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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 criteria‘needed 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 documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such 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 of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Cominittee ISO/TC 192, Gas turbines, in collabgration with
the FEuropean Committee for Standardization (CEN) Technical Committee CEN/TC 399, as Turbines
applications, in accordance with the Agreement on technical cooperation between ISO and CEN (Vienna
Agreement).

This|second edition cancels and replaces the first edition (ISO 21789:2009), which has been technically
revided.

The llnain changes are as follews:
— 1nodified to include required annexes for ISO version;
— general update\to simplify text;

— Wpdated all\cross references.

Any feedb@ack or questions on this document should be directed to the user’s national standprds body. A
com;rlete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document is a type-C standard as stated in ISO 12100:2010.

This document is of relevance, in particular, for the following stakeholder groups representing the
market players with regard to machinery safety:

— machine manufacturers (small, medium and large enterprises);

— health and safety bodies (regulators, accident prevention organisations, market surveillance etc.)

Others can i
above-ment

machin
machin
service

The above-1

process of this document.

The machin
are covered

When requirements of this type-C standard are different from those which are stated in type
Hards, the requirements of this type-C standard take precedence over the requiremernts of

type-B stan
the other st
this type-C

Where loca
internationd
use of these

The extent
document. V
that the re
document.
references t

consumfers (in case of machinery intended for use by consumers).

€ alfected by the level of machinery salety achieved with the means of the document b
oned stakeholder groups:

e users/employers (small, medium and large enterprises);
e users/employees (e.g. trade unions, organizations for people with special ne€eds);

providers, e.g. for maintenance (small, medium and large enterprises);

hentioned stakeholder groups have been given the possibilify to participate at the dra

bry concerned and the extent to which hazards, hazardous situations or hazardous ey
are indicated in the Scope of this document.

hndards for machines that have been designed and built according to the requiremer]
btandard.

or national legislation accepts-other established codes or standards, or an altern|
1 or national standard providing-equivalent requirements for achieving risk reductio
alternative codes or standards is permissible.

pf the applicability of thie references may be limited by the context of the text withiry
Vhere a dated standard is specified this does not preclude the use of later versions proy
Juirements continGe to meet the safety issues and identified hazards detailed in|
Vhere a reference-is made to a specific clause in a standard only the text of that claus{
herein apply, !

ly the

fting

rents

tA or

1ts of

ative
n the

this
rided
this
e and

1) References within NOTEs are provisions but not normative provisions of this document and are listed in the

Bibliography.

viii
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Gas turbine applications — Safety

1 Scope

This document covers the safety requirements for aero derivative and industrial gas turbine prime
mover applications using liquid or gaseous fuels and the safety related control and detection systems
and essential auxiliaries for all types of open cycles (simple, combined, regenerative, reheat, etc.) used

in onl

This
nece
auxil
contl
over

This
gas {
redu
hum
is no

The

and maintained throughout its life in accordance with.JSO 12100:2010.

This
of ex
stan

Mini
level

This

q

ssary for the functionality of the prime mover. For example, but not limited to,-a core

shore and offshore applications including floating production platforms.

document applies to mechanical, electrical, and pressure equipment components g

iary gearbox, an output transmission gear box, combustion system, air tiltration,
ols, oil systems, and fuel system. This document also covers integration’of safety risk
1] installation, e.g. exhaust purging or drainage.

document details the anticipated significant hazards associated with'aero derivative a]
urbine prime movers and specifies the appropriate preventative measures and p
ction or elimination of these hazards. This document addfésses the risks of injury
hins and risks to the environment. Equipment damage without risk to humans or the ¢
E covered.

pverall objective of this document is to ensure that equipment is designed, constructg

document approaches gas turbine safety from an international perspective based on|
isting, recognized ISO and IEC standards‘to the greatest extent possible. Where ng
lard exists, other codes or standards (such as EN, NFPA, etc.) have been included.

mum functional safety levels cannotbe addressed in this document, as minimum func
5 are both application and site specific.

document excludes the folewing items;

bxhaust-system structural design;

riven equipment;
icro turbings.as covered by ISO 19372:2015;
as turbines used primarily for direct and indirect propulsion;

asAurbines used for mobile applications;

nd systems
gas turbine
gas turbine
s within the

1d industrial
rocesses for
or death to
nvironment

bd, operated

the content
ISO or IEC

fional safety

'SR 1 .
SPClldl llCd‘L— SUUICLT appubatluua,

gas turbines in research and development programs;

— compressed-air energy storage plants.

Where appropriate, this document can be used to give general guidance in such applications.

This document is not applicable to machinery or safety components manufactured before the date of its
publication.

©ISO
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 1182:20

20, Reaction to fire tests for products — Non-combustibility test

ISO 3977-1:1997, Gas turbines — Procurement — Part 1: General introduction and definitions

ISO 3977-3:2004, Gas turbines — Procurement — Part 3: Design requirements

IS0 3977-9:]

ISO 4413:2(
components

ISO 4414:2(
components

ISO 6184-4:
systems

ISO 7010:20

ISO 9355-1:]
interactions

ISO 10441:2
power trans

ISO 104944
survey meth

ISO 11086:1

[SO 11925-3
flame — Par

[SO0 12100:2
[SO 12499:1]

ISO 13732-]
responses to

[SO 13732-]
responses to

1999, Gas turbines — Procurement — Part 9: Reliability, availability, maintainability and, 9

10, Hydraulic fluid power — General rules and safety requirements for systems.and

10, Pneumatic fluid power — General rules and safety requirements fonsystems and

1985, Explosion protection systems — Part 4: Determination of efficacy of explosion supprée

19, Graphical symbols — Safety colours and safety signs — Registered safety signs

1999, Ergonomic requirements for the design of displays:and control actuators -Part 1: Hi
with displays and control actuators

007, Petroleum, petrochemical and natural gas industries — Flexible couplings for mechd
mission — Special-purpose applications

018, Turbines and turbine sets — Measurement of emitted airborne noise — Enginee
hd

D96, Gas turbines — Vocabulary

:2020, Reaction to fire tests\<—'Ignitability of products subjected to direct impingemg
t 2: Single-flame source test

010, Safety of machingry — General principles for design — Risk assessment and risk reduy

099, Industrial fans— Mechanical safety of fans — Guarding

contact with surfaces — Part 1: Hot surfaces

:2005,°Ergonomics of the thermal environment — Methods for the assessment of hi
contact with surfaces — Part 3: Cold surfaces

afety
their

their

ssion

yman

nical

ring/

nt of

iction

:2006, Ergonemics of the thermal environment — Methods for the assessment of hiiman

yman

ISO 14118, Safety of machinery — Prevention of unexpected start-up

ISO 14120:2015, Safety of machinery — Guards — General requirements for the design and construction of
fixed and movable guards

ISO 14122-1:2016, Safety of machinery — Permanent means of access to machinery — Part 1: Choice of

fixed means

and general requirements of access

ISO 14123-1:2015, Safety of machinery — Reduction of risks to health resulting from hazardous substances
emitted by machinery — Part 1: Principles and specifications for machinery manufacturers

[SO 14691:2008, Petroleum, petrochemical and natural gas industries — Flexible couplings for mechanical
power transmission — General-purpose applications

[SO 19353:2

2

019, Safety of machinery — Fire prevention and fire protection

© IS0 2022 - All rights res
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ISO/IEC 80079-20-1:2017, Explosive atmospheres - Part 20-1: Material characteristics for gas and vapour
classification - Test methods and data

IS0 80079-36:2016, Explosive atmospheres — Part 36: Non-electrical equipment for explosive atmospheres
— Basic method and requirements

IS0 80079-37:2016, Explosive atmospheres — Part 37: Non-electrical equipment for explosive atmospheres
— Non-electrical type of protection constructional safety '"c", control of ignition sources "b", liquid
immersion "k"

IEC 60079-0:2017, Explosive atmospheres — Part 0: Equipment — General requirements

[EC 60079-10-1:2015, Explosive atmospheres - Part 10-1: Classification of areas -cEkxplosive gas
atmdspheres

IEC 60079-13:2017, Explosive atmospheres — Part 13: Equipment protection by pressurized noom “p” and
artificially ventilated room “v”

IEC §0079-14:2013, Explosive atmospheres — Part 14: Electrical installations design, selection(and erection

IEC §0079-17:2013, Explosive atmospheres — Part 17: Electrical installations inspection and maintenance

[EC p0079-29-1:2016+A1:2020, Explosive atmospheres — Party29<1: Gas detectors — Performance
requirements of detectors for flammable gases

IEC §0079-29-2:2015, Explosive atmospheres — Part 29-2: Gas.detectors — Selection, installation, use and
maintenance of detectors for flammable gases and oxygen

IEC §0079-32-2:2015, Explosive atmospheres - Part 32:1: Electrostatics hazards - Tests

IEC §0204-1:2016, Safety of machinery — Electricalequipment of machines — Part 1: General nequirements
IEC §0204-11:2018, Safety of machinery — Electrical equipment of machines — Part 11: Reqyirements for
equigpment for voltages above 1 000 V AC. or<1 500 V DC. and not exceeding 36 kV

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC p0695-1-10:2016, Fire hagzard testing - Part 1-10: Guidance for assessing the fire hazard of
electrotechnical products - Géneral guidelines

IEC p0695-1-11:2014, Fire” hazard testing - Part 1-11: Guidance for assessing the fire hazard of
electrotechnical products - Fire hazard assessment

IEC TR 61000-5¢¥:1996, Electromagnetic compatibility (EMC) — Part 5: Installation an{l mitigation
guidelines — Section 1: General considerations — Basic EMC publication

IEC TR 61000-5-2:1997, Electromagnetic compatibility (EMC) — Part 5: Installation angl mitigation
guideélines.— Section 2: Earthing and cabling

[EC 61000-6-2:2016, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards - Immunity
standard for industrial environments

IEC 61000-6-4:2018, Electromagnetic compatibility (EMC) — Part 6-4: Generic standards - Emission
standard for industrial environments

IEC 62305:2010 (all parts), Protection against lightning

IEC 62485-2:2010, Safety requirements for secondary batteries and battery installations - Part 2:
Stationary batteries
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and definitions

For the purposes of this document, the terms and definitions given in ISO 3977-1:1997, IS0 3977-3:2004,
[SO 3977-9:1999, ISO 11086:1996, ISO 12100:2010 and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

3.1

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

auto-ignition temperature

AIT
lowest temp
gas or vapo

Note 1 to en
temperature

3.2

drain valve
valve that
atmospherig

3.3

emergency
controlled a
its associatg

!

r mixture with air can occur

(see 5.16.4.4).

pressure

shutdown
Ind automated sequence of events to immediatelyease the operation of the gas turbin
d equipment

EXAMPLE Isolation of the fuel supply to reduce the likelihood of an unsafe event from occurring, contir
or escalating

3.4

emergency|stop

single human action to initiate an automated sequence of events to immediately cease the operati
the gas turbjine and its associated equipiment

3.5

shutdown

controlled s
an orderly f:

Note 1 to ent

3.6
extinction ¢
maximum a
cessation of

3.7

equence of events to'cease the operation of the gas turbine and its associated equipmg
hishion

Fy: It can be ititiated by human and non-human action. This is a normal stop.

saféty time

erature of a heated surface at which the ignition of a combustible substance in'the for

m of

y: AIT is also referred to as ignition temperature, minimum ignition temperature or self-igfition

s intended to remove liquids from a pipework system<and that normally draips to

b and

uing,

on of

nt in

llowable period of time between the direct or indirect detection of loss of combustion and

the fuel supply

flow control valve

device used

3.8

to control flow-rate

foreseeable lifetime
all phases of life of a part or a system, for example, but not limited to, construction, transportation,
commissioning, use, operation, cleaning, troubleshooting, maintenance, decommissioning, dismantling,
final disposal, etc.

© IS0 2022 - All rights reserved
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3.9

ignition safety time

maximum allowable period of time between the opening of the fuel supply valve, which permits fuel to
flow, and cessation of the fuel supply, in the absence of confirmation that combustion has commenced

3.10

interlock
interlocking device
mechanical, electrical or other type of device, the purpose of which is to prevent the operation of
machine elements under specified conditions by an inhibit command that directly interrupts the energy
supply or directly disconnects parts from the equipment, or is introduced into the control system so
that fmterruption of the energy or disconnection of parts irom the equipment is triggered by the control
system

3.11
LFL
lower flammability limit
volume concentration of flammable gas or vapour in air, below which the mixture is not explosive

Note |1 to entry: Lower flammability limit (LFL) and lower explosive limit«(LEL) are deemed to e equivalent
terms.

3.12
operfator
perspn or organization having responsibility for the operation of the equipment

3.13
OEM|
original equipment manufacturer

person or company having design responsibilityfor the equipment or for parts of it

Note |l to entry: This may be the manufacturer/packager (3.14) of the equipment.

3.14
packager
perspn or company having respensibility for integrating the technical aspects of the equipment and all
auxiliary systems included in-the scope of the supply

3.15
prime mover
gas turbine as a source-of rotating force and heat designed to receive energy as supplied by & fuel source
and apply the torque/heat to equipment

3.16
purdhaser
perspn.or company having authority to specify and to buy the equipment

Note 1 to entry: This, In some cases, may designate the operator (3.12).

3.17

relief valve

safety device (3.18) used for over-pressure protection and which does not operate under normal running
conditions

3.18

safety device

all elements that are used to measure, limit or control safety relevant process variables, for processing
safety relevant signals or for activation of automatic or manual safety related interventions
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safety related system
systems/components whose primary failure is shown by the failure analysis as likely to cause a hazard
and can require special measures in order to achieve an acceptable low probability of occurrence

3.20
spill valve

control valve that is intended to divert a portion of the liquids during normal running conditions

3.21
valve press

ure proving

system that

3.22
vent
opening intq
being called|

4 List off

Hazards and
IS0 12100:2
assessment;

5 Safety
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The overall
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be used to inhibit innevation that can lead to increased safety:.

5.2 Risk
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the exhaust system

significant hazards

atter

to define the protective measures and associated references in the text of this docu

requirements

ral
d maintained throughout its life to\attain an appropriate level of safety for its inte
sessment shall consider all reasenably foreseeable operating conditions in the design ¢

nd its associated equipment shall comply with the safety requirements and/or prote
 this document. In-addition, the machine shall be designed according to the principl
010 for relevantbutnot significant hazards, which are not dealt with by this documen

of this docufitent shall not prejudice technical advances in the field of gas turbine safg

hssessment

the associated hazardous situations have been identified utilizing the procedure def‘iId in

010, 5.4. The results have been documented in Annex A, Tablg A.1 for subsequent use if risk

nt.

objective of the safety requirements is €0 ensure that equipment is designed, construlcted,

nded
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Risk assessr
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accordance with the principles defined in ISO 12100:2010, Clause 5. The resulting protective measures
and the associated clauses of this document have been listed in Annex A, Table A.1. The applicable

verification

The criteria

actions for the protective measures are listed in Annex B, Table B.1.

for protective measures comprise:

— references to applicable standards;

further

definition of specific requirements; and

risk reduction or a combination of the criteria;

as applicable to comply with the requirements of 5.2.1.
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The results of assessments and the criteria used shall be documented.

Other methods can be used in addition to the principles of ISO 12100:2010 to resolve risks. Possible
methods are provided in standards such as IEC 60812:2018 (FMEA), IEC 61025:2006 (Fault tree) and
IEC 61882:2016 (HAZOP).

The assessment process shall eliminate the hazard or reduce the risk associated with the hazard by
applying the criteria defined in the relevant clauses of the standard, in the order given below:

— design for safety with passive protection measures;

— apply active protective measures;

— ¢ommunicate the information covering any residual risk.

Relignce on risk assessment for the selection of protective measures, to supplement [the specific
prot¢ctive measures defined in Clauses 5, 6 and 7, is essential.

The dlesign of gas turbine equipment shall take into account:

— the variations in the applied protective measures necessary té~accommodate individual site
¢onditions;

— the need to relate protective measures to hazards arising from reasonably foreseeabl¢ operations
¢arried out on site;

— the need to have options in the selection of measures:to-control risk.

The ¢riteria identified in the clauses of this documetit'may not identify every possible risk due to the
diffefent approaches taken by manufacturers. Tovensure that safety is not compromised, additional
meagures shall be considered, where necessary,£0'achieve the requirements of 5.2.1.

Reqyirements for functional safety are defihed in 5.20 and these identify the significant risks applicable
to fulnctional safety from Table A.1. Where risk reduction measures are undertaken, it is|essential to
ensufe that additional measures do notintroduce additional hazards.

Operfation and maintenance requirements shall ensure that the levels of risk are maintaingd to comply
with(5.2.1

In the event that subsequent-analysis or experience identifies additional risks with the desjgn, affected
equipment shall be identified and communicated in accordance with Clause 7.

5.2.1 Risk assessments requirements

For Hazards identified, risk assessments covering the gas turbine(s) and the associated equjpment shall
be pe¢rformed. A quantitative or a qualitative risk assessment method shall be applied.

For duatitative risk assessments care shall be taken to ensure that the factors and parameters used for
risk assessment are clearly defined so that objective judgements can be made, and that the values used
for each parameter are appropriately calibrated, where applicable, to ensure that they are valid for the
assessment being undertaken.

For quantitative risk assessments, evaluate each hazard to ensure measures comply in achieving a
maximum tolerable risk of fatality for a specific individual of 103 per year (individual risk level for
employees) and 104 (public) shall be considered. The broadly acceptable level of individual risk is set
at 1076 per year.

NOTE1 For additional guidance on these values and how to apply them, see Reference [72].
NOTE 2  These are meant to be valid and verified values when performing quantitative risk assessment. As such
a significant level of conservatism is applied to predicted likelihood. Confidence levels, occupancy and avoidance

and limits on risk reduction from protection layers will limit how low a risk likelihood can be predicted. Based on
broad industry experience, the actual achieved risk level is expected to be significantly lower.
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5.2.2 Aslow asreasonably practical

During risk assessment, consider applying as low as reasonably practicable (ALARP) consideration, in
accordance with local criteria.

5.3 Modifications and replacement parts

All modifications and updates/upgrades to protection systems and safety relevant components shall
be assessed to comply with 5.2.1. Replacements of components beyond the requirements of normal
maintenance as well as modifications and upgrades of equipment to newer technology shall be assessed

to comply with 5.2.1.

An assessm

The replacs
considered
validated to

5.4 Foreq

Equipment
operating f3
misuse.

bnt to ensure that no additional hazardous situations are introduced shall be undertak

ment of protection system parts and/or equipment which become obsolete sha
hs part of a normal maintenance activity provided the parts or equipmenit-Teplace
comply with the original specification, performances and safety requirements.

eeable misuse

ind protective systems shall be designed and manufactured after due analysis of poq
ults to preclude hazardous situations due to the consequentes of reasonably forese

5.5 Lifetime

Safety relatg
planned life
and operatg
maintenanc

Where the

replacement

5.6 Haza

Where the 7
or affect the

Where fuel |
discharges

Where addi
ensure a haj

bd systems/components shall be designed/selected to operate within defined limits fq
Fime of the equipment when maintained in accotrdance with the manufacturer's instruc
d with in the allowable limits defined by the manufacturer. The planned lifetimg
e instructions shall be documented in thie maintenance and operating manual.

design life of components is less(than the planned lifetime, they shall be subje
at planned intervals.

d combinations

otential exists for gases, vapours, mists and liquids to mix and cause a hazardous situ
operation of a saféty device, appropriate measures shall be taken to mitigate risks.

ines are purged or cooled by auxiliary media the risks associated with reverse flow an
f mixtures.shall be assessed and appropriate mitigation measures taken.

ives arexrSed to enhance the properties of a given medium, a check shall be undertak]
rardous situation is not created in the gas turbine or any associated equipment.

en.

[l be
]l are

sible
bable

r the
tions
and

ct to

htion

d the

en to

5.7 Noisereduction at design stage

When designing the gas turbine and its systems, the available information and technical measures
to control noise at the source shall be taken into account. The main sources of airborne noise include
but are not limited to: the gas turbine itself; air intake and filter cleaning system; exhaust system;
pressurized and relief systems; drains, auxiliary motors and pumps. Noise reduction measures may
include but are not limited to the use of an enclosure, silencers, baffles, or other sound attenuation.
Sound pressure emission may be assessed with reference to comparative emission data for similar
machinery.
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Verification of the gas turbine sound pressure level shall be in accordance with ISO 10494:2018. This
can be performed at various locations as deemed appropriate or by agreement. Locations may include

place of manufacture, at site during commissioning, or at another location.

NOTE 1

by machinery and methods for comparing the noise emission data of similar machinery.

ISO/TR 11688-1:1995 provides general specifications for the reduction of noise emissions generated

NOTE 2 IS0 11689:1996 provides guidance for the comparison of noise-emission data for machinery.
5.8 Mechanical
5.8. Guarding

5.8.1.1 General

Fixe
desc
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surfa

5.8.1

Equi
prox

This
don
is ex
shall
sign

Typi

guards shall be provided in accordance with ISO 14120:2015, against‘the’ mechan
Fibed in [SO 12100:2010.

Fe an enclosure, with controlled access, acts as a guard against-moving mechanig
ces the entry points shall have signs warning against the potentialhazards.

.2 Hot or cold surfaces

bment shall be designed so as to minimize the riskiof burn injury caused by cont
mity to surfaces at high or low temperatures.

can be achieved when the surface temperatures.for incidental contact for a given ma
t exceed the burn threshold for a minimum contact period of 1 s. Where the threshold t
reeded on normally accessible surfaces, appropriate guarding, barriers or other suitah
be implemented to remove the potential for burns. On surfaces not normally access
5) shall be posted at a clearly visibledocation in the vicinity.

ral 1 s burn threshold levels aré 70 °C for uncoated metal, 80 °C for coated metal a

cal hazards

ms and hot

act with or

terial/finish
emperature
le measures
ed, warning

nd 85 °C for

.1S0 13732-1:2006 and ISO 13732-3:2005 shall be used to determine if a potential risk of a burn is

bnt.

glasg
pres

For dleliberate contact surfaees (e.g. manual valves and door handles), means shall be
ensufre that the surface temperatures do not exceed the burn threshold for a contact time o

provided to
ff 10 s.

Whe
of th
wart

Fe personal injuty’/can be caused by artificially cold surfaces created as a result of t}
e equipmenty protection measures shall be implemented, or signs shall be displayed in
ing of the hazard.

le operation
the vicinity

5.8.1.3 , Sharp edges

The egquipment design shall avoid sharp edges and corners, protruding parts so-farastheir purpose
allows, accessible parts of the machinery shall have no sharp edges, no sharp angles, no rough surfaces,
no protruding parts likely to cause injury, and no openings which can “trap” parts of the body or
clothing. In particular, sheet metal edges shall be deburred, flanged or trimmed, and open ends of tubes
which can cause a “trap” shall be capped or a guard used.

5.8.2 Accessibility for maintenance
Permanent means of access to machinery shall meet [SO 14122-1:2016.

Machinery should be so designed as to enable operation and all routine tasks relating to setting and/or
maintenance to be carried out as far as possible by a person remaining at ground level.
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Where this is not possible, machines shall have built-in platforms, stairs or other facilities to provide
safe access for those tasks:

The walking areas shall be made from materials which remain as slip resistant as practicable under
working conditions.

Means of access to parts of machinery located at height shall be provided with means of protection
against falls (for example, guard-rails for stairways, stepladders and platforms and/or safety cages for
ladders, anchorage points for personal protective equipment against falls from height).

Where access provisions are not available for non-operational maintenance, temporary access

hall be used

provisions

Positioning
the chance d

Interlocking

assessments.

Where prag
physically
maintenanc

5.8.3 Cas

Casings shg
abnormal o]
casing itself

Casings sha
subsequent

of safety equipment and warning signs shall be considered in the design phase-ta 14
finjury during maintenance activities.

of safety equipment with the control system shall be considered as requited by the

ticable, structural members or permanently installed equipment._shall not visual
bstruct adjustment, servicing, removal of replaceable equipment or other reqi
e tasks.

ng design

Il be designed to withstand the maximum foreseeable loads including transient
perating conditions (e.g. gas turbine compressor surge) without leading to a failure d
or its flanges. Hot air leakage that can cause dantage or potential injuries shall be preve

1 be designed, or suitable guarding shall be‘provided to contain a blade-off event an
consequential damage. Casings are not required to be designed to contain a disc bur

duce

risk

y or
hired

and
f the
nted.

d the
st or

overhang fajlure (see 5.8.15).

Non-destrud ed to

ensure the i

tive testing, non-destructive examination or pressure testing techniques shall be us
htegrity of the casing under all-defined design conditions.

5.8.4 Gas|turbine compressor surge

In the event{of a surge, the forces;.deflections and consequences of flame reversal shall be mitigatdd.

5.8.5 Stability and handling

Bearing supjports, casitigs and, if used, base frames shall be mounted in their environment in a manner

such that thpy remainin their intended position.

Where equipment’is not suitable for manual handling, lifting arrangements shall be de51gned to trapsfer
the load of tthe=ga - ace in a
controlled manner, takmg mto account dynamlc and overturnmg loadmgs

Where machinery is being moved that could, due to its own weight, lack of stability or the conditions
under which the operation is being undertaken, create a crushing force causing injury, maintenance
equipment shall be used that applies restraints to ensure that the potential for crushing is mitigated.

Where machinery or one of its component parts is to be moved by hand, it shall be easily movable, or be
equipped for picking up and moving. Special arrangements shall be made for the handling of tools and/
or machinery parts which, even if lightweight, could be hazardous.

Lifting attachments are those that are part of the machine or component being handled. Lifting
attachments should be designed to a recognized code and in accordance with its specified design
criteria.
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Lifting accessories and machinery shall comply with a recognised standard applicable to the equipment
and its use and shall be appropriately tested, marked and where applicable certificated. Fixed or non-
fixed lifting attachments shall take into account the factors relating to dynamic effects.

NOTE1 Lifting accessories are those items that exist between the attachment and the lifting hook of the
machinery.

NOTE 2  Lifting machinery is the machine that moves the load.

NOTE 3 Be aware of local requirements which change extensively worldwide regarding lifting attachments,

accessories and machinery. Exported lifting equipment can need to comply with several different sets of
regulations.

5.8.6
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Overload of couplings, rotating shafts and gears due to torque

re there is the potential for faults in the driven machinery (e.g. short circuits) that g
forque greater than the specified design limits in the couplings, equipmient drive s
Ciated gas turbine rotor, a torque-limiting device shall be provided to prevent such ove

que limiting devices are used for controlling this risk, the activatien-ef such devices s
hazardous situation. If activation of the torque limiting device will'result in that rot
their critical speed, requirement as per 5.8.15.3 shall be considered.

Vibration

e vibration levels in the drive shaft line/train camceScalate to excessive levels resy
htial for hazardous situations, vibration monitoginig equipment shall be installed to ¢
tor and initiate appropriate action (e.g. shutdown).

Mechanical failure caused by corrosion

anical properties of stressed or vibtating materials (e.g. rotors and piping) can be

ese factors. (See also material.embrittlement in 5.23.12.)

Design methods and.materials

turbines shall be. designed so that, when operated and maintained, as per ma
uctions, the peténtial for failures that result in the release of high-energy debris

rements forthe lifetime of the machinery.

election and use of materials for the safety related parts of the gas turbine and its relq
be’based on validated material data and validated design techniques. The selection s}

an cause an
hafts or the
rtorque.

hall not lead
br parts run

llting in the
ontinuously

bignificantly

ted by corrosion which can reduyceithe fatigue limit, promote stress corrosion cracking and stress

ards caused

nhufacturer’s
rupture of

bure casings/oivthe release of hot, flammable or toxic gases are mitigated to comply with the

ted systems
1all consider
nmental or

pffects of material property deterioration due to manufacturing processes, envirg

operational causes. See also 5.23.13.

Where the use of titanium or magnesium-based alloys creates a fire risk, measures to mitigate a
hazardous situation or extinguish such a fire shall be taken.

Components that can fail and cause a hazardous situation shall be identified and made traceable for
quality control purposes, such components should be avoided or submitted to a specific inspection and
maintenance program to ensure that such a failure will be avoided.

The soundness of critical rotating components shall be confirmed by non-destructive testing combined
with a fracture mechanics assessment, to indicate that the flaws present no risk at the acceptance
limit. Analysis based on material tests shall be utilized to ensure that the parts can operate within
the limitations of the materials used and the applied loads over the range of operating conditions and
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speeds during their foreseeable lifetime. The analysis shall at least take into account the risks of crack
growth, elastoplastic deformation, creep, corrosion and fatigue failure, where applicable.

If the failure of a driven equipment rotor has a direct effect on the safety of the gas turbine, the
soundness of rotor materials shall be confirmed.

Materials of construction and methods of use shall be such as not to cause effects on human health or
the environment over the life cycle of the gas turbine system and its components.

5.8.10 Gas turbine temperatures

Automated protectivemeasuresshattbe iulp}culcutcd toprevent= hazardoussituationdueto-internal
gas turbine pver temperature.

5.8.11 Environmental loads

Machinery, [support and enclosure structures, and associated auxiliary piping and ducting, |shall
be designed to withstand a combination of loads caused by site winds, snow, ice, seismic activity
and ambient temperatures without causing structural collapse or other hazardous situations] The
design shall consider the wind speed, snowfall and ice accumulation rates, SeiSmic accelerationg and
temperatur¢ conditions to be used.

NOTE Lgcal codes and standards can often dictate the environmental conditions.

For floating production storage and offloading vessels (FPSO) and floating production units (FPU)
applicationg account shall be taken of the pitch and roll angles and acceleration forces generated by the
vessel during operation and maintenance.

5.8.12 Assembly features

Gas turbine[ components whose correct assembly*is’safety related shall be protected from incofrect
assembly, annd this at any point in their lifecycle,

NOTE Tyfpical protection from incorrect,assembly can include special features (poka-yoke), distirctive
markings, etq.

5.8.13 Couplings

Flexible couplings external to\the gas turbine core used to transmit the gas turbine output power|shall
take account of the design requirements of ISO 14691:2008 or ISO 10441:2007 according to the rotpting
speed and the applicatiom

5.8.14 Rotpr bearings

Bearing desjign shall take into account the resulting effects and risks of the off balance of a spinning
rotor due t i i i ps to
ensure that hazardous conditions (uncontained failure, breached pressure casing, fire) do not happen.
Protective measures shall be taken to prevent the hazards of lube oil loss, fire, and explosion of lube oil
vapour or mist (within and around the bearing compartment). Fire protection shall be considered if
high temperature surfaces that can ignite the lube oil exist in proximity to the bearing and lubricating
oil. See 5.15.

5.8.15 Rotating part failure

5.8.15.1 General
All gas turbine compressor and turbine rotating parts that may generate a hazard in case of failure shall

be designed for the conditions and stresses that they encounter during start-up, running, transient,
emergency shutdown, or emergency stop conditions.
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5.8.15.2 Rotor and disc failure

Due to the large amount of energy contained in the rotating components of a gas turbine, rotor or disc
failure cannot always be contained. Therefore, the containment risks related to overspeed shall be
mitigated to achieve the requirements of 5.2.1 by active measures.

Active measures shall include an overspeed protection system, according to 5.20.7.

Passive measures may also be employed to further reduce the level of risk but shall not be the primary
method used to meet 5.2.1.

NOTE Passive measures can include a limitation of the speed to values below rotor failure speed by one or a
combjination of the following measures such as:

a) prevention of further rotor acceleration by loss of blades due to centrifugal load, burning,aut or fother effects;
i[

b) limitation of the speed at highest fuel flow due to aerodynamic effects in theyblading of gas turbine

¢ompressor and turbine.

5.8.15.3 Overhanging rotor parts

If overhanging rotor parts operate above their critical speed related to the first bending mode,
calcylations and test running on a prototype shall demonstrate that'no hazardous vibratign levels are
reached.

5.8.16 Foreign object damage (FOD) screen

If there is a possibility of foreign objects entering the'gas turbine and causing loss of corftainment of
rotatling parts, a FOD screen shall be installed at the machine inlet to reduce the size of [objects that
can ¢nter to that which is unlikely to cause such’a failure. Where utilized, the location of the screen
shalllbe sufficiently upstream to avoid the potential for large objects to cause significant localized flow
bloclkage that can induce blade failure.

5.8.17 Gearbox

The |gearbox shall be designédi'and produced according to recognized standards [taking into
consjderation the safety risk‘associated with wheel/pinion explosions and oil evacuatign under all
operfpting conditions during the product life cycle.

NOTE1  For high speed.géars, reference can be made to ISO 13691:2001, API 613:2003 or AGMA $011:2014.
NOTHE 2  For epieyclic gears, reference can be made to the general guidelines in AGMA 6123:2016.

NOTH 3  Problems with oil evacuation can lead to fire or explosions.

5.8.18. Starting systems

The starting system shall be suitable for the acceleration of the gas turbine and, where appropriate,
driven equipment and for extended operation during purge and gas turbine compressor cleaning cycles.
Failure to accelerate at the correct rate can lead to hazardous situations not covered by other controls,
for example, flame or temperature monitoring, therefore, the speed shall be monitored and hazardous
deviations shall automatically shut down the gas turbine.

Starter systems (including gas pressurized or internal combustion engine driven systems) shall be
protected by design or by the use of additional controls against overspeed conditions.

Where electric starter motors are intended to operate above their continuous rating, controls shall be
provided to ensure that hazardous over-temperatures do not arise.

If starting systems using pressurized flammable gas as the source of power are used, they shall be
designed to prevent associated fire and explosion hazards. The gas supply shall be isolated effectively
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when the starter is not in use to the same level of isolation as the turbine gas fuel supply (see 5.10.5).
Means shall be provided to enable gas to be purged from the starter system for maintenance purposes.
Where the gas starter is not vented separately to atmosphere, precautions shall be implemented to
prevent over pressure and reverse flow to the starter motor (see 5.22.2).

For safety and environmental reasons, the use of pressurized flammable gas starting systems is not
recommended.

A filter/strainer shall be fitted in the supply to gas driven starter systems. It shall prevent any
contaminants that can cause damage to the motor, leading to premature failure with the potential for

loss of contain

of any gas §
malfunction
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starter mot¢r casing shall be capable of containing the release of such debris. If this capability dog

exist, then 4
during starf

For starting
mechanical
the wrong g

5.8.19 Low

Where low

running corlditions, which have the potential for causing premature failure of equipment and/or b

fracture of
prevent a hg

Precautions
can be subjg

5.9 Gasti

5.9.1 Genleral

The air inld
compressor

5.9.2 Inld

An air inlef

y Cl O cl |

eventd

or a hazardous situation at th ischarge is eliminated.
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n enclosure shall be provided covering the starter motor and access within the enclc
ing shall be prohibited.

systems having common starting capabilities for multiple units, proper electrica
interlocks shall be provided and tested prior to commissioning in order to avoid sta
ps turbine.

r ambient temperature conditions
hmbient temperatures can exist during storageydransportation, handling, start-up ay

btructures, appropriate materials shall be wsed, or protective measures shall be tak
zardous situation.

shall be taken to prevent premature\failure of the gas turbine compressor componentg
ct to malfunction caused by low inlet air temperature conditions.

irbine compressor air inlet system

t system shall be\designed to withstand pressure changes due to foreseeable tu
surge events, without causing a hazardous situation.
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g monitoring and prevention

Where site conditions of temperature and humidity can be foreseen to cause icing at the gas turbine
compressor inlet system, appropriate measures shall be taken to prevent ice accumulation that can
present a hazardous situation. Additional controls can be applied to initiate a shutdown before a
hazardous situation is created. Where the measures for preventing inlet icing become inoperable
and the gas turbine system is operating in the range of temperature and humidity where ice in the
compressor inlet can form that may lead to hazardous situation. Where compressor bleed anti-icing
systems distribute hot air over the inlet openings or in the inlet duct, access shall be restricted in the
vicinity of the hot air outlets during operation of the system.
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Monitoring instrumentation shall be installed in such a manner that icing conditions shall not adversely
affect the accuracy of the monitoring method. Instrumentation piping shall be routed so that inclusion
of atmospheric condensates is prevented.

Where an evaporative cooling system or a direct water mist system is used at the gas turbine compressor
inlet, the water supply shall be shut-off when air temperature monitoring at the gas turbine compressor
inlet indicates that conditions exist for ice formation, which can lead to a hazardous condition.

Where either on or offline water wash is installed, appropriate precautions shall be taken to prevent
the formation of ice. Such precautions may include the use of a suitable anti-freeze agent (see 5.24.2 and
7.5.2).

5.9.4 Implosion protection

Implpsion protection can be achieved using different methods, e.g. instrumentation:and comtrol actions
or implosion doors.

Whete an implosion door is provided in the inlet system, suitable measuresfshall be taken:

— fo prevent foreign object ingress at the implosion door, which, dué+to the size of the ¢bject, could
¢ause a hazardous situation;

— fo ensure that the implosion door cannot become frozen shutWwhere its failure to operalte can cause
4 hazardous situation;

— o shut down the gas turbine when the implosion door.is opened.

5.9.3 Inlet explosion protection

The fombustion air intake shall not be located™in a zone 0 or zone 1 area (see 5.16.2). Ljocation in a
zone|2 area shall be considered acceptable only where the largest foreseeable leak from p secondary
sourge would be diluted to such an extent by the combustion air that a hazardous situation would not
arisd.

The manufacturer shall advise on the risk of flammable substances ingestion to the gas flurbine inlet
relatpd to an unlimited release-during an abnormal event from another site equipment.

NOTE1  Uncontrolled ingestien of flammable substances can result in engine damage due to overspeed and/or
over femperature.

Gas fletector(s) to inifiate a gas turbine emergency shutdown shall be located at the |gas turbine
com;ﬁressor air inletwhere a zone 2 area exists from a credible leak, as described above, or where there
is still the potential for flammable gases or vapours to enter the gas turbine compressor ajr inlet from
eithdr:

a) adjacent plant, should there be an uncontrolled event or major incident; or

b) the atmosphere, due to excessive venting or simifar uncontrolled conditions fe.g. fm natural gas or
liquefied petroleum gas (LPG) plants]; or

c) ingestion of unburnt flue gas.

Where such risks exist, gas detector(s) and any other equipment located in the combustion air stream
shall be suitably certified and marked for use in the zoned area.

Gas detectors and associated alarm systems shall comply with 5.19 and be selected taking into account
the speed of escalation of any reasonably foreseeable leak source, the response rate of the detector(s),
the system time constants and any other relevant factors.

NOTE 2  Risk assessment in the form of HAZOP/HAZID is a recognized means of ensuring adequate
requirements specifications.
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5.9.6 Waste disposal through combustion

In some applications the combustion inlet air may be deliberately mixed with waste flammable gases,
vapours or aerosols to eliminate such substances from the environment. The supply of the waste
products shall be controlled and shut-off during the gas turbine start-up cycle and prior to shutdown.
The allowable flow rate and concentration of the waste flammable gases, vapours or aerosols prior to
mixing with the combustion air flow, shall be monitored, controlled, tested and verified to stay within
limits. If the flow rate or concentration exceed the defined levels, the supply shall be terminated or
diverted to vent to atmosphere.

The temperature and pressure of the combustion process (within the chamber) shall be monitored and

controlled t
other measy

Where this
compressor

shutdown of

Gas detecto
flammable (
other releva

5.9.7 Rec

If ventilation outlet air from the gas turbine enclosure is used for anti-icing at the gas turbine compr

air inlet the
turbine if th|

fere is a fuel leak within the gas turbine enclosure.
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rement values may be applied.

disposal process is adopted, suitable gas detector(s) shall be installed at the gas tu
air inlet as an additional precaution to detect and initiate a shutdowmor emerg
the gas turbine in the event of an unacceptable concentration of flammable hydrocar
"(s) shall comply with 5.19 and be selected taking into account the speed|of escalation ¢

nt factors.

irculation

‘e is the risk that a potentially explosive mixture of fuél'and air can be ingested into th

from

rbine
ency
bons.
fthe

ontent of the waste stream, the detector response rate, the system time constants angl any

PSSor
e gas

Where this [risk exists, the following safety precautions shall be taken, or the air shall be heatgd by

other meang (e.g. indirectly):

a) gas detgctor(s) shall be located in the gas turbine compressor air inlet downstream of the injeftion
point of in the gas turbine enclosure ventilation-air outlet ensuring sufficient protectipn is
provided; and

b) all equipment within the ventilationvair and combustion inlet air flows shall comply with 5.116 for
use in zpne 2; and

c) all surfjce temperatures withinthe ventilation and combustion inlet air flows shall not exceed the
AIT of ajny flammable substances that may be present (see 5.16.4.4); and

d) the gas| detector(s) afid~associated safety systems response times shall prevent a potentially
explosiye mixture ffom reaching the anti-icing outlet within the gas turbine compressor airfinlet
based op a sudden, fuel leak within the enclosure at the minimum ventilation flow rate.

Where gas tlurbjne-compressor bleed air is piped to the gas turbine compressor inlet system to copntrol

exhaust emissions durmg operatlon under partial load the take-off point, controls and piping design

shall preve intial

for burnt/unburnt products of combustlon enterlng the inlet and causmg a hazardous 51tuat10n on

flameout or

5.9.8 Gas

gas turbine compressor surge.

turbine compressor air inlet ducting

The gas turbine compressor air inlet ducting shall normally be routed to avoid hazardous areas. Where
this is not possible, the ducting integrity shall prevent leakage paths.

16
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Fuel systems

5.10.1 General

The fuel system shall be considered to include all components from the manually operable shut-off
valve up to and including the burners. The most common fuels used by gas turbine applications within
the scope of this document are natural gas and liquid fuels. However, a wide range of alternative fuels
can be used and others are under consideration or trial. Design and construction shall take the relevant
properties of the fuel into account including AIT, viscosity, lubricity, vapour pressure, toxicity, pour
point and any other reasonably foreseeable properties that could create a hazardous situation.

NOTH

5.10

Mantifacturers shall provide detailed fuel specifications for which the gas turbine'is designd
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Attention shall also be given to any trace element contentthat can compromise metallurgica

5.10
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For further information see IEC 60079-10-1:2015 and ISO/IEC 80079-20-1:2017.

2 Fuel supply quality and supply conditions

point margins for gaseous fuels and potential for wax formation) and condition ranges
ble operation of their machines. When the fuel does not comply withthe'detailed fuel §
| analysis (including up to C;, for gas fuels) shall be provided so thatthe manufacturej

bes of pressure and flow control, filtration, condensate remoyval-or heating of the fuel s

cular attention shall be given to the dew points and release of liquid hydrocarbons or
and to wax formation at low temperatures for liquid fuels.

3 Pressure (leakage) testing

Fe it is not practical to conduct a finalsassembly pneumatic or hydrostatic pressure
g connected to the combustion systeny; a procedure shall be specified to check for
ing gas turbine and shall be included in the information for use. The procedure sh
deration the potential hazards to personnel during operational testing.

4 Fuel supply heating

rically powered heaters or any alternative means shall be assessed for safety for y
psed fuel specification. Overheat protection shall be provided to ensure that excessiy
e fuel cannot occur:

Fe heat exchafigers use fluid media as the heat input, and fuel leakage followed by entr4

1ge shall'be minimized by detailed design.

ecired direct heating shall not be used. Where trace heating or comparable means 4

d (including
required for
pecification
can specify

pecific fuel treatment necessary to mitigate any associated risks. Treatment may include varying

upply.

vater for gas

[ properties.

test on the
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NOTE Electrical heater designs are covered by IEC 60079-30-1:2015 and IEC 60079-30-2:2015.

5.10.5 Gas fuel systems

5.10.5.1 General

As a minimum, each gas fuel supply shall include the following functions:

a) manual isolation (see 5.10.5.2);

b) safety shut-off (see 5.10.5.4);

c) automatic fast acting shut-off (see 5.10.5.4);

©ISO
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d) flow control (see 5.10.5.3);

e) venting

for depressurization between safety shut-off valve and automatic fast acting shut-off valves

(see 5.10.5.4); and

f) venting

for pipework depressurization (see 5.10.5.4 or 5.10.5.5).

Where the gas fuel supply system comprises more than one supply or a single supply is divided for
multiple use, equipment in each supply shall be duplicated such that the individual supplies comply

with 5.10.5.

A strainer shall be fitted in accordance with 5.10.5.6 where necessary for operation.

Figure 1 a) §
c) show typi

NOTE1 N

hows the minimum arrangement and indicates the operation of the valves. Figure™ bl) and
cal alternative arrangements.

tional regulations can require certification of safety shut-off valves and vent valyés:

1
1
1
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1
1
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1
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1
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a) Minimum arrangement
A 6 ﬂk 6 14_
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b) Typical alternative arrangement
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c) Typical alternative arrangement
Key
1 1nanualisolation valve 8  shutroff valve 2
2 dtrainer, optional position 9 véntvalveb
3 ghut-off valve 10 vautomatic fast acting safety shut-off valye 2
4  dhut-off valve and manual isolation valve 11 flow control valve
5 yentvalve 12 flow control and shut-off valve 2
6 YVent 13 combustion system
7  dtrainer, optional position 14 typical gas turbine enclosure or buildinig limits

L

[lose on every shutdown.
b Vent on every shutdown.

Figure 1 — Gas fuel system

Safefly shut-off valve§-shall fail closed by permanent available energy, e.g. spring force. The fail-safe
statys of vent valves shall minimize any hazards. All valves shall be specified such that reliable
operftion is maintained.

Automatic shut-off valves shall not be energized to open until the associated downstrearm vent valve
has heen proved closed.

Vent viluoac and accnciatad ninawanarlk chall ho cizod +0 oncniro that tho donraccurizad nin remains at
VHvesSahRaaSSoclateapipewor—Shaa—Be-SH4eatto-ensStiettadettRe-aepressuiiteapips

atmospheric pressure taking into account the potential for leakage in upstream valves.

Different arrangements and combinations of devices may be utilized to fulfil the above functions
provided the concepts described in 5.10.5 are achieved and the fuel can be shut-off at a rate that
prevents failure of the gas turbine, and the possibility of fuel entering the gas turbine in its shutdown
condition is eliminated.

See 5.11.2 relating to fuel control during ignition.

NOTE 2  Fast acting means the valve closes quickly enough to stop the fuel supply, to avoid a hazardous
overspeed situation.
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5.10.5.2 Isolation

For operation during maintenance activity or by fire service personnel, a valve, which can be manually
operated, shall be fitted to the inlet of each gas turbine installation upstream of the automatic valves.
This valve shall be clearly marked, located in an accessible position and shall be capable of being
operated by an acceptable level of physical force. The valve shall have provision to be locked in the
closed position only.

NOTE Guidance on the physical strength for the hand-operation of equipment is given in EN 614-1:2006.

5.10.5.3 Flow control valve

The fuel floy control valve shall be specified and positioned to control the fuel flow to the gas turhine.

Where fuel flow control equipment fault condition is detected that would create a hazardous situgtion,
an emergengy shutdown shall be initiated.

5.10.5.4 Shut-off valves and associated vent valve

Shut-off of the gas fuel supply shall be performed by two independently opefated automatic shiit-off
valves; the piping between the valves shall be vented. At least one of the-shut-off valves shall e an
automatic fast acting safety shut-off valve. Fast acting valves shall be specified and positioned sq that
the fuel supply to the gas turbine will be shut-off in the event of a hazdrdous situation at a rate thaf will
prevent faillire of the gas turbine.

The safety shut-off valves, including the automatic fast-acting safety shut-off, may serve as flow control
valves provided that the following functionalities are fulfilled:

a) the valve shall fail closed and de-energize to trip (e.g;using spring force, boosting accumulator);

b) the failyre modes of the control valve feature shall not affect the operation of the shutdown feature
of the valve;

c) the safgty shut-off function shall be independently activated and override the fuel flow control
function when initiated.

Upon shutdpwn, both shut-off valves.shall be closed, and the automatic vent valve opened to create
atmospheri¢ pressure in the supply line to eliminate the possibility of fuel entering the gas turbine|in its
shutdown cpndition.

On some shutdowns the shut-off valve outside the gas turbine package shall be closed and the|vent
opened (see|5.10.5.5).

Where thej‘i‘lesign of\the fuel system is such that the flow of fuel to the gas turbine requires fufther
reduction, due tothe stored energy in the piping system downstream of the automatic fast acting shut-
off valve, an|appropriately sized and positioned fast acting vent valve or alternative equipment shall be
used to dissjpate the stored energy.

Vent lines shall be run to atmosphere and gas recirculation prevented. For vent lines that may contain
toxic or hazardous substances, see 5.10.5.8, 5.22.2 and 5.22.3 for additional requirements.

5.10.5.5 Shut-off valve — Outside the gas turbine package

A shut-off valve shall be located outside the gas turbine enclosure or building limits, or in a separately
enclosed gas fuel package at the interface of the enclosure or building, to automatically isolate the fuel
supply to the gas turbine in the event of a hazardous situation. The associated vent valve can be located
either inside or outside the gas turbine or gas fuel package to vent the section of the pipe between the
shut-off valve and the automatic fast acting shut-off valve.

Where the potential exists for loss of containment from high speed rotating equipment which can cause
damage to the valves or rupture of the fuel supply pipe to the gas turbine, the shut-off valve(s) outside
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the gas turbine package and the supply pipe to the valves shall be located outside the zone where
hazardous projectiles can occur from a potential failure of rotating equipment to ensure fuel shut-off
can be achieved. Where the gas turbine package is located in a building, the valves shall be located

outs

ide the building if further mitigation is required to provide additional isolation.

The fuel safety shut-off and the vent valve(s) shall be operated automatically on a gas turbine emergency
shutdown, if:

a) afire has been detected within the gas turbine fire protection area; or

b) the cause of the shutdown can cause damage to or failure of the pipe between the v

d)

5.10
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incontrolled leakge of fuel; or

rentilation is lost and/or hazardous leakage of fuel is identified (see 5.17.10¢and 5.

alves and the

ading to the

19 for more

details); or

he gas turbine emergency shutdown system is activated (see 5.20.8).

5.6 Strainer

piner shall be installed upstream of any automatic fast acting shut-off valve at a suitabl
ent valve malfunction due to debris entering the valve.

5.7 Valve proving and position monitoring
hrt-up the position of valves necessary for shutdowi shall be confirmed.

utdown the correct functioning of the automatic fast acting shut-off valve, the auto
off valve and the automatic vent valve shall be automatically monitored to ensure
htion of the valves has been achieved.

ftoring the correct function of the(valves shall be achieved, by either supervision

rdous area created should the‘vent valve fail to operate correctly. Where valve presg

5.8 Venting — Notto atmosphere

Fe due to the toxicity of the gas, or where dispersion cannot be assured, or where en
derations {prohibit venting to atmosphere, the gas vents may be piped to a Iq
kPa (0,5bar)] flare stack, and additional precautions to prevent gas from entering the
be implemented. As a minimum this shall consist of a double block and vent in the supy
e gas turbine, the valves of which shall be proved and monitored for leak tightness. Th
Beclosed after venting to form a double block between the vent line and the gas turl

e location to

matic safety
that correct

bf the valve

ion or valve proving of process pressure taking into account the location of the vent oyitlet and the

ure proving

bd, additional equipment astappropriate may be installed to facilitate pressurization and pressure
toring. Any additional valves shall be pressure proved as part of the proving sequence}

yironmental
W pressure
gas turbine
ly line prior
e vent valve
bine and the

pressure in the vented section of the [ine monitored for any pressure increase. I[f an increase in pressure
is detected this shall be annunciated at the control system to enable rectification action to be taken.

5.10.6 Liquid fuel systems

5.10.6.1 Fuel control

Asa
a)
b)
‘)

minimum, each liquid fuel supply shall include the following functions:
manual isolation (see 5.10.6.2);

flow control (see 5.10.6.3);

automatic fast acting shut-off (see 5.10.6.4);

© IS0 2022 - All rights reserved

21


https://standardsiso.com/api/?name=798360d23801fb0905036a93653127d9

ISO 21789:

2022(E)

d) safety shut-off (see 5.10.6.5);

e)

spill and/or drain (see 5.10.6.4 and 5.10.6.6); and

f) fuel pump (see 5.23.8.7).

NOTE

overspeed situation.

Fast acting means the valve closes quickly enough to stop the fuel supply, to avoid a hazardous

Different arrangements and combinations of devices may be utilized to fulfil the above functions
provided the concepts described in 5.10.6 are achieved and the fuel can be shut-off at a rate that
prevents failure of the gas turbine, and the possibility of fuel entering the gas turbine in its shutdown

condition isfeliminated.

Some or all|of the system components can be located outside the gas turbine package previded that
associated Hazardous situations are assessed and appropriate mitigation measures are taket.
Operational[requirements may require the liquid fuel system to remain pressurized when liquid fpiel is
not being fufnished to the gas turbine in order to minimize either starting time or fuel transfer. In these
applicationg any necessary design steps and additional equipment including butnot limited to:

— pressure monitoring;

— valve position monitoring;

— valve prjoving;

— sequenging valves;

— drain vdlves;

shall be introduced to mitigate risks.

Figure 2 shqws a typical arrangement. Other arrangements or configurations are permitted.

Shut-off valyes shall fail closed by permanent available energy, e.g. spring force. The fail-safe sfatus
of drain valves shall minimize any risks, All valves shall be specified such that reliable operatipn is
maintained,
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Key
1 anual isolation valve 10 spill valve — alternative location|
2 ilter or strainer, optional position 11 drainvalve?
3 dafety shut-off valve 12 combustion system
4 fuel pump, may be located outside gas turbine enclosure 13 typical gas turbine enclosure or huilding
limits
ilter or strainer, optional position 14 relief
:Lw control device 15 return to supply — alternative lojcation with
10
dqutomatic fast acting shut-offvalve 2 16 return to supply
elief valve (See 5.23.8.7) 17 drain

qpill valve

O 0 3
=

[lose on every shutdown.

o

[ontrolled operation on shutdown.

Figure 2 — Typical liquid fuel system arrangement

5.10'6-2Iselation

For operation during maintenance activity or by fire service personnel, a valve, that is capable of
manual operation, shall be fitted to the inlet of each gas turbine installation upstream of the automatic
valves. This valve shall be clearly marked, located in an accessible position and shall be capable of being
operated by an acceptable level of physical force.

The valve shall have provision to be locked in the closed position only.

NOTE Guidance on the physical strength for the hand-operation of equipment is given in EN 614-1:2006.

5.10.6.3 Flow control device

The fuel flow control device shall be specified, located and governed to control the fuel flow to the gas
turbine.
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Where failure of fuel flow control equipment can lead to excess fuel flow or other hazardous conditions

the gas turb

a) the fuel

ine condition shall be monitored and compared to:

flow demand and associated speed; or

b) the demanded position of the control valve.

If a fault condition is detected that would create a hazardous situation, an emergency shutdown shall be

initiated.

5.10.6.4 Automatic fast acting shut-off valve and spill valve
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suction shoyld be monitored and a shutdown initiated if overheatingéccurs.
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The fuel safety shut-off and the yent/drain valve(s) shall be operated automatically on a gas tu

emergency g

a)
b)

a fire hd

the cau
gas turl
uncont

bast one valve shall be an automatic fast acting shut-off valve.

fion of the shut-off devices and after any fuel purging, a valve shall drain a‘section g
o eliminate the possibility of fuel entering the gas turbine in its shutdown eondition.
e sized to ensure the drained pipe volume remains near atmospheric pressure taking
potential for leakage in upstream valves. Where a spill valve does not spill to atmosp
rain valve shall be supplied in accordance with 5.10.6.6.

flow is returned to the pump suction sufficient cooling and formake-up flow shall ex
Fheating and the potential for vapour lock, or the fuel supply‘temperature before the f

fety shut-off valve — Outside the gas turbine package

ic safety shut-off valve shall be located outside‘the gas turbine package to automat
el supply to the gas turbine (see Figure 2, keyitem 3).

potential exists for the loss of containment from high speed rotating equipment tha
pe to the valves or rupture of the fuel supply pipe to the gas turbine, the shut-off val
gas turbine package and the supply pipe to the valves shall be located outside the
Fdous projectiles can occur from_a potential failure of rotating equipment, to ensureg
can be achieved. Where thetgas turbine package is located in a building the valve sh{
ide the building if furtherymitigation is required.

hutdown if:
s been detectedywithin the gas turbine fire protection area; or

be of the shutdown can cause damage to or failure of the pipe between the valves an
ine package, or damage to the equipment on the gas turbine package, either leading t
olledileakage of fuel; or

ventilat|

c)

he liquid fuel supply shall be performed by two independently operated automatic ShlIlt—Off

f the
This
into

heric

st to
ump

cally

[ can
ve(s)
zone
that
11 be

"bine

d the
o the

jon/is lost, and/or hazardous leakage of fuel is identified (see 5.17.10 and 5.19 for

more

details);

d)

or

the gas turbine emergency shutdown system is activated (see 5.20.8).

5.10.6.6 Drain valve

Where the spill valve does not spill to atmospheric pressure, an automatic drain valve shall be installed
to drain fuel downstream of the automatic fast acting shut-off valve. The automatic drain valve shall
operate on every shutdown to drain liquid. The valve may be closed during periods of shutdown where
other hazards are mitigated.

Alternatively, where the safety shut-off valve - Figure 2, key item 7 - is also leak tight and downstream
liquid volume cannot be trapped the drain valve - Figure 2, key item 11 - is not required.
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Where a drain valve is used to drain a part of the system which on shutdown is subject to the reverse
flow of high pressure and/or high temperature gas turbine compressor delivery air capable of causing
the ignition of any hydrocarbons in the drain or purge lines, the drain sequence shall be controlled to
prevent this condition.

Alternatively, cooling and/or a flame arrester shall be used to prevent any ignition escalating outside
the gas turbine package or a separator mechanism shall be used to vent any hot gases to atmosphere
whilst draining fluids to a waste liquids tank.

If there is the potential for reverse flow from the tank, appropriate devices and/or instrumentation
shall be installed to provide protection against reverse flow into the gas turbine.

5.10{6.7 Filter/strainer

A filter/strainer shall be fitted upstream of the fuel flow control device and automatic¢ fast|acting shut-
off valve at a suitable location to prevent device or valve malfunction due to deBris’entering the device
or valve.

5.10}6.8 Valve proving and position monitoring
At stprt-up the position of the valves necessary for shutdown shall bgyconfirmed.

At shutdown the correct function of the automatic fast acting-shut-off valve, the automatic|safety shut-
off valve and the automatic drain valve shall be monitored te ensure that correct operation pf the valves
has heen achieved.

Monfjtoring the correct functioning of the valves shatl'be achieved either by supervision |of the valve
position or valve proving of process conditions.

5.10/6.9 Thermal relief

Where the potential exists for a liquid to-be trapped between closed leak tight valves a suitlably located
thermal relief shall be provided in accordance with 5.23.9.3.

5.10{7 Multi-fuel systems

It shall not be possible under-any condition for the reverse flow of fuel into any other system to occur,
whete this can cause a~hazardous situation. Appropriate precautions shall be taken to |[ensure that
liquid fuels cannot enteéxpurge systems where the resulting mixture may create a hazardoyis situation.

Where only a single“fuel can be fired at any one time, interlocks shall be provided to ensure that the
standlby fuel system cannot operate or is isolated.

Whete maoxe.than one fuel can be fired at any one time, it shall be assured that excess energy input due
to ovler-fuelling cannot occur in the gas turbine.

5.10.8 Fuel purging

Where fuel lines are purged or cooled by auxiliary media the hazards risks associated with reverse
flow and the discharges of mixtures shall be assessed taking into account all reasonably foreseeable
risks including but not limited to the following:

a) failure of purge/drain sequences;
b) uncontrolled shutdown during purge/drain sequences;
c) potential for ignition of vapours in the purge drain lines/vent tank(s);

d) potential for vapour lock;
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e) uncontrolled supply, venting or draining of hazardous media.

Risk mitigation measures such as the use of appropriate instrumentation, double block and vent valves,
valve position monitoring, prevention of reverse flow, separation of media, flame arresters, etc., shall
be considered.

5.10.9 Fuel drainage

Suitable drain points shall be incorporated to drain off unburnt fuel from the pressure section of the
casing and/or exhaust system (e.g. in the event of a flame failure on start-up). The drain points shall
have valves, preferably automatically operated, that open on shutdown and close as part of the start

sequence. If
shall provid

Fuel drainag
a) uncontf
b) hotgas

¢) unburn

Drain seque
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ned during operation. Direct and/or indiréct flame sensing systems may be utilize
h. The flame monitoring system shall*eémploy diagnostic test functions to abort any
hme is detected prior to the burner jgnition sequence.

direct flame monitoring is defined as a flame signal derived from gas turbine operal
uch as temperature, pressure, speed or reverse load.

indirect system shall beverified by testing to correctly detect presence of flame at sta
tecting loss of flame,in all operating conditions.

s fuel is mixed ppstream of the combustor, the risk of unintended ignition in the sy
lure shall be assessed and reduced.
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ion flamefront from its normal position). in the combustion system that may lead to I¢
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yn-orchange the running parameters such that a hazardous situation is avoided.
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5.11.2 Requirements for ignition

Gas turbine combustors, except reheat combustors based on auto-ignition, shall have a permanently
installed device that provides proven ignition energy to light the combustion system. The igniter may
consist of a simple electrical (spark) igniter or of an igniter and ignition system (ignition flame), or of an
ignition system with cross-fire tubes. The main burner may contain a pilot burner (pilot flame) as part
of the main burner (main flame).

The energy released during the ignition safety time shall be limited and the maximum pressure rise
from a delayed ignition shall not cause any damage. The ignition safety time shall be determined to
prevent such an occurrence. Failed starts with liquid fuels shall be followed by a drain cycle. Failed
starts with gaseous fuels require an exhaust purge before a restart. See also 5.12.4.
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The requirements for enclosure purging in 5.13.6 and gas turbine and exhaust purging in 5.12.4 shall be
satisfied prior to ignition (characterized by the occurrence of the first ignition spark). Igniters shall be
energized prior to fuel being admitted to the combustion system.

Overfueling during ignition shall be prevented (e.g. by control valve position, pressure or exhaust
temperature monitoring or fuel flow monitoring).

5.11.3 Extinction safety time

On loss of flame, the flame detection and fuel shutdown system shall have a combined maximum
response time less than the extinction safety time to limit the release of unburned fuel to an amount
that prevents a hazardous situation.

5.12 Exhaust system

5.12}1 Damper controls

If exhaust dampers are fitted, controls shall be provided to detect unconfrelled damper clpsure and to
shut down the gas turbine before an overpressure condition can arise. Where rapid closing of dampers
can freate excessive exhaust pressures leading to a hazardous situation, the closing speed of the
dampers shall be limited.

5.12(2 Flexible joint location

Where possible, flexible exhaust joints shall not be situated close to walkways or to any Electrical or
instrjument cable or hydrocarbon pipework where legakage or radiation or the potential femperature
incrgase can lead to a hazardous situation. Wheresthe above is not possible, the flexible jojnts shall be
shielded.

5.12|3 Exhaust outlet

The pxhaust outlet design shall take into account the risk for large amounts of oxygen glepleted air,
carbpn monoxide or other hazardous air pollutants being emitted that can cause asphyfiation. The
emisgions shall not cause a hazard to nearby persons or property.

NOTH National or local regulations can govern stack heights.

In affeas where personnel can be in proximity to the exhaust ducting, thermal protectjon shall be
provjded as an integral part of the design. If supplied, for emission monitoring, access pgrts shall be
suitably extended and insulated so that access is not impeded and if required suitable perspnnel access
platfprms shall be'supplied.

Acceps shallibe provided so that regular checks for leaks can be undertaken on exhaust |ducting and
exhajstfléxibles where these are routed through a building where leakage, due to the abqve, can lead
to asphyxiation or poisoning of personnel in or passing through the building. (See 7.5.2.)

5.12.4 Explosion protection

Where the potential exists for the exhaust system to contain an explosive atmosphere, or gases or
vapours that can create an explosive atmosphere, the exhaust system shall be purged before gas turbine
start-up. The purge flow rate shall be sufficient to prevent hazardous accumulations of unburnt fuel. At
least three complete volume changes of the gas turbine and downstream exhaust system equipment
shall be undertaken. The volume is measured up to the base of any main chimney or to that point where,
under all load conditions, the exhaust gas temperature of any flammable gases or vapours that can be
present is below 80 % of the AIT, measured in degrees Celsius (see 5.16.4.4). Attention shall be given to
the potential for entrainment/re-entry/collection of heavier-than-air gases.

Exhaust purging shall be achieved by rotating the gas turbine compressor, by the use of separate,
suitably controlled fans or by a combination of both to achieve the required volume changes in the total
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system that may be subject to exhaust gas temperature above the AIT (see 5.16.4.4) of any flammable
gases or vapours that can be present. The gas turbine exhaust gases can be used for purging provided
that they are proven and controlled to be less than 80 % of the AIT measured in degrees Celsius of any
flammable gases or vapours that can be present. Additional requirements can be necessary for purging
the downstream plant and any associated firing equipment.

The required air purge volume shall be proven by the use of instrumentation interlocked to the start-
up sequence. Where the gas turbine air compressor itself is used to provide the purge flow, proof of gas
turbine compressor rotation speed and proof of correct variable guide vane and/or compressor bleed

valve positions shall be used to verify the flow rate.

In the caserefarnormat—rcontroted—shttdownr—where—ttts—demonstrated—thatthere+tsto—hazandous
atmosphere| within the gas turbine or the associated exhaust system and a fuel shut-off-valve(s)
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losure pointssshall withstand any increase in pressure caused during the relea
shant andymiaintain the concentration of the extinguishant in accordance with the

ehvironmental conditions to which they are subjected, without impairing the effectiv

- materials used for flexible connections and seals shall be selected to withstan$

of gaseous e

Xtinguishant and cooling or dilution ventilation.
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Where there is the potential for leakage from driven machinery, of gases of subgroup IIC of
ISO/IEC 80079-20-1:2017 (e.g. hydrogen cooled generators or driven gas compressor compressing
gasses of subgroup IIC as per IEC 60079-10-1:2015, Annex H) or vapours or mists where the AIT (see
5.16.4.4) is less than the gas turbine surface temperature, the machinery shall not be installed in the
same enclosure as the gas turbine unless a gas tight dividing wall or an air gap between two dividing
walls is provided, or other equally effective means shall be provided to prevent such gas or vapours
from entering the gas turbine enclosure.
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5.13.2 Enclosure structure

The structure of enclosures, attached panels, doors and their latches shall be designed to withstand the
following:

a) environmental loading associated with the location;

b) pressure loads caused by the operation of the ventilation system, gaseous extinguishant systems
and machinery vents/bleed valves and blockage of ventilation outlets;

c) overpressures caused by any reasonably foreseeable rupture or leaks from pressure casings and
pressurized ducting;

d) overpressure prior to pressure relief where the requirements of 5.16.5.2 are beifig!implemented
r overpressure up to 1 000 Pa (10 mbar), unless extrapolated to 1 500 Pa (15ymbar], where the
verpressure is being limited in accordance with 5.16.5.3;

e) ads applied by permanently supported equipment such as the ventilation system;
f) ads generated from tools or lifting equipment supported in the enclosure.

The ¢nclosure structure shall include attachments and integrated tools hecessary to allow maintenance
activjities to be carried out.

NOTH Statutory building codes or regulations normally got¢ern the design, manufacturing and testing
criteria of load bearing structural steel.

5.13{3 Enclosure fire precautions

5.13{3.1 General

The Fisk of fire shall be assessed in all enclosures and, where necessary, fire precautipns shall be
implemented in accordance with 5.15.

5.13(3.2 Gas turbine enclosure

A file protection system, including fire detection and suppression equipment, togethpr with the
necefsary controls and instrwmentation shall be provided in the gas turbine enclosure inf accordance
with|5.15.

5.13{4 Explosionprevention and protection — Area classification — Ventilation

Hazdrdous areas within the enclosure shall be classified, and explosion prevention and protection
meagures shallbe implemented in accordance with 5.16. Where flammable gases, vapours ¢r mists that
have|an AIT-below the temperature of any exposed hot surface can be present, the additionjal measures
described in 5.16.5.2 (explosion relief) and/or 5.16.5.3 (pressure resistant design) and/or 5.16.5.4

- nY 1 111 - 1 b _1
(Sup TTSSIOIT) SITdll DT HTTPICHIeIteu.

NOTE The gas turbine enclosure can be considered as an artificial ventilated room according to
IEC 60079-13:2017 and IEC 60079-10-1:2015 by dilution thereby the required Equipment Protection Level (EPL)
and hazardous area is reduced.

5.13.5 Gas detection

Where an enclosure contains hazardous area due to potential leakage of flammable gas or vapour, gas
detection shall be implemented in accordance with 5.19.
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5.13.6 Enclosure purging

Where an enclosure contains equipment that during a secondary release (according to
IEC 60079-10-1:2015) of gases or liquids capable of producing flammable vapours or mists, the
enclosure and associated upstream and downstream ducting volume shall be purged according to
IEC 60079-13:2017 prior to start-up unless the ventilation has run continually since previous operation
of the gas turbine.

To shorten the duration of fire or explosion risk in comparison to a natural cooling cycle, the ventilation
system shall normally continue to operate at shutdown to reduce the surface temperature of any
surface to less than 80 % of the AIT, measured in degrees Celsius (see 5.16.4.4), of any combustible
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floss of ventilation during the cool down cycle the actions related to the loss of yentil
bee 5.16.2 and 5.21.9.

ge creating flammable mist and with as few couplings asd{égsonably practicable to re
akage.

risk mitigations are needed the design shall be improved with suitable measures su
King of fitting, spray retainers, flange guards or adiGuid mist detection system.

hmmable mist can be formed from pressurized fluid leakage at a temperature below the flash
ee 5.16.2).

bss and doors

eguards shall be provided to allow prompt evacuation, to restrict entry to personn
s and allow means for rescue.of-any trapped personnel.

perator entrapment, the-access doors used during operation of the gas turbine shall:

pSSes

htion

taining pressurized flammable fluids shall be designed with/suitable couplings limitinjg the

duce

ch as

point

el to

a) open outwards in the direction of exit;

b) have a means that overrides any locking mechanism (for example panic bolts) to allow opé¢ning
from thg inside withoutthe use of a key or tool;

c) have the possibility to be opened against negative pressure ventilation forces;

d) have a minimum access-door requirement of 2 100 x 700 mm free height and width.

All doors shattbefittedwith-devicesto-preventunexpected-movementdueto-wind;ventitationpressure

or other actions that can lead to impact or crushing hazards.

Access ways and escape routes used during operation of the gas turbine shall be designed as per

[SO 14122-1
NOTE 1

NOTE 2

:2016 if applicable.

See 7.6 for information to be supplied in relation to access.

Door requirements can apply to hinged hatches.

When the servicing equipment is not reachable from the access ways inside the enclosure the risk of

entrapment

NOTE 3

30

shall be considered.

Additional guidance is given in ISO 15534-1:2000.
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5.13.9 Entrapment

The arrangement of equipment within enclosures shall be such that access for reasonably foreseeable
purposes is available without the risk of entrapment.

Account shall be taken of the need for emergency escape routes inside the enclosure to avoid trapping
personnel in the event of a hazard.

Risks related to work in confined spaces and the need for rescue of injured personnel shall be
considered.

5.14

Light
oper

An a
light
elevad
NOTH

NOTH
5.15

5.15

A ris
meaq
stan

Eighting
ing shall be provided in areas where visibility is required for execution gf\ifns

htional activities. Emergency lighting shall be provided where illumination isrequired

ppropriate level of local lighting shall be available for maintenance areas; the use o
ng for the maintenance tasks is acceptable. Lighting for use in a hazardous area sh

ted temperatures expected in the gas turbine enclosure.
1  Guidance on emergency lighting can be found in EN 1838:2013, 150°30061:2007 and NFH

2 For additional information of lighting design refer to EN 1837:1999 or ISO 8995-1:2002.

Fire precautions

1 General

k-based approach to the requirement for fir€risk reduction, protection, detection and
ures shall be taken based on the requirements of ISO 19353:2019, or an equival
lard providing equivalent requirements; taking into account the existence of a fire

bection and
for egress.

f temporary
all meet the

A 101:2018.

suppression
bnt national
hazard, the

probpbility of its occurrence and the degree of possible harm. The fire protection system shall be based

on a1 integrated set of standards andthe guidance described in 5.15.2 to 5.15.13 inclusive.

NOT]H
turbi

NFPA 551:2019 is an acceptable equivalent to ISO 19353:2019. Guidance on fire protd
hes (and associate accessori€s) can be found in NFPA 850:2020.

ction for gas

5.15{2 Structural fire risk reduction

d structural
nd thermal
d inhibit the
combustible

The materials of consfruction of enclosed spaces where a fire risk exists, their associate
mempbers and any_ acoustic shall be of fire resisting materials per ISO 11925-2:2020 3
insulation shall'be' of non-combustible materials per ISO 1182:2020 to reduce fire loads an
spread of a fire/The use of small parts that are not connected, such as gaskets made out of
matgrialsgisacceptable.

Fire hazards of electrotechnical products shall be assessed in accordance with IEC 60695-1-10:2016

and [EC 60695-1-11:2014.

Where a fire extinguishant system is provided, the enclosed space shall be designed with the
objectives of containing the fire for the maximum period before detection can be assured, overcoming
extinguishant delays and achieving a concentration of extinguishant to extinguish the fire.

5.15.3 Flammable fluids mitigation and containment

5.15.3.1 General

Tanks containing hydrocarbons shall be equipped with level monitoring equipment for leak detection
and, where applicable, detection of over filling.
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When defining the fire protection measures for gas fuel areas and other areas containing pressurized
hydrocarbons, the actuation of any extinguishing measures shall initiate the automatic shut-off of the
fuel supply (see also 5.13.3.2).

Pressurized equipment containing gas fuel, liquid fuel or other flammable hydrocarbons with the
potential for forming flammable mists due to high pressure leaks, shall, in addition to the requirements
of 5.23, be designed with the minimum number of connections required for correct assembly and
maintenance. Where a leak can impinge on electrical equipment which can be a source of ignition, or
a hot surface with a temperature above the AIT (see 5.16.4.4) of the potential leak source, additional

precautions

shall be taken to mitigate the potential for leakage and guard against impingement.

So far as pog
or hot surfa

Where appr

alal et Laolll ik < oot ] 1 | Fpn I 4 1 oo 1 3
S IUIC, JUlllLD S11dIl UT lJUDlLlUllCu QU LIIdU ITARS UU 11UL U1 ll} Ul Dyl Cl_y UIItU Tituirictal ClelllJ

CES.

ppriate insulation materials shall be protected against the penetration of hydrodarborj

The flammapility properties of any fluids shall be assessed. For liquid fuels of low AIT/stch as nap

segregation
coalescers,
where addit]

5.15.3.2 Lu

Where the n
does not pr
fire resistar]

of hazardous areas and the use of explosion relief or other effective) measures su
vire locking of fittings, spray retainers, flange guards at leak points shall be consig
ional mitigation is required due to the presence of hot surfaces.

ibrication and hydraulic systems

heasures taken in 5.13.7 with respect to flammable oil nfists in the presence of hot sur
vide the required risk reduction, further mitigation shall be undertaken, e.g. by the y
t or non-flammable fluids. Oil system vents where_oil mist can appear shall be fitted

a mist eliminator and routed away from hot surfaces. If vent\line outlets are located near a potsg

ignition sou

5.15.3.3 Pq¢

Where it is
lubrication 1
emergency |
the risk ass
the failure (
reducing th

'ce, they shall be provided with flame arresters.

st-shutdown lubrication

necessary to protect the gas turbine-from damage after a fire shutdown by mainta
o bearings and associated instrumentation that may otherwise be damaged, a limited

ubricating oil systems may remaifi in operation to those areas requiring protection proy

ent

v

htha,
th as
ered

faces
se of
with
ntial

ning
duty,
rided

bssment ensures equipment,\process, and protection is adequate, and the consequence of

f these protections is identified. Some examples of risk reduction techniques may in
e lube oil flow and pressure, using high integrity piping and fittings, and the abili

manually shut down the power,supply to the emergency lubricating oil pump(s).

5.15.4 Fird

Where indi
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The design
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ated by 5.X3.3 or 5.2, an automatic integrated fire protection system shall be provj
h the necessary controls and instrumentation.
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regard to personnel safety.

5.15.5 Fire detection

To ensure that fires are detected at an early stage, areas of enclosure and halls requiring a fire
extinguishant system, in accordance with 5.12.2 shall be monitored with automatic fire detectors.
Detectors shall be selected from the following types:

a)

smoke detectors;

b) flame detectors;

c) heatdetectors.
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Heat detectors shall always be present in the event that flame detectors are blinded by smoke or mist.
Other detectors shall be used in conjunction with heat detectors where necessary to mitigate hazardous
situations or prevent damage.

Manual push-button fire alarms shall be installed near the main escape routes from any enclosed spaces
and at exits from buildings within which a fire protection system is installed. The alarm function may
be integrated with the extinguishant release manual push-button at the enclosure.

The minimum number of detectors required for an area being protected shall be assessed based
upon the location of potential fire hazards, the field size covered by the selected detector and shall be

installed to provide a fire alarm signal and minimize false alarms to an acceptable level.
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sphere, the detector type selected shall produce a fault signal if contamination'is.dete

6 Fire extinguishing systems

rence should be given to the use of a fire extinguishing systém using a no
guishant.

bxtinguishing media shall be selected so as not to cause any damage to the safety relate
n the enclosed space.

b of the extinguishant such as asphyxiation and electrgcution shall be assessed.

ing to people within an enclosed space to maké their escape before the discharge of
guishant. The pre-discharge alarms shall previde a time delay of sufficient duration
1lation under “worst case” conditions.

iguishing systems capable of asphyxiation shall not be installed in or used to protg
bied spaces.
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s for mechanical isolation of extinguishing systems shall be provided. The isolation de
with position monitoring<nterfaced to the turbine control system. Isolation shall b{
nciated at the control system. The unit shall not start if the system is isolated.

rical isolation of the(eXtinguishant release may be permitted for short-term entry in
ease of egress. Isolation shall be repeatedly annunciated at the turbine control system
hgh site safe werkprocedure such as lockout tagout process.

ber. If openings are kept open during extinguishant release, this shall be taken into ag

affected by
r stream or
cted.

h-hazardous

1l equipment

table alarm shall be incorporated into the fire protection control system to provide sufficient

h hazardous
to allow for

ct normally

vice shall be
e repeatedly

arge spaces
br identified

hir exhausts er air inlet openings into the enclosure should be fitted with an automatic closing

count in the

edthe closing force shall be such to ensure closure of the damper.

guishant quantity calculation. When calculating the quantities of extinguishant fo(ﬁ'

discharge,

onSideration shall be given to unavoidable leakage from the enclosed space. Where dampers are

The extinguishant concentration shall persist effectively to prevent re-ignition by hot surfaces
until other safety measures are available (e.g. local fire service). Where re-ignition or lack of site
replenishment of extinguishant is a high risk, consideration shall be given to a multi-shot system or
providing reserve extinguishant capability.

There shall be two independent discharge release methods:
a) one automatic, after a signal from the detection system; and

b) one manual, by push button(s) at predefined points near to the enclosed space. Manual release may
use electrical assistance to initiate the discharge.

NOTE1 Some national standards require additional methods for manual release.
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Each different design of enclosure shall be subjected to a one-time full extinguishant discharge release
type test, or a door fan retention test in conjunction with a functional test on the extinguishment
system to ensure the applicable integrity/sealing is achieved.

Proper functioning of all related systems and the sealing of the enclosed space shall be checked on each

See also 5.23.13 in relation to the suitability of pipework.

For an example of door fan retention test procedures, see ISO 9972:2015.

There are globally accepted standards for extinguishant systems:

0 6183:2009 or NFPA 12:2018 for CO, systems;

installation.
NOTE 2

NOTE 3

a) IS
b) IS
) N
d) N
water spray {
e) IS
f) IS
g) IS

0 14520-1:2015 or NFPA 2001:2018 for other gaseous systems;
FPA 750:2019 or EN 14972-1:2020 for water mist systems;

FPA 13:2019 or EN 12845:2015 for sprinkler systems, and NFPA 15:2017 or CEN/TS714816:20
ystems;

0 7203-1:2019 or NFPA 11:2016, for low-, medium-, and high-expansion foam;
0 7076-5:2014 or NFPA 16:2019, for foam-water sprinkler and foam-water spray systems;

0 15779:2011 or NFPA 2010:2020, for aerosol fire-extinguishing systems.

5.15.7 Water mist extinguishant

Where a w4
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The number
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Suitable me

ter mist extinguishant system is used and whete*a continual discharge system can ¢
he gas turbine leading to premature failure, a;pulsed release system that has been pi
e such damage may be used. The intervalof pulsing shall be such as to extinguis]
Fedible fire and maintain continual protection against re-ignition.

s and positions of the water mist nozzles shall be selected to provide the required effg
shing spray taking into account the'actual geometry and access of the parts.

hsures shall be taken to preyvent’icing of the system.

The water npist system shall be suitably type tested and validated.

Water mist
blockage of
reduce the {
manufactur

5.15.8 Exti

nozzles shall be fitted“with a suitable filter/strainer such that any reasonably forese
the discharge ofifices by particulates is prevented. System materials shall be chos
otential for blockage of orifices by corrosion deposits. Water quality shall comply wit
br’s specification.

nguishing system controls

Each fire pr

8 for

ause
oven
n the

bct of

bable
bn to
h the

btestion and extinguishing system shall be equipped with a fire protection control sy}

tem.

This may be alocal panel, may be integrated with the gas turbine control system or may be installed in
the main control panel area.

The system

shall be capable of the functions specified in Table 1.

Table 1 — System functions

Function

Implementation

release

Manual push-button

override the required pre-discharge alarm sequences.

Installed at predefined points outside an enclosed space. Use of this release shall not

Automatic release

Automatic release on fire detection.
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Table 1 (continued)
Function Implementation
Selector switch The extinguishing system shall be able to be inhibited.

The use of electrical selector switches to isolate suppressant release can give rise to
a false sense of security when the manual release is still available and should not be
used as an alternative to mechanical isolation for systems using a suppressant that
poses a risk of harm to persons, (e.g. CO,).

The use of a selector switch is not required when the extinguishant media cannot
cause asphyxiation.

ACO DLiL dldl 1T AL CllklUDCd bdeCD b_y llUl 11Ul d}dl IIT Dil CIIS.

Visugal alarm At enclosed spaces with a high noise level [e.g. gas turbine acoustic enicloure (irre-
spective of scope of supply)] by flashing lights.

Interfface to turbine Suitable contacts and associated logic.

controls

In thle event of a loss of the primary electrical power supply to the fire protection system, it shall be
protécted by an independent back-up/emergency system capable of maintaining the electrical supply
for a|period sufficient to allow shutdown of the gas turbine, personnelevacuation and allow cooling of
hot surfaces to take place and the venting / draining / and supply, ofhibricating / hydraulid media.

The fire protection system shall, where specified, transmit a'specific alarm signal to an} associated
centfal control panel to provide comprehensive information.for operational personnel.

Activyation of a single fire detector shall initiate an alarm signal.

Activation of a second detector or second detectortype shall initiate an emergency shptdown and
additional actions that may include but are not limited to the following:

a) {ransfer a signal to the gas turbine contr©l system indicating detection of a fire;
b) actuate related warning devices;

c) ¢hut down the ventilation system of the enclosure;

d) (¢lose ventilation inlet and(exhaust dampers where utilized;

INOTE1 Insome casés,)this can be achieved by the extinguishant action.

e) actuate the autdmatic fire extinguishing system, after the time delay necessary fqr personnel
protection, where applicable.

Activation ofaSingle fire detector, where applicable, may be used to initiate the approptiate actions
above.

The §ound pressure level of an acoustic alarm shall be audible above the noise level of the byiilding/area

in normateperation:

Red (or another nationally required colour) flashing lights shall be provided in areas with excessive
local sound levels in addition to the acoustic alarm.

Where a serious fault alarm signal is received from the fire protection system, an alarm, which can only
be manually reset, shall be initiated. Equipment start-up shall be interlocked, or the operation manual
shall indicate that start-up is not permitted before the failure is identified and solved. Equipment shall
be monitored for open and short circuit conditions. It shall be possible to test the function of warning
devices at any time (this test may be allowed to lead to unit stop).

NOTE 2 A serious fault alarm is an alarmed fault that, if not rectified, affects the ability of the system to
operate correctly.
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5.15.9 Escape

Suitable safeguards in accordance with 5.13.8 and 5.13.9 shall be provided to allow prompt egress.

5.15.10Uncontrolled release of media and loss of propellant pressure

A method of monitoring and/or weighing the fire extinguishant vessels' contents that does not require
disconnection of the vessel shall be provided so that, if the vessel contents escape or leak, appropriate
action can be taken. If manual checks are recommended, to ensure that unacceptable leakage is
detected, manufacturer should communicate this through the instructions for use in Clause 7.

Where a nit
to eject wat
if the vessel

Where low {

heating shall be provided to maintain the vessel(s) at a temperature such that an acceptable press

achieved.

Where the
precautions
radiation, sy

5.15.11Ves

Protection

vessel(s) ar
uncontrolle
vessels shal

Methods of
a) vessels
b) vessels
C) provisig

The vessel |
personnel iy

5.15.12Pro

If provided,
applicable |
considered.

OgEIT ga5 SUpply IS used to actuate the extinguishant Tetease mechanisT or as a prope
br in a water mist system, the pressure in the nitrogen vessel(s) shall be monitored,so
s) contents escape or leak, an appropriate alarm shall be provided.

emperature conditions can cause a drop in the pressure of propellant gas wessels su

botential exists for external influences to activate fire detectio-equipment approp
shall be taken, e.g. covers at enclosure windows to prevent activation of detectors by
Ich as welding arcs.

sel thermal relief (burst disc)

shall be provided against overheating when fire, extinguishant or nitrogen propq
e located in areas subject to strong sunlight ox(ether heating effects that can caug
l pressure increase and operation of the vesselivalve burst disc. Propellant or extinguig
not be installed inside a gas turbine enclosuve.

brotection may include but are not limited to:

mounted in a suitably ventilated cabinet,

ocated in natural shade,

n of canopies or similarprotection against surface heating.

alve burst disc shall'be orientated or otherwise guarded so that if the burst disc ope
the immediate area‘cannot be harmed.

pellant vessels

fire extinguishant and nitrogen propellant vessels shall be supplied in accordance

|
reis

llant
that,

able

riate
local

llant
e an
hant

rates

with

pcal tequirements. Potential misuse or damage of the associated equipment shafll be

5.15.13Release of extinguishant into gas turbine halls, control rooms, etc.

If vessels and the associated pipework for fire extinguishant systems are located in gas turbine halls,
control rooms or similar areas where personnel access is required and there is the potential for
asphyxiation due to the extinguishant used and the potential concentrations that could be achieved on
release, the precautions in 5.15 and 5.13.9 shall be applied where relevant.
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5.16 Hazardous area classification and explosion prevention and protection

5.16.1 General

Where the potential exists for flammable gases, vapours or mists to arise, the areas shall be classified
in accordance with IEC 60079-10-1:2015 and appropriate precautions shall be taken against explosions
in accordance with IEC 60079-0:2017, IEC 60079-13:2017, IEC 60079-14:2013, ISO 80079-36:2016 and

[SO 80079-37:2016.

NOTE1 IECTS 60079-46:2017 provides additional guidance on equipment assemblies.

[Nere OCd OI [ C oLner C dD [ned dlidar
70:2020, ANSI/ISA-TR12.13.03:2009, EN 1127-1:2019 and NFPA 497:2017,
flety and certification of equipment, these can be used.

T SuUch as U
that achieve an,eq

2 Area classification

rdous area classification shall be carried out for all plant items where |flammable ga
risks can arise.

s shall be classified into zones and the extent of the zone, defined, and the haz
ification drawings shall be in accordance with [EC 60079-10£1:2015.

The ¢xtent of the zone adjacent to any ventilation inlet shall take into account the increase

the area and the potential for flammable gases, vapours orists to be drawn into the inlets

al consideration shall always be given to the dangér of ignition of flammable mists in {
t surfaces.

Spec
of ho

mable mist can be formed from pressurizedfluid leakage at a temperature below the f
uid. Mists can form or be present at theisame time as flammable vapours which can af
ammable material disperses and the extent of any hazardous areas. The strict applic{
ification for gases and vapours maynot be appropriate because the flammability ch
sts are not always predictable!\ Whilst it can be difficult to decide upon the type a
5, the criteria applicable to gases and vapours will, in most cases, give a safe resul
0079-10-1:2015, Annex Gprovides instructions and guidance where mists may occur.

Flam
the f
the f
class
of m
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IEC 4

Whe
arealclassification shall take into account the conditions when the ventilation is not present. |
as but not limited tosde-energizing the electrical supplies or isolation and venting/de-pr
of fugl and high-pressture hydrocarbon systems or a higher level of equipment classificat
initidted where necessary to remove the potential for a hazardous situation.
Hazardous area classification drawings shall be prepared in accordance with IEC 60079-10

NOTE 1"\ The category defining the extent of protective measures to be taken can be as definec

121201:2017,
livalent level

S, vapour or

hrdous area

d airflow in

D

he presence

lash point of
fect the way
htion of area
iracteristics
hd extent of
. See 5.13.7.

e equipment is located inl an enclosure and ventilation is used to control the hazardoyss areas, the

\ctions such
pssurization
ion shall be

-1:2015.

| in EN 1127-

1:2019,6:4.1.

NOTE 2
to avoid ignition sources are described in EN 1127-1:2019, 6.4.

5.16.3 Explosion prevention

The specific requirements from the classification of zones to the equipment of the different categories

The basic mitigation methods described in ISO 12100:2010, 6.2.4 shall be used in conjunction with
IS0 80079-36:2016 for non-electrical equipment for the identification and assessment of the hazardous
situations. The concepts and methodology for explosion prevention therein shall be applied.

In the planning of explosion prevention and protection measures, consideration shall be given to normal
operation, which includes start-up and shutdown. The possibility of technical malfunctions as well as
foreseeable misuse per ISO 12100:2010, 5.3 shall be taken into account.
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Where there is the potential for any significant quantity of hot gas or air to leak from the equipment
casings and cause damage to ancillaries, controls, certified equipment or safety devices, means shall be
provided to prevent such an occurrence leading to a hazard.

NOTE The explosion prevention methods described in EN 1127-1:2019, Clauses 4 and 6 or NFPA 68:2018 and
NFPA 69:2019 meet the intent of ISO 12100:2010, 6.2.4.

5.16.4 Avoidance or reduction of effective ignition sources

5.16.4.1 General

All equipment shall be designed and constructed so far as possible to prevent ignition sources that can
occur during normal operation and reasonably foreseeable machinery fault conditions.

All electrical and non-electrical equipment and components, intended for use in potentially explpsive
atmosphereg, shall be designed and constructed in conformity with the required categories for grqup II
equipment tjo ensure avoidance of any ignition sources.

To classify the category of the electrical parts of the equipment, it shall be stibjected to an ignition
hazard assefsment.

To classify the category of the non-electrical parts of the equipment, it shall’be subjected to an ignition
hazard assefsment.

5.16.4.2 Elgctrical ignition sources

Electrical apparatus for explosive gas atmospheres, for the:identified zone and category, shall comply
with IEC 60079-0:2017.

Any electridal equipment installed and located in hazardous areas shall be suitable for the hazardous
area classification as defined in IEC 60079-0:2017.

The electricpl equipment shall be clearly identified by a durable marking to show the level of proteftion
and/or the tlype of protection.

NOTE IHC TS 60079-46:2017 provides.additional guidance on equipment assemblies.

5.16.4.3 Non-electrical ignition sources

5.16.4.3.1 (eneral

Non-electrigal equipment used in hazardous areas shall comply with the requirements of
ISO 80079-36:2016 0r/shall be located in an area that meets the dilution ventilation requiremerjts in
5.16.5.3.

NOTE A ombination of techniques can be used.

5.16.4.3.2 Hot surface temperatures

Where the surface temperature exceeds the AIT (see 5.16.4.4) of any flammable gas, vapour or mist
leak that can impinge on the surface, additional guarding measures shall be taken to contain, deflect, or
dilute (see 5.17.5) such leaks, to reduce the risk of contact with the surface.

5.16.4.4 Auto-ignition temperature data

Values of AIT from ISO/IEC 80079-20-1:2017, or otherwise from a verified source, shall be used. For
mixtures, unless test data are available, the AIT of the component having the lowest AIT and present
at a concentration of over 3 % (by volume) shall be used. If no relevant data are available, the AIT of
relevant substances shall be measured in accordance with ISO/IEC 80079-20-1:2017.
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An appropriate safety margin shall be applied to the value of the AIT where uncertainty exists due to
the constituents of the gas, hot surface size and conditions, contact time, the potential for stagnant
conditions and any other foreseeable circumstances.

NOTE The capability of a heated surface to cause ignition of a potentially explosive atmosphere depends on
the type and concentration of the particular substance in the mixture with air. This capability becomes greater
with increasing temperature and increasing surface area. The temperature that triggers ignition depends on
the size and shape of the heated body, on the concentration gradient in the vicinity of the surface, the contact
time of the explosive atmosphere with the heated body and, to a certain extent, also on the surface material
and the potential for catalytic reactions. Thus, for example, an explosive atmosphere can be ignited by surface
temperatures lower than the AIT. On the other hand, in the case of heated bodies with convex rather than concave
surfaces, a higher surface temperature is necessary for ignition; the minimum ignition temperature increases,
for example, with spheres or pipes as the diameter decreases. Likewise, when an explosive atmdsphere flows
past heated surfaces, a higher surface temperature is normally necessary for ignition owing té thé[brief contact
time.

5.16|5 Reduction of explosion effects in an enclosed space

5.16{5.1 General

If thg measures described in 5.16.1 and 5.16.2 (area classification), 5.1.6.3 (explosion prevention), 5.16.4
(ignifion source control) and 5.13.4 (ventilation) do not provide a sufficient level of safety for enclosed
spaces, the additional measures described in 5.16.5.2 (explosion venting) and/or 5.16.5{3 (pressure
resistant design) and/or 5.16.5.4 (suppression) shall be implemented.

5.16}5.2 Explosion venting

Where necessary in accordance with 5.16.5.1 expldsion venting construction (relief panel§) to protect
the enclosure space shall be implemented.

NOTH EN 14797:2006 and NFPA 68:2018 provide guidance on relief panels sizing.

The et point for the operation of relief-panels shall be less than the internal overpressfire that can
causg any personnel access doors or mdintenance panels to be forced open. Relief panels (if|fitted) shall
be rgtained by hinges or other mechanical means to prevent them from becoming loose missiles and so
as to|prevent injury to personnelduring opening.

In the event of relief panel, operation appropriate action shall be initiated. A gas turbing emergency
shutdlown shall be initiated:

5.16{5.3 Explosionpressure resistant design

5.16|5.3.1 General

Where-necessary in accordance with 5.16.5.1, an explosion pressure resistant design shall be
implemented for enclosed spaces based on the use of dilution ventilation and its validation id accordance
with 5.16.5.3.2 and 5.16.5.3.3 to limit the overpressure from an explosion event such that the pressure
is reduced to a level that is unlikely to cause personnel injury and is contained within the enclosed
space.

The pressure resistant design shall withstand the predicted explosion overpressure, see 5.16.5.3.3,
without becoming permanently deformed.

5.16.5.3.2 Dilution ventilation
Dilution ventilation shall be applied to ensure that areas of stagnant or insufficient ventilation are

minimized so that, in the event of a leak, the potentially explosive cloud is diluted by jet mixing with the
surrounding air and the mixture is immediately and effectively removed by the ventilation.
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Explosive concentrations are, therefore, restricted to the mixing zone and its immediate vicinity, and
shall be sufficiently small, as given in 5.16.5.3.3, relative to the size of the enclosure space.

In the event of ignition, the maximum overpressure from an explosion event is limited such that the
pressure rise consequences are insignificant and contained.

Thus, the effective distribution of ventilation is more important than its quantity, since high ventilation
rates can preclude the detection of small leaks by detectors (see also 5.19) in the outlet ducts and can
result in larger explosive clouds with significant consequences in the event of ignition.

Dilution ventilation shall always be associated with the use of gas detectors since it is designed to dilute
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Measurements shall verify that the CFD model provides an acceptable representation of the air
velocities and heat balance. Where necessary the CFD geometry and parameters shall be adjusted to
obtain an acceptable match between the measurements taken and the CFD model output.

NOTE Additional guidance is given in References [68], [69] and [Z0].

5.16.5.4 Explosion suppression

Explosion suppression systems prevent an explosion from attaining its maximum explosion pressure
by rapidly injecting extinguishing agents into the equipment in the event of an explosion. Where
necessary in accordance with 5.16.5.1, explosion suppression in accordance with ISO 6184-4:1985 shall
be implemented. In the event of a signal indicating activation, an emergency shutdown shall be initiated.

NOTE See EN 14373:2005 or NFPA 69:2019 for additional guidance.
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5.17 Ventilation

5.17

.1 General

Ventilation of enclosed spaces shall be provided to:

a) provide temperature control to ensure the intended operation of equipment is achieved;

b)
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ng. See 5.17.3.

ned temperature range, under any reasonably foreseeable operating or fault condit
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3 Heating

Fe ventilation air is heated to prevent icing conditions or-heated where the functional
ant equipment is designed only for a specific tempexature range and alternative systg
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in indirect heat source, the design of which ensures that flammable gases and vapour
ubstance that can create a hazardous:situation do not enter the air stream.
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rnt products of combustion to enter the inlet and cause a hazardous situation on flan
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e a hazardous area exists in an enclosed space, a partially enclosed space or aj
lation shall be used to dilute potential leaks of flammable gases and vapours by dis
ir until'their concentration is below the lower explosive limit. The ventilation shall be
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Areas of stagnant or poor ventilation, where recirculation and re-entrainment can arise, shall be
avoided by ensuring that the ventilation is effectively distributed.

Where heavier-than-air flammable gases or vapours can be present in enclosures, artificial ventilation
shall be used to ensure that any gas or vapour concentrations are effectively dispersed from low levels.
Where there is the potential for vapours to migrate and accumulate in adjacent low-level areas and
trenches, precautions shall be taken (e.g. filling or sealing of trenches, additional gas detectors). The
permit to work system shall include testing of the atmosphere prior to accessing any trench or low-level
area.

5.17.5 Hot surfaces

Where hot surfaces exist or can exist under normal operating conditions in the hazardous area that
are above the AIT (see 5.16.4.4) of a flammable gas, vapour or mist that can be present due to a leak, or
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where conditions exist that indicates a residual risk of ignition, additional measures in accordance with
5.16.5 shall be implemented. The potential for hazardous leaks in enclosures containing hot surfaces
shall be limited to secondary grades of release as defined in IEC 60079-10-1:2015.

Where practical, the ventilation airflow direction shall be arranged so that any flammable leaks are
directed away from hot surfaces.

5.17.6 Ventilation inlet location

The ventilation air should be drawn from a non-hazardous area taking into account the suction effects
on the surrounding area. Location in a zone 2 area shall be considered acceptable only where the largest
credible leak1s capable of being diluted by the ventilation air stream, during running conditiohs or
natural ventilation during shutdown conditions where reverse flow can occur.

Where a zome 2 area exists, as described above, or the potential still exists for a potentially’explpsive
atmosphere|to enter the ventilation air inlet as described in 5.9.5 for the gas turbing‘@empressar air
inlet, the actions described therein shall be taken for the ventilation inlet.

5.17.7 Ventilation inlet filtration

Where the gotential exists for dusts or other forms of contaminant to enten'the ventilation air inlet that
can build up to form combustible deposits, especially on hot surfaces, of¢prevent the correct operation
of safety equiipment, suitable filtration shall be installed to prevent this.build-up.

Where, due|to the type of filtration used or environmental conditions, the potential exists for Icing,
suitable pregcautions shall be taken.

Where atmg@spheric pollution or environmental conditions éxist (e.g. build-up of salt spray) that can
affect the operation of safety devices within enclosures,@ppropriate filtration shall be supplied.

If filtration|is installed, its fouling/blockage shall’be monitored, and the appropriate alarmg and
shutdown s¢t to avoid any operation of the gas tuikbine in hazardous conditions.

5.17.8 Ventilation inlet ducting

The ventilation inlet ducting shall normally be routed to avoid hazardous areas. Where this if not
possible, the ducting integrity shall prevent leaks and gas detection shall be employed at the ventilption
inlet to the ¢nclosed space.

5.17.9 Ventilation outletlocation

The ventilation air qutlet shall not be located in a zone 0 or 1 area. Location in a zone 2 area |shall
be considerpd acceptable only where the largest credible outdoor leak is capable of being dilutged to
such an extgnt byinatural ventilation that the risk from reverse flow when the ventilation system is not
operating is|mitigated.

Account shall be taken of any hazardous area created by the ventilation outlet.

5.17.10Ventilation monitoring

Ventilation shall be monitored and interlocked to the start sequences of equipment so that the start-up
is inhibited without sufficient ventilation and enclosure purging.

Means shall be provided to prevent a start-up with defective ventilation monitoring equipment.

During operation, if insufficient ventilation is detected, a shutdown shall be initiated within a defined
period of time unless the supply is automatically restored from alternative fans or any alternative
power supply. The shutdown delay period shall be as short as practicable based on plant conditions and
the presence of any alarm condition associated with the ventilation system.
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Where the concept of 5.16.5.3 has been applied, ventilation flow monitoring shall detect insufficient or
excessive ventilation flow rates if excessive ventilation flow rates are possible due to design or installed
equipment.

Ifa gasleak that canlead to a hazardous concentration is detected before the required level of ventilation
is re-established, the gas turbine shall be shut down and the gas system within the enclosure vented.

Where a method is implemented to inhibit the ventilation flow monitoring to allow the opening of
enclosure doors (e.g. for inspection) a suitable warning shall be repeated at the gas turbine control
panel until the monitoring has been restored.

5.1 Fans

5.18{1 Fan guards and structural failure

Guarding for fans shall be provided to eliminate the risk of entrapment or contaet with mpving parts.
Guar(ds shall comply with ISO 12499:1999 and retain the fan blades in the event of failure. The design of
the fan housing shall contain any failure of fan components.

NOTH Guidance on failure caused by mechanical hazards is @iwen in ISO 80079-36:2016 and
ISO 80079-37:2016.

5.18{2 Air blast oil coolers

The ¢lesign of the cooler shall include protection against foreign objects impacting either the fan blades
or thie cooler matrix and the impact hazard of the fan blades being released and causing dgmage to the
cooldgr matrix. Such conditions may cause damage to‘the cooler matrix leading to process fluid release
and the possibility for fire. Where appropriate suitable bunding shall be provided for the cqoler.

The dlesign of the fan plenum shall contain any failure of fan components.

The Jocation of the air blast cooler assembly shall be such that if leakage of the matrix| occurs, the
potential for ignition is minimized.

5.18}3 Sparking of fan blades

Matgdrial pairing selection-shall avoid materials that generate the potential for sparking between the
statipnary and rotating.elements of fans that operate within a hazardous area.

NOTH Additionakguidance on material selection is available in EN14986:2017.
5.19 Flammable gas detection

5.19}1 Aype / selection principles

Gas detector measuring principles and selection shall be based on the relevant requirements of
IEC 60079-29-2:2015, taking into account the potential for malfunction of the detector(s) due to
pollutants/substances in the air stream, vibrations and thermal conditions.

5.19.2 Location principles

The sampling location of fixed gas detectors shall be based on the criteria in IEC 60079-29-2:2015,
Clause 8. Enclosed ventilated spaces containing gas fuel or liquid fuel handled above its flash point shall
be equipped with at least one gas detector sampling gas from the ventilation outlet. The location of
the detector(s) in the outlet shall take into account the mixture concentration contours within the air
stream to ensure detection is achieved.

NOTE Reference [67] provides further guidance on vapours produced by liquid fuels at flash point
temperatures.
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When heavier-than-air gases are used as the main or alternative fuel, extra gas detectors shall be fitted
at a low level in the enclosed space to detect any gas or fuel vapours that have accumulated.

5.19.3 Settings

The lowest practical level shall be used for the gas detector settings taking into account the need to
avoid nuisance signals. In all cases the alarm to the control interface shall be set at not more than
10 % LFL and emergency shutdown at not more than 25 % LFL. Adjustments shall be carried out in
accordance with the manufacturer’s manual.

Where used at ventilation outlets, settings shall be chosen in conjunction with the ability of the
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od cannot take account of turbulence, ventilation direction, recirculation or the effd
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It not be adequately diluted,by.normal ventilation velocities, whilst ventilation dire
he cloud size by a large facton

bf the dilution ventilation/air flow on the size of the jet leak cloud shall always be valig
fe with 5.16.5.3.3.
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e and calibration procedures shall comply with 7.7.6. The test gas used for calibration
the general requirements of IEC 60079-29-1:2016+A1:2020, 5.3.

els shown in ISO/IEC 80079-20-1:2017 shall be used as datum values except wher
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ituent is less than 90 94 hy volume in which case cppr‘iq]icf advice shall be obtained

from

the detector manufacturer with respect to an appropriate LFL value.

5.20 Control and automatic protection systems

5.20.1 General

Safety related control functions and the associated sensors, control logic and actuated devices (e.g. those
for fuel isolation, fire detection, fire suppression, combustion supervision, gas detection, ventilation
detection, overspeed detection and emergency stop) shall be identified and designed, tested, installed,
commissioned and validated.

NOTE Standards such as IEC 61508-1:2010, IEC 61511-1:2016, IEC 62061:2005 or ISO 13849-1:2015 along

with the appropriate normative references therein, can be applied.
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5.20.2 Environmental suitability

Protective systems shall be designed, selected and constructed such that they are capable of performing
their intended function under specified environmental/operating conditions (e.g. voltages, humidity,
vibration, contamination, UV exposure, pollution, climatic and other external effects), taking into
account the operating-condition limits specified by component/equipment manufacturers.

Equipment parts used shall be appropriate to the intended mechanical and thermal stresses and
capable of withstanding attacks by existing or reasonably foreseeable aggressive substances.

Special consideration shall be given to the temperature capabilities of control devices, taking into
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Whe
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systd
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5.20

wmt the effects of thermal radiation. This shall involve the r‘nmp]nfinn of fnmpnrnf

e any uncertainty exists.

e a heating or air conditioning system is required to control the environmentfor the
‘ol module to ensure that the required level of functional safety is achieved,.i’/power i
m, automatic actions shall be taken to safeguard the gas turbine control module.

ces of ionizing radiation shall be identified and it is important to be aware of atomic r¢g
re safe installation, use, maintenance, and disposal [e.g. thermal harrier coating (NOR
ers|.
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The human-machine interface shall be intuitive, easy to reagiand interpret by the operator and designed
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splay abnormal behaviour of the equipment in a timély fashion. Ergonomic principles
IS0 12100:2010, 6.2.8 and 1SO 9355-1:1999.

4 Failure

probability of failure of safety functions.shall be minimized in accordance with the r¢
D 12100:2010, 6.2.12. When the control signal is removed from a valve or control d

essential for shutdown or continued eperation, the valve or device shall automatically moy
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bosition.

rm a safety function and provide the necessary risk reduction. See 5.2.

ures shall be takefi-to ensure that errors in the control system logic do not lead to
e a hazardous sifuation. Control parameters shall not change in an uncontrolled way,
ges may lead.to hazardous situations.

pnably foreseeable human error shall be identified during risk assessment (see 5.2).
eeableiuman error during operation shall not lead to failure and create a hazardous §

5--Calibration

thall comply

pquirements
bvice that is
e to its fail-

Fe required, component reduidancy or the fail-safe principle for electrical circuits shalll be used to

failure and
where such

Reasonably
ituation.

Control systems shall be designed to allow calibration of safety related functions where applicable.
If calibration is required to be performed while the gas turbine is running it shall not lead to an

inter

5.20

ruption of operation or compromise the safety of the machine. See 7.7.7.

.6 Testing

As far as practicable control systems shall be designed to allow testing of safety functions with the gas
turbine stopped and fuel isolated.

Where necessary to achieve the required level of integrity, the control system shall allow the in-service
testing of functions during gas turbine operation without allowing unprotected operations.
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The safety functions shall be listed in the operation manual and the procedures for such testing shall be
suitably described unless fully automated by the control system. See 7.7.7.

Safety related control systems shall be self-monitoring and self-diagnostic, where necessary, to achieve
an acceptable level of reliability. Errors discovered shall be annunciated to the operator. Where operator
action is required, it shall be clearly indicated on the control panel, and the action required shall be
similarly indicated or described in the operation manual.

Functional tests shall be made during commissioning, after any intrusive maintenance or automatically

before starting. The manufacturer shall recommend the frequency and extent of the testing. See 7.7.7.
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h potential power with a margin that avoids nuisance shutdowns but does not resylt in
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ed protection system shall have in-built testing functionality, or provisions shall be made
for the testing of all overspeed protection devices at intervalsspecified by the gas turbine manufact

b with separate power turbines or with heatexchangers can require additional prote
rspeed because of the stored heat, and/or large stored volumes of high-pressur{
neasures such as but not limited to aerodynamic braking or air release valve(s) shall, w
 analysis, be utilized to prevent a hazardous situation.

rotor shaft gas turbines, if it can)be shown that it is not possible for a rotor to overs
ynamic forces, an overspeed\protection system is not required on that rotor.

turbine emergency shutdown system

cy shutdown systenpshall be provided. The integrity of the shutdown and emergency
1all be ensured even if protection and control logic are executed on common hardy
shall be capable’of manual operation and shall be a back-up and not a substitute for

safeguardinig measures;lt shall also be operated automatically by safety related gas turbine prote

devices and
turbine.

The control

any safety'related process plant protection devices that affect the operation of th

syystem shall be designed so that the emergency shutdown system including the emerg
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stop buttons, stops the gas turbine by acting on the ruel shut-oif valves to immediately cut oif the fuel
supply and all associated equipment upstream and/or downstream if its continued operation can
produce a hazard. Shutdown shall not be preventable after the command has been initiated.

Emergency stop push buttons shall be provided at each local operator control location, appropriately
located, clearly marked and directly accessible, which shall be active during normal and maintenance
operations. These buttons shall:

a) have clearly identifiable, clearly visible and quickly accessible controls and require manual reset
after operation;

b) stop the gas turbine and any associated equipment at risk as quickly as possible, without creating
additional hazards;

c) notbe part of a human-machine interface (HMI) (e.g. touch screen) display.
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The action of the emergency stop shall set the driven equipment to a safety state commensurate with
shutdown of the gas turbine and shall override any other functions of the driven equipment and be
available and operational at all times, regardless of the operating mode.

If other standards require local stop buttons for each drive or subsystem, this can create additional
risks for the complete gas turbine system, which shall be taken into account.

An audible warning shall be set off at the operator station by any emergency stop. If an HMI is used, a
message shall be displayed to indicate that the emergency stop has occurred.

The functions to be maintained in each case of emergency stop shall be assessed to minimize the
' i ilati ' intained in action
e retention

An afitomatic re-start shall not be possible after an emergency shutdown withoutaanual iptervention.
Prior to a re-start a check by operating personnel shall be undertaken to erdsure that the fault that
initigted the shutdown has been resolved.

5.20{9 Interlocks

The ¢ontrol system shall provide interlocks that prevent gas turbine’start or ignition if th|s can result
in hazardous conditions based on the current status of the systems. Interlocks shall be resgt only after
corr¢ction of the cause. The control system shall indicate which system has initiated the op¢ration of an
interlock.

5.20{10Cyber security

Cybér security aspect shall be considered whenZdentified as a potential source of hazargl in the risk
assegsment.

NOTH ISO/IEC 27032:2012, ISO/TR 22100-4:2018 and the IEC 62443 series provide guidance on cyber
secullity.

5.21 Electrical

5.21{1 Design/Installatien

Elecqrical equipment-of.drives, control systems, measuring and control devices, lighting and heating
shall} where relevaat, comply with IEC 60204-1:2016, IEC 60204-11:2018 and IEC 60079-14;:2013.

5.21}2 Isolationh and stored energy

5.21|2,1\General

For maintenance and inspection purposes and in an emergency, means for energy isolation for electrical
supplies with voltages not exceeding 1 000 v AC or not exceeding 1 500 v DC and frequencies not
exceeding 200 Hz shall comply with IEC 60204-1:2016, 5.3. Isolating devices shall provide all-pole load
disconnection and contact clearances shall be appropriate to ensure isolation.

Devices for the prevention of unexpected start-up shall comply with ISO 14118. Where required, local
stop buttons shall be provided in accordance with IEC 60204-1:2016, 5.4.

Where electrical isolation by a plug/socket combination under the immediate supervision of the person
present in the hazard zone is not possible, the isolation devices shall be capable of being locked or
otherwise secured in the “isolated” position.

Isolation devices shall be clearly identifiable.
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5.21.2.2 Isolation of electrical equipment in potentially hazardous areas

Isolation of other than intrinsically safe circuits shall comply with IEC 60079-14:2013, 8.3. Isolation of
intrinsically safe circuits shall comply with [EC 60079-17:2013, 4.8.

Live maintenance on intrinsically safe installations is permitted with compliance of I[EC 60079-17:2013,

4.8.2.

5.21.2.3 Stored energy

Dissipation of stored energy for maintenance and inspection for supplies greater than 1 kV shall comply

~

with IEC 60
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have warniy
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y with relevant standards, for material test requirements they shall comply
2-2:2015.

C TS 60079-32-1:2013 provides additional guidanceoh electrostatic charging.

nducting parts

bhall be arranged so that hazardous.electrical potential differences cannot exist. Boi]
] equalization shall comply with the-tequirements in IEC 60204-1:2016.

possibility of isolated metal parts becoming charged and acting as an ignition source
ns, then bonded terminals-shall be provided and used to continuously dissipate the ch
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shall
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with
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with
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luctive parts are used ‘for the conveyance of non-conductive fluids and gases and the

f conductivity is breken by the use of non-conducting flexible connection or by other m

terminals shall be providedat.each side of the break and the parts bonded together, unless ther

valid need fi

br the insulatig)section, such as to prevent circulating currents in generator bearings

Shielded caples shall \be used where necessary to prevent interference and signal degradd

Continuity d

NOTE Fq

f shields.shall be ensured. At least one end of each shield shall be earthed.

r hazards associated with lube oil conductivity, see 5.24.1.

pans,
b is a

tion.

5.21.4 Water ingress

Electrical enclosures shall be rated in accordance with IEC 60529:1989 and be suitable for the
environmental conditions in which they are operated. Ingress protection [P 54 shall be used as a
minimum for outdoor conditions. In cases where water jets or compressed air are used for cleaning, a
suitable higher category shall be used. The means of introduction of a cable with its glands, bushings,
etc., into an enclosure shall ensure that the degree of protection of the enclosure is not reduced. Cable
connectors/glands, flexible conduits and fittings shall offer at least the same level of protection as
defined for associated enclosures in accordance with IEC 60204-1:2016 and IEC 60204-11:2018.
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5.21.5 Lightning

Risk assessment shall be carried out using IEC 62305-2:2010, any protection requirements are to be
highlighted by the packager. The site installation shall comply with [EC 62305-1:2010, IEC 62305-3:2010
and IEC 62305-4:2010.

5.21.6 Electromagnetic compatibility (EMC)

The equipment shall not generate electromagnetic disturbances above levels that are appropriate
for its intended place of use. In addition, the equipment shall have an adequate level of immunity to
electromagnetic disturbances so that it can operate correctly in its intended environment.

Elecfromagnetic emissions and immunity shall comply with [EC 61000-6-4:2018 and IEC610D0-6-2:2016
respectively.

Cablg¢s shall be installed with sufficient separation to avoid electromagnetic-interference. This is
normally provided by routing signal cables separately from power cables, and terminatfing them in
separate junction boxes, where applicable.

Instdllations and earthing and cabling shall take into account the requiréments of [IEC TR 610[00-5-1:1996
and IEC TR 61000-5-2:1997 respectively.

General disturbances can be limited by applying the measures inJJEC 60204-1:2016, 4.4.2.

5.21{7 Battery installations

Batt¢ry installations shall comply with IEC 62485-2:2010 including provisions again$t explosion
hazafds.

5.21|8 Electrical overload

Overloading of electrical equipment shall~be prevented at the design stage by means of integrated
meagurement, regulation and contrel\devices, such as over-current cut-off switches, femperature
limiters, time-lag relays, overspeed.monitors and/or similar monitoring devices.

Where there is the potential for circuit overloads in the equipment greater than the design limits,
apprppriate protection devi€es shall be installed in accordance with IEC 60204-1:2016, Clapise 7.

5.21|9 Electrical powerfailure

5.21|9.1 Systenifailures

The ¢onsequences of power failure to the control system and safety devices shall be assesse(d to identify
the need for-the provision of alternative power supplies such as independent feeds, standby generators
or bdtteries.

If no alternative supply is provided, or if the alternative fails to become available within the defined
time limit, a shutdown shall be initiated.

If a limited alternative supply is provided, the systems that it is to feed shall be identified so as to
minimize the risks and avoid hazardous situations.

In the case of battery back-up systems, a shutdown shall be initiated before the remaining battery
power becomes insufficient for a shutdown of the equipment.

5.21.9.2 Electrical power restoration

Following power failure, those systems that are automatically restored to operation shall be identified
and shall be designed so as to avoid hazardous situations.
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5.22 Drains, vents and bleeds

5.22.1 General

The hazards associated with drains and vents shall be determined and shall be specified for each
interface point, together with the details of the type(s) of media, the mode of operation and the flow
rate and temperature. The details of any hazards shall include, but are not limited to, heavy metals,
recycling, corrosion, fire and explosion risks, contact and/or inhalation of harmful fluids, gases, mists,
fumes and dust.

The base plate or foundation shall be designed to ease the collection of liquid and to retain the quantity
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all minimize the quantity of liquid retained after the drain operation.
Irain valves shall be easily accessible.
package drains and vents shall terminate in safe locations.

nerated from vents shall be considered (see 5.7).

om regulators or relief valves and vents from vent valves shall be terminated to atmosy
rithout an ignition source. Protection against lightning shall be in accordance with 5.
htion shall be given to ensuring that during running or shutdown gas cannot re-circ
turbine compressor air inlet, the gas turbine enclgsure ventilation air inlet or outlet a
tions.

quivalent standard.

pf the outlet shall be such that debris/and any other potential foreign matter are prevg
hg the vent and arranged to achieve good dispersion taking into account the propd
hd anticipating any possible problems when venting from high pressures. The locati
shall not lead to hazardous dreas impinging on other properties, i.e. those belonging t
hird party.

pe independently installed unless it can be shown that there is no potential for hazary
between connectedvents.

fical, the requitément for venting shall be minimized.

res shall not™be used operationally on vent lines. During operation valves used onl
e shall bevsecured (open/closed as required) in a tamper-proof manner. Welded pipe
ed totavoid additional hazardous area classification around mechanical joints on vent

us area at the outlet point shall be suitably zoned in accordance with IEC 60079-10-1:2

quids collected before the detection of the leak. The location of the drain point of the
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5.22.3 Tox

Cand razardous enmissions

Means shall be provided to prevent the emission of hazardous substances from the machine in
accordance with ISO 14123-1:2015. Where the measures described in ISO 14123-1:2015 cannot reduce
the risk of toxic and hazardous emissions from vents or drains, additional precautions shall be taken to

ensure that such emissions cannot reach a toxic or hazardous level.
NOTE Also see NFPA 55:2020 as an acceptable equivalent to ISO 14123-1:2015.

Such measures may include, but are not limited to:

a) increasing the height of vent outlets to provide required dispersion for personnel who may be in
the area;

b) locating vent outlets in suitable areas where personnel access is normally prohibited;

50 ©1S0 2022 - All rights reserved


https://standardsiso.com/api/?name=798360d23801fb0905036a93653127d9

)

IS0 21789:2022(E)

and evacuation acoustic alarm and associated procedures;

d) the use of coalescers for the removal of mist from vents.

5.22.

4 Gas turbine compressor bleeds

continually monitoring for toxic emissions at outlets in conjunction with the associated shutdowns

If local discharge of the bleeds can create a potentially hazardous situation they shall be piped/ducted
to discharge to a safe location.

5.23

Pressure equipment
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1 General

vare of possible regional, national, local regulations and mandatory codes er-standarg
bure equipment (e.g. piping, vessels, associated assemblies). This section contains requ
bure equipment that are unique to gas turbine applications.

Several national or international design codes exist, for exampleZASME, API and ISO,
ed requirements of each code, whilst very similar, are different and are not interchangeable. G
Cable design code is called up from within national legislation.

2 Design

bressure equipment shall be designed taking into account all relevant factors to ens
bment is safe throughout its intended life and shall‘apply appropriate safety factors.

al considerations shall be taken when assessing'loadings on pressure equipment thatar
e gas turbine and associated equipment siich as internal and/or external pressure,
hting temperatures, mass of piping/vessel and contents, climate loads, dynamic effectg
htial movements of structures, vibrations, earthquakes, transportation, handling, fatig
s, etc. and applicable combinatiods’ of these loadings occurring simultaneously. T
thickness, tensile strength, ductility, forming, joining and test methods shall be suit
fic media and withstand the leadings that can occur. Where necessary, adequate a
bction against wear, erosipn,corrosion, chemical attack and decomposition of unstablg
ovided, taking due accatint’of the intended use.

isions shall be provided for inspection and testing, where appropriate.

3 Hazards

lesign, inSpection and validation activities undertaken to minimize hazards, shall be §
pecifiedpressure design code and its supporting international or national standards.
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4 Misuse

Consideration shall be given to the potential misuse of the pressure equipment (e.g. use as a means of
access, climbing on it, standing on it or for storage).

5.23.

5 Handling and operation

Risks associated with handling and operation shall be analysed and provisions for appropriate
precautions shall be made (e.g. fitting padlocks at manual valves that, if incorrectly operated, can cause
a hazard, fitting blanking plugs or flanges at manual valves opened to vent or drain and monitoring the
pressure and/or the temperature in the equipment prior to disassembly).
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Devices containing loaded springs that can cause injury if accidentally released shall be designed such
that the spring load can be reduced to below 110 N before the spring is disassembled. Otherwise they
shall be suitably guarded.

5.23.6 Isolation, draining and venting

Where applicable provide provisions for draining and venting of the pressure equipment for cleaning,
inspection and maintenance.

To avoid potential harmful effects (e.g. water hammer and vacuum collapse) all stages of operation and
testing shall be considered.

Where requlired for maintenance and inspection purposes, devices shall be provided for isolation and
the dissipat]on of fluid pressure.

5.23.7 Fluid injection
The hazard pf fluid injection into the human body shall be minimized by:

a) ensuring that all high-pressure piping in a position where it is likely to hé/damaged is protected,
robust dnd sufficiently supported;

b) providing shielding (e.g. screens) to flexible piping installed adjagent to an operator’s assigned
working position to reduce the risk resulting from a failure inthe flexible piping system where
failure ¢ould cause harm to persons.

5.23.8 Assemblies

5.23.8.1 Géneral

Assemblies ghall be designed so that the components to be assembled together are suitable and reliable
for their dutly and are properly integrated and:assembled in an appropriate manner.

Assemblies shall be designed to prevent velocity and pressure fluctuations causing harmful oscillations
in the systern (e.g. by pressure regulation,\correct pipe sizing, firm supporting and/or flexible couplings).

Piping, valvps, pumps, etc. shall be‘arranged to minimize the number of vent connections requirgd to
prevent the formation of air or gaspockets in liquids that can cause hazardous operating conditions.

All piping, pipe fittings, passages, surge or storage tanks and cored or drilled holes shall be free [from
burrs or forgign matter that'can cause damage to a system or lead to a hazardous situation.

Control valvies and other control components requiring inspection or maintenance shall be mounted in
positions thpat provide accessibility and avoid damage.

Where proprietary tube fittings are used, component parts from different manufacturers shall npt be
intermixed withimasingle fitting:

Tube fittings of a similar design from different manufacturers shall not be mixed on an assembly to
minimize the potential for leaks and failure where mixing of fitting procedures or individual parts is
possible.

Counter rotating (left hand and right hand) threads shall not be used on the same assembly where
there is the potential for uncontrolled pressure release.

5.23.8.2 Pressure control and overpressure protection

Where there is the potential for exceeding the allowable pressure limits the equipment shall be
protected by control or relief valves.
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Adjustment of over-pressure protection devices shall be possible only with the use of an appropriate

tool.

Safety devices shall be monitored as necessary and shutdown shall occur where abnormal deviations
are detected.

5.23

.8.3 Particulate contamination

The ingress of particles that can be detrimental to the safety of the equipment shall be prevented (e.g.
by the incorporation of a suitable filter or strainer).
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sparent bowls for filters or strainers (e.g. glass, plastic) shall be protected to prevent
b particles if failure occurs.

8.4 Filling and drainage

mmissioning shall be provided.

8.5 Accumulators

release of stored energy shall not lead to hazardous situations. The process side of a

sions for depressurizing shall be provided unless the accumulator has built in features
pssurization unnecessary.

8.6 Quick release connections

e quick release connectors are used, they shall be of the self-sealing type to prey
ngress of foreign particles and shallbe of the type that prevents opening whilst und|
ideration shall be given to the risk of incorrect reconnection if flexible lines are
ects shall not be the same ondifferent services.

8.7 Pumps

ystem can be blogked or closed. The relief fluid shall be piped to a suitable locatio
pressure does'not allow the system design pressure to be exceeded.

injury from

e means of filling or draining systems or parts of systems during commissioning, mainftenance and
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flow shall not be capable of causing overheating with the potential for cavitation and vapour lock.

The relief device shall be adjusted in accordance with the manufacturer’s instructions to prevent
bursting of the pump casing or downstream piping if a malfunction occurs that prevents pump flow.
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5.23.9 Safety accessories

5.23.9.1 General

Safety accessories are devices designed to protect pressure equipment against exceeding the allowable
limits. Be aware of applicable regulations and mandatory codes and standards regarding safety
accessories These shall take into account the following considerations:

a) be designed and constructed to be reliable and suitable for their intended duty and take into
account the maintenance and testing requirements of the devices, where applicable;

b) be indeﬁmmrmmhmmmm—)ther
functions;

c¢) comply[with appropriate design principles to obtain suitable and reliable protection-and shall be
designed so that fail safe principles are applied.

5.23.9.2 Pressure limiting devices

Pressurized| systems, if the risk of over-pressure exists, shall be fitted with pressure limiting deviges.

5.23.9.3 TJermal safety

Where hazardous excess pressure can occur in the pipework system due to thermal expansion qf the

liquid, mearns of pressure relief shall be provided.

Where thermal pressure relief valves are used on pressute€ equipment, the outlet from the thgrmal

relief valve $hall be piped to a suitable drain where the ba¢kpressure does not allow the system design

pressure to pe exceeded.

5.23.10Flexible piping (and metal hoses)

Flexible pipjng shall:

a) beasshprtas practicable consistentwith proper bend radii and routing and without being dist¢rted
to a defprmed shape or stretched(ina manner that causes inappropriate permanent tension;

b) be moujnted in such a way(a$ ‘to avoid distortion, uncontrolled movement and damage dyiring
pressurjization;

c) withstand the maximtum vibration levels that can be imposed by the equipment;

d) have infegral endfittings that allow replacement or maintenance and that enable the connecfions
to be helld in pesition and tightened without the risk of torsional stress being applied to the flgxible
section;

e) be routéd-andretainedso-thatitisunlikelythattheycanbeusedashandheldserfoetsteps

Where there is a possibility of hazards arising from leakage onto hot surfaces from flexible pipes
additional precautions shall be taken (e.g. by appropriate higher specification, guarding or routing the
pipe away from the hot surface).

Flexible pipes for gas systems shall be of corrugated stainless steel or be of a non-metallic construction
having a fire-resistant surface.

Corrugated stainless steel hoses shall not be used where there is the potential for the entrapment of
hazardous liquids and contaminants, e.g. within the corrugations or within any inner liner.

[SO 10380 gives design, manufacturing and testing requirements of metallic flexible hose assemblies.
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11External fire

Where the potential exists for pressure equipment to be subjected to external fire, appropriate
protective measures shall be taken to minimize risks in the event of leakage.

5.23.

12Material embrittlement and corrosion

Where equipment can contain gas or other media under pressure that can be contaminated, with the
potential for causing embrittlement of the pressure containing parts, materials shall be selected that
provide resistance to embrittlement, corrosion and the formation of cracks that can lead to failure.

Atte
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NOTH
crack
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5.24

5.24

celerate the corrosion process (e.g. the presence of hydrogen sulphide with trace conf
ury).

ISO 15156-1:2020 provides guidance on the selection of materials resistant to strg
ing in the presence of hydrogen sulphide at different levels of contamination, pgéssures and te|

ures shall be taken to monitor temperatures and pressures to ensure that they are
bs that were used for the selection of a given material.

ideration shall be given to drying and heating gases to reduce)the potential for the

13Ultra-violet (UV) resistant pipework

al considerations need to be given to the selection‘and use of non-metallic hoses and
surized applications and shall be aware of relevant regulations and standards. Degrad
llic pressure components due to applicatiopsand environmental conditions (e.g. UV li
nsidered.

Auxiliary systems

1 Lubrication systems

can interact
aminants of

SS corrosion
mperatures.

b within the

presence of

s with the potential to cause corrosion and thereby mitigate(the potential for material failure.

pipework in
hition of non-
ght) need to

The Jubrication oil system shall fulfil the requirements for oil flow, pressure and temperatyre required

by th
and/|

If an
oil fri
creat
a peq
temp

e gas turbine. Devices shall be fitted to monitor pre-set control parameters (e.g. loss
pr temperature) and.shutdown the gas turbine.

external seal ait-supply is necessary, on gas turbine shutdown, to prevent the intern:
om the gas tOkbine bearings to areas of high temperature within the gas turbine core
e a fire riskythe specification of the seal air supply shall be such that the supply is m3
iod thatallows the internal gas turbine surfaces likely to be in contact with the oil to

erature at which ignition can take place.

of pressure

1l leakage of
which could
intained for
tool below a

Whe

re-a fan-assisted coalescer is used for mist removal, and a hazardous situation can a

ise from an

increase in back pressure, a bypass or other measures shall be taken to reduce the back pressure to the
design limit.

Electrostatic charging and the formation of sparks in the lube oil system, which can lead to a hazardous
situation, shall be prevented. As turbine lube oils generally have a low electrical conductivity the
prevention has to be carried out by installation of equipotential bonding or by appropriate systems
parts, in particular, in relation to isolated conductors and non-conductive parts, such as filter elements.

NOTE For combined lube oil systems supplying the gas turbine and other driven equipment, the pre-set
control parameters can be driven by components other than the gas turbine in turbine train.
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5.24.2 Water systems

Where water systems (e.g. wash, injection, evaporative cooling, air inlet direct water mist spray and fire
protection) are located where there is the risk of freezing, measures shall be taken to avoid equipment
failure. Such measures may include:

a) theuse

of an appropriate anti-freeze additive;

b) trace heating of exposed equipment and pipe work with associated thermal insulation;

<)

can indt

1ce a hazard.

the use of suitable methods to prevent freezing of fluids in drain tanks where the lack of drainage

Solvents us
cleaning ang
a rapid incr
washing uti
ensure that

The quality
injection, ga
steam inject
impair the 1

5.24.3 Hyd

bd to enhance the properties of the wash fluid during on-line gas turbine compr

Pase in gas turbine combustion temperatures is not used. Off-line gas turbine, compr
izing solvents and anti-freeze shall be followed by a flushing, drying andipurging cy
no harmful or combustible deposits remain.

of water used for gas turbine compressor air inlet evaporation coglihg or direct water
s turbine compressor water wash, primary or secondary water injection and the sourt¢
ion shall be controlled such that the total contaminants entering the gas turbine sha
fe of components, leading to premature failure and a potentidlly hazardous situation.

raulic and pneumatic systems

ESSOr

| anti-freeze additives shall be selected so that a mixture capable of ignition or ef producing

bSSOT
'le to
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Hydraulic aipd pneumatic systems shall comply with the safety#¥equirements of ISO 4413:2010, Clayse 5,

and ISO 441
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5.25 Insta

Hazardous 4

1:2010, Clause 4, or other applicable industry codes and standards.

bME B31.3:2018 is commonly used for design of\pressure systems (see 5.23.1).

ity air supplies

of the supplied equipment.

f a utility air supply, safetyequipment shall either permit continued safe operation or
condition.

changes in the pressure of a utility air supply shall cause an alarm condition. If the pres
Cause a potential‘hazard, the safety devices shall cause shutdown of the equipment. W
'y to maintainpressure to achieve shutdown accumulators shall be included in the sy4

|lation-in’a hazardous area

reas'shall be classified in zones in accordance with 5.16.2.

upplies shall be filtered and have‘any undesirable condensate removed to avoid causing

shall

sure
here
tem.

Gas turbine installations in zones 0 and 1 areas shall be prohibited. Where the gas turbine is arranged
in a ventilated enclosure within a zone 2 area, the installation shall comply with the following.

a)

with the requirements of the more hazardous substance inside or outside the enclosure.

b)

taken into account.

c)

ventilat

d)

56

ion air inlet shall comply with 5.17.6.

Access within the gas turbine enclosure shall be in accordance with the requirements of 7.6.6.

Hazardous area equipment within the zone shall comply with 5.16.4. The equipment shall comply

The requirements of [EC 60079-10-1:2015, with respect to extent of the hazardous area shall be

If within the zone 2 area, the gas turbine compressor air inlet shall comply with 5.9.5 and the
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e) The measures for the prevention of the ignition of flammable gas, vapour or mist on hot surfaces
external to the gas turbine enclosure within the zone 2 area, as well as in the enclosure, shall
comply with 5.16.4.3.2.

f) Where the gas turbine exhaust temperature exceeds 80 % of the AIT, in degrees Celsius, of any
flammable gas, vapour or mist that can be present, it shall discharge to a safe area taking wind
effects into account.

g) The enclosure ventilation system shall maintain a positive pressure in the enclosure.

h) On the loss of ventilation an emergency shutdown shall be initiated (see 5.17.10).

NOTH Based on a site risk assessment, gas detectors can be required at the perimeter of-eyternal zoned

areaq to initiate a gas turbine shutdown if there is the potential for a hazardous gas concentration’level to occur.

It is possible that this is not be part of the packagers supply.

5.24 Unenclosed gas turbines in a hall

Hazdrdous area classification shall be in accordance with 5.16. Zone 0 areas’and continuops grades of

reledse in accordance with IEC 60079-10-1:2015 shall not be permitteddn'the gas turbine hpll.

Any surface temperatures exceeding 80 % of the AIT, in degrees Célsius, of the hazardous|gas, vapour

or mjist that can be present in a hazardous area shall be assessed and appropriate mitigation shall be

taken into account, as applicable, including but not limited to:

a) the size of the hall;

b) the areas of occupancy with respect to the potential for the ignition of a flammable mixture from a
leak source;

c) the possible harm to personnel in the vicinity of the deflagration;

d) the ventilation used for the area, where appropriate the techniques described in 5.16.5.3.2 and
$.16.5.3.3 shall be employed;

e) 4Jccess restrictions employed;

f) the installed non-asphyxiant fire detection and extinguishant equipment or interlock wjith isolation
of the fire system;

g) the gas, vapor and'mist detection provisions;

h) provision of deflagration relief equipment; certification of equipment in the hazardous|area;

i) qbility tolshutoff and vent/depressurize all sources of ignition of flammable substanceg.

Any yone 1 areas in the hall shall be limited to the extent arising from reasonably foresedable release

rateq that' will be diluted by the ventilation to a defined zone that shall not encroach on any equipment

not suitably certified or on any surface temperatures that exceed 80 % of the Al T, im degrees Celsius, of
any flammable gas, vapour or mist that can be present in the hazardous area.

The gas turbine hall shall be fitted with:

i) afire detection and extinguishant system in accordance with 5.15;

ii) anon-asphyxiantbased extinguishant system, or entry to the hall shall be interlocked with isolation

iii)

of the extinguishant, where personnel access to the hall is required during operation;

a ventilation system assessed in accordance with IEC 60079-10-1:2015.

Where the potential for an explosive atmosphere exists due to a leak of a flammable gas or vapour, the
hall shall be fitted with a gas detection system in accordance with 5.19, but taking into account the
need to locate detectors in the vicinity of potential leak sources, credible leak sizes and the effect of
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ventilation, and the different conditions when starting cold and running hot. Open path detectors shall
be considered for this application.

NOTE See Reference [71] for further information.

5.27 Decommissioning and disposal

Decommissioning information and instructions shall be provided that enable the user to isolate the gas
turbine and make it unable to start by at least two methods, such as, for example, removal of starter
motive power, removal of control circuit fuses, blinding fuel supply, removal of fuel control valve or

disabling the control program.

Preservation methods shall be provided where necessary. Special considerations and infermption
shall be givgn to decommissioning of hazardous noxious, toxic, and radioactive fluids, substanced, and
materials.

6 Compliance verification

6.1 Quallty assurance

Quality assyirance and quality controls, meant to ensure the achievemént and maintaining of g safe
product, shgll be achieved by the manufacturer using arecognised quality standard (e.g. ISO 9001:2p15).
Documentafion records shall be kept by the OEM for the equipmeént life, where there is a legal dyty to
do so, or otherwise shall be available for a minimum of 10 yeags firom the date of supply.

It is recommjended that safety related documentation such\as risk assessments, hazard and operability
studies (HAOPS) and records covering the life of compénents shall be kept by the OEM for the lesger of
the lifetime jof the equipment or 30 years.

Special congideration should be taken to ensuré-documentation retention periods are managed (ex.
Organizatiopal changes, acquisitions, divestijtures, etc.).

6.2 Verification of safety requirements

Compliance|with safety requirements shall be verified in accordance with Annex B. Mark produgts in
accordance with applicable regulatory markings.

7 Information for use

7.1 Genepal

The completed machinery manufacturer (e.g. final supplier/packager) is responsible to compilg and
provide thebinformation for use necessary tg reduce health and cnfnf_\]r’ and environmental #isks.

Information for use includes product manuals, operating manuals, safety data sheets, drawings,
diagrams, etc. that is necessary for the assembly, installation, transportation, storage, operation,
maintenance, and decommissioning. Information for use can be provided in whole or in part in
electronic format.

Sales literature describing the machinery shall not contradict the instructions with regards to health
and safety. Sales literature describing the performance characteristics of machinery shall contain the
same information on emissions as is contained in the instructions. The information on noise emissions
provided in the technical sales literature shall not contradict the instructions.
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7.2 Language

Safety related documentation (e.g. instructions) shall be drawn up in the base language selected by the
OEM from which any translations are produced.

Safety related documentation shall be issued in the language agreed with the purchaser. Additionally,
be aware of languages demanded by local legislation. By way of derogation from this requirement,
maintenance and commissioning documentation for use by specialized personnel need only be available
in a single language understood by those personnel.

7.3 Packaging

The {
whet

inal machinery manufacturer is responsible to mitigate residual risks associated with
e applicable and communicate the final residual risks in the information for use:

integration
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s for both the devices and the controls and the equipment is within calibration, the loo
placed by a communications check. Powercsupplies for safety devices, including th
nstalled by the operator, shall be checked*to ensure that the voltage and current s
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documentation shall include details of bonding, earthing and shielding checks that shall be

rtaken with respect to safety devices and associated wiring where the devices are
htic electricity or electrical interference. The documentation shall include details of |

"wise subject to the build-uip of static electricity that can affect the operation of safety
hition in a hazardous/area or cause static shocks to personnel.

locumentation shall designate the piping connections to all safety related supply, vent
and tanks. It Shall state that during the commissioning process, all components shal
roper function. Where necessary, that the associated flow rates, pressures and temp
n limitséand that associated safety devices, pressure equipment assemblies and locl
orrectly-installed and calibrated.

ocumentatlon shall state that hazardous areas shall be rev1ewed w1th the operator to
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such hazards as gas vents, other sources ofpotentlally exploswe leakage or hot surfaces

The documentation shall include the necessary checks to verify that site installed fire protection
equipment has been assembled and located correctly. This shall include checks that pressurized
extinguishant and propellant bottles are located such that overheating will not occur and burst
disc debris and discharges are directed to a safe location. Where an extinguishant discharge test is
required after installation, the documentation shall include the procedure to be adopted and the safety
precautions to be taken, including those where the test is undertaken from running conditions and any
post-test inspections that may be required.

Pre-start checks (cold commissioning) shall include exercising of valves and other devices that are
part of a safety function and checking that the equipment is correctly mounted and aligned. Where
applicable, running tests shall be undertaken to verify that safety devices are operating correctly.
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Where x-rays or gamma rays are used for inspection, diagnostics, or calibration, the documentation
shall include precautions to be taken to protect personnel and sensitive equipment from harm.

The documentation shall state that for starting systems having common starting capabilities for
multiple units, proper electrical and mechanical interlocks shall be tested prior to commissioning in
order to avoid starting the wrong gas turbine.

7.5 Operation

7.5.1 General

Instructiong for use shall be provided.
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uring start-up, changes in operation and shutdown, the locations of emergency stop de
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tion for use shall identify all site specific reasonably foreseeable environmental condi
ct the operation of the equipment and the associated cerrective actions.

system section of the information for use shall describe the function of the co
equipment operating concept and modes, and:how the annunciation of start, oper
vn sequences, the machine status and fault conditions are arranged and displayed
for use shall include a description of any.Start-up warning devices, hold-to-run de
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and
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machine will react after the actuation of safety devices. Any message: Alarms, shut

bhutdown, permissive to start, etc., shall’lbe explained in the information for use. Wh
juires operator intervention the actionis required shall be clearly indicated or describ
tion for user. The information for pise shall describe any actions that shall be taken b
I alarm condition and before resetting after an emergency shutdown or emergency stq

hal intervention is required for testing of the safety functions and devices during ng
e periodicity and thé actions required shall be described in the information for use.

ty instructionsyand emergency procedures

hition for use-shall contain safety instructions required to ensure that the maching

own,

re a
ed in
pfore
p, as
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ry is

der specified operating conditions and the actions to be taken in the event of all reasonably

foreseeable emergencies and warnings against any potential misuse of the equipment.

hazardous substances/additives approved for normal use during operation of the machine and shall
clearly specify any particular working practices and personal protective equipment (PPE) that are
necessary to ensure their safe use, including details of acceptable cleaning solutions and working
practices during their handling and use. Additionally, the information for use shall contain information
detailing the correct use of the machine to prevent exposure of the operator to harmful substances and
any biological hazards. The information for use shall provide limitations on the use of flammable anti-
freeze agents during gas turbine compressor washing.

The information for use shall instruct that regular checks for leaks are undertaken on exhaust ducting
and exhaust flexibles where these are routed through a building where leakage can lead to asphyxiation
of personnel in or passing through the building (see 5.12.3). A description of the characteristics of any
vents, exhausts or drains for hazardous and noxious substances shall be included. Where the potential
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exists for contact with or inhalation of toxic gases, the manual shall contain information on the use of
portable gas detectors in conjunction with site procedures to cope with any leakage.

The information for use shall include instructions on the actions taken by the operators in the event
of a gas or mist detector alarm where fitted. Where automatic or manual processes exist to change
the ventilation rate on the detection of a leak, the process shall be described in the manual together
with details of the effects of its use on the gas or mist detection equipment. If more than one detector
is provided, the information for use shall include instructions on the interpretation of each detector
reading. The information for use shall also include the actions and precautions to be taken to locate and
eliminate the source of a leak, including details of the equipment to be used, and limitations on access
when a leak is known to be present. Where the incorrect operation of manual drain or vent valves can
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The jnformation for use shall-include instructions covering any necessary inspection, stabilization and
re-sgtting actions that shall be'taken prior to a gas turbine restart in the event that a turbinelcompressor
surge event has occurred.

7.6 | Enclosureaccess

7.6.1 General

The |nformation for use shall provide instructions covering access to the gas turbine apd all other
enclgstres during operation, maintenance and commissioning based on the requirements shown in

7.6.2,7.6.3,7.6.4 and 7.6.5, including that prior to entry to any enclosure protected by a fire suppressant
system capable of asphyxiation or other hazards, the release of the suppressant shall be mechanically
isolated and locked off. Electrical isolation may be permitted for short term entry in large spaces with
ease of egress where this cannot be overridden by manual release. In confined spaces, mechanical
isolation shall be applied.

The information for use shall contain instructions for the opening of machinery enclosure doors
ventilated by positive pressure to prevent impact hazards and the closure of negatively ventilated
machinery enclosure doors to prevent crushing hazards, and shall state that enclosure doors shall be
correctly closed after maintenance, or any other opening of the doors, to obtain the correct integrity of
any enclosure protected by an extinguishant gas.
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The information for use shall contain instructions on the conditions required for access, taking into
account the internal conditions such as noise levels, presence of any hazardous gas, internal temperature
levels and temperature distribution.

The information for use shall include guidance, where appropriate, on the use of an additional person
who shall be present external to the enclosure to monitor activities and take any emergency action if
a hazardous situation arises. Where the enclosure door is closed the additional person shall monitor
activities from a position local to the door with line of sight to the activity being undertaken. The
additional person shall have mechanisms and means to monitor personnel within the enclosure. Where
line of sight cannot be achieved other methods shall be used to enable an alarm to be raised if an
incident occurs.

7.6.2 Risllt assessment for accessing enclosures

Opening of the enclosure doors and any subsequent entry shall be under the control of a written pgrmit
to work (PT|W) system which shall also detail PPE suitable for the given task. The PTMW+shall be raised
taking into pccount at least: changes in the ventilation airflow, the presence of flammable leakg, the
risk of ignitjon, entrapment, slips, trips and falls, thermal and noise hazards, egress restriction ih the
surrounding area, potential for doors to freeze closed during access, and lighting=An additional pgrson
shall be pregent during access.

Where accesss in the enclosure is being undertaken no egress restri¢tions shall be in place in the
surrounding areas. Where emergency lighting is not provided entry‘shall not be undertaken upless
natural ambient lighting provides visibility for exit or uninterruptible temporary lighting is installed.

7.6.3 Limjitations under operational conditions

Access to the gas turbine enclosure followed by dooriclosure shall be prohibited under rurnning
conditions, inless access routes are provided for routine'maintenance activities and adequate methods
of escape ex]ist, with provision for opening enclosuredoors against ventilation loads.

Access shal|l be permitted only when steady (State running conditions have been established and
no alarm c¢ndition exists that can escalate jinto a hazardous situation or where other reasomably
foreseeable [or planned changes in operation can occur. The small variations that occur during ngrmal
running are|not considered to increaseisk.

7.6.4 Limjitations under non-operational conditions

A section of the informatiorfor use shall address conditions for access to the gas turbine enclgsure
under non-dperational conditions. The gas turbine and other machinery appropriate to the task o be
undertakenishall be interlocked from starting. Pressurized systems applicable to work to be undertaken
shall be depfessurizedyvented and appropriately isolated.

Where access under non-operational conditions is necessary, followed by closure of the enclgsure
doors the avallab1l1ty of l1ght1ng w1th1n the enclosure shall be assured through the ava1lab1l1 y of
permanent & : . S v S ;
system operational and with Ventllat1on loads on enclosure doors add1t1onal precaut1ons shall be taken
(e.g. ventilation control from within the enclosure, radio communication) to prevent entrapment of
personnel.

7.6.5 Access during commissioning and re-commissioning

Where special access is necessary during initial commissioning or re-commissioning after overhaul
or modification, such access shall be undertaken only by appropriately qualified and experienced
personnel and shall be detailed in the associated commissioning documentation supported by a written
PTW in accordance with 7.10.
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7.6.6 Installations in a hazardous area

See 5.25. In addition to the requirements of 7.6.1 to 7.6.5 access to gas turbine enclosures within
hazardous areas shall be prevented during turbine operation and after shutdown unless at least one of
the following conditions is fulfilled:

a) hot surfaces have cooled to below 80 % of the AIT, in degrees Celsius, of any potentially explosive
atmosphere;

b) gas detectors are in use for checking presence of hazardous atmospheres at the point of entry and

procedures are in place, should a hazardous atmosphere occur during access.
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Maintenance

General

information for use shall include all of the instructions necessary for maintaining
htion of safety equipment for its intended life. It shall-include the replacement of part
hited by operating hours/cycles. Due consideratign shall be taken with regards to {
pility and the importance of the device. See also 5.3 regarding modifications and

Fe applicable to ensure reliable and safe pperation the information for use shall contain
ling the sampling of fluids and information on the need for replacement. Lubricating a
halysis shall be undertaken at defined periods to ensure that deterioration in theiy
h could lead to a hazardous situation, has not taken place.

information for use shallSidentify the appropriate safeguards that shall be take
tenance activities to be~carried out including the use of special tooling and fixtures
cover, where applicable; the hazards arising from gas turbine rotating component]
milling), variablecgeometry and similar mechanisms during maintenance, adju

be included with recommendations on PTW, isolation and tagging procedures and tH
ing signs. Wiere applicable guidance on the use of method statements shall be give
htial for erushing, entrapment or other hazards exist whilst moving equipment.
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7.7.2 General maintenance hazards

The information for use shall include the precautions required where there is the potential for spark
generation in a hazardous area while maintenance work is being carried out, including the shut-off and
venting of supplies and checks for the presence of gases prior to and during any work. The provisions to
prevent spark generation in the information for use shall comply with ISO 80079-36:2016.

Where necessary to avoid specific hazards, the information for use shall include instructions for the
removal and replacement of any guards without damage to components and the necessary isolation
procedures to prevent unexpected movement of the guarded equipment, including instructions that
guards shall be replaced and, where applicable, correctly sealed before the machine is re-started.
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The information for use shall detail the acceptable methods for cleaning equipment and shall clearly
state if water jets and/or compressed air can be used for cleaning and detail any applicable safeguards.

Additionally, clear instructions shall be provided in the maintenance information for use to ensure
adequate understanding of the criticality of the parts, and the correct installation methods.

7.7.3 Accessibility, isolation and energy dissipation

The information for use shall include guidance on access including the requirement for temporary
access platforms required to ensure that the maintenance activity can be executed. Where the activity

is at an elevated level the guidance shall include the precautions to be taken against falling objects.
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luids.
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tion for use shall describe the devices to prevent unexpected start-up or movement, {
tion and dissipation of stored energy and, their use during gas turbine maintenancg
bwn in 5.21.2.

ption for use shall describe the inspection of the lightning protection system f
after a known lightning strike.
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htion for use shall contain instructions for the inspection and maintenance of pre
0 maintain integrity including checking/testing the operation of pressure control and
the periodicity atWhich the activities shall be undertaken. The instructions shall in
vear, erosion, abfdsion, corrosion or material degradation where required for conti
ormation foruse shall include inspection procedures and change-out periods for flg
ragms andyother parts subject to deterioration from continued movement where fa
hazardeus situation.
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ind)pipework, including but not limited to the venting/drainage of any residual pres|

any purging required to create an inert atmosphere and associated isolation and blanking. It shall
also contain instructions on how to verify the leak tightness of equipment including pressure testing
after re-assembly and the precautions taken during testing, including the use of PPE and the risks of
asphyxiation from leakage of oxygen-depleting gases used for test purposes. Instructions, where
necessary, shall be included for filling after assembly and verification of leak tightness.

Where pressure testing is not practical (e.g. between the last fuel shut-off valve and the combustion
burners) the information for use shall contain alternative procedures to verify that all connects are
leak tight. Where procedures cannot eliminate a hazardous leak pressure testing with dummy fittings
prior to making the final connections shall be undertaken.
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7.7.5 Fire protection systems

The information for use shall include inspection programmes and maintenance instructions for the
total system and its components. The programme shall include the inspection intervals for the different
parts of the system such that faults are detected at an early stage to allow rectification before the system
may have to operate. Where the system includes retention fire dampers and their associated controls
these shall be included in the inspection programme. The programme shall include periodic functional
checks that the equipment operates correctly. Non-standard tools required for the maintenance of the
fire protection system shall be identified and should be offered as an option.

The information for use shall state that the sound level of an acoustic alarm shall be audible above the

: 1 1 yali | 1 L A L > 1 e
NOIS¢TEVET OT tITC DUTIUIITgG/dred 1T 1T0T ITdT OPTT atIo1T.

7.7.4 Gas detectors

The nformation for use shall include guidance on the maintenance and calibration details for gas
dete¢tors in accordance with IEC 60079-29-2:2015, Clause 11, including normal calibratipn intervals
basefl on the type of detector and its location/usage. The instructions shall inelude guidance on the test
and neutral gases to be used and, where applicable, the required flowrate, the LFL settings used and
their{relevance to the associated hazard.

The Information for use shall specify actions taken where calibration checks show changgs in reading
accuracy that can allow gas concentration to arise above hazardous limits without being detected.
Such|action may include shortening of the calibration interval or replacement of the sensdr or sensing
element. The maintenance procedures shall include verification that the signal from the gas detector
givegd the correct measurement at the control equipmentand that the correct actions are initiated at the
set alarm and emergency shutdown levels.

The tfise of aerosols, and especially the use of sili¢éne oil mists, shall not be permitted withip, and in the
Vicir:I;ty of, the enclosures as they lead to an undetected poisoning of the catalysts such that the safety
function of the detection system is ruined without the operators being aware. Maintenance |nstructions
shallfinclude this prohibition.

7.7.7] Control systems: maintenance, calibration and testing

The information for use shallinclude details of the safety related controls and associated equiipment that
requjre functional checks, maintenance, calibration or testing at specified intervals so that the safety
integdrity level of the safety’/functions are assured, including those functions that may be dalibrated or
testedd when the gas turbine is running, together with details of any precautions necessary [to avoid any
hazapd arising fromthe operation of the controls during maintenance. Where applicabl¢ the checks
shallfinclude a functional test of the safety systems, including safety devices and sensors, fhat verifies
that [the contrel(system reacts correctly to the input signals. Calibration shall be completed during
comimissionihg; after any relevant intrusive maintenance and at intervals specified by the manufacturer
basefl on the usage of the relevant equipment, that ensures the said equipment shall remajn within its
speclfied working tolerance.

The information for use shall describe the automatic testing of the speed sensors for detecting
overspeed and the associated controls as defined in 5.20.7. The information for use shall instruct any
additional testing of associated equipment during shutdown conditions and the period, at which such
tests are required, if such tests are necessary.

Where trend monitoring techniques are utilized to alleviate the need for maintenance activities
these shall be subject to a detailed review to ensure that hazards are not introduced throughout the
foreseeable lifetime of the equipment. The criteria for the use of the trend data shall be included in the
information for use.
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7.7.8 Hazardous materials and substances

The information for use shall contain warnings and details by referring to material safety data sheets
(SDS) for all hazardous substances approved for use during maintenance of the machine and identify
any hazardous materials, biological hazards or hazards generated by materials and substances (and
their constituents) used or exhausted by the machinery that can be encountered during maintenance
and shall clearly specify any particular working practices and PPE that are necessary during all
maintenance operations.

Where toxic fuels are used which can leave harmful residues after purging or drainage the information
for use shall contain instructions for the non-hazardous handling and maintenance of equipment that
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Where the considerations in 5.7 or any other requirements show a need for personal ear protection a
mandatory warning sign shall be posted at the entries to the area.

Where detailed documentation is not included in the information for use to allow the identification of
piping or a piping section and the associated system to which it belongs, the piping as installed shall
be marked by painting, lettering, tagging, etc. From the markings, it shall be possible to identify the
system to which the piping belongs.

Warning signs shall be placed at points where toxic emissions can occur.

The location of warning/safety signs and notices shall be documented.
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7.9 Noise

Information for use shall contain information on sound power level from the gas turbine and accessories,
and the emission sound pressure level at specified positions, as follows.

— For gas turbines for which the ambient noise levels depend on the conditions of installation, it is
not possible to specify these ambient noise levels in the operating and maintenance instructions.
In this case, the operating and maintenance instructions shall include a warning about the dangers
of airborne noise and on the need for performing, after the installation, acoustic measurements
to determine the sound pressure level in the conditions specified in 5.7 and for implementing
appropriate protective measures if necessary. Gas turbine noise emissions and test report shall be

or sound pressure levels at operator position(s):

here the workstation(s) are undefined or cannot be defined, the A-weightéd souphd pressure
vels are those measured at a distance of 1 m from the surface of the machinery ar:;II at a height
f 1,6 m from the floor or access platform. The position and value of the maximum sound pressure
ghall be indicated.

2. Where the workstation(s) are defined:

3. A-weighted sound power level emitted by the machinéctogether with uncertainty of stated
values, where the equivalent continuous A-weighted“emission sound pressure |level at the
operator’s station(s) exceeds 80 dB;

Ib. A-weighted emission sound pressure level at the operator’s station where this ex¢eeds 70 dB,
together with uncertainty of stated values;<where this level does not exceed 70 (B, this fact
shall be indicated.

NOTE1  The value of the associated uncertainty can be given in accordance with ISO 4871:1996.

Nois¢ emission shall be measured at“the installation site during commissioning apd declared
afterfjwards. Noise-emission values gathered over time will allow the generation of a compahy data base
of ndise emission values that they cah-tise to provide noise emission information in the indtructions to
future clients.

NOTH 2 The noise exposure/leyvels on site are influenced by a number of factors in addition to the gas turbine,
geomletry and nature of surfaces of the building; climatic conditions; external noise sources. The usef then carries
out aflditional measureméntstor use in workplace noise assessments after the gas turbine is in full joperation.

7.1(0 Permit towork (PTW)

The pperatiofi and/or maintenance manual shall contain guidance on the use of a written PTW system
and that such a system is used for activities carried out in hazardous areas, confined spaces, on
pressurized equipment, and where supply isolation is required to allow safe working. The manual shall
statg that it is the responsibility of the operator to issue a written PTW system and that such work
be undertaken by competent and trained persons who fully understand the risks involved and, where
necessary, the requirement for a second person to be present who shall maintain close communication
during the operation concerned.

7.11 Training

Details of the training necessary for personnel involved in the operation, maintenance and
commissioning of safety equipment covered by this document shall be available. This shall include the
use of PPE, the functioning of safety devices, their interaction with the controls, the actions that follow
an alarm and emergency shutdown level being activated and any subsequent actions that shall be taken.

NOTE IEC 60079-17:2013 and IEC 60079-19:2019 can be used for guidance on the inspection, maintenance
and repair requirements for equipment in hazardous areas.
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7.12 Decommissioning and disposal

Where required by the end operator documentation shall include guidance to render the equipment
inoperative and guidance on safe decommissioning and disposal of hazardous substances based on the
instructions contained in ISO 14123-1:2015.

NOTE Also see NFPA 400:2019 and/or other recognized standards or local legislation.
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Table A.1 lists significant, anticipated hazards together with the significant corresponding preventative

measures to reduce or eliminate these hazards. See also Clauses 5, 6, and 7.

Table A.1 — List of significant hazards
Hazard Hazardous situation Preventative measures Referencp
Lacklof safety Devices may not function Risk assessment 5.2
studjes correctly under all reasonably
foreseeable situations
Crushing Moving parts Safe access 5.8.2,7.6,[7.8
Shealring Uncontrolled movement Guards 5.8.1,7.714,7.7.2
Cutting or sever- |Fingers trapped during main- |Isolation/emergeficy stop 5.21.2,5.40.8
ng tenance activity Permit to work 710
Entapnglement Operator trapped in valves/ Safe distaficos 5811
actuators
Clothing trapped in rotating Warniig signs 8
parts Maintenance 77
Trapping Person trapped within an Access control 5.13.9,7.6, 7.8
enclosed space and unable tq Release mechanism 5138
escape =
Operator trapped inenclo- Lighting Lt
sure dampers, potential for Warning signs 78
Severing Isolation/emergency stop 5.21.2,5.20.8
Permit to work 7.6.2, 7.10
Person in attendance 7.6.1
Impdct Forpeigil matter in the gas Vibration detection 5.8.7
qyptne Design for containment 5.8.15
Mechanical disassembly Remote safety shut-off valve 5.10.5.5, 4.10.6.5
Blade failure Traceable materials, testing 5.8.9
FOD screen 5.8.16
Eoreign-matterinthe ventila—Guard 518
tion system followed by vio- Design for containment
lent disassembly of enclosure
ventilation fan blades
Violent disassembly of air- Fan location 51
blast oil-cooler fan, damage to
. . Guard
cooler matrix creating poten-
tial for fire Design for containment
High positive/negative Door stays, access control 5.13.8,7.6
enclosure pressure causing Warnine siens 78
uncontrolled door movement/ 518 =
straining forces
Entry hazards
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guards

Table A.1 (continued)

Hazard Hazardous situation Preventative measures Reference
Icing at gas turbine com- Monitoring, prevention, implosion [5.9.3,5.9.4
pressor air inlet causing gas | protection
turbine compressor surge
Starter-motor rotor failure Containment, overspeed protection |5.8.18

Access control
Cutting, severing |Sharp edges/corners Removal/protection of sharp edges, [5.8.1.3,7.6.2

Falling or ejdction

Maintenance tools causing

Maintenance, atmospheric checks

773, 5.24.1, 7.7

of objects sparks in a hazardous area Training 711
Op_erator m_]ured by falling Use of PPE 711
objects during periods of —
maintenance
Break-up: Lgss of |Faultin driven unit causing Design 58.6
containment violent disassembly Testing % 817
Failure of high-speed rotating |Design, containment .8.15,5.8.17,5.88
components Testing 5.8.13, 5.18.4
Vibration monitoring 5.8.7
High pressure-flu-|Over-pressure in high pres- High-integrity pipework and con- 5.23,5.24,5.10.6.9
id injection dr sure hydraulic water wash nectors
ejection systems, low-pressure gas tur- Monitoring 5.23
bine lubricating oil systems, ) . ]
fuel systems, instrument air Regulationdnd relief 5.23
supply, and steam-injection  |Inspectiof 7.7.4
supply Maintenance 7.7.4
Over-pressure in fluid lines
where fluid is trapped
Fuel vapour Jock |Rupture of pressure equip- Design 5.10.6.4
Qgggacontammg hazardeus Pressure relief 510.8,5.23.8.7
Monitoring
Over-pressufe Failure of gas turbine pres- Design 5.8.3
ejection sure casing containment Thermodynamic design 5.8.15
Over-préssure in enclosures |Integrity of structure 5.13.2
due to'extinguishant dis- Tests 5156
charge —
Over-pressure in the gas tur- Maintenance 214
bine enclosure due to breach |Design, test 5.8.3,5.8.15
of gas turbine pressure casing
Surge causing over-pressure |Surge margin, control 5.8.4
in the combustion inlet, inlet 592
filter/ducting/flexible frac- I
ture and structural failure
Exhaust over-pressure due to |Monitoring, closing speed control 2.1
uncontrolled exhaust damper Shielding of flexibles 5.12.2
closure
Pulse in exhaust on shutdown
due to gas turbine surge
Hazardous discharge at gas Routing to a safe location 5.22.4
turbine compressor bleed
valve
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