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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeeded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Teclinical Barriers to Trade (TBT), see the following
URL{www.iso.org/iso/foreword.html.

This|document was prepared by Technical Conimittee ISO/TC 67, Materials, equipment and offshore
strudtures for petroleum, petrochemical and natural gas industries, Subcommittee SC 8, Arctif operations.
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Introduction

Workers in the petroleum and natural gas industries face a number of stressors from the physical and
psychosocial environment when working in the Arctic. These include prolonged periods of darkness
(polar winter) and light (polar summer), remoteness, noise and vibration, low humidity and cold
climate. The combination of different working environment factors can affect people's health and safety.
Cold-climate locations, low temperatures and wind can directly affect both equipment (e.g. operability,
reliability and integrity) and people (e.g. frostbite, hypothermia and performance decrement). In turn,
affected equipment can affect the health and safety of personnel, and poor personnel performance
can likewise have a detrimental effect on equipment. It is important to consider and assess all
these relatipnships im order to have contidence in production and neaith, satety and environmental
(HSE) risks|at facilities in cold climates. This is illustrated in Figure 1. Based on the outcome\df the
assessment, approaches for cold-climate risk management should address all aspects of winterizgtion,
from prevention through facility design and specification through to working procedures..Ih addition
to this, perspnal protective equipment (including clothing) may be necessary.

WORKPLACE DESIGN
Winterization
Human fitness: Knowledge and attitude:
Medical and psychological fit Résponsibility, adaptability,
for work in harsh conditions special skills, continuous risk
assessment, knowledge
Arctic risk assessment Arctic risk managementt

Hazards:

Temperature, air velocity, humidity, rain, snow, ice,
amount and period of light, UV-radiation, noise,
vibration, chemical exposure

1L | | 43 'y & 'y 1 2 A ay 3 'y
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Petroleum and natural gas industries — Arctic operations

1

Working environment

Scope

This document descrlbes the Worklng env1ronment that can be expected when operatmg oil and gas
faciliti

the
The

esign and operation of fixed and floatmg oil and gas facilities both onshore and offsho

im of this document is to ensure optimal health, safety, human performance and-deci

condjiitions for people working on oil and gas facilities in Arctic conditions.

This
of ex|
expld

This

2
The

cons
unda

ISO (

ISO

ISO
vibr

isting facilities for operation in the Arctic environment. This also ificludes offshore
ration and accommodation units for such activities.

document is divided into three main parts.
The first part (Clause 5) describes the general principlesand’guidelines for risk manag|

The second part (Clause 6) describes the general working environment (working ¢
lhazards found in many workplaces and provides some threshold limit values (TLVs)
feferences that can be especially challenging in Axctic conditions.

The third part (Clause 7 to Clause 9) addr€sses the climatic conditions expected if
(lause 8 describes working environment design and technical solutions, while Clause|
yorking environment operational reqairements for prevention and management of
problems.

Normative references

following documents afte)referred to in the text in such a way that some or all of t
fitutes requirements’ of*this document. For dated references, only the edition cited
ted references, the'tatest edition of the referenced document (including any amendme

fuide 73, Risk-management — Vocabulary

=

tion —Part 1: General requirements

g

3349-1, Mechanical vibration — Measurement and evaluation of human exposure to hand
vibrd

33492, Mechanical vibration — Measurement and evaluation of human exposure to hand}

nidelines for
re.

sion-making

document applies to the design and operation of new facilities and structures, and to modification

ind onshore

ement.

nvironment
and design

the Arctic.
|9 describes
cold-related

heir content
applies. For
hts) applies.

transmitted

transmitted

Part2: Pv'nr'f'i'ﬁnl auidanco for moaciyromont ot tho voylrnla o

CTOTT T CTCUT oG U CC o C o U Gt et o ot w ot pta el

ISO 11064-6, Ergonomic design of control centres — Part 6: Environmental requirements for control centres

ISO 11079:2007, Ergonomics of the thermal environment — Determination and interpretation of cold
stress when using required clothing insulation (IREQ) and local cooling effects

ISO 19901-1, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 1: Metocean design and operating considerations

ISO

19906:2010, Petroleum and natural gas industries — Arctic offshore structures

ISO 31000, Risk management — Principles and guidelines

IMO

MSC/Circ. 982, Guidelines on ergonomic criteria for bridge equipment and layout

© IS0 2017 - All rights reserved
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EN 12464-1, Light and lighting — Lighting of work places — Part 1: Indoor work places
EN 12464-2, Light and lighting — Lighting of work places — Part 2: Outdoor work places
EN 12665, Light and lighting — Basic terms and criteria for specifying lighting requirements

3 Terms and definitions
For the purposes of this document, the terms and definitions in ISO Guide 73 and the following apply

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— ISO Onljne browsing platform: available at http://www.iso.org/obp

— IEC Eleqtropedia: available at http://www.electropedia.org/

31
anti-icing
measures td prevent ice from forming on surfaces, structures (3.15) or equipment

Note 1 to entiry: The intent of anti-icing is to make the surfaces, structures or equipment immediately avaflable
for use.

3.2

Arctic
area characterized by low ambient temperatures and the presence or possibility of sea ice, icebergs,
icing conditjons, persistent snow cover, and/or permafrost

Note 1 to entfy: Area does not only include the Arctic, but also_ather areas that meet this characterization.

3.3
comfort
state of physical ease and freedom from pain or,constraint

3.4
company
owner, operftor, or license or duty holder of the authorized work

3.5
cold-climate conditions
potential priesence of combinhations of low air temperatures, low seawater temperatures, wind, gnow,
ice, freezingfog, etc.

3.6
de-icing
measures tq remoyve snow and ice accumulations from surfaces, structures (3.15) or equipment

N t 1 t e Tho dptant AL dn toing 1o +0 paaleon vhn ooy
ote 1 to entry—Theintentot-detcingistomakethesu

within a reasonable period of time.

4
T
3
b
h
b
D
;
D
J
o]

rally-available

3.7

facility

plant, rig, or platform (3.12), fixed or floating, stationary or mobile, on- or offshore, for use in oil and gas
exploration, production or support.

3.8

functional requirement

requirement that provides the fundamental rationale behind a particular rule and which needs to be
satisfied

2 © IS0 2017 - All rights reserved
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rd

source of potential harm

Note

3.10
heat

1 to entry: Hazard can be a risk source.

tracing

method used to raise or maintain the temperature of pipes and surfaces

Note 1 to entry: Heat tracing is based on the principle that objects of unequal temperatures in a thermal system
tend toward thermal equilibrium. Heat tracing cables consist of a heating element (a resistor) in ei

paral

3.11
oper
work

el configuration which produces heat when voltage is applied to it.

work area
area (3.18) with no substantial obstacles to the open air and completely exposed

condjfitions

3.12

prod

Note
pipin
Note

3.13
safet
systq
even

3.14
semj
work
open|

3.15
stru

orgay

prov

EXAN
moo|

EXAN

platform
complete assembly of structural and non-structural systems forcthe purpose of devel

ction of petroleum and natural gas fields

1 to entry: The platform includes structure (3.15) and non-structural systems such as topsidg
b and accommodation.

P to entry: The platform does not include soils.

y system

[ /abnormal conditions, and/or to mitigate its effects

-open work area
area (3.18) that is weather=protected (e.g. with weather louvers) and partially exj
air

cture
hized combination of connected components and subsystems designed to withstand
jde adequatéqigidity and stability

IPLE 1_~ Examples of components include columns, beams, stiffened plates, tubular membe
ing lines'and tendons, foundation anchors and piles, but not the soil.

PLE 2  Examples of subsystems include structural integrity management (SIM) systems, sfj

ther series or

to ambient

bpment and

s equipment,

m, including required utilities, whichDis intended to prevent, detect/warn of am accidental

osed to the

actions and

rs and joints,

ationkeeping

thrusters and their control and power systems.

3.16

vendor
one who sells and/or delivers equipment and/or engineering services

3.17

weather protection
measures taken to prepare work areas (3.18) on the facility (3.7) for harsh weather (rain, sea-spray,
wind, cold, snow)

EXAMPLE Wind walls, roof, partial or total enclosure.

© ISO
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3.18

work area

area of the facility (3.7) where personnel normally stay or move in connection with work, excluding
void hull areas

3.19

workplace

space within a work area (3.18) allocated to one or more persons to complete work tasks related to
operations, production, inspection or maintenance

3.20

work systemt
combination} of people and work equipment, acting together in the work process, at the workplacte, in
the work enyironment, and under the conditions imposed by the work task

3.21
working environment
totality of all physical, chemical, biological and psychological factors at work ‘that can affect the
employees' health and well-being

3.22
winterization
measures tgken in the design and preparation of a facility (3.7) for operations in cold climates

Note 1 to enfry: Winterization is primarily focused on the adverse effects and control of freezing, icing, [wind
chill, snow, fdlling ice and material properties in cold temperatures.

4 Abbreyiated terms

ACGIH Anerican Conference of Governmental Industrial Hygienists
ALARP as|ow as reasonably practicable

CFD computational fluid dynamic

EER esdape, evacuation and rescue

FEED  front-end engineering design

HAV hand-arm vibration

HSE health, safety and‘environment

IREQ  required cléthing insulation

JHA joh hazayd analysis (equivalent to job safety analysis)

JTA job-taskanalysis
PPE personal protective equipment
SAR search and rescue

TLV threshold limit value

WCT wind chill temperature

4 © IS0 2017 - All rights reserved
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5 Risk management

5.1

General

The working environment shall be managed so that the working environment risks are controlled.
These risks shall be managed according to the principles in ISO 31000.

Risk assessment shall include risk identification, risk analysis and risk evaluation. Mitigating measures

shall

5.2

Figu
work

be applied to eliminate or reduce the identified risks.

e 2 shows the typical project phases in a design process that are also applicable, to
ing environment risks.

Project planning Project execution

managing of

4
> Feasibility >> Concept >> De;lgll:‘tl;on, >>Detailedstudy>> Construction »mmissioning>> oy

eration >

The
phild

A list
not ¢

All w
redu
proc

It is
disci

Reley
a)
b) ¢

> Working environment plan

Figure 2 — Typical project phases in a design process

operating circumstances (geographical site, environment, type of facility, mannin
sophy, etc.) shall be established in the coneept and be updated throughout the design j

of generic working environment hazards and risks connected is presented in Clause
omplete and should be used only.as.a guide for risk identification.

orking environment risks shall-be identified and assessed and form the basis for pri
ring actions. This process-shall start in the concept phase and give input to the desig
bss shall be updated thrnoughout the planning and execution.

>

b, operating
Drocess.

6. The list is

britized risk
n basis. The

recommended to use’a workshop method with participants from line management, technical

plines, HSE experts.and with employee involvement.
rant elements or risk management of the working environment include:
he geographical position, climate, type of facility;

existing information (literature, experience transfer from similar projects);

C) the manning level, operational conditions, operation and maintenance strategies;

d) personnel competence, health, etc.;

e) calculation of local wind chill, snow and ice conditions.

5.3

Mitigating measures — Risk reduction principles

5.3.1 Hierarchy of controls

The risk treatment shall describe solutions to eliminate, reduce and control the working environment
risks. The method to control the risk should be considered in the order presented in Figure 3.

© ISO
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Physically remove the hazard
Elimination

B

£ Replace the hazard / reduce the

= N

< Substitution hazard

>

v 1%2]

T =

8 O

i B Engineering controls Isolate people from the hazard

£3

AN /
Administrative Change the way people work
controls

E

o & Protect the worker by the uséof

© -8 Personal Protective Equipment

g 5

&g

Figure 3 — Hierarchy of controls to mitigate working environment risks

5.3.2 ALARP
The working environment risk shall be kept as low as reasonably practicable (ALARP). For a risk fo be
ALARBP, it shall be possible to demonstrate that the cost invelved in reducing the risk further would be

grossly disproportionate to the benefit gained.

5.4 Speci

54.1 Inp

The procesg
area of oper

Figure 4 il
assessment
weather prg

Design soluf

solution should be aecording to risk assessment and ALARP analysis. See Clauses 5 and 8.

Operational
weather prd

al assessment in Arctic environment

it to design specification

to secure a safe and healthjrworkplace in the Arctic starts by assessing the concep
ation, the climate preconditions and the operation philosophy.

ustrates the assessments, possible solutions and the importance of making qu
to decide the right)type of risk reducing measure in the design, especially the nee
tection.

ions and opetational measures in combination give the protection level. The level of d

solutions: Operations/work task performed in outdoor areas that are not adequ
tected shall be risk assessed and treated as described in Clause 9.

[, the

ality
d for

Psign

ately

NOTE

and used as a workplace independent of the weather conditions.

Availability (i.e. high, medium, low) means how important it is that the outdoor area can be entered

© ISO 2017 - All rights reserved
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Clazzify the tyrpe of installation and itz work areas

Bazed on need for uninterrupted availability or criticality

High criticality favailability Medinrn criticality farailability

-

e

Lowr eriticality favailability

duration of wark,

Risk aszessment bazed on WCT, area, manning, frequency ancd

handling, technical factors, explozion loads (zee Annexes 4 and

working environrmentfactors, material

T,
- e

~

Full enclozure /
pertanentweather
protection

Ho enclosure [ weather
protection

Partly or removable
enclosure fweather
profection E

—~

Evacddation routs
theongh thearea

>\ /\
Heated ]
wallowrays reas

Design solutions and operational measuresin combination give the protection level. The le
solutlion should be according to risk assessment and ALARP analysis. See Clauses 5 and 8.

Operftional solutions: Operations $.work task performed in outdoor areas that are not adequa
protécted shall be risk assessedand treated as described in Clause 9.

protection in the design process

This[documentaddresses these issues in more details by describing:

a) the general work environment hazards in Clause 6;

Figure 4 — Flowchartillustrating the steps to analyse and prioritize the need for

Lres

Vel of design

ely weather

weather

b) thée assessment of need for weather protection and other design requirements in (lause 8 and

Annex B;

c) the risk assessment of operation, operational restrictions, clothing, guidelines for work and health

requirements in Clause

9;

d) the education, training and supervision needs in Clause 10.

The operational consequences of cold risks due to unsolved design solutions shall be analysed. Clause 9
provides detailed methods and Annex A gives additional information about working environment
studies and deliverables in project development.
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5.4.2 Risk assessments in operation — Operational solutions

Design solutions, such as winterization, heating, enclosures and weather panels, have limitations due to

risk of gas build-up, explosion, weight, space available and energy consumption.

The purpose of these assessments is to identify the risks that are not solved in design and thus shall
be mitigated by means of operational restrictions or recommendations. For more detailed analyses,

see [SO 11079, ISO 12894, ISO 13732-3, ISO 15743. See also Clause 9.

6 Management of working environment hazards in Arctic operations

6.1 General

This clause

describes the generic working environment hazards found in many w

eshold limit values (TLV) and design references for those that can be espe

S

aces and
challemglng

provides thi
in Arctic co

not only rel

working enyironment and human performance.

hditions. Figure 5 gives an overview of the generic working environm
that affect health and safety at work. As shown in Figure 5, the thermal factors pl
hted to thermal comfort but also by interacting with other facto;&so portant to the

azards/fa ctors
n important{role,
total

;\\

Interaction

Acclimatization

Shift

Remoteness

«ﬁerent cultures

Organizational

Thermal environment <(
N\
Temperature, humidity 5\0
and air velocity
Light Vibration
Noise
Chemicals
Radiation

uonoeIaU|

Physical strain

Ergonomic work-
place design

Figure 5 — Summary of factors of the industrial environment and their interaction with

each other

6.2 Information on climate conditions

Climate conditions are described in detail in Clauses 7 to 9.

Clause 8 describes the working environment, technical and design solutions (including metocean
data, winterization, de-icing, falling ice, accommodation, etc.) while Clause 9 describes operational

© ISO 2017 - All rights reserved
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requirements for prevention and management of cold-related problems (health and fitness, slips and

falls,

clothing and PPE, cold risk assessment and management, etc.).

General guidelines on metocean information are given in ISO 19900 and specific requirements in
ISO 19901-1. The wind chill temperature (WCT) index is presented in Table 1 (see 9.5.3).

6.3

INlumination

During the Arctic winter season, daylight hours decrease with increasing latitude, and in addition,
visibility can be reduced during bad weather conditions. Selecting appropriate design solutions are
crucial to secure good operating conditions in this environment.

Proviji

shou
wint

Duri
wor
shou
of d

visibji

Worl
in ac

To ef
perid

For ¢
EN 1
light

The

whet
whel
light
illum

Diffe
coloy
colot

6.4

6.4.1

sion shall be made to ensure ambient lighting of the outdoor working areas. Spec
d be given to area lighting for tasks that are normally performed during daytime
r days with a combination of darkness, cold and bad weather.

g engineering, the quality of illumination should be analysed for beth“internal
ing and living spaces. The illumination should be analysed for various weather co
d take into account the unique seasonal illumination requirements(duiring the prolon
rkness (polar winter) and light (polar summer), as well as the_eéffects of low-ang
lity and contrast.

£ area light intensity shall be adequate for the general purpose of the location and typ
rordance with EN 12665.

)sure that a specific lighting level, expressed as maintained luminance, is reached for §
d of time, an appropriate maintenance factor should be applied.

edicated workplaces that require at least daily access or are critical from a safety p
2464-1 and EN 12464-2 shall be applied\inn the specification of indoor and outdoo
ng, respectively.

e sight-intensive work takes place;'where display screen equipment is used on a regul
e the work requires good visibility during various weather conditions. Reflection and
5 shall be eliminated. Lighting for control rooms shall be in accordance with ISO 1106
ination on the bridge ofmebile units, IMO MSC/Circ. 982 shall be applied.

rent levels of illuminance require different light colours, if the lighting is to be comfor
Irs should be usedin’ cabins and recreation areas where the lighting levels are below
r temperature, whiter light, should be used in areas with high lighting levels.

Visibility

General

al attention
and also on

aI\Lnd external

ditions and
ged periods
rle sunlight,

e of activity

) reasonable

bint of view,
r workplace

illumination shall be analysed espécially in the control room, control cabins and ¢ther rooms

ar basis and
flickering of
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Visibility is especially challenging on onshore plants, where distances make it more difficult to orientate
during poor visibility conditions (e.g. fog, snow, white-out, 24 h without daylight). On these plants, a
system to detect people and guide them in their orientation shall be established.

The following solutions are suggested:

a)

the surroundings (e.g. GPS tracker);

b)
‘)

d) i
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nfrared cameras to detect people and wildlife;
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e) means of identification and orientation during daylight, bright sunshine;
f) sources of illumination to orientate;
g) buddy system;

h) communication systems.

6.4.2 Preventing glare

Provision shall be made to avoid direct glare from sunshine, from artificial light sources and
reflectings aces. Sneci onside ionsh be given tothe nrolonged neriadswhen the nislo
the horizon pnd th
sea or ice sufrfaces.

The following solutions are suggested:
a) sun-shi¢lds;
b) low-reflecting surfaces;

c) sun glagses, goggles with polarizing filters.

6.5 Physiological and psychosocial effects (human performance)

For some individuals, working in remote Artic environments¢ean cause adverse effects on hy
performanc (psychological, sociological and physiological).

Psychological effects can lead to, for example:

— disorientation;

— impaired vision;

— impaireld mental function, reduced memory;
— decreased alertness/situation awafeness.
Sociological|effects can lead to, for example:

— disengagement;

— perceived safety;

— social idolation,

Physiologicdl effects can lead to, for example:

from

man

— impaireld performance, especially manual performance, due ta coaoling;
— impaired tactile sensitivity due to cooling;
— increased physical strain due to decreased performance and use of heavy garments;

— need for longer recovery.

As input to the living quarter design, a study of psychosocial, sociological and physiological challenges

and design preconditions shall be carried out.

10 © IS0 2017 - All rights reserved
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6.6 Noise and vibration

6.6.1 General

During concept definition and optimization/front-end engineering design (FEED), the major sources of
noise and vibration shall be identified.

On facilities that are planned for use in areas with Arctic climate, noise and vibration caused by external
Arctic environmental conditions and by ice-breaking and active/passive ice management activities,
shall be considered in the concept definition and optimization/FEED.

6.6.24 Noise

The maximum noise levels, expressed as total dB(A), in the different areas of the facility;’shall be defined
basef on national regulations.

NOTH NORSOK S-002 provides an informative list of area maximum noise levels:

Duripng engineering, the activity shall ensure that significant noise sotirces are identifigd and their
influences evaluated. This also applies to external noise sources such as-ice.

All work in noise-affected areas should be planned taking into ac¢ount the noise exposure gnd the type
of hepring protection used.

All upe of PPE should take into account reduced protection éffects due to the challenging combination of
cold weather protection and ear protection.

6.6.3 Vibration

ISO 2631-2 and ISO 6954 for leisure, manned: and unmanned areas, and EN 14253 for| seated and
stangling operators can be used as guidelinés for measuring, reporting and evaluating [whole-body
vibrgtion.

6.6.4 Hand-arm vibration

Expdsure to hand-arm vibration (HAV), particularly from hand-held tools, is a risk factqr related to
peripheral vascular disease and Raynaud’s disease (white finger). Cold environment is a knqwn cofactor
incrdasing the risk for developing the disease. Exposure is particularly relevant during rhaintenance
peridds. Even if mostihaintenance is performed in the summer, the Arctic summer climatp conditions
are sftill defined as a<€eld working environment.

HAV [tools shall ineet the requirements stated in ISO 5349-1 and ISO 5349-2.

Duripg the“engineering phase, significant vibration sources shall be identified and theif influences
evalyated.

Use of HAV Tools should be Keptto a minimum when working in a cold climate.

Substitution of methods and tools shall be considered (e.g. robotics), and low-vibration equipment
should be used. Working requirements should be established for vibration tools used in the cold.
Workers shall be monitored routinely for signs of disease related to HAV.

6.7 Hazardous chemicals

There shall be a chemical management system in place. See OHSAS 18001 or ISO 14001, TLVs and
references made to ACGIH TLVs and biological exposure indices (BEIs).

Arctic facilities may have more enclosed, semi-enclosed or sheltered working areas than other facilities,
in order to protect workers from the cold. The possible effects of consequent reduced ventilation on
increased vapour, particle or gas exposure and chemical health risks shall be assessed.

© IS0 2017 - All rights reserved 11
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During project development, a chemical health risk assessment shall be performed to identify, evaluate
and control such risks to an acceptable level. The analysis shall consider the operational need for
using substitute chemicals suited to Arctic environmental conditions, and the potential health risks to
humans of using these substitute chemicals.

To reduce exposure risk, appropriate ventilation is needed in enclosed/sheltered working areas.

Sampling in

Carbon mon

enclosed systems is the preferred solution.

oxide poisoning from exhaust can be an additional risk factor in cold environment.

6.8 UV radiation
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I'tothe risk managementstrategy is the philosophy of assessing the expected environm

ental

conditions at the specific geographic location where a facility will be placed or an operation will be
conducted. This approach has the advantage of tailoring risk management efforts.

Defining generalized environmental climate zones, however, can be an efficient means of promoting
certain risk-management efforts, such as for the design and provision of cold-weather clothing.

7.2 Metocean data

The following types of meteorological, oceanographic and ice data shall be used as basis for
winterization design (see also ISO 19906):

a) wind speed:

12

annual mean;
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— seasonal variation for one year (5-year history);

— maximal and minimum values;

— predominant wind direction;

— number of days exceeding 90 % of maximum speed;
b) temperature:

— annual mean;

nrimmmTvattre;

+ mean daily lowest temperature (MDLT);

+ maximum value;

1+ seasonal variation for one year (three coldest months; 5-year history);
c) lhumidity;

d) ice;

e) Arctic night/day: daylight hours in summer/winter.

NOTH Details are given in ISO 35106.

The ¢lata should be based on at least 5-year history and’new calculations shall be made, if the data are
morg than 2 years old.

7.3 | Assessment of the need for permanent weather protection

The peed for permanent weather protection shall be evaluated for all outdoor workplaces. Assessments
of the temperature, wind and precipitation parameters affecting the working environment and safety
shall| be performed. These assessments shall be used to optimize the facility’s design and operation
with|regard to working environnment and safety issues. The analyses shall first be performed as input
to cqncept selection and shall’be updated, if design/layout changes affect workers’ expogure to cold
stregs. The analysis shall always include assessment of work frequency, duration, criticality, snow and
falling ice, precipitation afid other relevant issues, including explosion risk.

The method itself corsists of three sequential steps, including an initial planning stage.
a) $tep 1: Analyse-the outdoor activities.
b) $tep 2: Quantify factors and risk score.

c) $tep3: Prioritize and decide.

It is recommended that the steps be performed in a workshop setting. A detailed description of the
suggested methodology is presented in Annex B.

7.4 Area wind chill temperature (WCT) — CFD simulations
WCT calculations shall be used as input to risk assessment (Step 2).

The formulae and methods described in ISO 11079 shall be used to calculate the WCT and used as input
to risk assessment of outdoor operations.

Based on historical wind and temperature data, the geographical (local) WCT shall be calculated at
10 m above sea level or actual ground level. The local wind velocity shall be inputted to computational
fluid dynamic (CFD) simulations. CFD shall be calculated based on the facility geometry at 1,5 m above
deck level.

© IS0 2017 - All rights reserved 13
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The operational consequences of cold risks not solved by design solutions shall be analysed (see detailed
methods in Clause 9 and the WCT index in Table 1).

8 Working environment design philosophy and technical solutions

8.1 General

Arctic environmental conditions have a strong influence on the working environment of operations
and maintenance. To meet the working environment challenges of the Arctic environment, specific
requirements shall be set for design, construction, operation and maintenance of systems, area and

equipment {
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Therefore, the work tasks and work load shall be taken into account in the design of the facility.
Inadequate design can cause operational limitations, e.g. work time limitations. It is important to carry
out risk assessments in the correct and early phases of project development, in order to reduce the cost
and increase the possibility of later design changes without incurring too much cost and effort.

Winterization is primarily focused on the adverse effects and control of snow, freezing sea spray and
atmospheric icing on a facility, as well as material properties in cold temperature.

As suggested in DNV-0S-A201, the design shall, as a minimum, address the following:
a)

identification of measures for addressing the technical provisions presented in this clause,
including the specific anti-icing, anti-freezing and/or de-icing measures chosen for each applicable

functional requirement;
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b)

d)

8.3
Encl

practicality of the facility. For potentially hazardous areas containing flammable and texic
the potential risk caused by enclosures shall be counteracted by other risk-reduction,meas

Encl

oper

Metegorological conditions such as level of precipitation (snow and rain) imythe area shall b
consjderation when deciding on the level of permanent and temporary enclosures.

Low [sun, in combination with snow/ice, can cause problems with glare that should also be

(see
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as agpropriate for equipment functionality and the working environment.

Specjal attention shall be given to enclosed areascwhen carrying out the fire and ex

asse
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flammable substances are present shall include appropriate measures to reduce the risH
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Alternative wall designs for semi-open’'modules include

a) ppartly covered explosion-relief panels,

b) panels that can open and Close remotely,

c) perforated explosion-relief panels, and

d) ¢xplosion relieflouvers.

Temporary windshields for critical maintenance operations shall be used during sev
condjitions:

Wall|deSign shall ensure that icing does not reduce their explosion-relief characteristics. S

IS0 35101:2017(E)

the intended time-scale required/manpower available for any de-icing activities
helicopter deck) that require completion within a particular time period;

(e.g. of the

physical proximity necessary for any de-icing measures selected, taking into account the related

operational safety issues (e.g. working at heights, working over water);

identification of any operational temperature limitations and restraints imposed on the industrial

activities.

Enclosures for weather protection

sure of manned areas with WCT below -24 °C (risk classes 0 and1) shallche' provid

6.4.2).

ty modules and non-hazardous process utility areas may be fully enclosed, ventilated

$sment, to ensure that risk levels and design agéidental loads are not exceeded.

sure of any potentially hazardous areas*where hydrocarbons or other significant

¢sion, in accordance with criteria andas far as reasonably practicable.

5, as well as
substances,
ires.
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and heated
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amounts of
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ystems shall

be in place for easy facility and removal of temporary shelters.

8.4

Anti-icing, anti-freezing and de-icing

Work area surfaces and access ways subject to snow, ice or frost accretion shall be provided with anti-
icing or de-icing arrangements as follows.

Anti

-icing arrangements shall be provided for exposed:
escape routes;
escape exits, including doors;

emergency muster locations;
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systems;

stairways and their railings, where stairways comprise part of an escape route;

helicopter deck, for offshore facilities;

access ways to lifeboats, life rafts, rescue boats and their associated launching and embarkation

helicopter deck for ships, if classified as a primary element of the vessel’s escape, evacuation and

rescue (EER) plan, or if the ship has primary EER or search and rescue (SAR) support duties for an
offshore facility;

decks, access ways and stairways that are exposed to snow, ice or frost accretion and required for

frequenft daily use;
— drainage systems, including scuppers, drains and down-piping on all decks and access ways'exgosed
to snow ice or frost accretion.
Anti-icing arrangements shall have sufficient capacity to keep the area or equipmentd{ree of ice, sngw or
frost down to the facility’s minimum design operating temperature.
De-icing arrpngements shall be provided for:
— decks exposed to snow, ice or frost accretion that are not in frequent daily use;
— access ways, stairways and gangways that are not in frequent ddily“use;
— railings
— helicopter deck for ships, if not classified as a primary:¢lement of the vessel’s EER plan, and if the
ship do¢s not have EER or SAR support duties.
De-icing arjangements shall be sufficient to remove-accreted ice, snow or frost within a reasonable
period of tithe (normally 4 h to 6 h). In arrangements'with electric heating cables or heating pipes|with
fluids or stepm as a heating medium, special attention shall be paid to the heat transfer from the cpbles
or piping to|the structure to be heated. The spacing of cables or pipes shall be appropriate for efficient
heating. The fastening of cables or pipes shall'be such that the heat is readily dissipated to the strugture.
In arrangenjents applying heating by fluids in pipes, additional capacity of steam plants or thermpl oil
heaters shall be calculated. Heat tracing should be of the self-limiting type.
All de-icing |activities shall be supported with a specific job task analysis (JTA). The JTA is to address
the case-spgcific issues related 6 wind chill for personnel carrying out the de-icing, and the assocjated
dropped object hazards.
8.5 Anti-jcing and anti-freezing measures
If anti-icing|and anti-freezing measures are required for exposed areas, systems and equipment, the
following edample solutions are generally suitable.

a)

b)

d)

16

Equipment and areas that require anti-icing measures are to be situated in protected locations as
far as possible, so that sea spray and weather cannot reach them. This can be accomplished by using
fully enclosed spaces, semi-enclosures, recesses with removable “curtains” in front, or similar. Use
of a shielded location is normally the simplest and most reliable solution for anti-icing wherever
possible.

Heating of spaces, depending on the type of equipment located therein.

Hard removable covers can also be applicable for some types of equipment. Cover by canvas can
be acceptable for some types of equipment, such as fire monitors. A supply of heated air can be an
alternative, if the equipment in question is enclosed under a cover, hard cover or canvas.

Use of electric heating blankets or heat tracing can be a solution for protection of equipment on
open decks or unheated spaces.

© ISO 2017 - All rights reserved
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Use of anti-freeze additives or low-temperature fluids in liquid systems, alone or in combination
with supplementary heating of either the piping or the circulating fluid.

De-icing measures

If removal of ice prior to use of the equipment is acceptable, de-icing can be carried out by fixed heating
arrangements or by use of portable equipment, or a suitable combination thereof.

Portable equipment may consist of

a)
b)
‘)
d)
e)
f)

8.7

hoses for steam blowing,

oses for flushing with heated water,
allets (wooden, rubber or plastic),
$now blowers,

ghovels, and

lhydraulically operated power tools.

Work areas and access ways protection

All work areas shall have a layout that provides for safe;and easy access for operation| inspection,
read|ngs and maintenance, also by a person wearing bulky cold weather gear. The layout|design shall
take|Arctic environmental conditions into account by niinimizing exposure to spray, wind, [cold and the
accumulation of ice and snow. This shall be done by enclosing or shielding work areas and jaccess ways

from| the elements, wherever practicable.

The
nor

The prescriptive requirements are given below.

a)

b)

f)

g)

h)

functional requirement for work areas and access ways is that the gangway system shall operate
ally in cold-climate conditions.

ersonnel should be able totuse the gangway normally at temperatures down to [ambient air
emperature, or to a less sé€vere temperature if the temperature of gangway disconnect is specified

the owner's winterization operations philosophy/design basis document and included in the
yinterization operations manual.

The gangway andboom rests shall be able to withstand icing loads in the operating|and stowed
parked) conditions, and shall be constructed from suitable materials based on an|ambient air
femperature.

The gangway shall be capable of being de-iced without damage, particularly with respect to the
¢ontrol and safety systems.

L. £ L ot £l L£ 3 1 A Jd £, 3 + + h llb
neoperatmgmttations or tnegangway (ror reeroaamgana roroperatmgremperatares) sna e

specified by the gangway manufacturer and included in the winterization operations manual.

The appropriate de-icing methods and accessibility requirements for personnel to carry out de-
icing shall be specified, with equipment susceptible to mechanical damage or water ingress from
de-icing activities to be specially addressed.

Job task analysis (JTA) shall be carried out for the de-icing activities (e.g. working at heights,
working over water).

The “emergency automatic disconnect” feature shall remain operational in cold-climate conditions
and shall be protected by anti-icing or anti-freezing measures as appropriate.

Escape ways and muster areas shall be kept free of snow and ice at all times.
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8.8 Falling ice protection

Neither personnel shall be at risk of injury nor a system which is important for safety shall be put at risk
of damage caused by ice falling from elevated structures, including (but not limited to) cranes, derricks,
flare booms, masts and overhanging structures, etc.

The layout design shall minimize the danger to personnel from the fall of ice that can accumulate on
structures (such as cranes and derricks). This can be done by arranging work areas away from structures
likely to accumulate ice, installing anti-icing systems on structures to prevent ice accumulation, or
protecting work areas with roofing that can withstand impact from falling ice.

Measures topretectpesplesateby-critical and sensitive equipmentshall be implemented Escapesvays,

access ways|and work areas shall not be exposed to risks of ice falling from structures above.

Alternative polutions shall be evaluated that may include:

a) avoiding structures where hazardous build-up of ice is likely above escape ways/walkwayg and
work areas;

b) using h¢at tracing of structures;

c) using local protection.

In areas thaf cannot easily be protected, regular removal of forming ice should be carried out.

Special condiderations shall be given to the crane booms, scaffoldihgs and exhaust air outlets.

8.9 Anti-slip systems

Slippery flopr surfaces shall be avoided in work area§;and access ways. Non-slip systems shdll be

installed in pxposed stairways and stepladders, including the uppermost step at deck/platform level.

In enclosed fireas with external bulkheads or deckheads which are not insulated condensation can form

and drip/rup onto the deck, creating a slippery:surface requiring a non-slip system.

8.10 Cold surfaces protection

It should b possible to operate outdoor handles, machines, switches and other equipment wearing

winter gloves. Equipment that Has to be operated without gloves shall be insulated to avoid coptact

freezing.

ISO 13732-3 provides a ppedictive model, which includes the effects of material thermal propertie and

surface temperature thresholds for finger and hand contact with cold surfaces, enabling establishment

of limit valugs for cantact with different cold surfaces. It is recommended to use 1SO 13732-3 whe;Lever

there is risk|of contact cooling with cold materials. This should be done as part of a cold risk assessinent.

8.11 Safety-egquipment

Safety equipment, such as safety showers, first aid kits, eyewash bottles and manual firefighting
equipment shall be placed in wind-protected areas. Equipment which is exposed to freezing conditions
requires heat tracing and heated storage compartments. Safety showers and eyewash stations shall be
protected from freezing and shall be located such that users are protected from exposure to freezing
temperatures.

The locations of safety showers and eyewash stations shall be identified through an evaluation, taking
into account the chemicals handled, possible spillages, and risk to personnel of burns or exposure.
Protection of both the shower or eyewash station and the user from exposure to freezing temperatures
shall also be considered. If safety showers and eyewash stations are located in areas subject to freezing
temperatures, they shall be in a heated enclosure and water lines to the showers/stations shall be trace-
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heated with thermostatically controlled low voltage electric heating systems (see 1SO 19906:2010,
15.2.9.5).

8.12

Heat tracing and insulation

Heat tracing and insulation shall be assessed for use to ensure availability of essential safety, process
and utility systems and protection against hazardous ice build-up. This is especially applicable to stairs,

hand
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9 Operational requirements for prevention and management of cold-related
problems

9.1

General

The operating environment is normally identified in the initial design basis that establishes the physical
metocean and meteorological conditions at the site (see Clause 7). Information from this design basis is
critical to further assessments and design for winterization.
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With respect to Arctic operations and occupational HSE, further assessment(s) are required to
specifically consider

a) the effects of low-temperature environment on workers required to operate, inspect, maintain and
repair equipment, and
b) how to avoid shutdown or reduction of production/operation due to the reduced human

performance caused by the hazards discussed in this document.

This clause describes the operational requirements to ensure acceptable working conditions and thus
stable production.

9.2 Budd
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mpact of cold on human health and performance, as well as on work productivity, qu
h comprehensive strategy of risk assessment and management practices and methg
vork in cold environments.

rnational Standards have been developed to provide methods (instruments and indice

cold stress, as well as methods and practices for assessing and managing occupational h
ance risks in cold work, for example, ISO 11079, ISO 12894, 1SO 13732-3 and ISO 15743.
s at the discretion of thase responsible for occupational health and/or safety.

risk management-system

brations in afeas exposed to cold weather risks cannot always be avoided. In these d
eded to handle risk. This sub clause provides requirements and guidelines for operat]
nagementand assessment.
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y_(employer) shall determine whether cold-related risks are significant and shall co

significant 1

trol

isks by means of elimination, isolation (where elimination is not possible or practicable) or

minimization (where isolation is not possible or practicable).

A cold risk management system shall be implemented as part of the general risk management and
occupational health and safety plans of the company and adapted to the existing risk management
models, rules and regulations. The plan should include both cold risk assessment and a health risk
management system. The management plan should include instructions for use, examples of known
risks, cold and health risk checklist, information about protective clothing, training and supervision.

A stepwise model for developing a cold risk management plan is shown in Figure 6. This includes both
organizational and technical measures taken in the workplace.
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Employer nominates one Recognition of cold risk at Implementation of
person preferably from the the workplace preventive measures
occupational health and
safety management system

STAGE 1 OBSERVATION AND STAGE 2 ANALYSIS STAGE 3 IMPLEMENTATION
ESTABLISHMENT OF COLD
RISK MANAGEMENT PLAN
— Whenever the checkpoints SO 15743 :2008, Annex C

show serious problem provides a list of possible
preventive measures depending
on the identification of the cold
related problem:

Establish a cold workspace team

for observation to:

— Workshop: discuss possible
solutions

— identify workers that are . ]
— Select solutions/preventive

— identify tasks;

exposed to cold; A. Organizational (planning,

Plan fneasures beforeevery workshift, during

— varying workloads and Implementation work shift)

environment: established — Select a person to be

use the cold risk checklist \/ rETpt(?nslble forapplying the ‘/ B. Technigahpreventive
- solution .

(ISO 15743:2008, A.2) for Work o meaflsul‘els_ (}“/:f!rk a]rlea.bslllppery

identification. — Workers participation is surfacg, lighting, clifnbing)

strongly recommended

To be performed before ) G, Pyotective clothirjg and PPE
— Use the cold risk

planning outdoor cold work, lan f D: Information and {raining
whenever the ambient management plan for .
conditions, work tasks or workplace (ISO 15743:2008, E. Occupational health care
environmental conditions ¢5)
change considerably

NOTH Adapted from ISO 15743.
Figure 6 — Model for a cold risk management plan
It is| recommended to establish a cold-workplace team that is responsible for the |design and

implementation stages and for continuous follow-up of cold-related issues.

The management system should considerthuman factors, such as experience, training, wdrk on night-
time|operations (year-round in some cases).

For ew operations, temporarily.reduced performance should be considered, in the expectation that
performance will improve.

Goalg should be established and seasonal evaluations of performance should be carried ouf.
9.5 | Cold risk asséssment

9.5.1 General

All Human. interventions which are carried out in open areas or unheated spaces and which are
relatpd fe the safety systems (including regular maintenance, inspection and testing actjvities) shall
be doctumented by assessing and interpreting the risk of physiological constraints or discgmfort while
working in a cold environment.

This subclause does not describe a single procedure, but rather a strategy in three stages that can
be applied successively to gain insight into working conditions, and thus be able to draw the most
appropriate conclusions about the risks involved and to identify preventive measures. This subclause
follows the methodology described in existing International Standards for cold work.

ISO 15743 presents a strategy and practical tools for assessing and managing cold risk in the workplace.
It supports good occupational health and safety, and is applicable to work in the Arctic, with the
exception of work performed underwater. It includes:

a) models and methods for cold risk assessment and management;

b) a checklist for identifying cold-related problems at work;
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a model, method and questionnaire intended for use by occupational healthcare professionals in

identifying those individuals with symptoms that increase their cold sensitivity and, with the aid
of such identification, offering optimal guidance and instructions for individual cold protection;

d)

methods when assessing cold-related risks.

guidelines on how to apply thermal standards and other validated and more complex scientific

Cold risk assessment in the workplace follows the principles of risk assessment, presented in three
stages, and generally accepted principles of risk assessment (see Figure 6).

9.5.2

Identification of cold-related problems at work (Stage 1)
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icluding determination of wind chill and risk categories (see 9.5.3), work, warm-ug

ermination of wind cooling (wind chill exposure) (Stage 2)

Ik at low ambient temperatures and in‘wind represents a risk of frostbite and degrad
erformance. The danger of frostbite-to-exposed skin can be evaluated using the wind
e (WCT) (see Table 1). The formulae'and methods contained in ISO 11079 provide a to
he WCT and classifying cold exposure risk.
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Table 1 — Cooling power of wind on exposed bare skin, expressed as comparative WCT

Wind scale Wind speed Ambient temperature (°C)
Beaufort | 11 | e 15 | 20 | 25 | -30 | -35 | -40 | -45 | -50
(m-s-1)
Light breeze 5 1,4 -19 | -24 | -30 | -36 | -41 | -47 | -53 | -58
(1,6-3,3) 10 2,8 21 | -27 | -33 | -39
Gentle breeze 15 4,2 -23 | -29 | =35 | -41
(3[4-5,4) 20 5,6 -24 | =31 | =37 | -43
M¢derate 25 6,9 -25 | -32 | -38 | -45
Qreeze
(3,5-79) 30 8,3 -26 | =33 | -39 | -46
Fregh breeze 35 9,7 =27 | =33 | -40 | 47
(8/0-10,7) 40 11,1 27 | -34 | -41 | £48
Strohg breeze 45 12,5 -28 | =35 —42\\\{48
(10,8-13,8) 50 13,9 29 | -35 |,-42 | -49
55 15,3 —29 | -36.))-43 | -50
N¢ar gale
60 16,7 -30 |37 | -43 | -50
(139-17,1) RS
65 18,1 —3’Q “-37 | -44 | -51
dale to 70 19,4 2630 | -37 | -44 | -51
hufrricane 75 20,8 . 31 | -38 | -45 | -52
(p17,2) 80 22,2 -31 | -38 | =45 | -52
NOTIE This table is modified from ISO 11079, including the Beaufort scale.

Table 2 — Classification of risk categories, WCT, risk of frostbite and recommended limits

for work
Wind chill
Claj sifi_cation temperatufe Risk Recommended [limits for
pf risk oc work

1 ?\ -10to-24  |Low risk, < 5 % chance of frostbite for most | Normal work (reduced pork
\C people, uncomfortably cold periods); emergendy work
2 ??\ -25to -34 Moderate risk, increasing risk of frostbite for Normal work (reduced work
e most people in 10 min to 30 mina, very cold |periods); emergendy work
\Q =35 tg —59 High ricl(’ risk of frostbite for most pnnp]n anrgnnr‘y work o 1ly

in 2 min to 10 min3, bitterly cold

a  Insustained winds over 50 km/h (14 m/s), frostbite can occur sooner than indicated.

NOTE This table is adapted from ISO 11079.

All open decks and unheated spaces shall be assessed with regard to necessary human interventions,
irrespective of function, taking account of the detrimental effects of cold temperatures/wind chill on
human responses.

The WCT should be continuously monitored in open and semi-open areas for facilities where it is
expected that WCTs below -10 °C occur and the duration of outdoor activity is expected to exceed
40 min. These areas should be identified in the design stage of the planning and risk assessment of
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cold exposure carried out. WCT simulations shall be made for the three coldest months of the year (see

Clause 7).

A three-step assessment is as follows.

a) Step 1: Address WCT for every outdoor work area on the facility.

b) Step 2: Decide if a weather shield or enclosure should be recommended.

c) Step 3: Carry out risk assessment based on task analysis and WCT.

A permit to work in severe cold shall be obtained when deviation from the recommended work limits in

Table 2 is nd

Where win

modularized enclosures, then additional measures to manage fire and explosion risk, fu
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it should no
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Table 3 — Recomm maximum duration of exposure, work regimes and preventive
measures based on WCT
?~
WCT %&) Risk of frostbite Maximum duration Preventive measures

a

In sustained winds over 50 km/h, frostbite can occur sooner than indicated.
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Table 3 (continued)

Maximum duration

WCT Risk of frostbite
pr. cold exposure

Preventive measures

— Dress in layers of warm clothing,
with a wind-resistant outer layer

— Minimize exposed skin (face mask and
goggles)

— Wear a hat, mittens or insulated gloves,
-25°Cto-34°C Increasing risk of a scarf, neck tube or face mask and

frostbite for most people in 10 30 mina insulated, waterproof footwear
min to 30 min

2: Moderate risk

Shorter work periods

and buddy control — Staydry

Very cold — Keep active /\
— Take breaks and drink war@r nkis

— Check face and extremitiesifor
numbness or whiteness (hklad

y control)
~7

— Dressinlayers varm clothing,
with wind-resista&er layer
— Cover all exposed skin (facemask ahd
goggles)
— WezSghat, mittens or insulated glgves,
3: High risk a scarf, neck tube or face mask and
-3F °C to-59 °C i ted, waterproof footwear
High risk of frostbite &

Emefgency work in for most people 10 mina <g~ ; 'e.ready to cut short or cancel outdoor
extrgme wind chill in 2 min to 10 min \\ ctivities

onditions :
Bitterly cold @\\) — Keep active
— Take breaks and drink warm drinkfs
X

$ — Check face and extremities for
@ numbness or whiteness (buddy contro})

=

N
A — Perform risk assessment before ea
O work task

a Ih sustained winds over 50 km/h, frostbite can occur sooner than indicated.

9.6 | Clothing and personal protection regimes

9.6.1 General

Apprjopriate-elothing is a prerequisite for work in cold environments. Insufficient clothing insulation
can ¢ause‘uhwanted cooling. At high activity, there is a risk for accumulation of sweat and increased
discqmfort. Special attention should be given to the compatibility of protective clothing gnd PPE (e.g.
eye protection, respiratory protection, helmet, etc.). In general, clothing shall have good insulation
properties, as well as good ventilation to eliminate moisture. Protective clothing and PPE shall ensure
sufficient comfort and freedom of movement to support work performance. The most vulnerable areas
are the face, hands and feet.

It is important to secure good compatibility between the different types of PPE to avoid reduced
protective effect when PPE’s are combined.

The following guidelines should be applied:

a) appropriate protective clothing and PPE for cold work should be selected as part of the workplace
risk assessment;

b) clothing should provide comfort and protection of the worker, while facilitating outdoor work tasks;
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and environmental conditions (air temperature, precipitation);

perspiration outwards through the clothing system.

clothing should consist of under, middle and outer layers and be adjustable for the level of required

the clothing outer layer should allow for heat dissipation through evaporation and transport of

Wind chill is commonly encountered in cold climates, but it is mainly the low temperatures which
endanger body heat balance. Proper adjustment of clothing can often provide control and regulate body
heat loss, to balance a change in the ambient climate. The IREQ method presented in ISO 11079 can be
used to evaluate the clothing insulation required to maintain thermal balance of the body. The equation
provided takes into account the most recent scientific findings concerning heat exchange at the surface

of the skin,
See Table 3
A multi-laye
— innerla

middle

outer 14

environment and moisture transport.
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d protection
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Optimal hand function is dependent on skin temperature, with deterioration in manual perform

ection and insulated hand, head and footgear:

ith pain sensation occurring at skin temperatures lower than 15 °C, deterioration of t3
d numbness at skin temperatures lower than 8 °C and risk of frostbite at skin tempera
The degree of hand and finger €ooling depends on the local climatic conditions,
nd heat input by blood circulation.

ictor is much dependent ¢nythe overall thermal balance. If the heat balance is negatiy
when protective clothing does not match IREQ, extremity blood flow is reduced d
Ction. This can reduce héat input to very low levels.

hind protection_shall be provided. This shall keep the hands of the wearer warm a
ne enable himto perform the fine manipulations of the hand and fingers at a low am

h

br seleetion of hand protection are given below.

a) Physiol

!

gical criteria for determination of local cooling during “high strain” and “low st
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EN 511 is a general standard designed to be used to evaluate any glove which claims protection

against cold environments. EN 511 includes two specific tests for assessing thermal insulation:

determination of thermal insulation of handwear, convective cold and contact cold;

— other low temperature performance tests.

Extremity cooling can also be evaluated by direct skin temperature measurements. Recommended

criteria

and temperature levels are given in ISO 11079:2007, Annex B.

The need for insulated hand protection shall be considered for all work not requiring fine manual
dexterity in temperatures less than 15 °C (for sedentary work) and 5 °C (for active physical work).
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In very cold temperatures of -15 °C or less, the use of mittens, including “lobster-claw” type, and of
windproof over-mittens, should be considered.

If manual dexterity is required for more than 10 min to 20 min in temperatures of less than 15 °C,
additional hand-warming measures should be provided. Metal tools and handles should be insulated if
temperatures can fall below the freezing point. Insulated gloves are required in any conditions where
workers can contact metallic surfaces at temperatures below -3 °C.

9.6.3 Foot protection

Footwear shall have good insulation and also have a good grip on icy surfaces, since injuries frequently
are daused by slipping and falling.

Perspnnel shall be provided with insulated anti-slip footwear suitable for protectingthe wearer under
the nelevant environmental conditions (cold, wind and water) and shall take intg account the type of
worK to be performed, including climbing of ladders.

Anti{slip footwear shall be designed to provide stable footing on snow- and ige-covered suffaces. Anti-
slip footwear shall be non-static and non-sparking so as not to present an_ explosion risk.

Alist of boot-selection criteria is given below:

a) ¢omposite (metal-free) protective toecap and shank;
b) high ankle level;

c) ide foot;

d) good grip sole;

e) shoelaces in upper part (not across ankle),-to' reduce ventilation effect;
f) 1toom for extra inner sole;

g) 1toom for felt slipper;

h) 1foom for thin inner sock;

i) foom for thick socks;

j) loose/removable/washable inner heat-lining.

Guidglines for slipfresistance requirements (not ice and snow conditions) for safety footwear can be
found in [SO 20345.

9.6.4 Faceprotection — Cold air protection

In Ajfctic conditions, the face is exposed to both airway cooling and risk of frostbite on hare skin. At
WCTs below -15 °C respiratory cold air protection is recommended, especially at high activity levels
with increased ventilation. At WCTs below -30 °C, respiratory protection is strongly recommended.
A specialized face mask (asthmatic filter mask) is recommended to protect the respiratory tract. A
balaclava is recommended for full-face coverage and a helmet liner when the WCT is -24 °C or lower.

Adequate face protection shall be provided which can both keep the face of the wearer warm and
protect the respiratory tract from cold ambient air.

Guidelines for face protection can be found in ISO 11079:2007, Annex B.
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mical respiratory protection

When selecting respiratory protection (PPE) against chemical exposure in cold environment, the
following shall be considered:

a)
b)
‘)
d)

check the mask for “leaks” when used with head protection, e.g. balaclava;
ensure that the chemical filter absorption efficiency is not impaired by the low temperature;

use a fan-assisted full-face mask for high airflow on the facial skin to reduce local WCT;

be aware that full-face masks tend to have low visibility due to condensation at temperatures

below H

take not

e)
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9.7.3 Cold-related health assessment

For work in sub-zero climates, a health assessment should be undertaken, both prior to work and
routinely through the working period.

ISO 12894 and ISO 15743 provide relevant guidance for conducting a health assessment of individuals
for working in cold environments. The cold-related health assessment outlined is a three-stage medical
screening conducted by occupational health professionals. Each stage involves identification of cold-
related health risks, both in the workplace, as well as regarding the health of the individual.

As aresult of the assessment, the occupational health professionals recommend whether an individual
should be accepted or rejected for work in a cold environment. Those accepted should receive
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particular advice, training and information in order to ensure their optimal health and performance
during cold work.

9.7.4 Medical health examination associated with operation in the cold

All personnel required to work offshore shall be subject to a standard medical examination, for example
as described in ISO 12894.

The examining doctor shall be aware of the location of operations for which the medical examination
is required. The medical examination should clearly address specific factors that are relevant for cold
work (see ISO 12894:2001, D.6 on medical fitness assessment questionnaire prior to cold exposure).

The Jnedical examination for fitness for cold work should include information concerning:

a) ¢old-related symptoms and diseases such as medical conditions which can predispdse a person
o injury or difficulties working in the cold, e.g. general poor health, respiratory] symptoms,
¢ardiovascular symptoms, metabolic disorders, musculoskeletal symptonis, cold sensitivity, cold
urticaria, symptoms related to peripheral circulatory disturbances, syiptoms related to white
fingers, use of medication, alcoholism and/or drug use (see the list ofldiseases in ISO 12894);

b) earlier cold injuries that can be sensitive to re-injury;

c) symptoms, both physical and psychological, that indicate negative health effects due t¢ working in
the cold;

d) 4qnticipated physiological strain (work intensity, tasks);
e) 4Jnticipated cold exposure and duration.

Assepsment of the anticipated physiological (strain, coupled with appropriate medical fitness
assegsment, in most situations provides adequate safeguards against the risk of illness ocqurring from
expofsure to cold conditions.

9.7.3 Suggested health requirements

Natignal regulations regarding health requirements for persons working on offshore or onghore oil and
gas fhcilities should also pertain/to work in cold environments.

The following general hedlth requirements shall apply to all personnel:

— physically and ntentally able to cope with living and working on the facility and with evacuation
irocedures;

gble to safely work offshore;

have no-medical condition that could lead to alarms not being registered;

otzhave disorde atdue to lack of essential medicatic ight seriously
endanger the health and safety of the worker or of others.

Any health exclusion criteria for work in the cold shall be identified at the individual level after a
thorough medical examination of the employee concerned.

Potential contraindications for work in extremes of temperature are described in IPIECA/OGP
Report No. 398:

— respiratory or cardiovascular problems;
— severe obesity (BMI = 35);

— metabolic disorders (e.g. thyroid disease);
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alcohol abuse;

pregnancy;

— previous cold-related illness.

Potential contraindications specific to cold include:

cold-ind

Raynaud’s syndrome (white finger);

uced asthma;

cold-in
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one component of the total physiolegical stress imposed by work in an Arctic offs

er), humidity, remoteness, isolation, noise, vibration, and ship or platform motion|
th, roll, heave, etc.).

gained from polar expeditions indicates that people commonly undergo psycholg

mmon symptoms fiiclude disturbed sleep, impaired cognitive ability, negative affect]
rsonal tension and conflict. Experience shows that preventing pathogenic psychold
best accomplished by psychological and psychiatric screening procedures to §

out unsuit

psychiatristis or clinical psychologists, standardized psychometric instruments such as the Minn
Multiphasic|Persenality Inventory, and reviews of medical and employment records. Other preve
measures include ‘providing workers access to psychological support and by training crew membg
personal coping strategies, teamwork and leadership.

ble candidates. The screening process typically consists of structured interview

ants,

bome

reme
hore
light
in a

gical

ulting from exposureto long periods of isolation and the extreme physical environment.

ivity,
gical
elect
s by
psota
ntive
rsin

General aspects that should be implemented for avoiding cold-related problems include:

a)

drinks when working in extreme cold for prolonged times;

b)
‘)

paying extra attention to critical tasks when working in the cold at night;

factors by positively influencing workers‘ motivation, well-being and safety;

d)

ensuring a balanced nutrient-rich diet, adequate fluid intake and minimal intake of caffeinated

work supervisor paying extra attention to the combined effects of cold and other psychosocial

workers and foremen understanding that individual differences (age, gender, fitness adaption,

ethnicity, experience) in response to cold climate exist, and allowing for individual adjustments in
e.g. clothing/work/rest schedules.
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9.8 Health and stress management

9.8.1 Psychosocial stress exposure

For the various positions on the facility, a job hazard analysis (JHA) 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 recovery while off-duty at the
facility.

On facilities that are planned for use in areas with an Arctic climate, the JHA should include an evaluation
of the psychological effects of additional stressors found in the Arctic environment, including cold,
prolgnged periods of darkness (polar winter) and light (polar summer), remoteness, isolatipn, etc.

Workers shall be monitored routinely for signs of seasonal affective disorder (a type-ofi\degression that
occufs most commonly in autumn and winter, particularly in high latitudes). Speciallighting solutions
are rjot needed in general, but may be recommended by a doctor as an alternative preventiye measure.

9.8.2 Health and stress management

The |company should establish and follow up regular employee health monitoring (i.¢. to ensure
employees continue to be fit for work) based on national requirements.

An og¢cupational health care model for cold work should be implemented. Cold-related health assessment
processes should be performed as outlined in ISO 12894 and [SO 15743.

9.9 | First aid and medical provision

9.9.1 Medical support assessment

Arctjc offshore operations, which often are<isolated and remote, are likely to require a gre¢ater degree
of self-sufficiency, given their distance from shore-side medical facilities and the potential for delays in
evaclating personnel for medical attention.

The ¢ompany shall perform a systematic analysis of the preconditions for providing adequfate first aid,
emeiligency and interim medicalcare. The analysis shall consider:

a) the intended geographiclocation of the facility or operation;
b) its proximity to shore-side medical facilities and other area or external resources;
c) the conditionSfor medical evacuation from the facility;

d) the potential for extended delays in evacuation due to adverse Arctic weather conditions.

The assessment shall be used in determining the provision of adequate medical care in the workplace
design{medical facilities), staffing (doctors, nurses, paramedics), supply (medicines, medicgl equipment
and supplies], communications {telemedicine), and organization of the facility or operation.

The medical support assessment should include the functional requirements and guidelines for
emergency medical response contained in ISO 15544:2000, Clause 13, and should be used to assist in
the development of the facility’s emergency response strategy as described in ISO 15544:2000, Clause 4.

9.9.2 Medical facilities
ISO 15544 gives the following objectives regarding emergency medical response:

— provide medical facilities on the facility for the purpose of treating sick and injured people and
stabilizing them until more specialized help can be arranged;
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— arrange suitable specialist medical treatment for sick and injured people who cannot be adequately

treated

on the facility;

— ensure that arrangements for emergency medical treatment consider:

— injuries to personnel as a result of major accident events;

— illness or condition of personnel on board, e.g. diabetics or heart attack, respectively;

— transportation and evacuation of sick and injured people;

— injuries to personnel as a result of minor accidents;

— oth
poi

— ensure
trained

ISO 15544 p

— allregu
injured

er medical situations which can impair the operational integrity of the facility, €.8.
boning;

food

storage of controlled drugs and medicines in a secure place accessible only to-those whp are

to administer such treatments.
rovides the following guidance regarding emergency medical response:

larly manned facilities should have a place where a suitably qualifiéd person can supe
or sick people;

— the designated place on the facility for sick and injured people sheuld be readily accessible to p
carrying a stretcher, and should have easy access to the areas-on the facility used for evacuati

— medical emergencies that should be expected, particularlyf the operating environment mean§

externa
— theleve
identifig
9.9.3 Meq

Medical eva

10 Educa

Training sh
in extreme
culture, fam
competent.

assistance may not be readily available, include‘food poisoning and epidemics.

rvise

pople
bn;

that

of medical facilities and trained personnel-provided should be in line with the requirenpents

bd in the emergency response strategy.

lical evacuation

ruation is not addressed in this document.

tion, training and supervision

01l provide persontiel with new knowledge and skills about working in the Arct
cold. All risk afd health factors of work in the Arctic shall be considered (experi
iliarization,etc). Workers shall practice application of this knowledge in order to be

Personnel s

all beable to recognize cold stress and fatigue in themselves and others. Personnel sh

able to use dlertness strategies effectively to overcome the effects of fatigue associated with exte]
hours of wark outdoors or continuous operations involving shift changes. Workers and superv

ic or
ence,
rome

h1l be
nded
isors

involved with work in cold environments should be informed about symptoms of adverse effects
exposure to cold, proper clothing habits, safe work practices, physical fitness requirements for work in

cold and em

ergency procedures in case of cold injury.

from

All personnel shall be thoroughly trained in the special aspects of working in the cold. This training
should address health and safety of supervisors, as well as that of their co-workers.

The training should include:

a) physical effects of the cold: the facts, processes and symptoms;

b) the importance and correct use of measures to avoid cold injury, such as dry and correct fitting
of clothing and PPE, work warm-up regimes, buddy systems, nutrition, and working limitations/
criteria, such as WCT.
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