations in the regulations relating to the Protection against Chemical Exposure at the Workplace
(Kjemikalieforskriften).

Hazardous chemicals shall be handled automatically and in closed systems.

Residual risks shall be stated and dealt with in the instructions for use. Typical examples of chemical
products are process and drilling chemicals, paint, lube oil and preservation chemicals.

Sampling shall be possible without hazardous exposure to chemicals or process streams.

The installation shall be designed such that all spillage is properly handled. The need for drains and
their effectiveness shall be evaluated for all work areas.

5.4.2 Selection and documentation of hazardous chemicals
The following substances and products are prohibited:

- asbestos and asbestos-containing materials,

- mercury compounds,

- cadmium compounds,

- polychlorinated biphenyl and polychlorinated biphenyl-containing materials,
- halon type chemicals,

- chlorofluorocarbon type chemicals,

- tetrachloromethane,

- 1,1,1-Trichloroethane.

Norwegian statutory restrictions on marketing and use of chemicals and materials shall be complied
with, [see regulations from The Norwegian Pollution Control Authority (SFT)].

Use of substances and products classified as very toxic, toxic, carcinogenic, allergenic, mutagenic,
substances toxic to reproduction or strongly corrosive should be minimised, cf. the regulations
relating to Dangerous Chemicals (Merkeforskriften). Use of these substances and products shall be
eliminated or substituted with less hazardous alternatives. For Norway, the stipulations in section 8 of
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the regulations relating to the Protection against Chemical Exposure at the Workplace
(Kjemikalieforskriften) shall apply. If elimination or substitution is not possible, this shall be
documented.

5.4.2.0-4  All chemicals that accompany the installation offshore, or are included in instructions for operation I
and maintenance, shall be listed in a chemical inventory according to national legislation. For
Norway, the regulations relating to the Construction and Use of a Chemical Inventory for Hazardous
Substances at the Workplace (Stoffkartotekforskriften) shall apply.

5.4.2.0-5  All chemicals shall be documented on MSDSs according to national legislation. For Norway, the I
regulations relating to the Preparation and Distribution of MSDSs for Hazardous Chemicals
(Databladforskriften) shall apply.

5.4.2.0-6 In Norway, the MSDSs shall, as a minimum, be in the Norwegian language. I

5.4.3 Occupational chemical exposure control and limits
5.4.3.0-1 Under normal operation, the concentration of hazardous substances in the working atmosphere, and |
skin contact with these chemicals, shall be as low as reasonably practicable. This means that the
installation shall be designed such that, under normal conditions, the atmospheric concentrations of
hazardous substances in permanently manned work areas do not exceed 1/6 of the OELs according
to the regulatory requirements in the country.
5.4.3.0-2 For other areas, an area limit of 1/3 of the OELs applies. I
5.4.3.0-3  For Norway, the OELs specified in DLI 361 shall apply. I

5.4.3.0-4  Area limits for concentrations of chemical substances in the working atmosphere shall be established |
when there is a possibility of exceeding 10 % of the chemical's OEL.

5.4.3.0-5  Control of hazardous emissions shall be achieved by the following technical measures/barriers (in I
order of priority):

1. Efficient enclosure of emission sources.

2. Efficient extraction/exhaust ventilation systems to remove pollutants near the source.

3. General ventilation/dilution of contamination.

In order to be considered an exposure barrier, the effectiveness has to be documented, see 4.4.6.
5.4.3.0-6  Emissions of hazardous substances from machines shall be controlled, see EN 626. I

5.4.3.0-7  Extraction systems should efficiently pick up the pollutants near the source. I

5.4.4  Storage of chemicals
5.4.4.0-1 There shall be a dedicated storage area for each type of chemical. I

5.4.4.0-2 These areas shall not be used for other purposes. I
5.4.4.0-3 The areas shall be properly ventilated and protected against fire. I
5.4.4.0-4 Chemicals that may react with each other shall not be stored together. I

5.4.4.0-5 All hazardous vapours shall be routed/treated in such a way that they do not come in contact with I
personnel. The possibility of routing into main exhaust/vent pipes shall be assessed.

5.4.4.0-6 Chemical storage tanks shall have unique couplings to prevent mixing of chemicals. I

5.5 Noise and vibration

5.5.1 General
5.5.1.0-1 Installation of low-noise equipment shall be the primary noise control measure.
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For piping systems, selection of low-noise valves and other components with low-noise properties
shall be given priority.

Noisy equipment and equipment with high structure-borne sound emission levels and areas with
noisy activities (e.g. lay down areas, workshops), shall not be located in the immediate vicinity of
areas with a noise level limit of 50 dB(A) or below, e.g. offices, hospital, central control room,
sleeping/recreation areas.

No noise sources that may significantly reduce the speech intelligibility shall be installed in the
immediate vicinity of lifeboat stations and muster points.

There shall only be a need for brief stays for inspection purposes in unmanned machinery rooms
while machinery is running.

If possible, low-noise and high-noise areas shall be separated, and high-noise equipment shall be
located in separate room. Unmanned machine rooms with several noise sources shall be separated
in such a way that maintenance work can be performed on machines not in operation without being
exposed to noise levels above 90 dB(A).

There shall be no regular access ways through unmanned machinery rooms to other workplaces.

5.5.2 Noise limits
The following noise level limits reflect the requirements for conservation of hearing:

The individual employee's maximum exposure to noise during a 12 h working day is 83 dB(A).

The maximum allowable noise level in any situation is 130 dB(C) ("peak"). This limit also applies to
enclosed "normally unmanned areas".

Annex A deals with vibration limits and area noise level limits, total and for HVAC.

The area noise level limits shall apply as the maximum sound pressure level at any location within an
area, but not closer than 1 m to equipment and other noisy installations.

All limits refer to broadband noise without any distinct tonal characteristics. In case of tonal
characteristics, the noise level limit shall be set 5dB lower.

For areas where the area noise limit is 85 dB(A) or 90 dB(A), the limit of 90 dB(A) shall apply only
where a lower limit is unfeasible. If an area limit of 90 dB(A) is incompatible with the individual
employee's maximum noise exposure, technical measures to reduce the need to stay in the noise
zone shall be implemented.

In workshops and galley, the noise limits refer to background noise including ventilation system and
external noise sources, but not manually controlled operations. For these operations, the maximum
noise exposure for a 12 h working day applies. However, low-noise equipment shall be used.

In control rooms, offices, computer rooms, radio rooms, galley, workshops and laboratories, the noise
level limits refer to background noise including HVAC as well as noise sources in continuous use
within the actual room.

During emergency conditions (e.g. near safety relief valves, fire pumps or outdoor areas during full
emergency flaring, etc.) only maximum allowable noise level of 130 dB(C) applies.

During emergency conditions, the noise level in the muster areas shall not exceed 90 dB(A) and the
noise level in the radio room, the emergency management room and the central control room shall
not exceed 60 dB(A) during emergency conditions.

Access to control rooms, offices, laboratories etc. from noisy areas should be via corridors or buffer
zones in which the noise levels do not exceed the quiet room noise level by more than 5 dB.

Access from walkways to permanently manned areas should be provided without passing a zone with
noise level above 83 dB(A).
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When selecting the design of enclosed spaces (i.e. when decisions on acoustic treatment shall be
taken) the requirements to PA system and speech intelligibility shall be taken into account. Low
reverberation times shall be adhered to.

The noise level in cabins for day-sleeping personnel shall not exceed 55dB (A) during helicopter
take-off/landing.

Noise from foghorns or production flaring shall not exceed the noise level limits in affected areas.

5.5.3  Other acoustic requirements

For workshops, laboratories, control rooms, radio room, meeting rooms, coffee bars, rest/television
rooms, dining room and offices, the average octave band sound absorption coefficient shall not be
less than 0,2 in the frequency range 250 Hz to 2 kHz.

The partitions between rooms shall be designed in order to achieve an adequate sound insulation.
Minimum permissible airborne sound insulation indices for horizontal, vertical and diagonal sound
transmission between adjacent rooms are shown in Table 1.

Acoustic rating of sound insulation shall comply with ISO 717-1.

Table 1 - Minimum permissible field-measured weighted sound reduction index (R'w) between
rooms in the living quarters

Noisy Work Quiet Corridors/

rooms rooms rooms staircases
dB dB dB dB
'Noisy rooms| 402 40 45° 35
' Work rooms 40 40 35
' Quiet rooms 40to 45 ° 40°

Notes

@ Does not apply to partition between galley and dining room.
® Common partition with hospital/ward shall be avoided.

° Doors into cabins shall have minimum sound reduction
properties of 40 dB, see NS 3150.

9 The requirement of 45 dB(A) only applies to one-man
cabins.

Examples of "Noisy rooms" are gymnasium, television rooms/cinema, printer room, galley, dining
room, and changing room.

"Work rooms" are offices, meeting rooms, radio room, and control rooms.

"Quiet rooms" require a high degree of privacy and include cabins, hospital/ward, and rest rooms,
e.g. reading rooms.

5.5.4 Noise requirements in connection with modification

The noise requirements in Annex A apply for all modification of installation built according to this
NORSOK standard. For modifications of older installations (pre-1995), company-specific noise
requirements shall apply for engineering.

For procurement of new equipment, noise requirements shall be established such that noise from the
new equipment does not result in exceeding the area noise level stated in Annex A. Noise
requirements for new equipment shall have a safety margin of 3 dB.

For areas where noise level exceeds area noise level limits in Annex A before modification, the
following apply:

¢ when the extent of modification work gives possibilities for improvements so that the area limits in
Annex A can be met, these possibilities shall be explored according to the ALARP principle;
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5.5.4.0-5 e in areas where the noise level exceeds area limits, the modification shall not increase the noise
level.

5.5.4.0-6 In areas where the noise level is in accordance with the area limits, the noise level shall still be in
accordance after modifications.

5.5.5 Vibrations

5.5.5.0-1 Annex D shows the maximum limits for continuous whole body vibration from machinery and
equipment that shall apply. Vibration limits are based on boundaries given in ISO 2631-1. The limits
are derived from the acceptability of the exposure of human beings to vibrations and are based on a
12 h working day.

5.5.5.0-2  The vibration limits are specified graphically as combined levels for vertical and horizontal
movements. The limits cover the range 1 Hz to 80 Hz in which the major body resonance occurs.
They shall not be extrapolated beyond this range.

5.5.5.0-3  The vibration limits are categorised as follows:

5.55.0-4 - Category 1 - Limits for central control room and living quarter areas,

55.5.0-5 - Category 2 - Limits for workshops, laboratories, control rooms, offices and equipment rooms
outside living quarters,

5.55.0-6 - Category 3 - Limits for process, utilities and drilling areas,

5.5.5.0-7 - Category 4 - Limits for vibration locally to equipment,

5.55.0-8 - Category 5 - Maximum limits (normally unmanned areas).

5.5.5.0-9  Higher levels than those given in category 4 may be tolerated for shorter exposure than 12 h.
Category 1, category 2 and category 5 shall also apply for intermittent operation.

5.5.5.0-10 Hand/arm vibrations shall meet the requirements stated in ISO 5349 (all parts).

5.6 lllumination

5.6.0-1 For the general level of illuminance at 1 m of elevation, the area requirements according to Annex A
apply.

5.6.0-2 The uniformity of the illuminance shall be equal to, or better than, E,i,/Enean = 0.5 in process, utility

and drilling areas.

5.6.0-3 The uniformity of the illuminance for individual work areas shall be equal to or better than E;;i/Emnean =
0,7.
5.6.0-4 For lighting calculations, a maintenance factor reflecting the environment and time between

maintenance intervals shall be established and applied. Maintenance factor 0.7 is recommended.

5.6.0-5 Lighting shall be specified for each workplace that requires at least daily access or is critical from a
safety point of view. The guidelines in EN 12464-1 shall be applied in the specification of task lighting.

5.6.0-6 Task lighting shall, as a minimum, be included for workplaces that require daily access or detailed
reading of information, or is critical from a safety point of view.
This includes gauges, indicators, areas that need to be checked for leakage, and areas that
frequently need maintenance.

5.6.0-7 To avoid shadows, illumination planning shall take the location of fixtures, racks and mechanical
equipment into consideration.

5.6.0-8 The difference in illuminance level between adjacent indoor areas should not exceed 5:1.
5.6.0-9 In enclosed work areas, the difference shall never be more than 40:1 within the total field of vision.

5.6.0-10 Provision shall be made to avoid direct glare from sunshine, from artificial light sources and from
reflecting surfaces.

5.6.0-11 Glare in visual display units from reflecting surfaces, lamps and windows shall be avoided.
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5.6.0-12

5.6.0-13

5.6.0-14

5.6.0-15

5.7.0-1
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5.7.0-3

5.7.0-4

5.7.0-5

5.7.0-6

5.7.0-7

5.7.0-8

5.7.0-9

5.7.0-10

In the design of the lighting, the level of illumination and location of lamps shall make it easy to see
obstructions, steps in corridors, walkways etc.

Different levels of illuminance require different light colours if the lighting is to be comfortable. Warm
colours should be used in cabins and recreation areas where the lighting levels are below 500 lux.
High colour temperature, whiter light, should be used in areas with high lighting levels.

In areas monitored by closed circuit television, the illuminance shall be sufficient to produce quality
video pictures.

The need for adjustable workstation lighting shall be evaluated and provided as needed for fixed
workplaces.

5.7 Indoor climate

The design shall ensure that each individual room achieves an adequate indoor climate with respect
to air quality, air demand, draught and temperature.

Permanently manned work areas shall be enclosed and shall meet the climate requirements for such
areas. Specific air temperature requirements are stated in Annex A. For Norway, the design shall
also be in accordance with the principles laid down in DLI 444, and the Norwegian Institute of Public
Health, see "Anbefalte faglige normer for inneklima".

The minimum/maximum temperature limits in Annex A are operative temperatures (i.e. the sum of air
temperature and any radiant heat), and specify the acceptable temperature ranges during both
summer (see maximum limit) and winter (see minimum limit) conditions. For cabins, offices, control
rooms, driller's cabin, and the crane cabin, the HVAC systems shall also have heating/cooling
capacity to achieve

— heating to operative temperature > 22 °C during winter conditions,
— cooling to operative temperature < 20 °C during summer conditions.

Cabins should have individual temperature control.

The HVAC system shall be designed to be clean and dry.

Air inlets shall be located in the open air and in areas not contaminated by exhaust outlets.
There shall be easy access for internal inspection and cleaning of ducts.

Supply air ducts in the living quarters and in manned areas outside the living quarters shall, after
mechanical completion, be cleaned to achieve dust coverage in accordance with Table 2.

Table 2 - Cleaning classes for supply air ducts

Cleaning Norm Maximum Applies to:
class % %
A: High 3 5 Cabins, hospital/ward, sensitive
instrument rooms.
B: Normal 5 7 Permanently and intermittently

manned areas in LQ, offices and
coffee bars outside LQ,
laboratories, permanently
manned control rooms and
control cabins.

C: Low 7 10 Workshops

Air extract ducts shall be cleaned to cleaning class C.

When extract ducts are a part of a local re-circulating loop, the same cleaning class as for the supply
air ducts shall be applied.
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Local extract ventilation shall be provided for areas with contaminated air, e.g. welding shop, paint
store/workshop, chemical storage cabinets, laboratories etc.

Materials containing synthetic mineral fibres that are used in the living quarters or in permanently
manned areas shall be fully sealed.

Printers, copy machines etc. to be used by more than one person shall not be placed in permanently
manned rooms unless mounted in special cabinets.

Areas where smoking is allowed shall be separated from non-smoking areas by physical partition or
equally effective ventilation control.

Low emitting materials and equipment shall be used in offices, control rooms, cabins and
accommodation areas.

Carpeted floors should be avoided.

A central vacuuming system should be installed in the LQ.

5.8 Outdoor operations

The percentage of time that the individual employee is exposed to a WCI above 1 000 W/m? shall be
reduced insofar as reasonably practicable for workplaces where there is frequent work with a
duration of 10 min or more. The unavailability shall be less than 2 % on a yearly basis.

For evaluations of the acceptability of a WCI above 1 000 W/m?, the following operational restrictions
should be assumed to prevent harmful effects of wind chill on unprotected skin:

— WCI > 1 600 W/m?% No outdoor work to be performed;

— 1600 W/m?> WCI > 1 500 W/m?% The available working time per hour and person increases from
0 % to 33 % linearly;

— 1500 W/m? > WCI > 1 000 W/m?: The available working time per hour and person increases from
33 % to 100 % linearly.

On installations that are planned for use in areas with arctic climate, outdoor operations shall be
identified and reduced to a minimum.

If the requirements are in conflict with explosion or wind load limits, it is acceptable to compensate
with adequate enclosure of other areas that are also part of the operator’s working environment, e.g.
utility areas.

Frequently manned areas shall be sheltered without exceeding the allowable explosion risks.

It should be possible to operate outdoor handles, switches etc. while wearing gloves.

A heated shelter shall be located on the drill floor in a safe place with respect to dropped objects.

Work areas with flaring heat impact shall be shielded to meet the permissible heat radiation levels to
personnel in APl RP 521.

59 Electromagnetic fields

The location of high voltage equipment (> 690 V) adjacent to permanently manned work areas and
accommodation areas should be avoided.

Worker exposure to electromagnetic fields shall conform to the limits stated.

5.10 Radioactive sources - lonising radiation

For protection against radiation from radioactive sources, reference is made to the national
legislation.
As a general rule, all occupational exposure to ionising radiation shall be kept as low as reasonably
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5.10.0-4

5.10.0-5

5.10.0-6

5.10.0-7

5.10.0-8

achievable.

The use of radioactive sources on an installation shall be minimised.

A separate list of all radioactive sources on the installation shall be prepared. This list shall provide
information on location, type of equipment and radioactive source, radiation levels, and required
protection.

The radioactive sources shall be adequately marked at the location.

The design shall ensure that radioactive sources can be safely transported, handled, applied and
stored.

Storage lockers for radioactive sources shall be made from non-combustible material, and be
lockable.

The sources shall not be stored together with explosives or combustible materials.
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Annex A
(normative)
Working environment area limits

Table A.1 - Working environment area limits
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6.1.0-1 Room description Level of Average | Temperature | Vibration |Noise total | Noise HVAC
manning ° illuminance min/max limit dB(A) dB(A)

level (lux) ' °C

External walkways and access ways 100 Outdoor 80’

Stairs, walkways and access ways in enclosed 150 60 - 80

work areas

Lay down area 200 75"

Muster area u 200 Outdoor 2 75

Fire pump room ] 200 5-35 3 110" 80

Emergency generator room U 200 5-35 3 110"

Unmanned machinery room U 200 5-35 3 110" 80

General process and utility area | 200 Outdoor/5 - 35 3 85/90 °

HVAC room U 200 5-35 3 90

Switchboard and transformer room | 200 5-35 2 85 70

Central control room M 500 20-24 1 45" 40
Adjustable

Local control room | 400 19-26 2 60 50

Coffee bars outside LQ M 150 19-26 2 60" 50

Battery room U 200 5-35 3 85 70

Main generator room U 200 5-35 3 85/90 ° 70

Inst/El. workshop M 500 19 -26 2 65°" 50

Mechanical workshop/ welding M 500 16 - 26 2 65°" 50

Stores - Large parts 200 16 - 26 2 65" 60

Stores - Small parts 300 16 - 26 2 65" 60

Laboratory I'M 500 19-26 2 60 50

Paint shop | 500 16 - 26 2 65" 55

Sandblasting room I 300 16 - 26 2 65°" 55

Workshop office M 500 19 - 26 2 55 50

Crane cabin M 400 19-26 2 659 60

Driller's cabin M 400 19-26 2 65 60
Adjustable

Drill floor M 350 Outdoor 3 85

Local instrument room U 400 5-35 2 75 60

Coffee bars in LQ, television room | 150 20-24 1 45 40

etc.

Dining room M 300 20-24 1 55 50

Galley M 500 20-24 1 60" 55

Serving area M 400 20-24 1 55 50

Laundry - machinery area M 300 20-24 2 75 60

Laundry - work area M 300 20-24 2 65 60

Dish washing M min. 300 |20 -24 1 70" 55

Gymnasium | min. 300 |20 -24 1 55 50

Cabins M 150 20-24° 1 40" 35

Corridor in LQs U 100 19-26 1 60 50

Corridor in work areas U 100 5-35 - 60’ -

Hospital/ward M min. 500 |20 - 24 1 407 35

Offices/meeting rooms M 500 20-24 1 45 40
Adjustable

Radio room M 500 20-24 1 50 45

Toilets/changing room | min. 200 |20 -24 1/2° (60 50

Monkey board M 200 Outdoor 3 85

Pipe rack area | 200 Outdoor 3 85

Mud/well logging | 500 16 - 26 2 60 50

Shale shaker | 300 5-35 3 85/90 °

Mud room, mixing area | 200 Outdoor 3 85/90 ©

Mud room, test station | 300 Outdoor 3 85/90 °

Mud lab | 300 16 - 26 2 60 55

Operator’s cabin in drilling unit I'M 400 16 - 26 2 60 55

Blowout preventer and well head | 150 Outdoor 3 85/90 °
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6.2.0-1
6.2.0-2

6.2.0-3

6.2.0-4

6.2.0-5
6.2.0-6

6.2.0-7

6.2.0-8

6.2.0-9
6.2.0-10

6.2.0-11

6.2.0-12
6.2.0-13

Notes

4M = permanently manned, | = intermittently manned, U = normally unmanned

® The noise limit refers to background noise including ventilation system and external noise sources,
but not manually controlled operations. For these operations, the maximum noise exposure fora 12 h
working day applies.

©85 dB(A) is preferred in order to ensure that the individual employee’s maximum exposure to noise
during a 12 h working day is 83 dB(A). Where the lower limit is unfeasible, a maximum area noise
level limit of 90 dB(A) shall apply.

4The control system shall allow for free cooling in cabins to 16 °C. This shall not be a thermo
dynamic design requirement.

° Category 2 applies outside LQ.

"For mobile offshore installations, the noise requirement during operations is 5 dB(A) higher than the
one given in the table.

9For crane cabins, the requirement refers to the equivalent sound level to which the crane driver is
exposed during a time period defined by a typical crane cyclus.

" For rooms dedicated to coarse pot and pan washers that are unattended when operating, a limit of
85 dB(A) can be applied.

'Based on EN 12464-1 and prEN 12464-2.

'Walkways. For in-module walkways/access ways (e.g. between skids), a limit equivalent to the
adjacent area applies, provided acceptable PA system audibility is maintained.

K Laydown area. In-module laydown area can allow noise limit of maximum 80 dB (A) provided that in-
module laydown area is not the main laydown area.

'Intermittently manned and normally unmanned offices in work areas can allow 55 dB (A).

™ The highest permissible noise limit [110 dB (A)] should only be allowed in connection with brief
inspections or work tasks that are to be carried out in an area where there is no passage through to
other areas. Provisions should be made for noise deflection of noisy equipment when maintenance
or other work is carried out in the area.
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Vertical and horizontal clearances and distances
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Table B.1 - Vertical and horizontal clearances and distances

7.1.0-1 Topic Vertical [Horizontal| Comments ]
MINIMUM CLEARANCES IN ACCESS WAYS AND WORK AREAS
Main walkways 2 100 mm (2300 mm is 1000 mm
recommended)
Access ways (inclusive stairs) |2 100 mm (2 050 mm in door 600 mm Minimum width 900 mm for access to permanently
openings and above each step in and intermittently manned workplaces, see ISO
a fixed stepladder) 14122-2,4.2.2.
Hatch openings 800 mm x 800 mm Minimum 600 mm x 600 mm applies for access to
cofferdams and tanks from floor/platform.
Manholes shall have a minimum inner diameter of
600 mm and hand holes a minimum of 200 mm,
see 1ISO15534-1.
Transportation ways for 2 100 mm (2 300 mm is Trolley width + 300 mm/Truck width + 900 mm
trolleys/trucks recommended)
Work areas 2 300 mm Down to minimum 2 100 mm acceptable in parts of
work areas
At work position for access to fixed equipment during 700 mm The operator's reach distance to equipment: < 500
operation/maintenance space for |mm
worker
Between pipe bottom and 150 mm Does not apply to drain pipes
floor
Between external diameter of |250 mm 250 mm Applies to flanges with diameter above 100 mm on
flange and fixed obstruction pipes DN 100 and above. Clearances can be less
than 250 mm, provided there is access and space
to operate maintenance tool without excessive
ergonomic strain
Space between fixed cabinets [Minimum 250 mm Preferably fixed on floor without space
and floor
Topic Vertical |Horizontal | Comments
ARRANGEMENT OF WORK AREAS
Table top, seated work 660 mm to 800 mm. Thickness maximum 50 |Easily adjustable from work position in
mm permanently and intermittently manned
workplaces
Clearances for legs below Width minimum 610 mm. Depth minimum 500 mm to 650 mm at knee level/floor level
work surface, seated work
Table top, standing work 800 mm to 1 050 mm Easily adjustable from work position in
permanently and intermittently manned
workplaces
Workbenches 800 mm to 1 150 mm Workbenches in galley can allow 800 mm to
1050 mm
VDU workplaces 800 mm to 1 200 mm
Table top, standing work VDU |800 mm to 1 200 mm for VDU workplaces Easily adjustable from work position in
workplaces permanently and intermittently manned
workplaces
The centre height of control ~ [Maximum 1 800 mm Does not apply to controls in infrequent use (<
devices above floor level once per month). Ergonomic position to work
(including valve handles) above floor 500 mm to 1 700 mm, see ISO 14122-
2,421
900 mm to 1 500 mm for control devices in
frequent use
Visual displays above floor 1100 mm to 2 000 mm For displays in daily use and for displays where
level, standing work reading in an emergency is required. Location of
critical displays to be based on task analysis, see
4.4.5.
Electrical contacts and 900 mm to 1500 mm
switches above floor
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[Sink, heights above floor [600 mm | |
Topic | Vertical |Horizontal | Comments
FLOOR, DECK SURFACES, PLATFORMS
Maximum unprotected openings 100 mm x [Larger openings shall be covered or secured by
100 mm guard rail or similar. Hatches with coaming height
below 750 mm to be equipped with railing.
Maximum opening in grating @20 mm |Grating shall not allow a ball with greater diameter

to fall through. Applies above places with
presence of persons, otherwise @ 35 mm.

one step between floor/deck
levels in access ways

Maximum unsecured height  [500 mm Also applies to stairs. Higher drops to be secured
drop to lower level by guard-rails, railings or bulk walk, see ISO

14122-2, 4.2.3, and ISO 14122-3,7.1.2
Maximum height difference in {350 mm

FIXED MEANS OF ACCESS BETWEEN LEVELS

Stairs, stepladders and guard r:

ails

Design for these items shall comply with EN ISO
14122-3.

Fixed ladders

Design for these items shall comply with EN ISO
14122-4.

Inclinations

Design of inclinations shall comply with EN ISO
14122-1.
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8.1.0-1

8.2.0-1

8.2.0-2

8.2.0-3

8.2.0-4

8.2.0-5

8.2.0-6

8.2.0-7

8.2.0-8

8.2.0-9

8.2.0-10

8.2.0-11

8.2.1.01

8.2.1.1.0-

8.2.1.1.0-

8.2.1.1.0-

8.2.1.1.0-

8.2.1.1.0-

Annex C
(normative)
Detailed requirements related to installation areas

CA1 Living quarters
Reference is made to NORSOK C-001 for requirements to LQs.

C.2 Drilling unit

C.21 General

There shall be anti-skid flooring in work and transportation areas.

There shall be sufficient storage space near the work area for auxiliary equipment that is used
temporarily.

The heavy equipment storeroom shall have a location that makes transportation/lifting onto/from the
drill floor easy.

Arrangements shall be made to avoid unnecessary traffic on the drill floor.
There shall be suitable conditions for appropriate handling of heavy logging instruments.
The design of the derrick man’s cabin shall meet the requirements to crane driver's cabin, see C3.

The adding and mixing of powder to drilling mud shall be enclosed to reduce the danger of chemical
exposure.

Adding and mixing operations (drilling mud) that involve manual lifting/carrying should be avoided.

The chemical sack room and the mud mixing room should be situated on the same floor and in the
immediate vicinity of each other.

It shall be possible to put pallets of sacks on the lifting table near a sack-cutting machine (if
available), using a forklift truck or pallet lift.

A separate mud laboratory with office facilities shall be provided.

C.2.2 Driller’s cabin/control room

Walls and roof on the driller's cabin/control room shall be designed to withstand accidental loads from

dropped objects and uncontrolled movements of drilling equipment and loads.
C.2.3 Operator’s chair

In the driller’s cabin, the operators' chairs shall be easy to move both backwards and forwards, e.g.
placed on rails.

In the driller’s cabin, there shall be easy access for both entering and leaving the operators' chairs.

The chair shall meet general requirements for control room chairs, providing good individual
adjustment qualities and resting comfort.

The armrest supports shall be easily adaptable to the operator and the control levers.
Control levers attached to the chair shall follow the chair's movement. Other controls and

communication equipment shall be placed within recommended working areas for hands and/or feet
when chair is in normal operating position.
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8.3.0-8

8.3.0-9

8.3.0-10

C.2.4 Pipehandling equipment and winches

Local control units/panels for pipehandling equipment and/or winches (e.g. man-rider) shall be
arranged according to ergonomic/man-machine design principles:

e with an unrestricted view of the equipment's hazard zone,
e with good communication with the driller's cabin,
o shall be protected against dropped objects.

C.2.5 Shale shakers

The shale shaker and any slurry unit shall be provided with an operator's cabin.
The cabin shall be provided with overpressure ventilation.

Shale shakers and other equipment with potential for oil mist/vapour emissions shall meet the OEL
requirements, see 5.4.3. If efficient enclosure of emissions is not reasonably practicable, the
equipment shall be equipped with efficient exhaust ventilation.

The supply air shall be controlled and documented to be impulse free in order not to disturb the
required flow and the working environment around the equipment.

C.2.6 Mud system

Design of mud systems shall ensure that spillage of mud and cuttings in mud treatment areas is
avoided.

Manual carrying of sacks for mud additives and cement chemicals shall be avoided.
Sampling of mud shall be possible without excessive exposure to oil mist and vapour, see OELs.

It shall be possible to take mud samples from inside the mud lab or the shale shaker operator cabin
(if provided with adequate extraction ventilation).

C.3 Control cabins

Included in this definition are cabins for drillers, crane drivers, derrickmen and pipehandler operators.

From a normal working position, the operator shall have an unrestricted view of the hazard zone of
the equipment that he controls, and of all loading positions.

Windows shall have an effective cleaning system, which ensures satisfactory visibility in all kinds of
situations.

It shall be possible to maintain the cleaning system as well as cleaning and replacement of
windshield wipers in a simple and safe manner.

The crane driver's cabin shall be designed so that the crane driver, when sitting in a normal position,
has an unrestricted view of all loading positions.

The operator’s chair shall be placed on rails in order to ensure ease of movement both backwards
and forwards. This might not be necessary in cabins placed on floor where it is not necessary to look
down.

There shall be easy access for both entering and leaving the chair.

The chair shall meet the general requirements for chairs, have good individual adjustment qualities
and shall be designed to provide good resting comfort.

The support provided by the armrests shall be suitably adapted to the operator and the control levers.

Control levers shall be attached to the crane driver's chair and shall follow the chair's movements.
Other controls shall be placed within the recommended working areas for hands and feet.
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Conditions shall be suitable for easy and safe cleaning of windows, both externally and internally.
It shall be possible to use telephones and other communication equipment in a loudspeaker mode.
There should be a chair or seat for the instructor for use during on the job training.

The cabin shall be provided with adjustable lighting or with direct instrument lighting and a reading
lamp.

C4 Workplaces with visual display units

C.41 Variation in work

The workplace shall be designed in such a way that variation in movements and work positions is
possible.

The software used shall allow variation between use of a mouse or other position instrument and the
keyboard.

C.4.2 Desk

Reference is made to the table top requirements in Annex B.

Depth of the desk shall allow for a viewing distance up to 900 mm.

Furniture arrangements shall be flexible, including the options to position the computer equipment
according to worker needs and tasks (e.g. to suspend the central processing unit) and to lower the

display screen relative to the table top.

The table top shall allow for support of the underarm when using the computer mouse or positioning
instrument and keyboard. Distance between edge of table top and keyboard is minimum 250 mm.

It shall be possible to alternate between the right and left arm for using the mouse or positioning
instrument.

Room for a well positioned document holder as needed.
Sufficient room for writing, using the telephone and other equipment as needed.
Low reflective surface.

Cable holders shall be included.

C.4.3 Chair

Height regulation minimum 400 mm to 510 mm (when the seat is in use) for normal sitting work.
Adjustable depth of seat minimum 400 mm to 450 mm.

Adjustable seat angle enabling moveable tilt with locking possibility.

Adjustable back support (height and angle) independent of the seat.

Adjustable arm rests, which can easily be removed.

C.4.4 Computer equipment

The computer equipment, including the electromagnetic fields, shall meet the requirements of the
Swedish TCO standard.

The keyboard shall be detached from the monitor, and a tilted position shall be possible.
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It shall be possible to tilt the monitor 15° backwards.
The screen's refresh frequency is minimum 85 Hz.
Screen luminance shall be between 100 cd/m? and 150 cd/m?.

The monitor and keyboard shall have low reflective surfaces.

C.4.5 Lighting

General lighting minimum 300 lux.
Work space lighting 300 lux to 500 lux.
Lighting and daylight shall not cause disturbing reflections or other sources of dazzling.

Luminance distribution in the work area: The recommended ratio between the immediate work area,
the close vicinity and the distant area is 5: 3: 1

C.4.6 Particular requirements

All multi-user workstations shall have desks that can be quickly adjusted as needed to meet
individual requirements.

For workplaces where the employees are expected to work actively in front of a screen for more than
75 % of their working day, it shall be possible to alternate between a sitting and standing work
position, i.e. with a desk, which can be adjusted in height from 660 mm to 1 200 mm. This also
applies to multi-user workstations that individuals frequently use for more than 75 % of their working
day. Needs in connection with this point shall be documented.

For workplaces with more than one display screen, the requirements shall be met for each individual
display screen.
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Annex D
(normative)
Vibration limit curves
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Annex E
(normative)
Working environment area chart

11.0-1 WORKING ENVIRONMENT AREA CHART Doc. no. Rev. Date Page
Installation: Room/area name: Module/level: |Area no.: Manning:®
WORKING ENVIRONMENT AREA LIMITS

Predicted at
issue for As built @
construction ©

Status ©

Preliminary .
/Notes

. b
Factor Limit/level prediction ©

Total
HVAC

Vibration

Noise:

lllumination ’

Temperature

Air changes
per hour

Types of
hazardous
substances ¢

GENERAL

Description of identified
hazards/nonconformities/ Decision
comments

Status ©
/Notes

Document

Factor id. no. "

Arrangements

Ergonomics

Human factors

Technical
appliances

Chemical
substances

Permanent
protective
equipment
Outdoor
operations

Radiation
Notes '

PREPARED BY * CHECKED BY " APPROVED BY *:
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11.0-2

Notes:

2 Level of manning, see Annex A: Permanently manned (M); Intermittently manned (I); Normally unmanned (U).

®To be established according to 4.3.

°Preliminary prediction and prediction at issue for construction shall be made for noise, see 4.4.7. The needs of two separate
predictions shall be evaluated for other factors.

¢ Measured values during commissioning.

¢ Status: OK; Action required (AR); Nonconformity, action pending (NCP); Nonconformity, approved (NCA); Not identified (NI);
Not applicable (NA).

fState references to underlying documentation, e.g. nonconformity reports.

9List all identified chemicals, that are planned for use and that may represent a health hazard, see 4.4.6.

_hState document identification number for performed working environment analyses and design reviews.

"May be replaced by signatures on common front sheet.

'Emergency illumination in room/areas with personnel tasks during an emergency situation shall be analysed. For emergency
illumination requirements, see NORSOK S-001 and NORSOK E-001.
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Annex F
(informative)
Noise data sheet

13.0-1 SDS-050 Noise data sheet enclosed
13.0-2 NORSOK NOISE SDS-050
S-002 DATA SHEET Rev. 3, Nov. 1997
Page 1 of 1
Package no. Doc. no. Rev.
Tag no. Location/module
Unit No. req'd
Service Inquiry No.
Size & type Quote No.
Supplier P.o. No.
Manufacturer Job No.
Model Serial No.
1 EQUIPMENT DESIGN DATA
2 Calculated A L=SWL - SPL dB  (Note 1)
3 Efficiency %
4 Equipment size (I x w x h) m Driver type
5  Power kW Driver speed rpm
6  Capacity Equipment speed rpm
7  Pressure disch. Gear tooth contact rate Hz
8  Pressure suction Blades/vanes pass frequency
9  Equipment weight kg Number of stator/number of rotor blade ratio
10
11 |COMPANY SPECIFIED DATA Octave band centre frequency, Hz
12 |Noise Level Limits (Note 1) dBA| 31.5 63 125 250 500 1000 2000 4000 8000
13
14
15
16
17  Special requirement:
18
19
20 Noise test required: Yes O No O Optional O
21
22 |SUPPLIER DATA Octave band centre frequency, Hz
23 |Guaranteed Noise Levels (Note 1) dBA| 31.5 63 125 250 500 1000 2000 4000 8000
24
25
26
27
28 Narrow band component, Yes O No O Frequency/octave band: Hz
29 Method for Noise Level Test:
30
31 Description of implemented noise control measures / other information
32
33
34
35 |AS BUILT NOISE DATA Octave band centre frequency, Hz
36 |Measured noise levels (Note 1) dBA| 31.5 63 125 250 500 1000 2000 4000 8000
37
38
39
40
41  Special information
42
43
44 Note 1 SPL Sound pressure level in dB (re. 20 p Pa) at I m distance free field conditions.
45 SWL Sound power level in dB (re. 1 pW).
46
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Annex G
(informative)
Examples of methods for analysis of the working environment

14.0-1 The processes of implementing functional and specific WE requirements into design is outlined below |
in Figure G. 1
14.0-2 : . : I
Examples WE requirements in regulations, standards and Examples
company specifications
® Arrangement of ® Acceptable risk of
workplaces + + accidents
® Clearances for ® Limits for chemical
access Prescriptive Goal-oriented and noise exposure
® Prohibited requirements requirements ® Maximum musculo-
chemicals skeletal work load and

¢ * force limits
,—P i  DESIGN PROCESS D

Handling of Assumptions and
nonconformities v v actions

* Verifications Analyses *

Figure G. 1 - Processes to implement prescriptive and goal-oriented WE requirements
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14.0-3 Figure G. 2 shows a typical execution sequence of the WE analyses applicable on a large project
(OLF standard project phase model).

14.0-4 [ Proiect Plannina \ Proiect Execution
ibili Concept Detailed i
D Fea?b'm g;:g;zt definition Engineering Constructio Commissionin Operatio

and optimisatio

Concept WE impact assessment

Experience transfer
WE area limits

| Organisation and manning |

Psychosocial
Means of access

\ Noise evaluation \

‘b\ Noise prediction |

‘}1 Noise surveys ‘

‘ Hazardous chemicals ‘

| Outdoor operations / WCI |

‘ Human factors ‘

»omor |

| Ergonomics

|
‘ Job hazards ‘
[ llumination |

\ Constructability \

| Design reviews |

| WE inspections

Figure G. 2 — Typical timing of WE activities relative to project phases

G.1 Working environment risk analyses

G.1.1 Job hazard analysis (JHA)

14.1.1.0-1 The aim of a JHA is to identify and evaluate the hazards to which employees are exposed when
performing work activities. Coarse and detailed JHA differ in the level of detail by which the activities
are broken down. A JHA is carried out in a JHA team consisting of project personnel and
representatives of the user group.

It follows a stepwise procedure:

1. Delimit the analysis to work activities within an area, in connection with a machine, etc.

2. ldentify the activities of the area/machine. In detailed JHA, each activity is described, step-by-step.

3. Identify relevant hazards for each activity/sub-activity.

4. Estimate the expected frequency and consequences of accidents due to exposure to the identified
hazards.

5. Evaluate need for remedial actions.

6. Checklists support steps 2, 3 and 4 of the analysis. The results are documented in a table,

showing activity, hazards, causes, expected frequency and consequences, and actions.
G.1.2 Chemical health risk assessment

14.1.2.0-1 A recommended method for risk assessment, including risk estimation and evaluation, is outlined
below. Any alternative method shall be documented to be of equivalent functionality and quality.

1. Establish an inventory of all hazardous chemicals that are in use or are planned for use during
operation or maintenance. For each chemical, determine and document the potential health
effects of being exposed, i.e. the toxicity of the chemical and severity of the consequences.
Reference is made to the safety data sheet and regulatory scheme for classification, labelling etc.
of dangerous chemicals. Chemicals can be categorised based on inherent properties expressed
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by risk phrases. Typical example of categorisation is given in Table G.1.

2. For each chemical classified as dangerous, list all associated activities where there is a potential
for significant exposure through inhalation and/or skin contact. Include activities during
handling/transportation, storage, use, maintenance, and waste disposal.

3. For each activity and chemical, estimate and categorise the degree of exposure through inhalation
and/or skin contact. For long-term exposures through inhalation, the extent, frequency and
duration of the exposure should be taken into consideration.

For estimation of exposure the following guidelines could be given:
A description of the technical solution will be sufficient when

- effective exposure barriers are established and all chemical exposure can be ruled out,

- unclassified chemicals are used under normal temperature and pressure, without aerosol
formation,

- low hazardous chemicals are used, provided there is low risk of evaporation/dust formation, and
aerosol formation can be ruled out.

When chemical exposure cannot be ruled out (estimated to be above 10 % of OEL/reference value)
with the selected technical solution, numerical/semi-quantitative calculations shall be performed
taking into consideration

- physical properties of the substances/chemical,
- volumes in use,

- typical work tasks,

- distance to the source,

- ventilation,

- effectiveness of barriers etc.

Measurements from similar situations can be used as part of the documentation.

If necessary, more advanced computer assisted models (e.g. dispersion or computational fluid
dynamics models) or simulations shall be used, especially when evaluating exposure to very
hazardous chemicals or complex problems, e.g. dispersion of exhaust.

For categorisation of exposure, the occupational exposure limits could be used as reference value.
For skin exposures, the size of the affected area and the chemical's concentration are important
factors. Typical example of exposure categories is given in Table G.2.

4. Estimate the risk to health and safety as high, medium or low, combining the health hazard
category and the exposure category. A typical risk estimation matrix is shown in Table G.3. For
any activities with potential for exposure to acute toxic/corrosive chemicals resulting in an
accidental injury/illness, a JHA should also be used, see 4.4.3.

5. Evaluate the needs for, and the priorities of, risk-reducing measures to be implemented in design.
In general, high risks are unacceptable, and medium risks should be reduced according to the
ALARP principle.
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14.1.2.0-2 Table G.1 - Example of health hazard categories for chemicals
Health hazard categories Risk/safety phrases
Very serious
Very toxic (T+)
- Acute toxicity R26, R27, R28
- lrreversible effects R39
Toxic (T)
- Carcinogens Cancer1 and Cancer2 R45, R49
- Mutagens Mut1 and Mut2 R46
- Toxic to reproduction/teratogen Rep1 and R60, R61
Rep2
Serious
Toxic (T)
- Acute toxicity R23, R24, R25
- Chronic effects R48
Corrosive (C) R35
Harmful (Xn)
- Cancer3 R40
- Mut3 R68
- Rep3 R62, R63
- Sensitising R42, R43
Bioaccumulation R33
Harmful to breast-fed babies R64
Moderately serious
Corrosive (C) R34
Harmful (Xn)
- Acute toxicity R20, R21, R22, R65
Irritant (Xi) R41
Less serious
Irritant (Xi) R36, R37, R38, R66, R67
Avoid inhalation S22, S23
Avoid contact S24, S25
Use personal protective equipment S36, S37, S38, S39
Ventilation required S51, S52
Insignificant
Unclassified
14.1.2.0-3
Table G.2 - Example of exposure categories
Exposure categories
Qualitative Quantitative
Extremely high >> Reference value
Very high > Reference value
High 50 % to 100 % of reference value
Moderate 10 % to 50 % of reference value
Low < 10 % of reference value
Insignificant/very low ~ Background
14.1.2.0-4

Table G.3 - Typical risk estimation matrix for long-term/ average exposures

Health Hazard

Very serious

Serious
Moderat
Less
Insignifican
Insignificant Low Moderat High Very high Extremely high
Very low
Exposure Category
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14.1.3.0-1

14.2.0-1

14.3.1.0-1

G.1.3 Comparison risk analysis

Comparison risk analysis results in an assessment of the expected increase/decrease in the accident
frequency rate of the new installation, as compared to the historical accident frequency rate of
existing "reference" installations. It involves the establishment of a database of accidents from the
reference installations. This is manipulated in order to establish a simulated database of expected
accidents on the new installation. The analysis is performed in the following four steps:

1. Selection of reference platforms and establishment of reference database.

2. Analysis of the accidents in the database by activity and hazard for each area of the installations.

3. Assessments of changes in exposure to hazards and probability of accidents for the new
installation in relation to the reference installations, considering design, manning and operations
programme of the new and the reference installations. This part of the analysis is documented in a
table for each area of the platform. It shows the historical accident frequencies for the reference
installations, the expected accident frequencies for the new installation, and the detailed
assessments that have been made.

4. Calculation of accident frequency rates for different areas and occupations on the new installation
and for the installation as a whole.

Reference: Kjellén, U.: Prevention of Accidents Through Experience Feedback. Taylor & Francis,
London and New York, 2000.

G.2 Psychosocial analysis

DRA is a systematic method for evaluating the various psychosocial working environment aspects of
a position on the installation. It focuses on the interactions between the employee in this position and
the environment concerning:

1. Psychological job demands, i.e. the non-physical demands imposed upon an employee from work

2. Social interaction/support at work, i.e. the help and the support an employee receives from people
in his/her work environment.

3. Control at work, i.e. the amount of influence an employee has over the work tasks and the work
situation.

4. Skill discretion, i.e. the amount of skill variety and the opportunity to learn new things on the job.

5. Information, i.e. the information an employee receives from others regarding work responsibilities
and their fulfilment, as well as the prediction of workloads and events.

6. Preconditions for restitution, i.e. the recuperation of mental and physical energy that an individual
needs by means of rest and leisure activity between work shifts.

The DRA is performed by a panel of operators and managers representing this position on an
existing installation, project personnel, and working environment experts. They scrutinise design and
planned organisation and manning by examining the interactions between the employees in the
position and the environment. A profile showing the extent of positive and negative stresses for each
area along with comments is compiled.

The DRA can also be expanded to include physical WE factors in order to make an overall evaluation
of the working environment.

G.3 Ergonomic analyses

G.3.1 Task analysis

In a task analysis, functions allocated to operators are broken down into units of work, which are
described and systemised to ensure necessary resources to support successful work performance.
Both the requirements to the employees' capabilities (skills, knowledge, etc.) and to the working
environment (controls, displays, procedures, etc.) are considered.

There are many variations of task analysis. A simple method adapted for industrial use lists the
sequence of tasks by purpose, action, needed information input, and problems related to controls,
displays and working posture. Results are used in order to identify the requirements for a good
design as input to the redesign of the workplace.

See EN 614-1 and EN 614-2.

Salvendy, G. (Ed.): Handbook of Human Factors. Whiley, 1986.
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14.3.2.0-1

14.3.3.0-1

Kirwan, B., Ainsworth, L.K.: A guide to task analysis. Taylor and Francis, 1992.
G.3.2 Crisis intervention and operability analysis (CRIOP)

The objective of a CRIOP analysis is to evaluate the design, manning and procedures of a control
centre in relation to its expected ability to handle disturbances that, if not properly handled, may
cause major accidents. A CRIOP analysis consists of the following two parts:

1. Review of the static characteristics of the control centre through use of a checklist.
2. Scenario analysis, including task analysis.

The static review includes arrangements, man-machine interfaces, physical working environment,
control and safety systems, work organisation, procedures, and training programme. Part 2 can be
used at different stages of design to validate chosen solution.

In the scenario analysis, step-diagrams of potential accident scenarios are established. A step-
diagram shows the different "players" (humans, objects) along the y-axis. Time is shown on the x-
axis. Actions are displayed in the diagram by player and point in time. In the next step, critical actions
are identified where human errors may have severe consequences. For each critical action, design,
manning and procedures are evaluated by considering the operators’ possibilities to detect and
diagnose hazards and to take proper action.

Reference: Stig Ole Johnsen et al: CRIOP - A scenario method for Crisis Intervention and
Operability Analysis ( Draft ) SINTEF Report STF38 - ISBN 82-14-02723-3, Trondheim 27.01.2004.

G.3.3 Valves and instrument access and operability review

The aim of a valves and instrument access and operability review is to verify that the operators'
access during their daily inspection rounds is safe and efficient. The review is carried out in a team
consisting of project personnel and representatives of the user group.

It follows a stepwise procedure:

1. Identify the route through the process and utility areas that the operator takes during the daily
inspection tour.

2. ldentify on a process and instrumentation diagram the valves, instruments, etc. that are accessed
during this tour.

3. Review the walkway and the access to the identified tag numbers in relation to the requirements
to safe and easy access. This may be done on the basis of arrangement drawing or three-
dimensional computer assisted design.
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15.1.0-1

15.2.0-1

15.2.0-2

15.3.0-1

15.3.0-2

15.3.0-3

Annex H
(normative)
Procedure for noise control

H.1 Scope

This NORSOK standard describes the procedure for noise control of offshore installations and

equipment. It describes the activities and studies, reports and documentation that shall be covered
during design and fabrication of an installation in order to ensure that the requirements given in this
NORSOK standard are implemented in the execution of the evaluations, analyses and final design.

The procedure defines the contractor's responsibility for acoustics, noise and vibration control and its
documentation during the concept, engineering, fabrication, commissioning and early production
phases. The same responsibilities apply to the contractor's subcontractors.

H.2 Aim

The aim of this NORSOK standard is to establish a satisfactory noise-control engineering working
practice in order to limit the noise level and attain satisfactory sound insulation and acoustic
conditions throughout all parts of the designed installation, e.g. accommodation, utility, drilling and
production areas.

A good acoustic environment and controlled noise levels:

- reduce the risk of permanent hearing damage to an acceptable level and prevent accident risks
and other health hazards,

- ensure that warning signals and emergency messages are clearly audible,

- allow adequate speech, telephone and radio communication, and audible oral perception,

- make possible a reasonable level of conversational privacy,

- maintain working efficiency and proficiency of personnel performing designated tasks,

- provide an acceptable sleeping and recreational environment in accommodation area (LQs).

The work philosophy shall be to obtain a satisfactory working environment with regard to acoustics,
noise and vibration at the lowest possible cost without reducing quality and accessibility or increasing
the maintenance and production costs. This shall be attained through:

- involvement of noise control engineers and co-operation with process, electrical, instrument,
piping, layout and mechanical (drilling) disciplines throughout the project,

- involvement of experienced personnel from existing installations,

- acceptance of noise control as an integral part of the design (also on process optimisation) from
the first stage of the project.

For workplaces containing machinery, reference is made to the recommended practice for the design
of low-noise workplaces in ISO 11690 (all parts).

H.3 Requirements
NORSOK S-002

In Norway, the following acts and regulations apply:

- Actrelating to Worker Protection and Working Environment;
- Petroleum Safety Authority (for further information see www.ptil.no)

Other references:
Concawe Report 87/59.
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H.4 Organisation and responsibilities

15.4.0-1 The engineering team should be equipped with at least one experienced noise control engineer,who
works with noise control as his main activity. The noise control engineer is responsible for noise
control activities as defined by the noise control flow chart, see Figure H.1. This includes
establishment of specific noise control requirements, noise evaluations and calculations, and
documentation of results.

Table H.1 gives a summary of the different noise control related activities that the various disciplines
in an engineering team are responsible for. This should be used as a checklist for ensuring that the
necessary activities are included in the scope of work during the different phases of the design.

Table H.1 - Responsibilities and activities within an engineering project team

15.4.1.0-1 Ensure that requisitions for all noise emitting equipment include necessary
requirements for noise and vibration control.

Instrument Ensure that requisition for control valves includes noise limit and a requirement for
calculating noise levels from the valves.

Ensure that requisition for orifice plates includes a requirement for calculation of
generated noise.

Mechanical Ensure that requisitions for all noise emitting equipment include necessary
requirements for noise and vibration control.

Evaluate requirements for noise control treatment.

Ensure noise testing requirements are implemented in the package specification.

Piping/ Layout |Ensure layout has considered location of noisy sources with relation to noise-sensitive
areas, both on a horizontal level and vertically.

Ensure layout has considered implementation of corridors/buffer zones between noisy
and noise-sensitive areas.

Ensure that there is enough space for implementation of noise control measures (where
required) around equipment.

Process Ensure that noise control aspects are considered during line sizing and process design.

Include requirements for acoustic insulation of piping on the process and
instrumentation diagrams.

Safety Ensure that requisitions for any noise emitting equipment include necessary acoustic
requirements.

Ensure that working environment area charts include requirements to total area noise
levels and HVAC noise levels.

Structural Ensure that structural design of supports and deck areas under main rotating items and
similar equipment takes into account required stiffness to avoid vibration problems

Telecom. Evaluate the conditions and intelligibility of the PA system.
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H.5 Work procedure and instructions

H.5.1 General

15.5.0-1 This subclause provides a step-by-step procedure for the execution, management and
documentation of acoustics, noise and vibration control during the different phases of a project.
Project phase designations are indicative. The steps shall not necessarily be taken in the described
order. For modification projects, the procedure stated herein may be simplified depending on the type
of project. The applicable parts shall be considered.

The principal activities of the procedure are also shown on the FLOW CHART, see Figure H.1.
15.5.0-2 For guidelines on noise control, the following standards should be consulted:
- 1SO 11688 (all parts),

- 1SO 14168,
- 1SO 15667.
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15.5.1.0-1
NOISE CONTROL FLOW CHART
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Figure H.1 - Noise control flow chart
H.5.2 Concept evaluations
Step 1

15.5.2.1.0 During concept selection and optimisation, the following principal noise and vibration control subjects
-1 shall be evaluated:

- the location of major noise and vibration emitting equipment and areas with noise generating
activities with regard to quiet areas such as living quarters, offices, laboratories and control rooms,

- the use of low-noise equipment,

- acoustic modifications at source,

- identification of any items of equipment which should be isolated due to high noise levels and
proximity to other items which will require regular maintenance,

- layout and arrangement changes, local or general (use of buffer zones),

- acoustic insulation and vibration isolation,

- valve and pipe noise control philosophy.
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15.5.2.1.0
-2

15.5.2.1.0
-3

15.5.3.1.0
-1

15.5.3.1.0
-2

15.56.3.2.0
-1

Decisions taken at this stage may have a major influence on the total cost of the installation as well
as acoustics, noise and vibration control measures.

The acoustical evaluation shall therefore be an integral part of all relevant evaluations by all
disciplines. The analyses of noise emissions and energy consumption should be co-ordinated.

The main items of mechanical equipment which shall be evaluated as early as possible include, as a
minimum:

- gas compressors (motor and turbine driven),

- main generators (turbine driven),

- diesel engines (for emergency generators, firewater pumps, pedestal cranes, etc.),
- large pump sets (e.g. oil export, water injection, methanol injection),

- air compressors,

- drilling equipment (e.g. shale shakers, mud pumps, drawworks, top drive).

At an early stage in the project, factors concerning the noise exposure such as alternative layouts,
remote control of units, maintenance requirements etc shall be evaluated. Even if it is too early to
perform noise exposure calculations, solutions that will reduce the working time in noisy areas should
be given priority.

H.5.3 Engineering evaluations
Step 2

Define preliminary noise level limits for each area/room on the installation, based on NORSOK S-002,
Appendix A.
Identify noise sources and evaluate principal acoustic and noise control solutions.

Ensure input from operations concerning plan for manning levels on the platform, exposure periods
for different categories of personnel on the installation, and the areas in which they may spend time.
Based on this evaluation and using the first specification of area noise levels, derive preliminary
predictions of personnel noise exposure levels and revise the area limits, or relocate equipment if
necessary.

Noise and vibration sources that may contribute to the overall area noise level shall be identified and
their characteristics predicted. Principal acoustics, noise and vibration control solutions shall be
evaluated. Co-operation by all relevant disciplines is required, including layout, architectural,
mechanical (drilling), electrical, instrument, piping, structure, HVAC, and safety.

Reports/Documentation: Specific area noise level limits for total and HVAC noise.

NOTE May also be input to working environment area limits (WEALSs) report.

Personnel working categories shall be defined, and an estimate of working times in various areas
should be established. The first calculation of noise exposure shall be performed using the
preliminary area noise limits. If the calculation result, including an uncertainty factor of e.g. +5 dB(A)
exceeds the 83 dB(A) limit, relevant actions shall be suggested.

NOTE The uncertainty factor accounts for the uncertainty in the early calculations and the experienced difference between
predicted noise exposure and measured noise exposure.

Step 3

Calculate maximum noise level limits for equipment and machinery.

State requirements for sound absorption treatment, sound insulation solutions, and vibration isolation.
(Normal and "extreme" conditions should be evaluated where possible).

Possible relocation of equipment should be evaluated if necessary.

The following procedure should be adopted when specifying maximum permissible noise emission
from equipment:

- establish area noise level limits (see Step 2),
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15.5.3.2.0
-2

15.5.3.3.0
-1

15.5.3.3.0
-2

15.5.3.4.0
-1

- calculate the acoustic properties of enclosed spaces,

- determine the total "permissible" sound power emission into the area (from step 1 and step 2),

- distribute the permissible sound power emission between the items in the area, including pipe and
structure-borne noise, on the basis of their size, duty, operation cycle, typical (empirical) noise
emission and the available noise control hardware,

- make allowance for additive effects of direct sound from adjacent sources,

NOTE A noise prediction model should be established.

- decide on the adequate form of specification (whether limits for sound pressure level, sound
power level or both shall be stated).

Reports/Documentation: Coarse noise evaluation report

The noise exposure calculation shall be updated using the established area noise level limits.
The calculated level + 5 dB(A) shall meet the 83 dB(A) exposure limit.

If problems occur in meeting the noise exposure limits, the area noise level limits may have to be
reconsidered.

Administrative actions shall also be included as a remedy to noise exposure reduction.

Step 4
All inquiries for proposals for noisy or potentially noisy equipment shall be accompanied by:

a) a special technical specification which covers the requirements to vendor information and tests,
b) a noise data sheet on which the maximum noise level limits acceptable to the company shall be
specified (several disciplines involved).

The special technical specification is normally a part of a master package specification, whereas the
noise data sheet is usually included in the package specification/inquiry documentation.

Due to the uncertainties present in all noise measurements and calculation procedures, it is practical
to design to noise levels 3 dB below the relevant area limits. This approach will also compensate for
problems with increased noise in time. Such a safety margin, however, shall always be considered
with respect to cost and technical basis.

The noise and vibration data, and noise and vibration control measures stated in the coarse noise
evaluation report, shall form the basis for decisions and for a closer investigation in areas where
noise level limits may be exceeded.

The requirements to sound insulation, sound absorption, and vibration isolation shall be specified and
implemented in the design, both for equipment and structures.

Reports/Documentation: Noise data sheets

In establishing the equipment noise data sheet, extra attention shall be paid to the noise level at the
operator's position or to inspection and maintenance points inside or on the surface of the equipment.

Step 5

Review bid information and noise data and ensure that the noise control engineer participates in bid
clarification meetings for potentially noisy equipment.

A duly completed noise data sheet shall be returned from each of the prospective vendors for noise
emitting equipment.

Vibration data shall be requested when adequate and required.

All bids shall be duly reviewed and incomplete data sheets returned to the vendor for completion.

All bids shall be reviewed with respect to:

- measured/estimated and guaranteed noise levels,
- noise and vibration control design,
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- noise and vibration control cost increment.

If company requirements cannot be met by the vendor’s standard acoustic design, the vendor shall
present special design alternatives together with extra cost estimate.

Based on vendor information, possible revised noise limits for single and package equipment shall be
entered in the noise data sheet for procurement.

All noise data shall be guaranteed in the contract. Preferably, documentation of the feasibility of the
guaranteed values shall be provided.

Step 6

Further analysis and implementation of the requirements to sound insulation, sound absorption, and
vibration isolation to be performed.

Based on experience and valve/pump/compressor noise estimations, requirements for piping
acoustic insulation shall be implemented. The extent of the insulation will be revised as final supplier-
data for equipment and valves becomes available, and as the process design develops.

A dedicated procedure for the calculation and evaluation of noise from piping systems is given below,
where the steps do not need to be taken in sequential order:

1. Evaluate the process system and identify the noise sources, such as valves, pumps and
COMpressors.

2. Collect adequate process data such as fluid type(s), pressure(s) and flow conditions.

3. Identify pump and compressor power, and rotational and vane tip speed(s).

4. Using supplier's estimate of valve noise levels and pump and compressor noise levels, evaluate
level both to surroundings and in pipe.

5. Estimate maximum flow velocities in pipes and corresponding noise levels.

6. Contact supplier for proposals for low-noise valves and flow restriction orifices where found
necessary.

7. Prepare requirements to valve trim (treatment), silencers, vibration isolation and acoustic
insulation of pipes and equipment and/or maximum flow velocities.

8. Prepare and discuss alternative noise control measures with relevant persons in the project
process, piping and mechanical disciplines.

9. Try to "distribute” pressure drops in the system and/or avoid unnecessary pressure build up by
using variable pump and compressor speed.

10.Update estimations as necessary when adequate noise data are available.

11.1f possible, prepare a "follow-up" measuring programme in order to collect "feedback" on noise
and vibration in piping systems.

It is recommended to use Concawe Report 87/59 "The prediction of noise radiated from pipe systems
- An engineering procedure for plant design" as a basis for the estimations of pipe noise.

For floating production storage and offloading vessels, and mobile offshore drilling units, an
evaluation of pipe supporting and pipe penetration of bulkheads shall be carried out in order to
identify any potential source of structure-borne noise. Hydraulic systems shall especially be
addressed.

The noise exposure calculation shall be updated using the best estimates of the area noise levels at
this stage. This level shall be called the “installation noise exposure”, and the result including an
uncertainty of + 3 dB(A) shall meet the noise exposure limit of 83 dB(A).

For personnel categories known to have frequent use of hand held tools and/or perform other noisy
operations, separate evaluations should be made. The evaluation in Step 6 concerning sound
absorption, sound insulation etc. should also reflect the effect of such on the noise exposure.

Step 7
In specified areas where whole body vibration limits may be exceeded, a review of the structural
discipline's evaluation of the structural vibration levels with respect to human exposure should be

made.

Step 8
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In cases where the main engineering contractor has the overall responsibility for noise control design
of the installation, the need for carrying out full quality audits of subcontractors should be evaluated,
e.g. contractors for living quarters, process ship hulls, other modules, etc. This may be required in
order to verify conformity of requirements and interface items in the design.

Step 9

Based on guaranteed noise and vibration data for purchased equipment, layout, acoustic absorption
treatment, sound insulation and vibration isolation, the acoustic and noise control status shall be
documented in a noise prediction report.

The predictions of personnel noise exposure shall be updated and included in the report. Predicted
values for valve, pipe and ventilation noise shall also be included.

The predicted area noise levels should also be stated in the working environment area charts.

Reports/Documentation: Noise prediction report

The "installation noise exposure" shall be calculated and presented for all relevant personnel
categories.

If the calculated level + 3 dB exceeds the limit of 83 dB(A), actions to prevent hearing fatigue shall be
discussed.

NOTE The final implementation in this case may be awaited pending the completion of the final noise exposure survey.

If the calculated level exceeds the limit of 83 dB(A), noise-reducing actions shall be included to
reduce the noise exposure sufficiently.

H.5.4 Fabrication
Step 10

All noisy equipment shall be tested during the fabrication acceptance test.

All test results shall be documented.

The test should preferably be witnessed by the project noise control engineer, or alternatively,
another member of the project team who is capable of evaluating the test results and determining the
need for implementation of remedial actions while at the test site (in accordance with step 11).

Step 11

Test results shall be reviewed against noise data sheet performance values. Excessive noise and
vibration shall be documented, and the vendor shall start remedial work to meet required levels. The
company shall approve such remedial designs before being incorporated.

Improved equipment shall be subject to a re-test. If a factory re-test cannot be arranged, provisions
shall be made for a test on site, preferably in connection with the commissioning testing. A re-test
may be unnecessary if recommended remedial actions can be documented adequately in order to be
able to guarantee the noise level that the equipment will emit when finally in operation on the
installation.

Step 12

The contractor shall follow up delivery of materials, elements, equipment and machinery, and its
installation on site with particular focus on acoustics, noise and vibration control. This is a part of the
mechanical completion on acoustics, noise and vibration.

H.5.5 Commissioning

Step 13

Full noise level mapping of all areas shall be performed.

Where feasible, this shall be carried out during the commissioning phase. For other areas, this shall
be done after start-up when all relevant noise sources are in operation.

A preliminary noise test is recommended during commissioning of equipment that represents noise
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sources that may lead to exceeding the area limits.

The measurements shall be performed with equipment in normal operation.

A measuring programme shall be included in the commissioning procedure. Whole body vibration
levels, sound insulation, and sound absorption shall be measured as applicable. Noise from the
ventilation system should be measured prior to start-up of the other major noise sources on the
installation.

The measurement results from all the different types of measurements shall be documented in the
platform area noise survey report.

Reports/Documentation: Platform area noise survey report

Noise exposure measurements shall be performed using adequate measuring methods, for example
the Nordtest methods:

Proposal 1566-01-1: NT ACOU 114
Proposal 1566-01-2: NT ACOU 115

H.6 Process and system calculations

A good and cost-effective design of an installation requires:

1. Inclusion of noise control requirements in all relevant package specifications.

2. Review of pipe sizing specifications and process specifications for coverage of noise control (this
shall already be included as part of the NORSOK line sizing requirements).

Calculation of noise from pipes at different fluid velocities.

3. Evaluation of equipment or item noise-reduction costs versus resultant noise levels in all areas, in
order to optimise the technical/economical solutions.

4. Estimation of uncertainties in calculations - both due to calculation procedures/formulae and
possible "off spec” operating conditions. Estimation of "overall" or resultant uncertainty.

5. Evaluation of the relation between costs and uncertainties of specific noise control measures (high
uncertainty in a high-cost measure to be evaluated against low uncertainties in low-cost measures
etc. - recommendations to be specified).

6. Adequate specification of retrofit noise control measures - related to uncertainties and costs of
inclusion of these or other measures in primary design and fabrication.

H.7 Exchange of information

In order to obtain a satisfactory level of co-operation between the engineering contractor and the
company, exchange of information is extremely important.

The following company data should be made available for the engineering contractor:

- experience data from earlier projects or present installations;

- preliminary manning plan for the installation;

- distribution of working hours by area for the different personnel positions in the platform's
organisation;

- noise control requirements as stated in frame agreement contracts.

The information from the engineering contractor should cover the following material and
documentation (reports):

- all studies and analyses which are documented in reports;
- noise data sheets for all types of equipment;
- special noise control measures for equipment and machinery.
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Forewora

IOGP Report 501 (April 2014) and Report 502 (December 2014) set out guidelines
for developing and implementing Crew Resource Management (CRMJ training
for oil and gas workers involved in well operations. Crew Resource Management
is also what is known as a non-technical skill (NTS). The concept of behavioural
markers was introduced in these reports.

Non-technical skills have long been recognized across the oil and gas industry

as being important to the ability to work safely, effectively and efficiently. This
recognition now extends to the role that these skills play in supporting and
enhancing technical competence, and of the consequences to safety and reliability
that can arise when those skills are not present or break down.

This new report builds on the guidance developed by the IOGP’s Human Factors
Subcommittee and the Wells Expert Committee Competency & Training
Subcommittee for the implementation of the concepts of Crew Resource
Management and the development of non-technical skills in well operations. It
expands the scope and application of non-technical skills beyond well operations
to, potentially, all areas of oil and gas operations.

While most of the emphasis to-date has been on the use of crew resource
management and non-technical skills in a training context, this report describes
how non-technical skills behavioural markers can be used in many other ways.

It is critical to raise awareness across the industry of the impact that the
competencies of Situation awareness, Decision making, Communication,
Teamwork and Leadership.
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Scope

This report describes in detail what behavioural markers are and how behavioural
markers can be used in oil and gas applications.

Behavioural markers can be used to:
e support the development of non-technical skills (NTS)

* make judgments about the extent to which any individual possesses and
applies the relevant non-technical skills, whether in an operational or a
training environment

e ensure that personnel possess and effectively use a range of non-technical
skills.

This report documents good and poor behaviours for five of the non-technical
skills identified in Report 501: Situation awareness, Decision making,
Communication, Teamwork and Leadership.

It provides examples of a basic list of behaviours which can be used to define
behavioural markers specific to an activity, threat and context (Appendix B).

| 6
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1. Introduction

1.1 What are behavioural markers?

The term behavioural markers refers to a prescribed set of behaviours indicative
of some aspect of performance within a work environment. Behavioural markers
describe observable, non-technical behaviours.

Behavioural marker systems are based around two distinct types of non-technical
skills:

e a set of cognitive skills involving acquiring and interpreting information
supporting development and maintenance of good situation awareness, risk
assessment and decision making

* aset of social skills directed towards interacting with colleagues and making
collective decisions.

1.2 Use within other industries

To date, behavioural marker systems have been developed for use in aviation, air
traffic management, health care and for both commercial and military shipping.

Within those industries, behavioural markers are used for Crew Resource
Management training purposes and also to assess how non-technical skills are
incorporated in day to day operations.

For example, the focus of Crew Resource Management training and assessment in
aviation is on the identification of specific threats during specific flight segments,
planning and management of threat avoidance, as well as the management of
errors that may be introduced by the crew during those flight segments.

1.3 Specific threats in oil and gas operations

Oil and gas operations can present markedly different and less predictable
physical circumstances than many other industries. However, the threats that exist
during different operational phases and various types of oil and gas activities make
similar specific demands on non-technical skills.

Like the aviation industry, behavioural markers for oil and gas operations could be
defined for specific threats linked to special work situations during which non-
technical skills are essential to safe operations.
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Examples of common operational situations that have the potential for human
factors to introduce threats as well as posing high reliance on human performance
to plan and manage the avoidance of threats and to manage errors include:

shift/crew handover

planning/carrying out critical/non-routine operations (e.g. shutdown activities)
responding to unexpected events

emergency response and crisis management

Job Safety Assessments/Toolbox talks

Simultaneous Operations (SIMOPS)

responding to Management of Change

application of unexperienced practice and technology.

These represent a wide variety of different types of threat scenarios. Each can
require very different approaches to training and assessment even though the
behavioural markers used in each threat scenario, and the ways they are to be
assessed, might be very similar.

| 8
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7. Effective behavioural markers

2.1 Criteria for effective behavioural markers

Generally accepted criteria for effective behavioural markers include:
e They must be observable.

e They must clearly contribute to superior task performance within a work
environment.

e They must be described in a way that is specific to the operational demands
of the activity being performed.
e They must not describe attitude or personality traits.

Behavioural markers do not need to be defined nor measured in all situations:
their relevance will depend on the context and the nature of the operation at the
time, as well as the roles and responsibilities of the individuals being observed.

Significant technical expertise in the activities being observed is beneficial as it
provides context to determine what is and is not relevant in any specific operational
situation.

Observers must possess a strong command of non-technical skills, behavioural
markers, both positive and negative.

2.2 Specific aspects related to behavioural markers in
oil and gas operations

One of the most important lessons from existing approaches in other industries to
developing behavioural marker systems is that the skills and the behaviours need
to be as specific as possible to the responsibilities of the individual roles.

Based on the task analysis, specific behavioural markers can be identified for that
specific role, critical to performing those tasks.

In the case of the application of non-technical skills to oil and gas operations:
because of the wide range of roles, responsibilities and tasks being performed in a
crew, multiple behavioural markers must be defined. No single set of markers can
apply to every role.

IOGP Reports 501 and 502 recognize the need for personnel to have an
understanding of factors that can have an impact on human behaviour (such as
stress, fatigue, poor health and environmental factors). Those factors cannot
always be observed on the spot and are considered as areas of knowledge that
need to be taught. They are therefore outside the scope of the behavioural markers
defined in this report.
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2.3 Limitations of behavioural markers

Use of the non-technical skills and associated behavioural markers can provide
insight and suggest areas for improvement. Due to the current state of maturity of
the application of behavioural markers, these markers should not be considered
as a means of formally assessing competence in the performance of non-technical
skills.

What is most important is the organization’s commitment to identifying the
required skills and the behavioural marker systems that will be used to assess
them. This must include thorough and consistent definitions, including clear,
meaningful language. Additionally, this includes high quality training to teach the
observers how to use whatever system is adopted.

2.4 Potential uses in oil and gas operations

To date, efforts around non-technical skills in the oil and gas industry have been
focused around training: the contents of a non-technical skills training syllabus;
how training should be delivered; who should be trained; the competence of
trainers, and so on.

Behavioural markers have the potential to be of value well beyond the training
environment. By providing a common language for communicating information
about the importance of the skills, how to assess them, and recognizing when
non-technical skills have broken down, behavioural markers offer the potential for
a much wider set of uses.

A key learning from other industries is that the material used in training - and

in the way training is evaluated - needs to be grounded and informed by the
organization or industry’s experience of what goes well and what goes wrong.
Making use of the suggested behavioural markers offers the potential to create the
evidence that can be fed forward to improve future non-technical skills training.

Behavioural markers can also have a key role in the investigation process,
learning and feedback that is central to the continuous improvement of Operating
Management Systems.

Training is one way in which behavioural markers can be used to improve non-
technical skills in the workplace.
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Four other applications of behavioural marker systems for oil and gas operations
include:

1) to raise general awareness of the nature and importance of non-technical
skills to safe operations

2] to engage the workforce

3) totrain operations (including Emergency Response/Crisis Management
training)

4)  to learn from incidents.
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3. Potential benefits from
behavioural marker usage

Re-enforcing the importance of non-technical skills to safe operations:
Behavioural markers are relevant for those involved in critical activities and critical
decision making - from the most junior individuals to the top executives. Each
person will reflect on the way their behaviour can affect others, prompting them to
seek alignment with other ‘good practice’ behaviours.

NTS assessment: Activities of interest can be wide ranging, from planning or
carrying out a planned operation, performing an emergency exercise, conducting
arisk assessment or carrying out a crew or shift-handover. Observers may
capture and record behavioural marker observations regarding how well the crew
performed the non-technical skills needed using the results for discussion with
the crew so they might recognize the need to work towards improvement.

Incident Learnings: Incident reports may provide examples of where ineffective
inter-personal behaviours at all levels formed part of the context that led to an
incident. Incident reviews should include a review of behavioural markers, in order
to highlight ineffective behaviours cited as having contributed to incidents.

Enhance Operational training: Behavioural markers can be adapted for use in
operational training by enhancing the technical training with the one or more non-
technical skill components. For example, a training designer can design exercises
to making trainees aware of the need to maintain awareness of the big picture
(avoiding the risks of tunnel vision’) and the risks of confirmation bias (assuming
information or data that is inconsistent with their beliefs, expectations, or hopes is
in some way flawed or otherwise not accurate or relevant).

Enhance Role-specific training: Role-specific training refers to situations where
the purpose of the training is to ensure an individual has the necessary knowledge
and skills - both technical and non-technical - to perform in a specific operational
role.

Activity or operation specific training: Behavioural markers provide a starting
point for conducting activity or operation-specific non-technical skills training,
using task analysis as the basis for identifying a customized set of markers
reflecting the non-technical skills and behaviours that are key to the activity or
operation being trained.
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Appendix A

Summary of non-technical competencies and elements

identified in Report 502, Guidelines for implementing

Well Operations Crew Resource Management Training

WOCRM NTS competencies

WOCRM elements/behaviours

Situation awareness

Actively seeks relevant information @

Attends to all relevant information sources ?

Works to understand information ¢

Projects and anticipates future states ¢

Maintains awareness of the big picture (avoids ‘tunnel vision')
Maintains awareness and respect of risk ®

Recognizes mismatches between own situation awareness and that held by
others @

Decision making

Recognizes situations where a decision is needed @

Understands their own role and the contribution of others to decision making
Assesses risks associated with options P

Contributes to consideration of options °

Communicates options P

Implements decisions P

Communication

Recognizes the importance of good communication with team members ©
Conveys information at the right time clearly and succinctly @
Listens effectively and seeks clarification @

Pays attention to verbal and non-verbal indicators that information has been
received and understood b

Avoids pre-judging or jumping to conclusions @

Teamwork Collaborates with other team members @
Supports team members @
Resolves conflict and creates trust @
Leadership Coordinates team activities d

Provides feedback, motivates and supports @
Sets and communicates clear expectations @
Adopts suitable leadership styles and practices @

Manages time effectively and copes with pressure ©

@ Original as contained in I0GP Report 502 (may be changed to active voice).
b Added in development of IOGP Report 503 - not in IOGP Report 502.

¢ Reworded from I0GP Report 502 to align with NOTSS (Non-Technical Skills for Surgeons) and/or NOTECHS
(non-technical skills for crew members in the aviation industry).

d Repositioned from 0GP Report 502.
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Appendix B

Examples of behavioural markers

Situation awareness

Situation awareness: Developing and maintaining a dynamic awareness of the situation and the risks present
during an operation, based on gathering information from multiple sources from the task environment,
understanding what the information means and using it to think ahead about what may happen next.

Elements/Behaviours

Examples of behaviours reflecting good practice

Examples of behaviours reflecting poor practice

Actively seeks relevant
information

Regularly checks key sources of information
including alarms and other prompts.

Makes use of all available information sources -
instruments, colleagues and others - to check the
status of the operation or assumptions about the
state of the world or the operation.

Shows concern and takes action if important
information is not available when it is needed.

Asks for regular updates from colleagues who may
have relevant information.

Be proactive in addressing missing relevant
information.

Does not go to the effort to locate or confirm
important information that is not readily available.

No prompt intervention at the activation of the
alarm or inability in interpreting signals or other
parameters to prevent a problem.

Attends to all relevant
information sources

Makes time to attend to anyone who offers
potentially relevant information.

Treats anyone offering potentially relevant
information with respect.

Knows the key indicators of risk and success and
regularly monitors them.

Promptly reacts to critical information risen from
other people or the system.

Does not give sufficient attention to information
from unexpected sources or from more junior team
members.

Accepts information sources without validating
them.

Note: Roberts, Flin and Cleland [3] report recent research involving interviews and observation to investigate the cognitive components
required for offshore drillers to maintain situation awareness. Their results provide many examples of the kind of activities drillers engage in
to develop and maintain good situation awareness.

Works to understand
information

Challenges key assumptions that could impact on

safety and regularly checks to confirm they are still

reasonable.

Challenges assessment of risk and the state of the
world.

Shows unease or concern and checks if important
data or information are not consistent with what
was expected.

Prioritize actions, taking into account critical
signals, avoiding information flooding.

Does not evaluate the reliability of information
which has potential to create an unsafe condition.

Makes statements, asks questions or makes
suggestions that indicate lack of awareness of
what is happening, that they have not understood
the significance of information, or have ignored the
views of others.
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Elements/Behaviours

Examples of behaviours reflecting good practice

Examples of behaviours reflecting poor practice

Projects and anticipates
future states

Makes others aware of their thinking about the
effect of current decisions and actions on possible
future events.

Considers recent trends and conditions and
possible projections to the future.

Is not properly prepared before starting a critical
activity - has not allowed sufficient time to check
risks and key information sources.

Does not plan ahead - e.g. does not look for
information until the time it is needed and does not
consider future impact on others.

Allows problems to develop before starting to
respond to them.

Dismisses information that could indicate
undesirable future events.

Avoids ‘tunnel vision’

Regularly takes steps to check the 'big picture’
for information or signs of developing or changing
risks in the working environment.

Avoids becoming overly focused on the task at
hand.

Reflects and asks others for their opinion of
ambiguous or unexpected events or indicators.

Asks colleagues to alert them if they become overly
focused on one activity or option.

Finds reasons not to act on information that is not
as expected, could interfere with planned progress,
or that would involve additional effort.

Fails to consider the implications of new
information or a change in operating conditions for
coming activities.

Maintains awareness
and respect of risk

Steps back and checks the situation or conditions
have not changed significantly with the passage of
time.

If something unexpected happens, steps back and
re-assesses the planned activity in consultation
with colleagues.

Checks the work environment to ensure it is as it
should be before beginning a critical activity.

Plans to make allowance for interruptions or
unexpected events.

Identifies and is ready to propose alternate options
if events do not go as planned.

Gives undue prominence to expectations based on
experience or expectations, rather than information
or opinions at the time.

Shows a willingness to disbelieve data or
information that conflicts with what is expected.

Shows a willingness to quickly accept data or
information that backs up pre-conceptions.

Does not consider potential problems, and gives
others no insight into what is expected or what to
do if the situation changes.

Acts in ways that knowingly goes beyond their
competence or experience.

Recognizes mismatches
between own SA and
that held by others.

Responds to signs that other team members have
a different understanding of the current state of the
operation than they do.

Responds to signs that other team members are
not aware of the state of critical equipment.

Responds to signs that other team members have
a different assessment of the key risks than their
own.

Responds to signs that other team members have
a different assessment of team goals and priorities
than their own.

Interrelates different kind and different sources of
information.

Does not react, or reacts negatively, if other team
members say or do things that suggest they have a
different assessment of the situation, equipment or
risks than they do.

Does not make others aware of difficulties until
after things have gone wrong.

Does not speak up to let others know if they
become aware of information or events that are not
as expected.

Assumes, without volunteering information or
checking, that others who need to know are aware
of the same risks as they are that could affect the
safety of an operation.






Introducing behavioural markers of non-technical skills in oil and gas operations

Decision making

Decision making: The ability to reach a judgment or choose an appropriate option to meet the needs of an
assessed or anticipated situation.

Elements

Examples of behaviours reflecting good practice

Examples of behaviours reflecting poor practice

Recognizes situations
where a decision is
needed

Intervenes rather than continues with a plan where
there are indications that risks have changed or the
plan is not working.

Clearly identifies what the issue is that needs a
decision.

Carries on with current activities until told to
change despite being aware of indications that the
plan is not working.

Understands their

own role and the
contribution of others to
decision making

Actively contributes own knowledge and experience
to consideration of options.

Shows willingness to concede to more junior staff
where they have technical expertise, knowledge or
experience relevant to the problem.

Shows willingness to intervene or challenge more
senior colleagues if they believe they have more
accurate information or possess the necessary
knowledge or experience on the issue.

Where decisions could involve non-standard
activities, seeks approval from relevant technical
authority.

Makes decisions without ensuring team members
who need to know are properly consulted or
informed.

Is unwilling to consult or agree with more junior
staff even if they are better placed to advise.

Gives undue prominence to opinions or advice of
friends or senior staff even if they do not have the
necessary experience or background.

Shows a lack of willingness to ask for or accept
advice or support.

Assess risks associated
with options

Seeks up to-date information about potential risks
from those best placed to provide it.

Invites others who may have relevant knowledge or

experience to contribute to the assessment of risks.

Relies on lessons learned and recognizes past
similar situations.

Well defines both the weakness and the
opportunities related to all the options and is able
to objectively balance them for ranking purposes.

Relies on information or risk assessments that may
be out of date or not relevant to the options.

Makes quick decisions based on meeting
operational needs, without adequately considering
risks or drawing on input from those with the
necessary expertise or experience.

Is unwilling to delay operations to properly assess
risks associated with critical decisions.

Willing to make decisions without consideration of
the risks involved.

Contributes to
consideration of options

Understands what is expected in standards and
procedures.

Actively contributes experience and knowledge
where it is relevant to identifying options.

Shows courage to challenge and voice their
disagreement with what they believe are unsafe
decisions even if they are popular.

Respects the opinion of experts but is comfortable
asking questions.

Does not contribute own information, knowledge or
experience when it is relevant.

Is easily swayed and willing to agree with a
decision they believe is unsafe without voicing their
concerns.

Ends discussion of options or possible
consequences of decisions before everyone who
wants to contribute has a chance to do so.

Is unwilling to concede to the opinion of others.
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Elements

Examples of behaviours reflecting good practice

Examples of behaviours reflecting poor practice

Communicates options

Takes time to ensure everyone involved is aware of
the options being considered.

Makes decisions without advising others of the
possible alternate options.

Responds aggressively or is unresponsive if their
decisions are challenged.

Implements decisions

Implements decisions quickly and positively once
adequate consideration has been made.

Shows courage to implement what they believe is
the right decision even if it is unpopular.

Takes responsibility for their decisions even if
hindsight suggests they were not good. Is willing to
learn from their mistakes.

Demonstrates to have a clear understanding of
the whole task and subtasks to be performed to
implement the decision.

Is unwilling to commit to a decision - finds reasons
to delay or put a decision off.

Does not take responsibility if events show a
decision they took was poor. Finds excuses or
blames others rather than being willing to learn
from their mistakes.

Indecisive - easily influenced by the opinions of
others.
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Communication

Communication: The exchange (transmission and reception] of information, ideas and beliefs by verbal and

non-verbal methods.

Elements

Examples of behaviours reflecting good practice

Examples of behaviours reflecting poor practice

Recognizes the
importance of good
communication with
team members

Takes steps to share information with others
without being prompted.

Keeps others informed of key progress or
significant changes.

Provides timely and appropriate feedback.

Focuses on problem solving while reporting unsafe
conditions, rather than blaming other people.

Does not consider whether others may need to
know about information or events.

Does not speak up if they are having difficulties.

Does not volunteer that they have information or
knowledge that could affect the safety of a decision
or request.

Only communicates information that supports what
they believe or want to achieve.

Does not raise concerns over the safety of
themselves or others.

Does not take communication seriously: prefers to
get on with their own job in isolation rather than
communicating with team members.

Does not listen to the opinion of others.

Does not allow people to contribute.

Conveys information at
the right time, clearly
and succinctly

Uses appropriate format for conveying important
information.

Recognizes when information is needed and
ensures it is delivered at the right time.

Communicates clearly and succinctly, taking
account of the environment and potential
distractions.

Makes time and prepares to communicate
important information properly.

Is unprepared: does not think ahead and anticipate
the need to share information with others.

Conveys information in a way that is not consistent
with its content or importance.

Does not provide information when needed - puts
team members under pressure by delaying passing
on information.

Listens effectively and
seeks clarification

Gives the source of a communication appropriate
time and attention and shows good body language
in listening to face-to-face communication.

Acknowledges receipt of important information.

Asks questions and seeks clarification where
necessary.

Makes frequent interruptions or is willing to be
distracted in a way that disrupts communication.

Shows no acknowledgement that communications
have been received and understood.

Pays attention to
verbal and non-
verbal indicators
that information has
been received and
understood

Ensures those they wish to communicate with are
engaged and paying attention.

Adapts communication when body language and
other indicators show that a recipient is not able to
attend to information.

Is unresponsive or dismissive if team members ask
questions or seek clarification.

Acts defensively or aggressively when questioned.

Avoids pre-judging or
jumping to conclusions

Waits until the deliverer has completed the
message before judging the relevance.

Shows respect and attends to the source until the
information has been delivered.

Avoids to be biased by preconceived ideas.

Makes judgments about the value or relevance of
information before the message is complete.

Makes judgments about the value or relevance of
information based only on the source.
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Teamwork

Teamwork: The ability to work effectively and interdependently in groups of two or more to achieve a

shared goal.

Elements

Examples of behaviours reflecting good practice

Examples of behaviours reflecting poor practice

Collaborates with other
team members

Pays attention to and anticipates the needs of team
members.

Provides timely support to team members without
needing to be asked.

Contributes information or takes action to assist
with team activities without being prompted.

Pays attention to the condition and performance of
team members.

Actively shares information needed by team
members to meet their responsibilities.

Responds to requests or directions from team
members in a timely manner.

Prefers to communicate with team members
indirectly (e.g. by messages or via third parties).

Proceeds with own activities at own pace without
checking whether team members affected are
ready and aware.

Dismisses information with no explanation or
feedback.

Supports team
members

Checks that team members are ready before
initiating a joint activity.

Recognizes and offers support when team
members are having difficulty.

Shows concern over the ability of team members to
work safely.

Checks common understanding of the objectives of
a task.

Needs to be asked to provide information another
team member needs.

Allows team members who are having difficulty to
carry on unsupported despite having the time and
ability to do so.

Does not ensure other team members are informed
of the status of their own activities when they need
to be aware of or make use of them.

Allows team members to carry on with activities
that could be unsafe, are unnecessary or are wrong
without intervening.

Resolves conflict and
creates trust

Identifies conflicts of interest with the potential to
interfere with their or a team member’s ability to
support team tasks.

Anticipates and acts to avoid or resolve potential
situations of conflict.

Focuses on what is right, rather than who is right.

Keeps calm in conflicts.

Takes action that interferes with the ability of other
team members to perform their roles efficiently.

Makes comments or takes actions that create
situations of conflict with team members.

Criticizes other team members in public.
Creates situations where team members compete.

Makes open accusations or complaints about other
team members.

Over-reacts in situations of interpersonal conflict,
does not look for compromise.
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Leadership

Leadership: The ability to successfully influence others to achieve a shared goal by providing guidance,
direction, coordination and support.

Elements

Examples of behaviours reflecting good practice

Examples of behaviours reflecting poor practice

Coordinates team
activities

Briefs team members and ensures objectives, risks
and work plan are understood before beginning an
activity or shift.

Checks that team members know what is expected
of them, and allows opportunity for questioning and
clarification before assigning team members to
carry out critical activities.

Makes sure team members are aware of objectives,
the work plan, risk profile, or work conditions
change.

Delegates tasks effectively and ensures team
members have the time to work safely.

Ensures team members are aware of their
responsibilities, and that there are effective lines of
communication.

Ensures team members are aware of activities
elsewhere that may impact or represent risk to
each other.

Sets achievable targets for the activities and
allocates suitable resources and schedule.

Inspires the team to a shared and common vision.

Does not set clear objectives for the short and
medium term.

Does not make team aware of their intentions or
what is expected of them.

Allows individuals to work with no awareness of
other team activities.

Creates barriers or bottlenecks that impede team
communication or cooperative working.

Provides feedback,
motivates and supports

Use appropriate behaviour and language
consistently with the needs, experience and
seniority of team members.

Establishes rapport and open dialogue.
Recognizes and gives credit for good work.

Provides constructive feedback if an individual's
behaviour or performance is below expectations
and clearly explains what is expected.

Shares the final success with the whole team
members.

Allows individuals empowerment.

Is disrespectful or hostile to colleagues verbally or
through body-language.

Acts in ways that suggests colleagues are not
valued or respected.

Allows under-performance to carry on
unchallenged.

Sets and communicates
clear expectations

Ensures all team members understand they must
not deviate from procedures and normal work
practices without leadership approval.

Takes action that demonstrates they are prepared
to miss production targets rather than compromise
safety.

Intervenes if activities deviate from standards and
plan.

Positively supports actions that stop the job due to
safety concerns.

Fails to observe standards or procedures or acts in
ways that are in conflict with expectations set for
team members.

Is not prepared to step back and delay production
when presented with a risk to safety.

Assumes team members have the same knowledge
or understanding as they do.
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Elements

Examples of behaviours reflecting good practice

Examples of behaviours reflecting poor practice

Adopts suitable
leadership styles and
practices

Uses an effective balance of consultation and
direction.

Is appropriately assertive for the situation.
Creates effective working relationships.

Ensures team members are aware of decisions and
plans intended to manage risk.

Emphasizes the seriousness of risks through
appropriate use of words, body language, emphasis
and behaviour.

Gives team members an opportunity to express
doubts or lack of awareness of risks or the reasons
for decisions.

Shows respect for cultural, gender and religious
diversity.

Ensures they are always available for team
members who need their support.

Checks that critical activities they are responsible
for have been completed correctly.

Conduct systematic and regular safety inspections.
Takes command if the situation demands it.

Lead by example, show commitment and positive
attitude.

Expects team members to do what they are told
without questioning or explanation.

Shows lack of respect for knowledge, skills and
experience available within the team.

Shows lack of sensitivity to individuals need for
personal and professional respect.

Makes fun of sexual, cultural or religious
differences.

Gets tied up in meetings for long periods where
they are not available to advise or support team
members if needed.

Relies on team members to tell them if tasks they
are responsible for have been completed correctly.

Intervenes in team performance and takes control
when it is not necessary.

Unwilling to respond or acknowledge requests or
questions from team members: is unapproachable.

Manages time
effectively and copes
with pressure

Remains calm under pressure.

Conveys a sense of urgency and serious intent
without creating concern or panic.

Demonstrates ease with responsibility and
willingness to stand by and support decisions.

Takes control and ownership in event of
emergencies or abnormalities until a plan is in
place.

Recognizes when an individual or the team is over-
loaded and takes action to re-prioritize objectives
or re-assign resources accordingly.

Fails to prioritize or delegate tasks causing
themselves to be become over- loaded and unable
to provide effective leadership.

‘Freezes’ or is unable to communicate, make
decisions or act under pressure.

Sets unreasonable targets given the time and
resources available.
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Appendix C

Example NTS [non-technical skills) assessment record -

skill-specific training

Non-technical skills: Situation Awareness / Decision Making

Training objective: Awareness of tunnel vision and confirmation bias

Behaviours . .
reflecting good Observations | Notes Behawourg reflecting Observations | Notes
. poor practice
practice
FREQUENTLY CHECKED

Regularly checks

key sources of
information including
alarms and other
prompts

Vv v

WITH THE CONTROL
ROOM FOR VFPDATE.

ENSURED ASSISTANT
REGULARLY CHECKED
PRESSURE DATA.

Waits for the alarms
as the prompt to
intervene in an activity
or to carry out checks

Vv v

DIbW'T NOTICE THE
DEVELOPING PROBLEM
WITH THE MUD SYSTEM
VNTIL THE ALARM
WENT OFF.

Makes time to attend
to anyone who offers
potentially relevant

v

Took TIME T READ
THE EMAILS FROM
THE LAB.

Does not give
sufficient attention
to information from
unexpected sources

DECLINED TO TAKE THE
PHONE CALL FROM
SHORE — ASKED THEM
TO CALL BACK AT THE

information or from more junior END OF THE SWIFT.
team members
Does not evaluate ToLD TOHN THAT THE
Challenges

assessments of risk
and the state of the
world

the reliability of
information which has
potential to create an
unsafe condition

PRESSURE GAVGE
GIVING AN VNEXPECTED
HIGH PRESSURE WAS
KNOWN TO BE FAULTY.

Avoids becoming
overly focused on the
task at hand

REGULARLY STEPPED
BACK AND ASKED
ABOVT WHAT ELSE
WAS GOING ON.

Dismisses information
that could indicate
undesirable future
events

Reflects and asks
others for their
opinion of ambiguous
or unexpected events
or indicators

vvv

SHOWED CONCERN
ABOVT THE TRIP OF
THE GENERATOR AND
CALLED A BREAK

TO ASK FOR OTHER
OPINIONS,

Gives undue
prominence to
expectations based
on experience, rather
than information or
opinions at the time

Responds to signs
that other team
members are not
aware of the state of
critical equipment

v

Shows a willingness
to disbelieve data

or information that
conflicts with what is
expected

Result

Assessment

Observations predominantly reflect
good practice: few poor practices

observed.

Individual demonstrated satisfactory performance of the skill.

Observations balanced, or
predominantly reflect poor practice.

Trainee did not demonstrate satisfactory performance of the skill. Further training would be
beneficial to improve awareness of behaviours that can lead to loss of situation awareness.

Observations predominantly reflect

poor practice.

Few good practices observed.

Trainee did not demonstrate satisfactory performance of the skill. Further training needed
to improve awareness of behaviours that support good situation awareness, as well as
behaviours that can lead to loss of situation awareness.

| 22






Introducing behavioural markers of non-technical skills in oil and gas operations

References

[1] 10GP Report 501. Crew Resource Management for Well Operations teams.
London: April 2014.

[2] 10GP Report 502. Guidelines for implementing Well Operations Crew Resource
Management Training. London: December 2014.

[3] Ruby Roberts, Rhona Flin, Jennifer Cleland. Staying in the Zone. Offshore Drillers’
Situation Awareness. Human Factors. Vol. 57, 4: pp. 573-590. December 15, 2014.

| 23





Registered Office

City Tower

40 Basinghall Street
14th Floor

London EC2V 5DE
United Kingdom

T +44 (0)20 3763 9700
F +44 (0)20 3763 9701
reception@iogp.org

Brussels Office
Bd du Souverain,165
4th Floor

B-1160 Brussels
Belgium

T+32(0)2 566 9150
F +32(0)2 566 9159
reception@iogp.org

Houston Office
16225 Park Ten Place
Suite 500

Houston, Texas 77084
United States

T+1(713) 338 3494
reception@iogp.org

This report describes in detail what
behavioural markers are and how

behavioural markers can be used in
oil and gas applications.

| www.iogp.org






image2.emf
Fact sheet Identifying  and investigatingfatigue-related incidents.pdf


Fact sheet Identifying and investigatingfatigue-related incidents.pdf
|dentifying and investigating bp

fatigue-related incidents
> Fact sheets

May 2008





ldentifying and investigating
fatigue-related incidents

> |[ndex of fact sheets

Fact sheets

Circadian rhythms

Medical causes

Medicines

Stimulants

Sleep inertia

Microsleeps

Sleep loss and performance
How tired is too tired
Factors that disrupt sleep
Sleep loss and work hours

O 0O NOoO o WN —

—
(@]

Clarity approved by

Plain English Campaign

Safety and Operations Function

Industrial Hygiene and Human Factors Team
BP plc

Chertsey Road

Sunbury-on-Thames

Middlesex

TW16 7LN

Website: http://hsse.bpweb.bp.com/

These fact sheets contain information
which will help incident investigations
to make a decision as to whether
fatigue caused an incident.





|dentifying and investigating bp
fatigue-related incidents

> Circadian rhythms

Circadian rhythms

The activity of all of our body system C | rca d |a n rhyt h m S a re

outputs, including alertness, heart rate
mobesy emenure a2 generated by a cluster of cells
rhythm. Circadian rhythms are generated

by a cluster of cells in the brain called the | n 'th e b ra | n Ca | | ed th e

circadian clock or body clock.

As can be seen in figure 1 below, the d | |< b d | |<
circadian rhythm in alertness is lowest in C | rca |a n C OC Or O y C OC .
the early hours of the morning at about

2am to 7am, and increases across the day

and then declines again back down to the

minimum. Cognitive performance  m—

Body temperature  mm mm mm m=

Early morning accidents and the Peak
circadian minimum in alertness

Research has shown that accidents
involving tired people tend to increase
during the early hours of the morning.
This increase can be largely explained by
the fact that this is when the circadian
rhythm in alertness reaches a minimum.
In the early hours of the morning we are
naturally at our least alert, our reaction

time is slowest and our mental Trough

performance is most affected. As the Noon midnight ~ Noon midnight ~ Noon  midnight Noon
morning progresses, alertness begins to

increase and performance improves. Figure 1. The circadian rhythms in body temperature and alertness shown across three 24-hour periods.

Afternoon road accidents occur during
‘siesta time’

There is also an increase in ‘Tired Driver
Crashes' (TDCs) in the afternoon (see
figure 2 below). This seems unusual 45
considering that the circadian rhythm in
alertness is increasing at this time of day.
The reason for the afternoon increase in
TDCs is that there is a short dip in our
alertness rhythm between 3pm and 5pm,
which is sometimes known as the
‘afternoon slump’. Some cultures take
advantage of the afternoon dip in
alertness by having a siesta.

40 4
35
30
25

20 A

Despite what many people think, the
circadian slump in alertness is not to do
with what, or how much, was eaten for

Number of sleep-related accidents

lunch. An exception to this rule is alcohol. 0 T T T T T T T 1
|f you are already t|red JUSt one TO tWO 12amto Tam  3am to 4am 6am to 7am 9am to 10am 12 noon to Tpm  3pm to 4pm 6pm to 7pm 9pm to 10pm
units of alcohol with lunch can make you Time of day

more tired in the afternoon.

Figure 2. Number of ‘Tired Driver Crashes’ (TDCs) on UK motorways across 24 hours
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> Medical causes

Medical causes of tiredness

Sleep disorders affect around 770,000
people in the UK.

Sleep disorders range from not being able
to get to sleep (insomnia) to not being
able to stay awake (narcolepsy) and can
be caused by a variety of physical,
medical, psychiatric or external factors.

While there are 84 different sleep
disorders classified by the International
Classification of Sleep Disorders (ICSD),
sleeping problems fall into three general
groups.

1 Disruption of the body’s natural
sleep-and-wake pattern

e This can have an external cause, for
example living by a noisy motorway,
or it could be due to medical causes,
for example insomnia.

2 Disruption of sleep quality

e For example, sleepwalking and
nightmares.

3 Sleep disorders associated with
medical conditions

e For example, alcoholism, ulcers,
asthma and anxiety disorders, can all
disrupt sleep.

Two of the most common sleep disorders
are insomnia and sleep apnoea.

Case study

In September 2000, Paul Couldridge, a
44-year old lorry driver, fell asleep at the
wheel while driving on the M20 in Kent.
His lorry ploughed into a BMW being
driven by Stephen Williams on the
opposite carriageway. Stephen (aged
24) and his fiancée Sheila Ryan (aged
25) were both killed on impact in the
crash.

Paul had been told by doctors to stop
driving because he suffers from the
disorder obstructive sleep apnoea. He
estimated that he had previously
nodded off at the wheel 15 times,
sometimes causing minor accidents.
Paul was found guilty of two counts of
death by dangerous driving and was
jailed for eight years. He was also
banned from driving for life.

Two of the most common
sleep disorders are iInsomnia
and sleep apnoea.

Insomnia

Insomnia is the feeling of not being able
to get enough sleep. Insomnia is the
most common sleep disorder, affecting an
estimated 20% to 40% of adults in any
year.

Typical symptoms are:
e problems falling asleep;

e problems staying asleep (so that you
wake up several times each night);

e waking up too early; and

e daytime symptoms such as sleepiness,
anxiety, lack of concentration and
memory and being irritable.

There is no single cause for insomnia but
a number of factors are known to
contribute.

e |ifestyle - eating late at night, jet lag,
hunger, alcohol, caffeine and stimulant
drugs (including nicotine)

e Environment — noise (for example, a
partner snoring), or an uncomfortable
bed or bedroom

e Physical-health problems — asthma,
tinnitus, pain, prostate problems that
mean you have to go to the toilet
frequently at night, and indigestion

e Psychological — stress or grief

e Mental-health problems - depression or
anxiety

e Medication — certain tablets for asthma
and treatments for nasal congestion,
vertigo and depression.

Sleep apnoea

The word ‘apnoea’ means the absence of
breathing. During sleep some people stop
breathing for brief moments and while
this usually doesn't cause the person to
fully wake up, they are roused from the
deep restful stages of sleep and will then
feel tired the next day.

It is estimated that around 3% to 5% of
the general population suffer from sleep
apnoea (about as many people as suffer
from asthma), but among truck drivers
this figure is much greater (around 20%).

Typical symptoms are:

e choking, gasping or stopping breathing
during sleep;

e |oud snoring; and

e excessive sleepiness.

The maijority of people with sleep apnoea
fall into the following categories:

* Male
e Aged over 50
e QOverweight

e Have a large collar size, for example 17
inches (43cms) or more

Sleep apnoea is particularly common in
truck drivers because they tend to fit into
many of these high-risk categories.

The majority of people with sleep
apnoea are not aware that they are
having difficulty breathing during sleep
or that they are waking up repeatedly.
It is typically their partner or the person
they sleep with that notices first.
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> Medicines

Medicines that cause drowsiness

Many drugs and medicines can cause
drowsiness during the day.

When investigating an incident in which
fatigue or tiredness are suspected, all
prescription and overthe-counter
medicines being taken by the person
should be checked by a medical
professional to see whether they can
cause drowsiness or affect performance.

Medications can increase the risk of
accidents by having a sedative effect and
by causing a subtle loss of judgement and
the ability to perform complicated tasks.
Medications can have an immediate
effect on performance and can cause a
significant "hangover’ effect the next day.

Prescription medicines

There is a wide range of prescription
medicines that cause tiredness, but the
majority are used to treat the following
conditions:

e Depression

e Anxiety

e Heart disease

e \ertigo

e Nasal congestion, colds, flu

e Hay-fever

e Travel sickness

e Sleeping problems

Over-the-counter medicines

Over-the-counter medicines (OTCs) are
products which can be bought from a
chemist without a doctor’s prescription.
Products bought this way that can
promote drowsiness may include those
used to treat the following conditions:

e Nasal congestion, colds, flu
e Hay-fever

e Travel sickness

e Sleeping problems

Many drugs and medicines
can cause excessive daytime

drowsiness.

Common OTC medicines which have a
sedative side effect

The OTCs that have the most severe
sedative side effect are those that contain
sedating antihistamines, a group of
substances commonly found in cold, flu
and hay-fever treatments. But as well as
helping a runny nose, sneezing and
allergies, antihistamines can cause
drowsiness. The sedative effect of these
products is so strong that in different
packaging many of these same
antihistamines are marketed and sold
specifically as sleep aids.

The most common antihistamines to have
sedating effects are:

e chlorpheniramine;
e diphenhydramine;
e promethazine; and
e triprolidine.

Some treatments for travel sickness
contain hyoscine, a substance that has
been shown to affect many of the skills
essential to safe driving. It can make us
sleepy and affects how we see and
understand information.
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> Stimulants

Stimulant drugs

Stimulants are drugs that speed up the
messages between the brain and the
body. People usually take them to stop
themselves from feeling tired and make
them more alert. Stimulants include
nicotine, caffeine, medicines with mild
effects such as pseudoephedrine (found
in cough and cold medicines), ephedrine
(found in diet pills and compounds used
by bodybuilders) and illegal drugs, for
example amphetamine and cocaine.

Stimulants increase the risk of accidents
because they have immediate and
delayed effects.

Acute (Immediate) stimulant effects

Stimulants increase risk-taking and create
a false sense of confidence.

Delayed rebound in tiredness

Stimulants delay sleep or keep a person
awake for a greater length of time than
would normally be possible. So, when the
effects begin to wear off, the user can
experience a ‘rebound’ in tiredness.

Stimulants can also cause tiredness by
disrupting sleep. For example, a
professional driver using amphetamines
to stay awake when driving in the early
morning might not be able to get to
sleep, or might not sleep well, when they
get home.

Case study

In 2001 a truck driver working
consecutive night shifts fell asleep at
the wheel. The driver veered across the
road and ran over a parked car
containing a mother, father and their
two young daughters. The family were
all killed. Investigation revealed that the
truck driver had been using
amphetamines, but had stopped using
the drug on the day of the accident. It
was found that that the driver was
suffering ‘rebound tiredness’ at the time
of the accident. He was sentenced to
five years in prison for causing death by
dangerous driving.

Stimulants increase the risk
of accidents because they
have iImmediate and delayed

effects.

Investigating the role of stimulants in
a suspected ‘Tired Driver Crash’ (TDC)

The decision as to whether the acute
effects of stimulants contributed to an
incident is usually made based on
whether the pathology report highlights
stimulants in the driver’s blood. This
decision will have to be made by a
medical professional. Investigating the
possibility that the incident was caused
by a rebound in tiredness needs careful
consideration of the pathology report. If a
driver is a long-term user of stimulants it
is possible that they could be so severely
tired as to have fallen asleep, even while
the drug was active (present in the blood).
A more typical situation is that the effects
of the stimulant had started to wear off
(the drug had been metabolised) before
the accident. In this case there may be no
evidence of stimulants in the blood, but
there will be evidence of stimulant
metabolites in the urine.

Ephedrine

Ephedrine is a stimulant that is perhaps
not as widely recognised as others, but
has been found in drivers involved in road
accidents. Ephedrine is found in a range
of slimming aids and supplements taken
by bodybuilders and is used to stimulate
the fat-burning process. The packaging of
these products does not always alert
buyers to the consequences of ephedrine
on sleep and alertness.

Evidence suggests that ephedrine and
pseudoephedrine (in nasal and sinus
decongestant products) are also being
used by people to keep them awake.
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> Sleep Inertia

The groggy feeling you get after waking
from deep sleep.

Itis 5.30 in the morning and you wake
up early feeling bright. Looking over at
your alarm clock you remember that it is
set for 7am and you still have another
hour and a half before you have to get
up. Gradually you get back to sleep but,
in what seems like a couple of minutes,
you are woken up by the alarm bell.
Feeling groggy and not the least bit
rested, you grumpily fumble for the
clock, switch off the alarm and fight the
urge to dive back under the covers.
Congratulations, you have just
experienced sleep inertia.

The groggy feeling you get
after waking from deep sleep.

Sleep inertia

Sleep inertia can temporarily reduce your
ability to perform even simple tasks.
Sleep inertia can last from one minute to
four hours, but typically lasts 15 to 30
minutes.

How severe sleep inertia is depends on
how long you have been asleep and the
stage of sleep you are in when you wake
up. Effects can be severe if you are very
sleep-deprived or have been woken from
a deep-sleep stage. Sleep inertia is also
influenced by time of day and is stronger
in the early hours of the morning when
our alertness is already at a minimum.

Sleep inertia can affect our physical and
mental capability and can affect our ability
to work safely. Sleep inertia can be very
dangerous if you drive in the early
morning hours and shortly after waking up
from a sleep. If you are suffering from
sleep inertia you should give yourself

20 minutes to wake up properly before
carrying out critical tasks (including
driving).
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> Microsleeps

“My mind clicks on and off. | try letting
one eyelid close at a time while | prop
the other one up with my will. But the
effort’s too much, sleep is winning, my
whole body argues dully that nothing,
nothing life can attain is quite so
desirable as sleep. My mind is losing
resolution and control.”

Charles Lindenbergh

Short, uncontrollable bouts of
sleep brought on by extreme

tiredness

Microsleeps

The human body has four essential
biological needs — food, water, shelter and
sleep. Without these, life is not possible.
Food, water and shelter are all within our
control, we can refuse food and water
and we can make the decision not to find
shelter. In contrast, when we are
excessively tired our body will sleep
whether we like it or not.

When we are extremely tired we
experience short bouts of sleep called
microsleeps. These brief sleep periods
last up to 30 seconds (any longer than
that and you are considered to be
properly asleep) and are uncontrollable.
You cannot will yourself to stay awake or
not to experience microsleeps.

While in a microsleep, a person does not
respond to outside information. A person
will not see a red signal light or notice
that the road has taken a curve. Often the
person is not aware that a microsleep has
happened. In fact, microsleeps often
happen when a person's eyes are open.
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> Sleep loss and performance

Sleep loss and performance
Extreme tiredness eventually causes

microsleeps but well before this happens,

tiredness significantly affects
performance. The effects of tiredness on
performance are similar to the effects of
alcohol. Research has shown that if you
are awake for between 18-and-a-half
hours and 21 hours your performance is
the same as having a blood alcohol level
of 0.05% and 0.08%.

Tiredness influences almost all types of
performance and some of its effects are
listed here.

Sleep loss and alcohol have
similar effects on performance.

® Decreased alertness

e Slower reaction time

e Poor hand-eye coordination
e Poor communication

e More likely to make errors
e Reduced attention

e Reduced ability to make decisions
e Nodding off

e Being uncaring

e Mood swings

e Feeling drowsy

e fFeeling anxious

Below standard performance

Loss of initiative

Poor decision-making

Loss of short-term memory
Repeatedly making the same mistake
Overestimating your performance
Being easily distracted

Accepting below-standard performance

Unpredictable actions
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> How tired is too tired?

How tired is too tired?

The human body needs a certain amount
of sleep each night to function effectively.
The average amount of sleep a person
needs is eight hours (but can vary
between six and 10 hours). When we
reduce the number of hours we sleep at
night we start to build up what is called a
'sleep debt'. The larger the sleep debt,
the more our performance is affected and
the more likely we are to have
microsleeps.

Sleep debt is explained as the difference
between the hours of sleep a person
needs and the hours of sleep a person
actually gets. For example, if a person
needs eight hours' sleep a night but only
gets six hours' sleep one night, they have
a sleep debt of two hours.

The relationship between sleep loss and
accident risk is very complicated and
influenced by many factors including
individual variation in the need for sleep,
the time of day and the risk associated
with the task. There is a simple rule called
the 'Prior Sleep Wake Model’ (PSWM)
that can be useful in deciding whether
the person was extremely tired at the
time of the incident. (Please remember
that this is different from indicating that
tiredness caused the incident.)

The human body requires a
certain amount of sleep each
night to function effectively.

Tiredness builds up

It is not well recognised that tiredness
builds up over consecutive days. For
example, if a person’s sleep was
shortened by two hours every day for four
days, they would experience a sleep debt
of eight hours. The effects of an eight-
hour sleep debt are similar to those
associated with going without sleep for a
full night.

‘Paying back’ a sleep debt

Lost hours of sleep need not be ‘paid
back’ hour for hour. Research has shown
that any size sleep debt can be recovered
after two consecutive nights of full good-
quality sleep.

To apply the PSWM rule three simple calculations need to be made:

e X = Hours of sleep the person had in the 24 hours before the incident
(worked out from the time of the incident)

e Y = Hours of sleep the person got in the 48 hours before the incident
(worked out from the time of the incident)

e 7 = Hours the person was awake before the time of the incident

It is likely that the individual was excessively tired at the time of the incident if:

e X is less than six hours (the amount of sleep the person had in the last 24 hours

was less than six hours); or

e Y is less than Z (the amount of sleep the person had in the last 48 hours was less
than the time they were awake for up to the time of the crash).

Sleep quality

When considering how tired a person
was at the time of an incident, remember
not only to consider how long they slept
for but also the quality of the sleep.
Assessing the quality of sleep includes
considering the environment in which the
person slept. For example, was it in a
comfortable hotel room or in the cab of a
truck parked in a noisy motorway service
area? The ideal conditions for sleep are a
cool (19°C), dark and quiet environment.

Case study

In June 2003 a tanker driver was killed
in a tiredness-related vehicle crash in
Eastern Europe. One of the findings of
our investigation was that, in the week
in which the crash happened, the night
time temperature in this part of the
country was between 28°C and 34°C.
In such high temperatures and without
air conditioning, it would be difficult to
get good-quality sleep, particularly in
the cab of a truck.
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> Factors that disrupt sleep

A wide range of factors can

reduce the amount of sleep a

person actually gets and the

quality of their sleep.

Factors that disrupt sleep e Environment

A wide range of factors can reduce the e Social life
amount of sleep a person actually gets

and the quality of their sleep. Some of ¢ Psychological wellbeing

these are listed below. It is recommended
that investigators consider these factors

during interviews with the person, their e \\ater intake
family and work colleagues.

e \Work ethic and work rate

e Drugs
¢ Length of shifts e Caffeine
* Time of day of the shift * Alcohol

e Time since the person last slept

e Health

® Diet

e Physical activity

e Mental activity

e Age

e Experience

e Circadian rhythms

e Shift rotation
Case study * Work

In October 2002 a 41-year old truck
driver died in a accident during a night
shift. The accident showed many signs
of a ‘Tired Driver Crash'. The accident
happened at night, with no other
vehicles involved. The tanker drifted off
the carriageway and there was no
braking or other action taken. During
the investigation it was found that,
although the driver had just had three
rest days, he had not been using this
time to sleep. Instead he had been
renovating a house and had cleared
more than 10 skips of rubble from the
house (on his own) during this rest
period.

e Other stimulants

e Hypnotics

Time of day has a important influence on
how much sleep a driver gets in a given
rest period. The circadian rhythm in
alertness makes sure that during the day
it is almost impossible to achieve the
quality and quantity of sleep that can be
achieved at night. Sleep during the day,
such as that taken by shift workers, is
also likely to be disrupted by a variety of
environmental factors, including light,
heat and noise.
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> Sleep loss and work hours

Sleep loss and work hours

Perhaps the most common reason for
tiredness is long or irregular work hours
that limit the time available for sleep. The
first step to assessing whether hours of
work may have contributed to an accident
is to compare the person’s work hours
with any relevant rules or regulations,
either of government or of the company.
For example, if the employee is a
professional driver in the United Kingdom
their tachograph records should be
analysed and hours of work compared to
the National Drivers’ Hours Regulations.

Perhaps the most common
reason for tiredness is long or
irregular work hours that limit
the time available for sleep.

While driving hour regulations reduce the
amount of Tired Driver Crashes (TDCs),
they are certainly not foolproof and there
are many examples where a driver has
followed the regulations and fallen asleep
at the wheel. Also, people involved in
suspected TDCs may not be covered by
driving hour regulations.

A more accurate way of assessing the
role that hours of work may have played
in an incident is to use a fatigue model,
such as Fatigue Audit InterDyne (FAID),
Fatigue Avoidance Scheduling Tool (FAST)
or the UK Health and Safety Executive's
Fatigue and Risk Index.

These models should only be used by
those trained to do so. If you need help,
speak to an external fatigue consultant.

For example, Fatigue Audit InterDyne
(FAID) is one piece of fatigue modeling
software that estimates a person'’s fatigue
based on their hours of work. The only
information needed is the person’s start
and finish times for the two weeks before
the crash. In simple terms, FAID is
interested in the length of each work or
break period, the time of day at which the
work or break happened and how far in
the past it happened. FAID works out a
‘fatigue score’ and scores between 80
and 100 are linked with a level of
performance that can be compared with a
blood alcohol concentration over 0.05%.
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