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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-g

avernmental_in liaison with 1SO_also take part in the work 1SO collabhorates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. Draft Internation

adop
Interr

Attention is drawn to the possibility that some of the elements of this document may be the sub

rights

ISO 7

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

ed by the technical committees are circulated to the member bodies for voting. Publi
ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.

1789 was prepared by Technical Committee ISO/TC 192, Gas‘turbines.

Part 2.

al Standards
cation as an

ect of patent
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Introduction

This document is a type C standard as stated in ISO 12100 (all parts). A type C standard is “a standard
dealing with the detailed safety requirements for a particular machine or group of machines”.

The machinery concerned and the extent to which hazards, hazardous situations and hazardous events are
covered are jndicated in the Scope of this International Standard

When provis|ons of this type C standard are different from those that are stated in type A or B standardsg, the
provisions of| this type C standard take precedence over the provisions of the other standards far machines
that have be¢n designed and built according to the provisions of this type C standard.

The extent df the applicability of the references may be limited by the context of the text within ISO 2[1789.
Where a dated standard is specified this does not preclude the use of later versions provided thgt the

requirementg continue to meet the safety issues and identified hazards detailed dinythis standard. Where a
reference is Inade to a specific clause in a standard only the text of that clause and réferences therein apply.?)

In addition tg covering the relevant safety requirements, this International Standard has also been produded to
assist designjers, manufacturers and others by providing methods of compliance with the relevant, essgntial

safety requirements of the following European Legislation for gas turbine applications without prejudlicing
compliance With this International Standard outside the European Union:

— Machindry Directive (2006/42/EC);
— ATEX (Bquipment) Directive (94/9/EC);
— Pressurg¢ Equipment Directive (97/23/EC).

Methods are|also provided as far as practical and where relevant for compliance with the relevant, essgntial
safety requirgments of the following European Legislation:

— ATEX (Workplace) Directive (1999/92/EC);
— Low Voltage Directive (2006/95/EC);
— Electronmpagnetic Compatibility Directives (91/236/EEC — 92/31/EEC — 93/68/EEC — 2004/108/EC);

— Integrated Pollution Prévention and Control Directive (96/61/EC);

— Environ]wental Noise Directive (2002/49/EC);
I

— Chemicgl‘Agents Directive (98/24/EC);

— Classification, Packaging, and Labelling of Dangerous Substances Directive (97/69/EC).

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

Viii © ISO 2009 — Al rights reserved
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Gas turbine applications — Safety

1

Scope

This

fuels
(simg
produ

This
(e.g.
enclo
drive

This
spec
This
Equiy

Gas
safet
othern
be pu

This
conte
stang
natio
stang
alterr

This
heat
close

apprd

This
its pu

nternational Standard covers the safety requirements for gas turbine applications using diqui
and the safety related control and detection systems and essential auxiliaries for all types o
le, combined, regenerative, reheat, etc.) used in onshore and offshore applications’ inclu
ction platforms.

International Standard applies to driven machinery only where it is an integral part of the
A gearbox integral to the gas turbine), or is located within the gas turbine{enclosure and forn
sure hazardous area classification (e.g. a generator within the gas turbine enclosure),
n machinery has a direct effect on the operational safety of the gas turbine.

International Standard details the anticipated significant hazards associated with gas

fies the appropriate preventative measures and processes far reduction or elimination of th
International Standard addresses the risks of injury or death to humans and risks to the
ment damage without risk to humans or the environment.is not covered.

1 or gaseous
open cycles
ding floating

gas turbine
hs part of the
br where the

furbines and
ese hazards.
Environment.

urbine packages are generally specified using International Standards and national standar

s. Achieving

y is promoted by using additional safety codes and standards, which are shared by gas furbines with
technologies. It is necessary to recognize thatfocal legislation in the country in which the equipment is to

t to use may not be covered by this International Standard.

International Standard approaches<ga$ turbine safety from an international perspective hased on the

nt of existing, recognized ISO and |EC standards to the greatest extent possible. Where n

ISO or IEC

ard exists, other codes or standards (such as EN, NFPA, etc.) have been included. Where local or
hal legislation accepts other.gstablished codes or standards, or an alternative international or national

ard providing equivalentrequirements for achieving the desired tolerable level of risk, the
ative codes or standards in place of the references provided in Clause 2 is permissible.

International Stapdard excludes gas turbines used primarily for direct and indirect propu
source applications and in research and development programmes. It also excludes gas
d-cycle and<ssemi-closed cycle applications, and compressed-air energy storage pl

priate, this\International Standard can be used to give general guidance in such applications.

ocument is not applicable to machinery or safety components that were manufactured befo
blication as an International Standard.

use of these

sion, special
turbines for
nts. Where

e the date of

2 Normative references

The following referenced documents are indispensable for the application 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.

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

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

ISO 3977-9:1999, Gas turbines — Procurement — Part 9: Reliability, availability, maintainability and safety

©1S0
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ISO 4413:1998, Hydraulic fluid power — General rules relating to systems

ISO 4414:1998, Pneumatic fluid power — General rules relating to systems

ISO 4871:1996, Acoustics — Declaration and verification of noise emission values of machinery and

equipment

ISO 6183:1990, Fire protection equipment — Carbon dioxide extinguishing systems for use on premises —
Design and installation?)

ISO 10441:2007, Petroleum, petrochemical and natural gas industries — Flexible couplings for mechanical

ooingy
TTSOSTOTT

power trans

ISO 10494:1
Engineering

ISO 11086:1

ISO 12100-1
terminology,

ISO 12100-2
principles

ISO 12499:1
ISO/TR 1338
ISO 14001:2
ISO 14118:2

1ISO 14120:2
fixed and mo

ISO 14121-1

ISO 14123-1
machinery —

ISO 14520-1
requirementy

1ISO 14691:1
transmission

Qnninl npirnaon annlinafinno
O CCrarpurposCaprcatoris

DO3, Gas turbines and gas turbine sets— Measurement of emitted airborne--no
survey method

DO6, Gas turbines — Vocabulary

2003, Safety of machinery — Basic concepts, general principles for esign — Part 1:
methodology

D99, Industrial fans — Mechanical safety of fans — Guarding

7-7:1999, Fire safety engineering — Part 7: Detection/activation and suppression
D04, Environmental management systems — Requirements with guidance for use
D00, Safety of machinery — Prevention of unexpected start-up

D02, Safety of machinery — Guards =y 'General requirements for the design and construct
vable guards

2007, Safety of machinery —=Risk assessment — Part 1: Principles

1998, Safety of machinery— Reduction of risks to health from hazardous substances emitt
Part 1: Principles and.specifications for machinery manufacturers

2006, Gaseous-fire-extinguishing systems — Physical properties and system design — Ge

D99, Pelroleum and natural gas industries — Flexible couplings for mechanical [
— General purpose applications?)

ISO 19353:2

Basic

2003, Safety of machinery — Basic concepts, general principles for design — Part 2: Technical

on of

od by

neral

ower

D05, Safety of machinery — Fire prevention and protection

IEC 60079-0

:2007, Explosive atmospheres — Part 0: Equipment — General requirements

IEC 60079-4:1975, Electrical apparatus for explosive gas atmospheres — Part 4: Method of test for ignition

temperature,

amended by IEC 60079-4-AM:1995

IEC 60079-10, Electrical apparatus for explosive gas atmospheres — Part 10: Classification of hazardous

areas

2)

mechanical power transmission — General-purpose applications.

Replaced by ISO 14691:2008, Petroleum, petrochemical and natural gas industries — Flexible couplings for

© I1SO 2009 — All rights reserved
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IEC 60079-14:2007, Explosive atmospheres — Part 14: Electrical installations design, selection and erection

IEC 60079-17:2007, Explosive atmospheres — Part 17: Electrical installations inspection and maintenance

IEC/TR 60079-20:1996, Electrical apparatus for explosive gas atmospheres — Part 20: Data for flammable
gases and vapours, relating to the use of electrical apparatus

IEC 60079-29-1:2007, Explosive atmospheres — Part 29-1: Gas detectors — Performance requirements of
detectors for flammable gases

IEC 60079-29-2:2007, Explosive atmospheres — Part 29-2: Gas detectors — Selection, installation, use and

main

IEC 4

IEC ¢
HV e

IEC 4

IEC 4
elect

IEC/T
gquids

IEC/]
gquids

IEC ¢
Immu

IEC 4
Emis

IEC ¢
syste

IEC 6
Part

EN 1
and 1

EN 1
and 1

enance of detectors for flammable gases and oxygen

0204-1:2005, Safety of machinery — Electrical equipment of machines — Part 1: General rg

0204-11:2000, Safety of machinery — Electrical equipment of machines — Part11: Req
huipment for voltages above 1 000 V a.c. or 1 500 V d.c. and not exceeding 36’kV/

0529:2001, Degrees of protection provided by enclosures (IP Code)

0695-1-1:1999, Fire hazard testing— Part 1-1: Guidance for “assessing the fire
otechnical products — General guidelines

R 61000-5-1:1996, Electromagnetic compatibility (EMC)~~ Part5: Installation an
lines — Section 1: General considerations — Basic EMC publication
R 61000-5-2:1997, Electromagnetic compatibility. {EMC) — Part 5: Installation an

lines — Section 2: Earthing and cabling

1000-6-2:2005, Electromagnetic compatibility’ (EMC) — Part 6: Generic standards -
nity for industrial environments

1000-6-4:2006, Electromagnetic compatibility (EMC) — Part 6: Generic standards -
Sion standard for industrial environments

1508-1:1998, Functional safety of electrical/electronic/programmable electronic sa
Ims — Part 1: General requirements

1511-1:2003, Functional safety — Safety instrumented systems for the process indus
/- Framework, definitions, system, hardware and software requirements

127-1:2007, Explosive atmospheres — Explosion prevention and protection — Part 1: B3
hethodology.

B463-1:2001, Non-electrical equipment for potentially explosive atmospheres — Part 1: B
equirements

quirements

lirements for

hazard of

0 mitigation

Q

mitigation

Section 2:

Section 4:

fety related

try sector —

sic concepts

asic method

EN 50272-2:2001, Safety requirements for secondary batteries and battery installations — Stationary batteries

NFPA 12:2008, Standard on Carbon Dioxide Extinguishing Systems

NFPA 13:2007, Installation of Sprinkler Systems

NFPA 15:2007, Water Spray Fixed Systems for Fire Protection

NFPA 68:2007, Standard on Explosion Protection by Deflagration Venting

NFPA 750:2006, Standard on Water Mist Fire Protection Systems

NFPA 2001:2008, Clean Agent Fire Extinguishing systems
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3 Terms

and definitions

For the purposes of this document, the terms and definitions given in ISO 3977-1:1997, 1SO 3977-3:2004,
ISO 3977-9:1999, ISO 11086:1996 and ISO 12100-1:2003 and the following apply.

3.1

auto-ignition temperature

AIT

lowest temperature in degrees Celsius of a heated surface at which the ignition of a combustible substance in
the form of gas or vapour mixture with air can occur

NOTE Al
other standarg
3.2

drain valve
valve that is
pressure

3.3

T iS—afso Teferred—toas Tgmition temperature,; i ighition temperatureor-Setf=igmition temperat
s and in the literature (see 5.16.4.4).

intended to remove liquids from a pipework system, and that normally drains to atmosy

extinction safety time

maximum all
of the fuel su

34
foreseeable
foreseeable
construction,
decommissig

3.5

ignition safe
maximum all
and cessati

bwable period of time between the direct or indirect detection of Joss-of combustion and cess
pply

lifetime

lifetime includes all phases of life of a part or.a<system, for example, but not limitg
transportation, commissioning, use, operation;- cleaning, trouble-shooting, mainten
ning, dismantling, final disposal, etc.

ty time
pwable period of time between the.apéening of the fuel supply valve, which permits fuel to
bn of the fuel supply, in the absence of confirmation that combustion has comme

(e.g. unsuccessful ignition)

3.6
interlock
interlocking
mechanical,

device
electrical or other-type of device, the purpose of which is to prevent the operation of ma

elements undler specified conditions by an inhibit command from the interlocking device that

hterrupts the energy supply or directly disconnects parts from the equipment, or

ntiis triggered by the control system

re in

heric

ation

d to,
hnce,

flow,
nced

chine

iced into the control system so that interruption of the energy or disconnection of parts from the

a) directlyi
b) is introd

equipms
3.7

lower explosive limit

LEL

volume concentration of flammable gas or vapour in air, below which the mixture is not explosive

NOTE

3.8
operator

The terms “explosive limit” and “flammable limit” are equivalent.

person or organization having responsibility for the operation of the equipment
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3.9

original equipment manufacturer

OEM

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

NOTE This may be the manufacturer/packager of the equipment.

3.10

packager

supplier(s) having responsibility for integrating the technical aspects of the equipment and all auxiliary
systems included in the scope of the supply

3.1
purchaser
persgn or company having authority to specify and to buy the equipment

NOTE This, in some cases, may designate the operator.
3.12
relief valve

safety device used for over-pressure protection and which does not operatesunder normal running conditions

313
safety device
all elements that are used to measure, limit or control safety relevant process variables, for procgssing safety
relevant signals or for activation of automatic or manual safety.related interventions

3.14
safety related system
systgms/components whose primary failure is showry by the failure analysis as likely to cause @ hazard and
can require special measures in order to achieve an acceptably low probability of occurrence

3.15
spill valve
contrpl valve that is intended to divert a portion of the liquids during normal running conditions

3.16
tolergable risk
risk that is accepted within @ given context based on the current values of society

NOTH See IEC 6159133 and/or ISO/IEC Guide 51.

317
valvg pressure proving
system to cheek the effective closure of automatic shut-off valves by detecting leakage

3.18
vent
opening intended to discharge gases, fumes or mists except the exhaust gas of the gas turbine, the latter
being called the exhaust system

4 List of significant hazards

Anticipated significant hazards are listed in broad outline in Annex A, which indicates the significant
corresponding preventative measures and which should be used in conjunction with Clauses 5, 6, and 7 to
reduce or eliminate these hazards.
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5 Safety

5.1

requirements

General

The overall objective of the safety requirements is to ensure that equipment is designed and maintained
throughout its life to attain an appropriate level of safety for its intended application.

To achieve this, the safety management process shall consist of the following three levels, applied in the order

shown:

design for safety with passive means;

apply ag
commur

For relevant|
assessed in

The content
safety or be

5.2 Risk gssessment

Risk assessments shall be performed to determine whether the gas turbine and associated equipmen

cause injury

collateral damage. The results of the assessments shall be documented. Where risk reduction measure

undertaken
identified dur
a tolerable |
where applic

The content

this Internatigpnal Standard considering reasenably foreseeable activities over the life cycle of the plant.

NOTE 1
optimal balan
factors such 3
follows that it
and in knowle
the product, p

Where this In
and that haz
components
the events td

Safety is achieved by reducing,risk to a tolerable level. Tolerable risk is determined by the search

tive measures (e.g. automatic protection intervention if preset limit values are exceeded);
icate the residual risk to the operator by instructions to reduce the risk to a tolerable)level.

hazards which are not dealt with by this International Standard, the machinery shou
hccordance with the principles of ISO 12100-1 and ISO 12100-2.

pof this International Standard should not prejudice technical advances in the field of gas tuU
Ised to inhibit innovation that can lead to increased safety.

to people or pose a threat to people’s lives, or tosthe environment, or can cause signi

t is essential to ensure that additional measures do not introduce additional hazards.
ing risk assessment should be eliminated but,\where this is not possible, risks shall be redug
pvel for the associated consequence. Risk assessment is the overriding principal that sh
Able, be applied to all the requirements\6f this International Standard.

of the risk assessment process should, as a minimum, address the safety issues raised

e between the ideal of absolute safety and the demands to be met by a product, process or servig
s benefit to the user, suitability for purpose, cost effectiveness and conventions of the society concer!
s necessary to review,continually the tolerable level, in particular when developments, both in techr
ge, can lead to.coriomically feasible improvements to attain the minimum risk compatible with the
0CESS Or Service.

ternational/Standard states that the risk of a potential hazard shall be reduced to a tolerable

d be

rbine

t can
ficant
s are
Risks
ed to
ould,

ithin

or an
e and
hed. It

ology
Ise of

level,

brd isyassociated with a safety related control function in conjunction with the associated sy
as’mentioned in 5.20.1), a qualitative or quantitative risk assessment method shall be appli

stem
d for

define the corresponding safety requirements and/or safety integrity level (SIL) of the protégction

system.

NOTE 2 IE
Annexes D an

C 61511-3:2004, Annex B, outlines quantitative methods for risk assessment. |IEC 61508-5:
d E, outline qualitative methods for risk assessment for the purposes of determining SIL levels.

1998,

Where the reduction of potential hazards to a tolerable level of risk for components and/or equipment not
associated with SlLs is required, an appropriate quantitative or qualitative risk assessment or a mixture of both
methods shall be used, where applicable, to ensure that a tolerable level of risk is achieved.

The general principles used for risk assessment shall comply with ISO 14121-1:2007.

NOTE 3  In addition to the references in NOTE 2, detailed guidance on the risk assessment process and some of the
techniques that can be used are given in IEC 60812:2006, IEC 61025:1990, IEC 61882:2001 and ANSI B11.TR3-2000.
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The level of risk obtained shall assume that the requirements of this International Standard are being
considered and that the operation and maintenance procedures ensure that the obtained levels of risk are
maintained.

For quantitative risk assessments associated with the gas turbine(s) and the associated plant, it is
recommended that common practice be followed in setting the maximum tolerable level of individual risk of
fatality at 103 per year for employees and 104 for the public and the broadly acceptable level of individual
risk to 108 per year. Risks in the tolerable region should be identified as controlled and as low as reasonably
practicable (ALARP) considerations applied. To achieve these levels of risk, an allowance should be applied
to the risk levels achieved for each separate risk identified in this International Standard that can cause a
fatality, such that the above levels are achieved for the gas turbine(s) and the associated plant when other

P. IGE/SR/15,

parly defined
pppropriately

calibnated to ensure that they are valid for the assessment being undertaken.

NOTHS5 IEC 61511-3:2004, D.3, outlines the calibration process in the context of a risk graph and|the principles
descr|bed equally apply to other qualitative methodologies.

NOTH 6 Further guidance on individual levels of risk can be found in IGE/SR/15, Edition 4, Section 3.

Any residual risks shall be communicated to the operator.who shall take additional mitigatibn action as
necesgsary.

If nev information that significantly affects a risk .assessment becomes available, operatorg of affected
equigment shall be advised.

5.3 | Modifications and replacement parts
All modifications and updates/upgrades)to protection systems and safety relevant compongnts shall be
implgmented to achieve the required tolerable level of risk. Replacements of components| beyond the

requirements of normal maintenange as well as modifications and upgrades of equipment to newgr technology
requife that a risk assessmentbe-performed to ensure that the resulting level of risk remains tolerable.

5.4 | Foreseeable misuse

Equipment and pretective systems shall be designed and manufactured after due analysi§ of possible
opergting faults te,preclude dangerous situations due to the consequences of reasonably foreseepble misuse.

5.5 | Lifetime

Life predictions for safety related systems/components. including safety protection systems and fcomponents,
shall be performed to establish that the gas turbine can be operated with a tolerable level of risk throughout its
foreseeable lifetime.

Periodic maintenance of protection systems and safety relevant components shall be scheduled to ensure the
safety of the plant. The redundancy of protection systems as designed shall be maintained during the lifetime
of the plant.

5.6 Hazard combinations

Where the potential exists for gases, vapours, mists and liquids to mix and cause a hazardous situation or
affect the operation of a safety device, appropriate measures shall be taken to mitigate the risk to a tolerable
level.
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Where fuel lines are purged or cooled by auxiliary media the risks associated with reverse flow and the
discharges of mixtures shall be assessed and appropriate mitigation measures taken to reduce the risk to a
tolerable level.

Where additives are used to enhance the properties of a given medium, a check shall be undertaken to
ensure an unsafe situation is not created in the gas turbine or any associated equipment.

5.7 Noise

Where the noise levels in work areas exceed 85 dB (A), warning signs shall be displayed at the entry to an
area, building or enclosure indicating that personal ear protectors shall be used. Personal access to work

areas with fi
allowed.

Where high
at the outlet,
limit to persq
signs shall b

5.8 Mechanical

5.8.1 Guar

5.8.1.1

Guards shall
1ISO 12100-1

Where an en
entry points §

5.8.1.2

Equipment s
surfaces at h

This can be
exceed the b
on normally
implemented
posted at a ¢

Typical 1s b
ISO 13732-1

General

Hot and cold surfaces

ol H PRI 4 4 U | 1 WH 440 /(ONN O o\ ! Il
PpIecsctdliC, UTTWCEIYIIICU, TistdlitaricUus  SUUTIU T ICVEIS TALCCTUITTY T3U UD (2UU T d) Stidil 11

ressure/flow vents, bleeds or air/gas motor exhausts are utilized the design shall limitithe ve
and silencers shall be fitted or outlets shall be located such that when the outlets discharg
nal noise exposure of a worker specified above shall not be exceeded, or appropriate wg
b located at a safe distance from the noise source.

ding

be provided in accordance with ISO 14120:2002, .against the mechanical hazards descrily
2003, 4.2.

closure with controlled access acts as a guard against moving mechanisms and hot surface
hall have signs warning against the potential hazards.

hall be designed so as to minimize the risk of burn injury caused by contact with or proxin
igh and low temperatures.

achieved when the surface temperatures for incidental contact for a given material/finish d
urn threshold for asminimum contact period of 1 s. Where the threshold temperature is excs
accessible surfaces, appropriate guarding, barriers or other suitable measures shg
to remove the potential for burns. On surfaces not normally accessed, warning sign(s) m
early visible-location in the vicinity.

Dt be

locity
e the
rning

ed in

s the

ity to

0 not
eded
Il be
by be

urn threshold levels are 70 °C for uncoated metal, 80 °C for coated metal and 85 °C for

lass.

2006'and ISO 13732-3:2005 may be used to determine if a potential risk of a burn is present.

For deliberaté contact surfaces (€.g. manual valves and door handles), means shall be provided 10 ensure
that the surface temperatures do not exceed the burn threshold for a contact time of 10 s.

Where personal injury can be caused by artificially cold surfaces created as a result of the operation of the

equipment, protection measures shall be implemented or signs shall be displayed in the vicinity warning of the
hazard.

5.8.2 Accessibility for maintenance
Measures for safe access shall comply with ISO 12100-2:2003, 5.5.6.

Where access provisions are not available for non-operational maintenance, temporary access provisions
shall be used.
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Positioning of safety equipment and warning signs should be considered in the design phase to reduce the
chance of injury during maintenance activities.

Where practicable, structural members or permanently installed equipment should not visually or physically
obstruct adjustment, servicing, removal of replaceable equipment or other required maintenance tasks.

5.8.3 Casing design

Casings shall be designed to withstand the maximum reasonably foreseeable loads including transient and
abnormal operating conditions (e.g. gas turbine compressor surge) without leading to a failure of the casing
itself or its flanges. Hot air leakage that can cause damage or potential injuries shall be prevented.

Casings shall be designed or suitable guarding shall be provided to contain a blade-off\eyent and the
subsg¢quent consequential damage, but not for a disc burst or overhang failure (see 5.8.15),

Non flestructive testing, non destructive examination or pressure testing techniques shall be used to ensure
the irftegrity of the casing under the relevant and reasonably foreseeable operating'conditions.

5.8.4| Gas turbine compressor surge

In thé event of a surge, the forces, deflections and consequences of flame reversal shall be mitigated to a
tolergble level of risk during shut-down.

5.8.5| Stability and handling

Bearing supports, casings and, if used, base frames shall be mounted in their environment in a manner such
that they remain in their intended position during all reasonably foreseeable events.

Whelfe equipment is not suitable for manual handling, lifting arrangements shall be designed tq transfer the
load pf the gas turbines or components smoothly from the normal supports to a resting place ih a safe and
contrplled manner, taking account of dynami¢ and overturning loadings.

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

5.8.6| Overload of rotating shafts due to torque

Whele there is the“potential for faults in the driven machinery (e.g. short circuits) that under reasonably
forespeable circumistances can cause an overtorque greater than the specified design limits in the equipment
drive[shafts orthe associated gas turbine rotor, a torque-limiting device or other appropriate me¢asures shall
be prpvidedtosprevent a dangerous failure.

If torque-limiting devices are used for controlling this risk, the activation of such devices shall ngt change the
bearmgmmﬁmmmm their critical

speed.

5.8.7 Vibration

Where vibration levels in the drive shaft line/train can escalate to excessive levels resulting in the potential for
dangerous situations, vibration monitoring equipment shall be installed to continuously monitor and detect any
escalation and initiate appropriate action (e.g. shut-down) to bring the gas turbine to a safe condition if
vibration levels exceed a preset limit.
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5.8.8 Mechanical failure caused by corrosion

Mechanical properties of stressed or vibrating materials (e.g. rotors and piping) can be significantly affected by
corrosion caused by the environment. Possible effects are reduction of the fatigue limit, stress corrosion
cracking (SCC) and stress accelerated grain boundary oxidation (SAGBO). The supplier shall make sure that
all necessary steps are taken to address hazards caused by these effects.

5.8.9 Design methods and materials

Gas turbines shall be designed so that, when correctly operated and maintained, the risks of failures that
result in the release of high-energy debris, rupture of pressure casings or the release of hot, flammable or

toxic gases 4

re reduced 10 tolerable levels or risk Tor the lifetime or the machinery.

The selection and use of materials for the safety related parts of the gas turbine and its related systems

be based on
of material p
also 5.23.13,

Where the u
situation or €

Components
conditions) &
control purpg

The soundns
fracture meg

validated material data and validated design techniques. The selection shall consider'the e
roperty deterioration due to manufacturing processes, environmental or operational causes

e of titanium or magnesium based alloys creates a fire risk, measures.to prevent a dang
xtinguish such a fire shall be taken.

nd that can fail and cause personal injury shall be identified)and made traceable for g
ses.

ss of critical rotating components shall be confirmed by non-destructive testing combined
hanics assessment, to indicate that the flaws presént no risk at the acceptance limit. An

based on material tests shall be used to confirm that a tolerablé level of risk is achieved over the ran

operating sp
the risks of ¢

If the failure
rotor materia

Materials of
health or the

beds of the parts during their foreseeable lifetime. The analysis should at least take into ac
rack growth, elastoplastic deformation, creep;-corrosion and fatigue failure.

bf a driven equipment rotor has a direct-effect on the safety of the gas turbine, the soundne
s shall be confirmed.

construction and methods of use ‘shall be such as not to cause unacceptable effects on h
environment over the life cycle of the gas turbine system and its components.

5.8.10 Gas

Protective m
taken to pre
casings or t
exceed the

urbine temperatures

asures (e.g. direct or indirect temperature monitoring, cooling air flow and calculation) sh
ent failures dueto over temperature where the release of high-energy debris, rupture of pre
e release_©f-hot, flammable or toxic gases is likely to give rise to a hazard. If temperze
oleratedlevel, then gas turbine unloading to a safe condition or shut-down shall be ini

automatically.

5.8.11 Envi

shall
ffects
See

Erous

that are highly stressed (e.g. by aerodynamic or rotational{loads and/or high tempefature

uality

vith a
blysis
ge of
count

ss of

iman

all be
ssure
tures
iated

Machinery, support and enclosure structures, and associated auxiliary piping and ducting, shall be designed
to withstand a reasonably foreseeable combination of loads caused by site winds, snow, ice and seismic
activity without causing structural collapse or other dangerous situations. Local codes and standards normally
govern the design, but where such local codes or standards do not exist, the purchaser shall specify the wind
speed, snowfall and ice accumulation rates and seismic accelerations to be used.

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

Gas turbine components whose correct assembly is safety related shall be protected from incorrect assembly
in the field or during repair. These components shall undergo a review to determine if assembly features
should be designed into the components and/or distinctive markings should be used and appropriately
documented to minimize the risk of incorrect assembly.

5.8.13 Couplings

Flexible couplings external to the gas turbine core used to transmit the gas turbine output power shall use as
guidelines the design requirements of 1ISO 14691:1999 for speeds up to 4 000 r/min and ISO 10441:1999 for

spee
spee

5.8.1

Bear
to th
unsa
shall
arour
ignite

5.8.1

5.8.1

de avr\aanling 4 000 rimin Eurthar for coritical carvica 1SO 10444:-1000 chould he ucsed - ir
orS—Ex H —oooHHH—dRReH—1e—6eHHGa S8 PHGE o T oaa1T—"1oor—SHoUtHa—Be H

. If rigid couplings are used, the supplier shall ensure that the coupling can transmit the torq

i Rotor bearings

ng design shall take into account the resulting effects and risks of the off balance of a spinn
e reasonably foreseeable loss of gas turbine compressor blades and/or tUrbine blades tg
e conditions (uncontained failure, breached pressure casing, fire) do Aot result. Protecti
be taken to prevent the hazards of lube oil loss, fire, and explosion of fube oil vapour or mi

the lube oil exist in proximity to the bearing and lubricating oil.
b Rotating part failure

5.1 General

All gas turbine compressor and turbine rotating parts\that are relevant for safety shall be des

cond

5.8.1

Due

tions and stresses that they encounter during. start-up, running, transient, shut-down or trip @

5.2 Rotor and disc failure

o the large amount of energy contained in the rotating components of a gas turbine, rotor ¢

respective of
ue.

ing rotor due
ensure that
e measures
5t (within and

d the bearing compartment). Fire protection should be considered if high temperature surfaces that can

gned for the
onditions.

r disc failure

cannpt always be contained. Therefore; the risk shall be assessed and reduced to a toleraljle level with

passive and active measures.

Pass|ve measures should include a limitation of the speed to values below rotor failure speed| by one or a

combination of the following measures:

a) prevention of further rotor acceleration by loss of blades due to centrifugal load, burning|out or other

ffects;

b) Ijmitation ‘of) the speed at highest fuel flow due to aerodynamic effects in the blading of gas turbine
¢ompressor and turbine.

Active ‘measures should include overspeed protection and the automatic drain of liquid fuel out pf the casing

before ignition, according o 5.70.9.

5.8.15.3 Overhanging rotor parts

Overhanging rotor parts should not operate above or within an intolerable margin of their critical speed related
to the first bending mode.

If overhanging rotor parts operate above their critical speed related to the first bending mode, calculations and

test ri

©1S0

unning on a prototype shall demonstrate that no unsafe vibration levels are reached.
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5.8.16 Foreign object damage (FOD) screen

If there is a possibility of foreign objects entering the gas turbine and causing loss of containment of rotating
parts, an FOD screen should be installed at the machine inlet to reduce the size of objects that can enter to
that which is unlikely to cause such a failure. The location of the screen should be sufficiently upstream to
avoid the potential for large objects to cause significant localized flow blockage that can induce blade failure.

5.8.17 Gearbox

Gear wheels are loaded with a superposition of residual stress, thermal stress and centrifugal stress, which
are dependent on size and speed. This creates a risk of brittle fracture especially in the centre of the wheel

body, which
pinions and
flaws at the
shall underg
up to a spee
with the man
critical crack

Where the ty
above and 4
subjected to
criterion. The

Appropriate
drivenand d

NOTE 1 S¢

NOTE 2 Fd
QOil retention
of the oil res
exists and a(
be eliminateq

The oil suppl
design basis

The gearbox

5.8.18 Start

The starting
equipment g
failure to ac
example flar

Aereases-with-size—Thisrisk-shall- be-addressed-during-production-with-nen-destructivetest
wheels combined with a fracture mechanics assessment, which indicates no risk emerging
bcceptance limit. Pinions or wheels, for which the acceptance limit of flaws cannot be~achi
b an appropriate overspeed proof test. This test shall be arranged such that the wheelis rg
1 level that causes a tensile stress inside the disc exceeding the maximum operating stress
gin required to ensure the safety of any potential undetected internal flaw with ‘respect to
growth and crack stability during the whole design life of the rotor.

pe or design of the gearbox is such that other components are loadedsin the same mann

the same overspeed proof test described for the gear wheels to ‘achieve the equivalent g
oil inlet and drain temperatures should be recorded during the-everspeed test.

bervice factors should be applied to the gearbox design commensurate with the equipment
ity range in accordance with a recognized International Standard or national standard.

e I1ISO 13691:2002, API 613 or AGMA 6011 for high speed.gears.

r epicyclic gears, reference can be made to the genéral guidelines in AGMA 6023.
n gearbox casings, from gear transmissioens with high pitchline velocities can lead to overhg
Liting in oil fires or explosions. The gearcase design shall be such that sufficient free oil va
equate free drainage facilities are-provided to avoid these hazards. Where such hazards c

by design, additional precautions'shall be taken.

y conditions to the gearbox shall be monitored to ensure that the viscosity conditions used &
are achieved to preclude(prémature wear and failure.

design shall prevent.failure under the overload conditions described in 5.8.6.

ng systems

system ghall be suitable for the acceleration of the gas turbine and, where appropriate, g
hd for “extended operation during purge and gas turbine compressor cleaning cycles. V)
eleraté ‘at the correct rate can lead to hazardous situations not covered by other control

ng of
from
bved,
tated
level
sub-

er as

ssessment indicates that an acceptance limit of flaws cannot be ¢achieved, the gear shall be

afety

to be

ating
lume
Annot

s the

riven
here
s, for

ne-or temperature monitoring, the speed shall be monitored and hazardous deviations

shall

automatically

rip the gas twroine.

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, suitable controls shall be
provided to ensure that hazardous over-temperatures do not arise.

If a separate, dedicated, starting driver that does not run continually with the driven gas turbine rotor is
installed, it shall disengage and shut-down automatically before reaching its maximum tolerable speed. Failure

to disengage

12

shall automatically trip the gas turbine.
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Starting systems using pressurized flammable gas as the source of power shall be designed to prevent
associated fire and explosion hazards. The gas supply shall be isolated effectively when the starter is not in
use, to the same level of tolerable risk as a 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 shaII prevent any contaminants that
atiment and/or
ignition, from enter|ng the motor or system components The dew p0|nt of any gas supply shaII be such that
n at the vent

dischiarge are eliminated.

In the event of a starter motor rotor failure, the starter motor casing should be Tapable of cpntaining the
releape of high-energy debris. If this capability does not exist, then other safeguards shall bg provided to
protect personnel from injury (e.g. enclosure access prevented during starter gperation).

For starting systems having common starting capabilities for multiple units;-proper electrical ang mechanical
interlpcks shall be provided and tested prior to commissioning in order,tolavoid starting the wrong|gas turbine.

5.8.1Pp Low ambient temperature conditions

Whete low ambient temperatures can exist during storage,‘transportation, handling, start-up amd/or running
condjtions, which have the potential for causing prematare failure of equipment and/or brittle fracture of
strucjures, appropriate materials shall be used or protective measures shall be taken to prevent|a hazardous
situation.

Precautions shall be taken to prevent premature failure of the gas turbine compressor components that can be
subjgct to malfunction caused by low inlet air témperature conditions.

5.9 | Gas turbine compressor air inlet system

5.9.1] General

The gas turbine air inlet system-conditions and directs the air into the gas turbine compressor.

5.9.2| Inlet air contamination

Air iplet filtration¢shall be provided that minimizes the entry of atmospheric contaminants, airborne
contgminants from~adjacent plant and saliferous atmospheres, where necessary, that can lead fo premature
failurg of gas{urbine components, creating a hazardous situation.

The pir 4nlet filtration system shall be capable of experiencing pressure changes due to credible turbine
compgressor surge events to ensure that a tolerable level of risk is maintained.

5.9.3 Icing monitoring and prevention

Where site conditions of temperature and humidity can be reasonably foreseen to cause icing at the gas
turbine compressor inlet system, which can cause a dangerous situation, appropriate measures shall be taken
to prevent the accumulation of hazardous quantities of ice, or controls utilized that initiate a trip 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, the gas turbine should be shut-down when a hazardous situation is reasonably foreseeable.

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.

© 1SO 2009 — Al rights reserved 13
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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 gas turbine compressor damage, resulting in
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 7.5.2 and 5.24.2).

5.9.4 Implgsion protection

Where an injplosion flap door is provided in the inlet system to open at a specific pressure drop‘to prevent
implosion of [the inlet ducting with the potential for the ingestion of dangerous foreign objects(f,an upsfream
blockage ocqurs, suitable measures shall be taken to prevent foreign object ingress at the bypass door, which,
due to the size of the object, could cause a dangerous situation. Measures shall be installed, to ensure that the
implosion flap door, where provided, cannot become frozen shut where its failure to operate can calise a
dangerous situation.

5.9.5 Inlet pxplosion protection

The combustion air intake shall not be located in a zone 0 or zone 1 area‘\(see 5.16.2). Location in a zpne 2
area shall bg considered acceptable only where an assessment indicates‘that the largest credible leak ffom a
secondary sgurce would be diluted to such an extent by the combustioh air that a hazardous situation yould
not arise.

Gas detectof(s) to initiate a gas turbine trip shall be located at the gas turbine compressor air inlet where a
zone 2 area exists from a credible leak, as described above;or where there is still the potential for flammable
gases or vappurs to enter the gas turbine compressor air inlet from either:

a) adjacen{ plant, should there be an uncontrolled“event or major incident, or

b) the atmpsphere, due to excessive venting’ or similar uncontrolled conditions [e.g. in natural gas or
liquefied petroleum gas (LPG) plants], or

c) ingestion of unburnt flue gas.

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

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

5.9.6 Waslra 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 shut-down. The allowable flow rate
and concentration of the waste flammable gases, vapours or aerosols prior to mixing with the combustion air
flow, and the temperature and pressure of combustion shall be monitored and controlled within limits verified
as tolerable by detailed analysis and tests. If the flow rate or concentration exceed the defined levels, the
supply shall be terminated.

Where this disposal process is adopted suitable gas detector(s) shall be installed at the gas turbine
compressor air inlet as an additional precaution to trip the gas turbine in the event of an excess waste flow.
Gas detector(s) shall comply with 5.19 and be selected taking into account the speed of escalation of the
flammable content of the waste stream, the detector response rate, the system time constants and any other
relevant factors.
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5.9.7 Recirculation

If ventilation outlet air from the gas turbine enclosure is used for anti-icing at the gas turbine compressor air
inlet there is the risk that a potentially explosive mixture of fuel and air can be ingested into the gas turbine if
there is a fuel leak within the gas turbine enclosure.

Where this risk exists, the following safety precautions shall be taken or the air shall be heated by other
means (e.g. indirectly):

Gas detector(s) shall be located in the gas turbine compressor air inlet plenum and in the gas turbine
enclosure ventilation-air outlet; and

a)

b) Il equipment within the ventilation air and combustion inlet air flows shall comply with(5,[I6 for use in

one 2; and
Il surface temperatures within the ventilation and combustion inlet air flows shall‘not excedd the AIT of
ny flammable substances that may be present (see 5.16.4.4); and

c)

d)

Whele gas turbine compressor delivery air is piped to the gas turbine compressor inlet syste

exha
preve
produ
comg

5.9.8

The gas turbine compressor air inlet ducting shall normally be routed to avoid hazardous areas.

not p

The
com

5.10

5.10.

The fuel system shall'be considered to include all components from the manually operable shut-0

and i
Interr
and ¢

The gas detector(s) and associated safety systems response times shall prevent a potential

I General

xplosive mixture from reaching the anti-icing outlet within the gas tutbiné compressor air
ased on a sudden fuel leak within the enclosure at the minimum ventilation flow rate.

st emissions during operation under partial load, the take€-off point, controls and piping
nt excess flow occurring, the accumulation of unburnt hydrocarbons and the potential for
cts of combustion entering the inlet and causing a hazardous situation on flameout of
ressor surge.

Gas turbine compressor air inlet ducting

Dssible, the ducting integrity shall prevent unacceptable leakage paths.

bir inlet ducting system shall be\capable of experiencing pressure changes due to cre
ressor surge events to ensure @ tolerable level of risk is not exceeded.

Fuel systems

hcluding the/burners. The most common fuels used by gas turbine applications within the
ational Standard are natural gas and liquid fuels. However, a wide range of alternative fuels
therstare under consideration or trial. Risk assessment shall take the relevant properties o

y dangerous
inlet plenum

m to control
design shall
purnt/unburnt
gas turbine

Where this is

dible turbine

ff valve up to
scope of this
can be used
the fuel into

accolint:

5.10.2 Fuel supply quality and supply conditions

Manufacturers shall provide detailed fuel specifications (including dew point margins for gaseous fuels and
potential for wax formation) and condition ranges required for safe, reliable operation of their machines to the
operator and to the designer of the fuel supply system. When the fuel does not comply with the detailed fuel
specification the operator shall provide a fuel analysis (including up to C12 for gas fuels) so that the
manufacturer can specify the specific fuel treatment necessary to mitigate any associated risks to a tolerable
level. Treatment may include varying degrees of pressure and flow control, filtration, condensate removal or
heating of the fuel supply. The operator has the responsibility to ensure that the supplied fuel composition
remains within the range of the agreed fuel specification throughout the lifetime of the plant, unless a deviation
is formally agreed with the manufacturer.
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Particular attention shall be given to the dew points and release of liquid hydrocarbons or water for gas fuels,
and to wax formation at low temperatures for liquid fuels.

Attention should also be given to any trace element content likely to lead to an unacceptable reduction of
metallurgical properties.

5.10.3 Pressure testing

Where it is not practical to conduct a final assembly pneumatic or hydrostatic pressure test on the piping
connected to the combustion system, a safe commissioning procedure shall be adopted to check for leaks on
the running gas turbine. The procedure adopted shall be shown to achieve a tolerable level of risk and shall
be appropriafely documented.

5.10.4 Fuel supply heating
Electrically ppwered heaters or any alternative means shall be assessed for safety for use with the progosed
fuel specificgtion. Overheat protection shall be provided to ensure that excessive heat input to the fuel cannot
occur.
Where heat gxchangers use fluid media as the heat input, and fuel leakage followed by entrainment info the
media can cpuse a dangerous situation, protective measures shall be taken. The potential for such legkage
shall be minifnized by detailed design.

Flame fired direct heating shall not be used. Where trace heating or comparable means are used, the design
shall self-limit the temperature, or control thermostats shall be used.

5.10.5 Gas fuel systems

5.10.5.1 General

As a minimun, each gas fuel supply shall include the following functions:
a) manual [solation (see 5.10.5.2); and

b) leak tight shut-off (see 5.10.5.4); and

c) automat|c fast acting shut-off (see.5.10.5.4); and

d) flow confrol (see 5.10.5.3);and

e) venting for depressufization between leak tight and automatic fast acting shut-off valves (see 5.1(.5.4);
and

f)  venting for pipework depressurization (see 5.10.5.4 or 5.10.5.5).

Addt I at-HBraaent haoll I sravided—adkbar a—avatam—ricle o mant £ ol roocanably foaraooh bl
Ituonal e UTPTICT T STiaT DT ProvitCU— WiiTCTC— a- SYySICTTT NS aSSTSSIeCT T UT—air rcasuriavuty toreseeable

conditions and the reliability of the equipment used indicates that additional control is required.

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 safe operation.

Figure 1 a) shows the minimum arrangement and indicates the operation of the valves. Figure 1 b) and c)
show typical alternative arrangements.

NOTE National regulations may require certification of safety shut-off valves and vent valves.
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1¢) Typical alternative arrangement
Key — Type ¢f equipment
1 manual igolation valve 8  shut-off valve @
2 strainer, ¢ptional 9 ventvalve b
3 shut-off vilve 10 automatic fast acting shut-off valve 2
4  shut-off vialve and manual isolation valve 11 flow control valve
5 ventvalve 12 flow contraland shut-off valve 2
6 vent 13 combustion system
7  strainer, ¢ptional position 14 typical gas turbine enclosure or building limits

[

Close on gvery shut-down.
b Vent on eyery shut-down.

Figure 1 a), b).and c) — Gas fuel system

Leak tight and automatic fast acting shut-off valves shall fail closed by permanent available energy, e.g. gpring
force. The fdil-safe status of vent valves shall minimize any risks. All valves should be specified such that a
tolerable levgel of risk and reliable_operation will be achieved under all reasonably foreseeable opefating
conditions.

Normally, automatic shut:off\walves should not be energized to open until the associated downstream vent
valve has begn proved closed.

Vent valves|and @ssociated pipework shall be sized to ensure that the depressurized pipe remaips at
atmospheric [preSsure taking into account the potential for leakage in upstream valves.

Integral valve combinations may be used providing the necessary functional safety is achieved without
introducing additional risk.

See 5.11.2 relating to fuel control during ignition.

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 should be capable of being operated by
an acceptable level of physical force.

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

The fuel flow control valve shall be specified and positioned to control the fuel flow to the gas turbine under all
reasonably foreseeable operating conditions.

Where failure of fuel flow control equipment can lead to excess fuel flow or other dangerous conditions, an
additional independent device or devices shall ensure tolerable fuel flow to the gas turbine. Alternatively, the
position of the control valve shall be monitored and if an “out of position to demand” is detected, a shut-down

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 operated automatic.sh
the piping between the valves shall be vented. At least one of the two shut-off valves shallbe
fast gcting shut-off valve and one shall be a leak tight valve, both of which shall be specified’and
that the fuel supply to the gas turbine will be shut-off in the event of a dangerous situation at a
prevent dangerous failure of the gas turbine. One of the two shut-off valves may sefve as a flow
This ghall not be the automatic fast acting shut-off valve, which shall be provided(@s an independe

Upon
Figur
and

enter

shut-down, both shut-off valves — Figure 1 a), key items 3 and 10; Figare 1 b): key items §
e 1 ¢): key items 10 and 12 — shall be closed and the automatic vent valve opened — F
L): key item 9 — to create atmospheric pressure in the supply line to eliminate the poss
ng the gas turbine in its shut-down condition.

Wheife the design of the fuel system is such that the flow of fuel\Mo the gas turbine requires furth
due {o the stored energy in the piping system downstreanmof the automatic fast acting shut-
apprgpriately sized and positioned fast acting vent valye<or alternative equipment shall be us
dissipate the stored energy.

5.10.5.5 Shut-off valve — Outside the gas turbine package

A shpt-off valve shall be located outside the "gas turbine enclosure or building limits, or in
enclgsed gas fuel package at the interface.of the enclosure or building, to automatically isolate th
to thg gas turbine in the event of a dangerous situation. The associated vent valve can be located
or outside the gas turbine or gas fuel package to vent the section of the pipe between the shut-
the aptomatic fast acting shut-offvalve.

Whe
equig
shut-
the Z
shut-
cons

e risk assessment indicates that there is the potential for loss of containment from high s
ment which can cause-damage to the valves or rupture of the fuel supply pipe to the gas
bff valve(s) outside.the gas turbine package and the supply pipe to the valves shall be log
bne where hazardous projectiles can occur from a potential failure of rotating equipment t
bff can be achieved. Where the gas turbine package is located in a building, the risk asse
der whetherithe valves shall be located outside the building to provide additional isolation.

The fuel shut-off and the vent valve(s) shall be operated automatically on a gas turbine trip if

ut-off valves;
AN automatic
positioned so
rate that will
control valve.
nt function.

and 10, and
gure 1 a), b)
ibility of fuel

er reduction,
pff valve, an
ed to safely

a separately
e fuel supply
either inside
bff valve and

beed rotating
turbine, the
ated outside
b ensure fuel
ssment shall

toctad waithin tha frrhin
TOT o1t

a
T

[}

v | T

a) tected-withinthe-gas

b)
between the valves and the gas turbine package, or damage to the equipment on the
package, either leading to the uncontrolled leakage of fuel.

5.10.5.6 Strainer

where risk assessment indicates that the cause of the trip can cause damage to or failure of the pipe

gas turbine

A strainer shall be installed upstream of any automatic fast acting shut-off valve at a suitable location to

prevent valve malfunction due to debris entering the valve.

© 1SO 2009 — All rights reserved

19


https://standardsiso.com/api/?name=d07006b1b804a65395b98b4764f1c5b1

ISO 21789:2009(E)

5.10.5.7 Valve proving and position monitoring

At start-up the position of valves necessary for shut-down shall be confirmed.

At shut-down the correct functioning of the automatic fast acting shut-off valve, the automatic leak tight shut-
off valve and the automatic vent valve shall be automatically monitored to ensure that correct operation of the

valves has been achieved.

The method used to monitor the correct function of the valves shall be determined by risk assessment. Where
valve pressure proving is used additional equipment as appropriate may be installed to facilitate pressurization

and pressure monitoring. Any additional valves shall be pressure proved as part of the proving sequence.

The requiren
taking into a
close.

5.10.5.8 Venting — Not to atmosphere

Where, due

environmentél considerations prohibit venting to atmosphere, the gas vents may ‘be-piped to a low pre

[< 50 kPa (O,
be implemen
turbine, the

after venting
section of th

nent to monitor the closed position of the vent valve shall be determined by risk assess
count the location of the vent outlet and the hazardous area created should the vent valve

to the toxicity of the gas, or where adequate dispersion cannot'be assured, or \

b bar)] flare stack, and additional precautions to prevent gas from entering the gas turbine
ted. As a minimum this shall consist of a double block and ventdn the supply line prior to th
alves of which shall be proved and monitored for leak tightnéss. The vent valve shall be ¢
to form a double block between the vent line and the gas.turbine and the pressure in the v
e line monitored for any pressure increase. If an increase'in pressure is detected this sh

ment
fail to

vhere
ssure
shall
B gas
osed
ented
il be

annunciated fat the control system to enable rectification action to be taken.

5.10.6 Liquid fuel systems

5.10.6.1 Fyel control

As a minimumn, each liquid fuel supply shall include(the following functions:

a) manual [solation (see 5.10.6.2); and

b) flow control (see 5.10.6.3); and

c) automatc fast acting shut-off(see 5.10.6.4); and

d) leak tight shut-off (see 5.1076.5); and

e) spill andfor drain (se¢ 5.10.6.4 and 5.10.6.6); and

f)  fuel pump (see”5.23.8.7).

Additional e&uipment—shall-beprovided—where—a—system—risk—assessment—ofallreasenablyferesebable

conditions, and the reliability of the equipment used, indicates that additional control is required.

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 dangerous
failure of the gas turbine, and the possibility of fuel entering the gas turbine in its shut-down condition is
eliminated.

Figure 2 shows a typical arrangement. Other arrangements or configurations are permitted.
Shut-off valves shall fail closed by permanent available energy, e.g. spring force. The fail-safe status of drain

valves shall minimize any risks. All valves should be specified such that a tolerable level of risk and reliable
operation are achieved under all reasonably foreseeable operating conditions.
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Key + Type of equipment
1 rmanual isolation valve 10 spill valve — alternative location
2 fllter or strainer, optional position 11 drain valve ?
3  lgak-tight shut-off valve 12 combustion system
4  fpel pump, may be located outside gas turbine enclosure 13 typical gas turbine enclosure or building limits
5 fllter or strainer, optional position 14  relief
6  flow control device 15 return to supply — alternative location with 10
7  gutomatic fast acting shut-off valve.@ 16 return to supply
8 relief valve (See 5.23.8.7) 17 drain
9  dpill valve
@  (ose on every shut-down,
b Jontrolled operationon shut-down.
Figure 2 — Typical liquid fuel system arrangement
5.10.p.2 “Isolation

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 should be capable of being operated by
an acceptable level of physical force.

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
under all reasonably foreseeable operating conditions.
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Where failure of fuel flow control equipment can lead to excess fuel flow or other dangerous conditions, an
additional independent device or devices shall ensure tolerable fuel flow to the gas turbine. Alternatively, the
position of the control valve shall be monitored and if an “out of position to demand” is detected, a shut-down

shall be initiated.

5.10.6.4 Automatic fast acting shut-off valve and spill valve

Shut-off of the liquid fuel supply shall be performed by two independently operated automatic shut-off devices.
At least one valve shall be an automatic fast acting shut-off valve.

After operation of the shut-off devices and after any fuel purging, a valve shall drain a section of the supply

line to elimi

sized to ens
for leakage i
be supplied

remain presg
time or fuel t
this results in

Where spill flow is returned to the pump suction sufficient cooling and/or make-up_flow shall exist to pr

overheating
be monitoreg

5.10.6.5 Leak tight shut-off valve — Outside the gas turbine package

An automatiq
supply to the|

Where risk 4
equipment tH

the zone wh
fuel shut-off
shall considg

The valve sh

e the possIDIlity of Tuel entering the gas turbine In Its shut-down condition. I'nis valve sh Il be

re the drained pipe volume remains near atmospheric pressure taking into account the-potential
 upstream valves. Where a spill valve does not spill to atmospheric pressure a drajn‘\valve|shall

in accordance with 5.10.6.6. Operational requirements may require the liquid fuel’systgm to

ransfer. In these situations, any necessary design steps and risk assessment shall validat
a tolerable level of risk.

bnd the potential for vapour lock, or the fuel supply temperature before the pump suction s
and a shut-down initiated if overheating occurs.

shut-off valve shall be located outside the gas turbing package to automatically isolate th
gas turbine in the event of a dangerous situation (s€e*Figure 2, key item 3).

ssessment indicates that there is the potentialfor loss of containment from high speed ro

bre hazardous projectiles can occur fronm a potential failure of rotating equipment, to ensure
can be achieved. Where the gasturbine package is located in a building the risk assess
r whether the valve shall be located outside the building to provide additional isolation.

pll be operated automatically on a gas turbine trip if

urized when liquid fuel is not being furnished to the engine in order to minimize,either starting

that

bvent

hould

b fuel

ating

at can cause damage to the valves or rupture of the fuel supply pipe to the gas turbing, the
shut-off valvg(s) outside the gas turbine package and\the supply pipe to the valves shall be located ot

tside
b that
ment

a) afire hap been detected within the gas turbine fire protection area, or

b) where rigsk assessment.indicates that the cause of the trip can cause damage to or failure of thg pipe
between the valves @and’the gas turbine package, or damage to the equipment on the gas tUrbine
packagg, with eitherileading to the uncontrolled leakage of fuel.

5.10.6.6 Drain valve

Where requi = il to

atmospheric pressure, an automatic drain valve shall be installed to drain fuel downstream of the automatic
fast acting shut-off valve which shall operate on every shut-down to drain liquid. The valve may be closed
during periods of shut-down where other risks are mitigated.

Where a drain valve is used to drain a part of the system which on shut-down is subject to the reverse flow of
high pressure and 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.
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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 under all reasonably foreseeable
conditions.

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 start-up the position of the valves necessary for shut-down shall be confirmed.

At shut-down the correct function of the automatic fast acting shut-off valve, the automatic-leak
valve and the automatic drain valve shall be monitored to ensure that correct operation ©f, the val
achigved.

The
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takin
malfy

5.10.

ther

5.10.

It sha
this ¢
gas-f

Whete only a single fuel can be fired at any one time, interlocks shall be provided to ensure tha

fuel s

Whelle more than one fuelcan be fired at any one time, it shall be assured that excess energy

over-

5.10.

Whefe forward _and reverse purge/drain sequences are used during start-up, operation, or sh

Wher:le the potential exists for a liquid to be trapped between closed leak tight valves a sui

ethod used to monitor the correct functioning of the valves shall be the subjéct of risk assg
rement to monitor the position of the drain valve, where supplied, shall be-the subject of risk

nction.

.9 Thermal relief

al relief shall be provided in accordance with 5.23.9.3¢

/ Multi-fuel systems

Il not be possible under any condition for the reverse flow of fuel into any other system to
an lead to danger. Appropriate precautions shall be taken to ensure that liquid fuels can
Liel system where gas fuel is used to.purge the liquid fuel burners.

ystem cannot operate or is isolated.

fuelling cannot occutinthe gas turbine.

B Fuel purging

Esment 'shall be carried out taking into account all reasonably foreseeable risks including b
following:

tight shut-off
es has been

ssment. The
assessment,

j into account the location of the drain outlet and the hazard that“can be created shodld the valve

ably located

pccur, where
not enter the

I the standby

input due to

it-down, risk
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in the feed lines with the potential for uncontrolled ignition on a restart;

potential for uncontrolled ignition on restart;
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purge combustion air;
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to the
a)
b)
c)

f
d)
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failure of reverse purge sequence during shut-down, which can leave low auto-ignition temperature fuels

inadequate draining of liquid fuel after a false start, which can leave liquid fuel in the drain lines with the

uncontrolled shut-down whilst running on low auto-ignition temperature fuel, causing purge sequences to

potential for ignition of vapours in the purge drain lines/vent tank(s) due to the temperature of the reverse-

23


https://standardsiso.com/api/?name=d07006b1b804a65395b98b4764f1c5b1

ISO 21789:2009(E)

e) contamination of liquid fuel storage with alternative low auto-ignition fuels if a purge/drain sequence fails,
with the potential for uncontrolled ignition on restart due to contamination of the fuel used for starting;

f)  potential for vapour lock (change of state resulting in increased volume and pressure);
g) uncontrolled supply, venting or draining of dangerous media;
h) presence of condensates at low points.

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

Where liquid|fuel is used suitable drain points shall be incorporated to drain off unburnt fuel from the pregsure
section of th¢ 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 shut-down and closelas part of the| start
sequence. Iffmanual valves are used clear instructions shall be given on their operation. [Fhe start cycle|shall
provide a sufficient period to allow draining of this unburnt fuel prior to initiating ‘a restart by the ugse of
automatic draiin valves. Automatic or manual operation of the valves as well as their-operating schedule| their
fail-safe posifion, the monitoring of the effectiveness of the drain or of the valve-position and the requirgment
of a pre-staft purge shall be determined on the basis of risk assessment taking into account the risk of
uncontrollable overspeed caused by burning undrained fuel during start-up; hot gas entering the drain system
during operation and unburnt gaseous fuel and air mixtures entering the drain system.

5.11 ComMbustion supervision

5.11.1 Gengdral

Monitoring functions shall be provided for the purposes of detecting that combustion is established at start-up
and that a fdilure of combustion is detected during-operation. Both direct and indirect flame sensing sygtems
shall ensure fhat flame is not sensed prior to the burner ignition sequences.

Where indir¢ct flame monitoring is used, derived from the gas turbine temperature, pressure, gpeed
parameters @r reverse load, these values.shall be verified by testing to correctly detect both combustion and
loss of comblstion under all reasonably fereseeable operating conditions.

Both direct and indirect flame manitering systems shall either have the ability to be periodically tested, €.g. at
start-up and ghut-down, or to be s€lf diagnosing or proven automatically during operation.

If air and gag fuel is mixeddapstream of the combustor, the risk of unintended ignition in the system cauging a
dangerous fdilure shall-b€ assessed and reduced to a tolerable level.

5.11.2 Requirements for ignition

Gas turbine COMbUSIOTS, eXcept reheat combustors based on auto-ignition, shalt have at least one igniter and
one main burner. 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 unacceptable damage to the plant. The ignition safety time shall be
determined by risk assessment. Failed starts with liquid fuels shall be followed by a drain cycle. Failed starts
with gaseous fuels where not followed by a re-start attempt require an exhaust purge unless it is indicated as
unnecessary by risk assessment. 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 shut-down 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

dang rOLIS. f‘ﬁh&ﬁql Ith‘ﬁQ_

5.12| Exhaust system

5.12.t Damper controls

If exhaust dampers are fitted, controls shall be provided to detect uncontrolled ‘damper closure|and to shut-
dowr| the gas turbine before an overpressure condition can arise. Where rapid ¢losing of dampefs can create
excesgsive exhaust pressures leading to a hazardous situation, the closing_speed of the dampers shall be
limited unless other suitable methods are applied that achieve a tolerablelevel of risk.

5.12.R Flexible joint location

Whete possible, flexible exhaust joints shall not be situated-"close to walkways or to any|electrical or
instryment cable or hydrocarbon pipework where leakage or-radiation or the potential temperafure increase
can le¢ad to a hazardous situation. Where the above is notpossible, the flexible joints shall be shiglded.

5.12.3 Exhaust stack

The height of exhaust outlets shall be sufficient to provide adequate dispersion of all emissions and the design
shall ftake into account the potential, under réasonably foreseeable operating conditions, for large amounts of
oxygen depleted air, carbon monoxide.-or.other hazardous air pollutants being emitted that can cause the
asphyxiation of personnel in the area of.an inadequately dispersed exhaust. The emissions shal| not cause a
nuisgnce or danger to nearby persons or property.

NOTH National or local regulations can govern stack heights.

The ¢xhaust design and Jocation shall take into account wind, seismic hazards, hazardous areas, vent outlets
and gther site environmental criteria, and shall accommodate the location of adjacent equipment|or structures
that tan be adversely~affected by high exhaust gas temperatures. The design should congider internal
presqure levels that'ean occur as a result of improper engine operation.

In arpas where/personnel can be in proximity to the exhaust ducting/stack, thermal protection shall be
provifled, either as an integral part of the design or through remedial application.

Safe |access shall be provided so that regular checks for leaks can be undertaken on exhaus{ ducting and
exhaust flexibles where these are routed through a building where leakage, due to the above, 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 should be sufficient to minimize unpurged voids. 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.
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Exhaust purging should 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 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 appropriate instrumentation interlocked to the
start-up sequence. Where the gas turbine air compressor itself is used to provide the purge flow, proof of
adequate gas turbine compressor rotation speed and proof of correct variable guide vane and/or compressor
bleed valve g
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SSHeRS-SHaHBe tO-VeHTyHe-HOW-ate-

h and
ment

In the case o
a subsequen|
to ensure th4d

f a normal controlled shut-down where a shut-off valve operating check has been undertake
t start-up takes place, start-up without a full purge may be undertaken, subject to risk assess
t no fuel can enter the gas turbine or exhaust system.

Brous
bhtha

The fuel use
overpressursg
where signifi

 for start-up shall be such that auto-ignition on hot internal surfaces does not lead to dang
conditions or uncontained component failure. This typically applies to"fuels such as na
cant potential exists for the formation of large potentially explosive vapgur clouds.

hsure
other

Where more
that reverse
flow conditio

than one gas turbine supplies a heat recovery system, precautions should be taken to e
exhaust gas flows cannot pass back into another gas turbinesunder any purge, start-up or
.

5.13 Enclolsures

5.13.1 Gengdral

Outdoor enc
correct opers
installation o

Where the €
other closurg
and maintain
that has bee

Non-metallic

osures shall be constructed so that the level of weather protection achieved ensures tha
tion of safety equipment is not impaired by environmental conditions or influences. See 5.1
enclosures in hazardous areas.

nclosure is protected by a gaseous fire extinguishant the seals at retained panels, doors
points shall withstand any increase in pressure caused during the release of the extingui
the concentration of the extinguishant in accordance with the fire extinguishing code or sta
 adopted (see 5.15.6).

t the
5 for

and
shant
ndard

materials used for'flexible connections and seals shall be selected to withstand the loadin

and

environmental conditions to~Which they are subjected, without impairing the effectiveness of gageous

extinguishan

Where ther
IEC/TR 6007
less than the

and cooling.or_dilution ventilation.

»)

7

is the\ potential for leakage from driven machinery, of gases of subgroup II

the gas turbi

of

9-20:4996 (e.g. hydrogen cooled generators) or vapours or mists where the AIT (see 5.16.4.4) is
gas.turbine surface temperature, the machinery shall not be installed in the same enclosyre as
he_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.

5.13.2 Enclosure structure

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

following:

a) reasonably foreseeable 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;
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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 being implemented or
overpressure up to 1000 Pa (10 mbar), unless extrapolated to 1500 Pa (15 mbar), where the
overpressure is being limited in accordance with 5.16.5.3.

The enclosure structure should include attachments and integrated tools necessary to allow maintenance
activities to be carried out safely in conjunction with the supply of any special maintenance tools.

5.13.3 Enclosure fire precautions

5.13.3.1 General

The [risk of fire shall be assessed in all enclosures and, where necessary, fire precautions shall be
implgmented in accordance with 5.15.

5.13.3.2 Gas turbine enclosure

An integrated fire protection system, including fire detection and suppression/equipment, together with the
necesgsary controls and instrumentation shall be provided in the gas turbine.enclosure in accordapce with 5.15.
The gystem shall be able to detect fire automatically, directly or indirectly;~and extinguish it reliably.

5.13.4 Explosion prevention and protection — Area classification — Ventilation

Hazardous areas within the enclosure shall be classified and ‘€xplosion prevention and protectipbn measures
shall [be implemented in accordance with 5.16. Where flammable gases, vapours or mists that|have an AIT
below the temperature of any exposed hot surface can~be present or where risk assessment indicates a
residpal risk of ignition, the additional measures described in 5.16.5.2 (explosion relief) an@l/or 5.16.5.3
(prespure resistant design) and/or 5.16.5.4 (suppression) shall be implemented.

5.13.p Gas detection

Whefe an enclosure contains hazardous.zones due to flammable gas or vapour, gas detection shall be
implgmented in accordance with 5.19.

5.13.p Enclosure purging

Whelfe an enclosure contains equipment that can release gases and liquids capable of producing flammable
vapolrs and mists, the enclesure and associated upstream and downstream ducting volume shall be subject
to a purge cycle prior to_start-up unless the ventilation has run continually since previous operatipn of the gas
turbine.

The purge cycle shall be sufficient to displace three times the volume of the ventilated system.

To shorten.the duration of fire or explosion risk in comparison to a natural cooling cycle, the ventijation system
shall [normally continue to operate at shut-down to reduce the surface temperature of any surface to less than
80 %|ofthe AIT, measured in degrees Celsius (see 5.16.4.4), of any combustible fluids and gaJés. A margin
shall be made, where applicable, for the effects of heat soak from hot masses internal to the surfaces.

In the case of loss of ventilation during the cool down cycle the actions related to the loss of ventilation shall
occur. See 5.16.2 and 5.21.9.

5.13.7 Mist detection

Flammable mist can be formed from pressurized fluid leakage at a temperature below the flash point of the
fluid (see 5.16.2.). If risk assessment indicates that the conditions exist for an explosion in an enclosure from
the ignition of an explosive mist/air mixture, such that additional risk reduction measures are necessary, a
liquid mist detection system may be installed. Detectors should be located taking into account their suitability
for operation under local conditions of temperature and air velocity. Alarm settings shall be set as low as
possible, commensurate with the avoidance of spurious detection.

© 1SO 2009 — Al rights reserved 27


https://standardsiso.com/api/?name=d07006b1b804a65395b98b4764f1c5b1

ISO 21789:2009(E)

5.13.8 Access and doors

To prevent operator entrapment, if it is physically possible for operators to gain entry, each access door shall
be fitted with an internal release mechanism that overrides any locking mechanism and is capable of being
opened against negative pressure ventilation forces. See 7.6 for information to be supplied in relation to
access.
NOTE Similar considerations may apply to hatches.

Enclosure doors shall be fitted with devices when required to prevent unexpected movement due to wind or
other actions that can lead to |mpact or crushing hazards. Where high positive or negative pressure exists in

artificially v shall
contain procédures for safe opening and closmg (see 7.6.1).

For fire extinguishant isolation refer to 7.6.1 for isolation details prior to personnel entry.

5.13.9 Entrgpment

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

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

5.14 Lighting

An appropriate level of local lighting shall be provided in areas where visibility is required for safe executjon of
operational gctivities. Emergency lighting shall be provided where illumination is required for safe opefation
(stand-by lighting) and escape (escape route lighting).

NOTE Guiidance on emergency lighting can be found in"\EN 1838:1999 and NFPA 101:2003.

5.15 Fire precautions

5.15.1 Gengdral

A risk baseql approach to the requirement for fire risk reduction, protection, detection and suppression
measures shall be taken based ©n the requirements of ISO 19353:2005, or an equivalent national stapdard
providing eqpivalent requirements, taking into account the existence of a fire hazard, the probability [of its
occurrence gnd the degree.of possible harm. The fire protection system shall be based on an integrated et of
standards and the guidance described in 5.15.2 to 5.15.13 inclusive.

5.15.2 Strugtural fire risk reduction

The materialg ‘af)construction of enclosed spaces where a fire risk exists, their associated structural members

and any acoustic and thermal insulation shall be of non-combustible fire resisting materials to reduce fire
loads and inhibit the spread of a fire. The use of small parts that are not connected, such as gaskets made out

of combustib

le materials, is acceptable.

Materials used within evaporative inlet air coolers should be non-combustible.

Fire hazards

of electrotechnical products shall be assessed in accordance with IEC 60695-1-1: 1999.

Where risk assessment indicates that a fire extinguishant system shall be 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.
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5.15.3 Hydrocarbon fire risk reduction

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.

When defining the fire protection measures for gas fuel areas and other areas containing pressurized
hydrocarbons, the actuation of the extinguishing measures (manual or automatic) shall initiate the automatic
shut-off of the fuel supply (see also 5.13.3.2). Where manual actuation of the emergency release is required at
the extinguishant containers, the operation manual shall advise that the emergency stop button shall be

activ@ited To cut off the fuel supply.
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Where indicated by 5.13.3 or 5.2, an automatic integrated fire protection system shall be provided, together

with t

he necessary controls and instrumentation.

The design shall ensure the integrity and functionality of the fire protection system in the context of fast and
reliable detection of fire, fast and reliable discharge after detection, fast and reliable extinguishing and
suppression of fire with regard to personnel safety.
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5.15.5 Fire detection

To ensure that fires are detected at an early stage, areas at risk shall be monitored with automatic fire
detectors. Detectors shall be selected from the following types:

a) smoke detectors;
b) flame detectors;
c) heat detectors.

Heat detecto
used in com
is required.

The fire detg
guidance sh{

Manual push
at exits from
with the extin

The definitio
be based on
shall be instd

Where the lo
of the sensin
type selecteq

bination with other detectors where risk assessment indicates that an additional level of det
ction principles described in ISO/TR 13387-7:1999 or a national standard providing equi
Il be applied.

-button fire alarms shall be installed near the main escape routes from any enclosed space
buildings within which a fire protection system is installed. The alarm.function may be integd
guishant release manual push-button at the enclosure.

h of areas that are equipped with fire detection or a fire detection'and extinguishing system
risk assessment. At least the minimum number of detectors*required for the area being prot
lled to provide a fire alarm signal and minimize false alarmsto an acceptable level.

cation of a fire detector is such that the accuracy of.détection could be affected by contamir

shall produce a fault signal if contamination is detected.

5.15.6 Fire ¢xtinguishing systems

Fire extinguis

a) 1SO618

b) 1SO 145
c) NFPA7
d) NFPA 1

The extingui
within the en

hing systems shall be designed, installed and tested to the relevant standard as follows:

3:1990 or NFPA 12:2005 for CO, systems;

P0-1:2000 or NFPA 2001:2000 for other gaseous systems;
b0:2006 for water mist’'systems;
B:2002 for sprinkler systems and NFPA 15:2001 for water spray systems.

5hing media shall be selected so as not to cause any damage to the safety related equip
Closedsspace.

Risk of expo
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rated

shall
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g components, due to pollutants or substances in the local air stream or atmosphere, the defector

ment

sure of personnel to asphyxiants and other extinguishants that are potentially hazardous sh

Il be

minimized.

A suitable alarm should be incorporated into the fire protection control system to provide sufficient warning to
people within an enclosed space to make their escape before the discharge of a hazardous extinguishant. The
pre-discharge alarms shall provide a time delay of sufficient duration to allow for evacuation under “worst
case” conditions.

Where the extinguishant has not been isolated prior to entry, attempted entry into an enclosed space
protected by a potentially hazardous extinguishant shall sound an alarm locally and at the control panel.

Extinguishing systems capable of asphyxiation shall not be installed in or used to protect normally occupied
spaces.
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Means for mechanical isolation of extinguishing systems shall be provided. The isolation device shall be fitted
with position monitoring interfaced to the turbine control system. Isolation shall be repeatedly annunciated at
the control system.

Electrical isolation of the extinguishment release may be permitted for short-term entry in large spaces with
easy means of egress. Isolation shall be repeatedly annunciated at the turbine control system.

Any air exhausts or air inlet openings into the enclosure should normally be fitted with an automatic closing
damper. If openings are kept open during extinguishant release, this shall be taken into account in the
extinguishant quantity calculation. When calculating the quantities of extinguishant for discharge, due
consideration should be given to unavoidable leakage from the enclosed space. Where dampers are utilized
the closing force shall be such to ensure closure of the damper under all reasonably foreseeable
envirpbnmental and operating conditions. Where required to achieve a tolerable level of risk, damper position
shall pe monitored.

The gxtinguishant concentration shall persist effectively to prevent re-ignition by hot surfaces unti] other safety
meagures 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 extinguishanpt capability.

Ther¢ shall be two independent discharge release methods:

a) one automatic, after a signal from the detection system; and

b) a@ne manual, by push button(s) at predefined points near to the enclosed space. Manual relegase may use
glectrical assistance to initiate the discharge.

NOTH 1 Some national standards require additional methods for manual release.

Each| different design of enclosure shall be subjected to~a one-time full extinguishant discharge|release type
test, pr a door fan retention test in conjunction with a-functional test on the extinguishment syst¢m to ensure
the applicable integrity/sealing is achieved.

Proper functioning of all related systems and ‘the sealing of the enclosed space shall be chegked on each
installation. See also 5.23.13 in relation to the suitability of pipework.

NOTH 2  For an example of door fan retention test procedures, see ISO 9972.

5.15.f Water mist extinguishant

Whele a water mist extinguishant system is used and where a continual discharge system can cduse damage
to the gas turbine leading’to premature failure, a pulsed release system that has been proven [not to cause
such(damage may be dsed. The interval of pulsing shall be such as to extinguish the maximun] credible fire
and rpaintain continual’'protection against re-ignition.

The pumbers@and positions of the water mist nozzles shall be selected to provide an adequate| effect of the
extinguishing:spray taking into account the actual geometry and access of the parts.

Suitaple-measures shall be taken to prevent icing of the system.

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

Water mist nozzles shall be fitted with a suitable filter/strainer such that any reasonably foreseeable blockage
of the discharge orifices by particulates is prevented. System materials shall be chosen to reduce the potential
for blockage of orifices by corrosion deposits. Water quality shall comply with the manufacturer’s
recommendations.

5.15.8 Extinguishing system controls

Each fire protection and extinguishing system shall be equipped with a fire protection control system. This
may be a local panel, may be integrated with the gas turbine control system or may be installed in the main
control panel area.
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The system s

hall be capable of the functions specified in Table 1.

Table 1 — System functions

Function

Implementation

release

Manual push-button

Installed at predefined points outside an enclosed space. Use of this release shall not
override the required pre-discharge alarm sequences.

Automatic release

Automatic release on fire detection.

Selector switch

The extinguishing system shall be able to be inhibited.

The use of electrical selector switches to isolate extinguishant release can give rise to a
false sense of security when the manual release is still available and should not be uséd as
an alternative to mechanical isolation.

Acoustic alarmn At enclosed spaces by horn or alarm sirens.

Visual alarm At enclosed spaces with a high noise level (e.g. gas turbine enclosure) by,red flashing lights.

Interface to tUrbine Suitable contacts and associated logic.

controls

In the event pf a loss of the primary electrical power supply to the fire protection system, it shall be protected

by an independent back-up/emergency system capable of maintaining{the electrical supply for a geriod

sufficient to gchieve a tolerable level of risk.

The fire protection system shall, where specified, transmit a specific-alarm signal to any associated Central

Control Pangl to provide comprehensive information for operationalpersonnel.

Activation of ja single fire detector shall initiate an alarm signal:

Activation of|a second detector or second detector typé shall initiate appropriate actions that may include but

are not limited to the following:

a) transfer p signal to the gas turbine control system for initiating gas turbine trip;

b) close the applicable fuel safety shut-off-valve(s) (see 5.10.5.5 and 5.10.6.5);

c) actuate felated warning devices;

d) trip the Ventilation system(of,the enclosure;

e) close veptilation inlet. and exhaust dampers;

NOTE In some-¢ases, this may be achieved by the extinguishant action.
f) actuate fhe-automatic fire extinguishing system, after the time delay necessary for personnel proteftion,
where appticabte:

Activation of a single fire detector, where applicable, may be used to initiate the appropriate actions above.

The sound level of an acoustic alarm shall be audible above the noise level of the building/area in normal
operation, except that red (or another nationally required colour) flashing lights shall be provided in areas with

an average s

ound level greater than 105 dB(A) at 1 m 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 or other appropriate measures shall be implemented to achieve a
tolerable level of risk.
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NOTE 2 A serious fault alarm is an alarmed fault that, if not rectified, affects the ability of the system to operate
correctly.
5.15.9 Escape

Suitable safeguards shall be provided to allow prompt evacuation, to restrict entry to dangerous areas and to

provi

de means for prompt rescue of any trapped personnel.

There shall be adequate escape routes from the structures to the outdoors. Exit doors shall open in the
direction of exit. Where appropriate escape routes shall be marked and provided with emergency escape-
route lighting.

5.15.
A method of monitoring and/or weighing the fire extinguishant vessels' contents that”does
disconnection of the vessel shall be provided so that, if the vessel contents escape orleak, apprq
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|10 Uncontrolled release of media and loss of propellant pressure

be taken. Where manual checks are used they shall be conducted at jintervals that
Ceptable leakage is detected.

fle a nitrogen gas supply is used to actuate the extinguishant release-mechanism or as a
water in a water mist system, the pressure in the nitrogen vessel(s) shall be monitored g
¢l(s) contents escape or leak, an appropriate alarm shall be provided-

fle low temperature conditions can cause a drop in the pressure of propellant gas vessels sui
be provided to maintain the vessel(s) at a temperature sueh'that an acceptable pressure is g

fle the potential exists for external influences to activate fire detection equipment appropria

be taken, e.g. covers at enclosure windows to prevent activation of detectors by local radi
ng arcs.

i
11 Vessel thermal relief (burst disc)

ction shall be provided against overheating when fire extinguishant or nitrogen propellant
bd in areas subject to strong sunlight or other heating effects that can cause an uncontro
bse and operation of the vesselivalve burst disc. Propellant or extinguishant vessels shall ng
¢ a gas turbine enclosure.

bds of protection may include but are not limited to
essels mounted-ina suitably ventilated cabinet,

essels located in natural shade,

provision. of canopies or similar protection against surface heating.

4

not require
priate action
ensure that

propellant to
o that, if the

table heating
chieved.

precautions
ion, such as

vessel(s) are
led pressure
t be installed

vessel valve burst disc shall be orientated or otherwise guarded so that if the burst o

isc operates

personnel in the immediate area cannot be harmed.

5.15.

12 Vessel and/or pipe failure

Fire extinguishant and nitrogen propellant vessels shall be suitably mounted and protected from damage.

Where potentially damaging exposure or unauthorized interference is likely, suitable enclosures or guards

shall

be provided.

Piping shall be routed so that the potential for damage due to mechanical or other causes is minimized.
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5.15.13 Release 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.

5.16 Hazardous area classification and explosion prevention and protection

5.16.1 General

Where the pptemntiatexistsfor ftammmabtegases,; vapours or miststoarise, theareas siatbettassifieg and
appropriate [precautions shall be taken against explosions in accordance with 1SO 14124:132007;
IEC 60079-0}1998, IEC 60079-10, IEC 60079-14:2008, EN 1127-1:1997 and EN 13463-1:2001.

Where local Jegislation recognizes other established standards, such as NFPA 70:2005 and ®NFPA 497:11997,

that achieve|an equivalent level of safety and certification of equipment, these documenis\may be us¢d as
alternatives.

5.16.2 Areajlclassification

Hazardous afea classification shall be carried out for all plant items where flammable gas, vapour or mis{ risks
can arise. Areas shall be classified into zones (as defined in IEC 60079-10) and the extent of the|zone
determined ip accordance with IEC 60079-10. The extent of the zone_adjacent to any ventilation inlet|shall
take accounf the increased airflow in the area and the potential for flamimable gases, vapours or mists [to be

drawn into the inlets.

NOTE Flammable mist can be formed from pressurized fluid leakage at a temperature below the flash point fof the
fluid. IEC 60079-10 excludes areas where the presence of flammable mist can give rise to an unpredictable risk, [which
require specia] consideration, but advises that mists can form or.be present at the same time as flammable vapours |which
can affect the [way the flammable material disperses and the @xtent of any hazardous areas. The strict application of area
classification for gases and vapours might not be appropriate because the flammability characteristics of mists afe not
always predicfable. Whilst it can be difficult to decide upon the type and extent of zones, the criteria applicable to gases
and vapours will, in most cases, give a safe result. However, special consideration should always be given to the danger
of ignition of flammable mists in the presence of hot surfaces. See 5.13.7.

Where equipment is located in an enclasure and ventilation is used to control the hazardous areas, the| area
classification| shall take into account'the conditions when the ventilation is not present. De-energizing the
electrical sugplies or isolation and venting/de-pressurization of fuel and high pressure hydrocarbon systems or
a higher leVel of equipment classification or other appropriate actions may be required based on risk
assessment.

The category defining the-extent of protective measures to be taken shall be as defined in EN 1127-1:2007,
6.4.1.

EN 1127-1:2p07,\Annex B, describes the relationships between categories and zones.

Hazardous area classification drawings shall be prepared in accordance with IEC 60079-10, 6.2.

5.16.3 Explosion prevention

The methods described in EN 1127-1:2007 shall be used for the identification and assessment of the
hazardous situations and the concepts and methodology for explosion prevention therein shall be applied.
Remaining risks shall be assessed in accordance with 1SO 14121-1:2007, taking into account
EN 1127-1:2007, Clause 5, and the methods described in EN 1127-1:2007, Clause 6, to eliminate or minimize
risks.

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.
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5.16.4 Ignition source control

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.

5.16.4.2 Electrical ignition sources

Electrical apparatus for explosive gas atmospheres, for the identified zone and category, shall comply with
IEC 60079-0:2004 and IEC 60079-14:2002.

5.16.4.3 Non-electrical ignition sources

5.16.4.3.1 General

Non-glectrical equipment used in potentially explosive atmospheres shall comply with the requirements of
EN 1B463-1:2001 or shall be located in an area that meets the dilution ventilation requirements in|5.16.5.3.

5.16.4.3.2 Hot surface temperatures
Whefe 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 measures shall be taken, to prevent such leaks, not readily dispersible
by any dilution ventilation airflow (see 5.17.5), from contact withythe surface.

5.16.4.4 Auto-ignition temperature data

Valugs of AIT from IEC/TR 60079-20:1996, or otherwise from a verified source, shall be used. For mixtures,
unlegs test data are available, the AIT of the component having the lowest AIT and present at a ¢goncentration
of over 3 % (by volume) shall be used. If no relevant data are available, the AIT of relevant subgtances shall
be measured in accordance with IEC 60079-4:1975 as amended by IEC 60079-4-AM:1995, of by another

An appropriate safety margin shallbe applied to the value of the AIT for use where indicated as npecessary by

NOTE The capability of-asheated surface to cause ignition of a potentially explosive atmosphere depends on the type
and doncentration of the_particular substance in the mixture with air. This capability becomes greater With increasing
tempgrature and increasing surface area. The temperature that triggers ignition depends on the size and shape of the
heatefd body, on the congentration gradient in the vicinity of the surface, the contact time of the explosive atmosphere with
the h¢ated body and) to a certain extent, also on the surface material and the potential for catalytic reactlons. Thus, for
example, an explosive atmosphere can be ignited by surface temperatures lower than the AIT measured |in accordance
with IEC 60079471975 as amended by IEC 60079-4-AM:1995, or by other equivalent methods. On the othgr hand, in the
case f heated bodies with convex rather than concave surfaces a higher surface temperature is necessgry for ignition

owing to the brlef contact time.

5.16.5 Reduction of explosion effects in an enclosed space

5.16.5.1 General

If the measures described in 5.16.1 and 5.16.2 (area classification), 5.16.3 (explosion prevention), 5.16.4
(ignition 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 relief) and/or 5.16.5.3 (pressure resistant design)
and/or 5.16.5.4 (suppression) shall be implemented.
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5.16.5.2 Explosion relief

Where necessary in accordance with 5.16.5.1 explosion relief in accordance with EN 1127-1:2007, 6.5.3, shall
be implemented for an enclosed space. Relief panels shall be sized in accordance with NFPA 68.

The set point for the operation of relief panels shall be less than the internal overpressure that can cause any
personnel access doors or maintenance panels to be forced open. Relief panels (if fitted) shall be retained by
hinges or other mechanical means to prevent them from becoming loose missiles and so as to prevent injury
to personnel during opening.

In the event of relief panel operation appropriate action shall be initiated. A gas turbine trip shall occur when
the relief panetis-associated-with-the-gas-turbine-enetostre-

5.16.5.3 EXxplosion pressure resistant design

5.16.5.3.1 General

Where necegsary in accordance with 5.16.5.1, an explosion pressure resistant design¥in accordancqg with
EN 1127-1:2Dp07, 6.5.2.2, shall be implemented for enclosed spaces based on the-use of dilution ventilation
and its validgtion in accordance with 5.16.5.3.2 and 5.16.5.3.3 to limit the overpressure from an explpsion
event such that the pressure is reduced to a level that is unlikely to cause personnel injury and is contpined
within the enflosed space.

5.16.5.3.2 Dilution ventilation

Dilution ventilation shall be applied to ensure that areas of stagnantior inadequate ventilation are minimizged so
that, in the eyent 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 yentilation. Explosive concentrations are thefefore
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 that, in thecevent of ignition, the maximum overpressure frgm an
explosion event is limited such that the pressure rise~consequences are insignificant and safely contgined.
Thus the effgctive distribution of ventilation is marg important than its quantity, since high ventilation rateg can
preclude the|detection of small leaks by detectors*in the outlet ducts and can result in larger explosive cjouds
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 reasonably foreseeable leaks within a defined range.

Where necgssary to achieve effective dilution ventilation, a combination of additional inlet posifions,
distribution ducts and distribution-baffles may be used to direct the ventilation air flow to points of stagnation
and re-circulption. Account shall.-be taken of the flow patterns at cold start-up and running when different
thermal condjtions exist.

5.16.5.3.3 Ventilationvalidation

Computationpl fluid~dynamics (CFD) modelling or other quantifiable techniques shall be used to validate
dilution vent{lation in accordance with 5.16.5.3.2 to ensure adequate dilution of a leak is achieved| The
modelling shal-shew-thattheteak-—eloud-vrelume-atthe406-% contourarising-from-theleakthatean€ause
a gas turbine trip based on gas detection trip settings in the ventilation outlet ducts, converted to an equivalent
volume at stoichiometric concentration, shall be no larger than 0,1 % of the net volume of the enclosure. Since
there is no specific numerical safety factor included within the criterion, a safety factor should be applied
based on risk assessment taking the circumstances of the plant and any mitigation into account. In all cases,
the gas leak rate for the purposes of CFD should be based on a hole size no smaller than 0,25 mm? and no
larger than 25 mm?2 and the equivalent volume at stoichiometric concentration should not exceed 1 m3. This
criterion has been validated to show that, in the event of ignition, the overpressure created will not exceed
1 000 Pa (10 mbar). If the enclosure strength can be assessed to withstand an overpressure of up to 1 500 Pa
(15 mbar), the criterion may be extrapolated to an envelope not exceeding 0,15 % of net volume and an
overpressure of 1 500 Pa (15 mbar).
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Prior to the completion of commissioning of each initial design, ventilation validation in-situ measurements
shall be undertaken to ensure that areas of stagnant or inadequate ventilation are minimized.

Where analysis shows that unacceptable gas clouds or concentrations that cannot be removed by other
means can occur, additional appropriately located gas detectors shall be installed.

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 HSL ECO/03/06, HSL CM/04/09, and HSL CM/03/12.

5.16.p.4 Explosion suppression
Explgsion 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 jnecessary in
accofdance with 5.16.5.1, explosion suppression in accordance with EN 1127-4:2007, 6.4.4, shall be

implgmented for an enclosed space. In the event of activation, appropriate action including a ggs turbine trip
shall pe initiated.

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) ¢ontrol hazardous zones and promote the dilution of flammable gas, vapour and mist leaks.

5.17.R Cooling

tempprature range and alternative systems that are capable of keeping the equipment temperatufes within the
range, under all reasonably foreseeable operating conditions, are not installed, ventilation shall be used to
provifle an appropriate level of cooling or heating. See 5.17.3.

Whe}e the functionality of safety relevant equipment is dependant upon its use within jts designed

The pffectiveness of thelchosen solution to provide temperature control of equipment within |its designed
tempprature range, under-any reasonably foreseeable operating or fault condition, shall be validated.

5.17.p Heating

equigment is designed only for a specific temperature range and alternative systems that arg capable of
keeping_the equipment temperatures above its minimum operating limit are not installed, the heating shall be

by

Wheéle ventilation air is heated to prevent icing conditions or heated where the functionality of safety relevant

a) an electrical heater, appropriately certified as necessary, e.g. for use in a hazardous area, or

b) an indirect heat source, the design of which ensures that flammable gases and vapour or any other
substance that can create a hazardous situation do not enter the air stream.

Gas turbine compressor delivery air may be used directly to provide heating when stable running conditions
are achieved. The take-off point, controls and piping design shall prevent the occurrence of excess flow and
the accumulation of unburnt hydrocarbons and shall reduce the potential for burnt/unburnt products of
combustion to enter the inlet and cause a hazardous situation on flameout or gas turbine compressor surge.
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5.17.4 Hazardous area control

Where a hazardous area exists in an enclosed space, a partially enclosed space or an enclosure, ventilation
shall be used to dilute potential leaks of flammable gases and vapours by dispersion into the air until their
concentration is below the lower explosive limit. The degree (high, medium, low) and availability (good, fair,
poor) of ventilation shall be assessed in accordance with IEC 60079-10 for the purpose of area classification.
See also 5.16.2.

Areas of stagnant or poor ventilation, where recirculation and re-entrainment can arise, shall be minimized by

ensuring that the ventilation is effectively distributed.

include testi

5.17.5 Hot

Where hot s
hazardous z
due to a le
accordance

surfaces sha

Where pract

g of the atmosphere prior to accessing any trench or low-level area.

urfaces

Lirfaces exist or can exist under any reasonably foreseeable normal‘gperating conditions
bne that are above the AIT (see 5.16.4.4) of a flammable gas, vapaour.or mist that can be pr
pk, or where risk assessment indicates a residual risk of ignition, additional measur
vith 5.16.5 shall be implemented. The potential for hazardous.leaks in enclosures containin
| be limited to secondary grades of release as defined in IEC®0079-10.

cal, the ventilation airflow direction shall be arranged.so that any flammable leaks are dir|

away from hot surfaces.

5.17.6 Ventilation inlet location

The ventilati
effects on th
assessment
ventilation ai
risks of rever

Where a zo
atmosphere
actions desc

bn air should preferably be drawn from “ahon-hazardous area taking into account the st
b surrounding area. Location in a zone;2 area shall be considered acceptable only where
indicates that the largest credible  leak is capable of being diluted to such an extent b
r stream that a hazardous situation Cannot arise. Risk assessment shall also take account
se flow when the ventilation system is not operating.

he 2 area exists, as described above, or the potential still exists for a potentially exp
o enter the ventilation air inlet as described in 5.9.5 for the gas turbine compressor air inlg
ibed therein shall betaken for the ventilation inlet.

5.17.7 Ventilation inlet filtration

Where the

all be
Bre is
tions
shall

n the
bsent
BS in
g hot

bcted
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A risk
y the
f the

osive
t, the

tential ‘exists for dusts or other forms of contaminant to enter the ventilation air inlet that can

build up to form conibustible deposits, especially on hot surfaces, or prevent the correct operation of s

equipment,

itable filtration shall be installed to prevent this build-up.

afety

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

Where atmospheric pollution or environmental conditions exist (e.g. build-up of salt spray) that can affect the
operation of safety devices within enclosures, appropriate filtration shall be supplied.

5.17.8 Venti

lation inlet ducting

The ventilation inlet ducting shall normally be routed to avoid hazardous areas. Where this is not possible, the

ducting integ
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rity shall prevent unacceptable leaks.
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5.17.9 Ventilation outlet location

The ventilation air outlet shall not be located in a zone O or 1 area. Location in a zone 2 area shall be
considered acceptable only where risk assessment indicates that the largest credible outdoor leak is capable
of being diluted to such an extent by natural ventilation that the risk from reverse flow when the ventilation

syste

m is not operating is mitigated.

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

5.17.

Venti

10 Flow monitoring — Artificial ventilation

ation flow shall be monitored and interlocked to the start sequences of equipment so that t

he start-up is

inhib
Meari
Durin

time
shut-

Wheife the concept of 5.16.5.3 has been applied, flow monitoring shall detect inadequate and e

rates

Ifag
venti
withir

Whelle a method is implemented to inhibit the ventilation flow monitoring to allow the opening

doors
moni

5.18

5.18. Fan guards and structural failure

Guar,
shall
hous

NOTH

5.18.

The i
proce
contd

The

ted without sufficient ventilation and enclosure purging.
s shall be provided to prevent a start-up with defective ventilation monitoring equipment.

g operation, if inadequate ventilation is detected, a shut-down shall be initiated(within a s
unless the supply is automatically restored from alternative fans or any alternative power
Hown period shall be as short as practicable and determined after a risk assessment has be

if excessive flow rates are possible due to design or installed equippient.

ation are reinstated, the gas turbine shall be shut-down ahd the pressurized parts of the
the enclosure vented.

(e.g. for inspection) a suitable warning shall be\repeated at the gas turbine control pg
oring has been restored.

Fans

Hing for fans shall be provided.to.eliminate the risk of entrapment or contact with moving
comply with 1ISO 12499:1999 and retain the fan blades in the event of failure. The desig
ng shall contain any failure of fan components.

Guidance is given'in/prEN 14461:2002.
P Air blast oil coolers
mpact hazard-of the fan blades being released and causing damage to the cooler with the

ss fluid leakage and possible fire shall be part of risk assessment. The design of the fan
in any-failure of fan components.

afe period of
supply. The
bn performed.

cessive flow

as leak that leads to a dangerous concentration is detected ddring the period before adeqdate levels of

gas system

of enclosure
nel until the

arts. Guards
n of the fan

potential for
plenum shall

ocation of the air blast cooler assembly shall be such that if leakage of the matrix occus due to fan

debris or other foreign matter, the potential for ignition is minimized.

5.19

Flammable gas detection

5.19.1 General

Detectors shall comply with IEC 60079-29-1:2007.

5.19.2 Type/selection principles

Gas detector measuring principles and selection shall be based on the relevant requirements of

IEC 60079-29-2:2007, taking

into account the potential for malfunction of the detecto

pollutants/substances in the air stream.

©1S0

2009 — All rights reserved

r(s) due to

39


https://standardsiso.com/api/?name=d07006b1b804a65395b98b4764f1c5b1

ISO 21789:2009(E)

5.19.3 Location principles

The location of fixed gas detectors shall be based on the criteria in IEC 60079-29-2:2007, Clause 8. Enclosed
ventilated spaces containing gas fuel or liquid fuel with a flash point less than 55 °C shall be equipped with at
least one gas detector located in the ventilation outlet. The location of the detector(s) in the outlet should take
account of the mixture concentration contours within the air stream to ensure detection is achieved.

NOTE The Institute of Petroleum Model Code of Safe Practice, Part 15, Annex A, provides further guidance on
vapours produced by liquid fuels at flash point temperatures.

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 {o detect any gas or fuel vapours that can have accumulated

5.19.4 Settings

The lowest
account the
manufacture
dilute potenti

The gas detq
than 25 % LK
and visual w|
vented. Gas
risk assessm

bractical level shall be used for the gas detector settings for both alarm andJtrip, taking
need to avoid spurious signals. Adjustments shall be carried out in agcordance wit

plly flammable gas and vapour leaks and shall be the subject of risk assessment.

ctor(s) in ventilation outlets shall be set to alarm at not more than 10.% LEL and trip at not
EL. Where gas is detected at the trip setting, the control systemhall give an appropriate at

detectors may also be installed at other locations; their alarm’and trip settings shall be subj
ent.

5.19.5 Enclgsures containing hot surfaces — Screening tool
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rfaces exist in an enclosure, as described in 547.5, a one dimensional jet model may be us
screening tool to determine if the % LEL setting of a gas detector at an enclosure vent out
vith dilution ventilation, is likely to control‘the size of the explosive cloud arising from a detec

s of the pressure rise are insignificant-and safely contained.

g calculation should be undertaken by comparing the volume of the cloud at the env
e 100 % LEL contour, and converted to an equivalent volume at stoichiometric concentr
f the enclosure volume!{ Where the defined cloud volume is less than this proportion ¢
lume, well distributed dilution ventilation is likely to ensure that the gas detector setting
ation rate may allow the cloud volume to be controlled. However, such a method cannot
rbulence, ventilation direction, recirculation or the effect of obstacles, and should be useg
cak impingement/on a flat surface adjacent to the leak source might not be adequately dilut
ption velocities, whilst ventilation direction can reduce the cloud size by a large factor.

into
N the

's manual. Settings shall be chosen in conjunction with the ability of the‘ventilation syst¢m to

more
dible

arning and initiate a gas turbine shut-down, and potential sources of leaks shall be isolated and

bct to

Bd as
et, in
table

of the leak cloud being compared withtthe enclosure size, such that in the event of ignitiof, the

blope
ption,
f the
and
take
with
bd by

bf the_dilution ventilation air flow on the size of the jet leak cloud shall always be validated in

vith<5.96.5.3.3.

5.19.6 Maintenance and calibration

Maintenance and calibration procedures shall comply with 7.7.6 of this International Standard. The

recommended

test gas used for calibration shall comply with the general

IEC 60079-29-1:2007, 5.3.

requirements of

The LEL levels shown in IEC/TR 60079-20:1996 shall be used as datum values except where the major
constituent is less than 90 % by volume, in which case specialist advice shall be obtained from the detector
manufacturer with respect to an appropriate LEL value.
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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. It is recommended to apply relevant standards such as IEC 61508-1:2001 and/or
IEC 61511-1:2003 and the appropriate normative references therein.

5.20.2 Environmental suitability

Protgctive systems shall be designed, selected and constructed such that they are capable of pefforming their
intengled function under all reasonably foreseeable environmental/operating conditions (e.g) voltages, humidity,
vibrafion, contamination, UV exposure, pollution, climatic and other external effects), taking intd account the
opergting-condition limits specified by component/equipment manufacturers.

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

Specjal consideration shall be given to the temperature capabilities of céntrol devices, taking intg account the
effects of thermal radiation, which may involve the completion of temperature surveys.

Whelle a heating or air conditioning system is required to conttel the environment for the gas tyrbine control

module to ensure that the required level of functional safetyris achieved, if power is lost to|this system,
autorpatic actions shall be taken to safeguard the gas turbine control module.

5.20.p Ergonomics

Ergonomic principles shall comply with ISO 12100-2:2003, 4.8.

5.20.4 Failure

The probability of failure of safety:functions shall be minimized in accordance with the requirements of
ISO 12100-2:2003, 4.12.

When the control signal is removed from a valve or control device that is essential for shut-down|or continued
operation with tolerable risk; the valve or device shall automatically move to its fail-safe position.

Where indicated by tisk assessment, component redundancy or the fail-safe principle for elegtrical circuits
shall pe used to pefform a safety function and provide the necessary SIL. See 5.2.

5.20.p Calibration

Control_systems shall be designed to allow calibration of safety related functions where applicable. If
calibration is required to be performed while the engine is running it should not lead to an interruption of
operation or compromise the safety of the machine. See also 7.7.7.

5.20.6 Testing

As far as practicable control systems shall be designed to allow testing of safety functions with the engine
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 operation.
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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 should 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. See 7.7.7.

5.20.7 Speegd-econtret

To provide pfotection against failure of the speed measurement or of the speed controller, an independ¢nt or

fail-safe ovefspeed protection system shall be provided to limit the overspeed of each shaft by immed
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with separate power turbines or with heat exchangersican require additional protection ag
bcause of the stored heat, or large stored volumes of high pressure, or both. Adequate prote

all be the subject of risk assessment.

rotor shaft engines, if it can be shown that.it‘is not possible for a rotor to overspeed d
forces, an overspeed protection system is not required on that rotor.

anual operation. It shall alsotbée operated automatically by safety related gas turbine protg

ystem shall be designed so that the emergency shut-down system including the emergency
not only the gas-turbine by acting on the fuel shut-off valves to immediately cut off the fuel s
associated equipment upstream and/or downstream if its continued operation can prody
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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) not be part of a human-machine interface (HMI) (e.g. touch screen) display.

The action of the emergency stop shall set the driven equipment to a safety state commensurate with shut-
down of the gas turbine and should override any other functions of the driven equipment.
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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 by any emergency stop. If an HMI is used, a message shall be displayed to
indicate that the emergency stop has occurred.

Risk assessment shall determine the functions to be maintained in each case of emergency stop to minimize
the consequences (e.g. in case of gas leakage detection, the ventilation system is maintained in action to
purge the enclosure, but in the event of fire the ventilation should be shut-down and the fire dampers should
close to enable the fire to be extinguished).

An agtomatie-re-start-shall-net-be-possible-after-an-emergeney-stop-without-a—manuatinrterventipn. Prior to a
re-start a check by operating personnel shall be undertaken to ensure that the fault that initiajed the shut-
down has been resolved such that operation with a tolerable risk can proceed.

5.20.p Interlocks
The ¢ontrol system shall provide interlocks that prevent engine start or ignitionlif this can reqult in unsafe

condftions based on the current status of the systems. Interlocks shall be reset only after correction of the
causg. The control system shall indicate which system has initiated the operation of an interlock.

5.21| Electrical

5.21.1 Design/Installation

Electrical equipment of drives, control systems, measuring and control devices, lighting and heating shall,
whereg relevant, comply with IEC 60204-1:2005, IEC 60204-11:2000 and IEC 60079-14:2002.

5.21.R Isolation and stored energy

5.21.2.1 General

For maintenance and inspection purposes and in an emergency, means for energy isolation |for electrical
supplies < 1 kV shall comply with. JEC 60204-1:2005, 5.3. Isolating devices for supplies > 1 kV |shall provide
all-pqle load disconnection and contact clearances shall be appropriate to ensure isolation.

Deviges for the prevention ©of Junexpected start-up shall comply with ISO 14118:2000. Where nedessary, local
stop buttons shall be provided in accordance with IEC 60204-1:2005, 5.4. Where a hazardous sitfiation cannot
be crpated and where.necessary, local stop buttons shall be provided in accordance with IEC 602304-1:2005.

Whefe electrical isolation by a plug/socket combination under the immediate supervision of the pgrson present
in thg danger.zone is not possible, the isolation devices shall be capable of being locked or otherfvise secured
in thg “isolated” position.

5.21.R.2~ l|solation of electrical equipment in potentially hazardous areas

Isolation of other than intrinsically safe circuits shall comply with IEC 60079-17:2007, 4.8.1. Isolation of
intrinsically safe circuits shall comply with IEC 60079-17:2007, 4.8.2.

5.21.2.3 Stored energy

Dissipation of stored energy for maintenance and inspection for supplies < 1kV shall comply with
IEC 60204-1:2005, 6.2.4. Supplies greater than 1 kV shall have suitable earthing, bleed resistors or short
circuit arrangements. Large capacitors for variable speed drives or other similar equipment shall have warning
labels detailing instructions/times for safe discharge.
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5.21.3 Elect

5.21.31

rostatic energy and bonding

Non-conducting parts

Non-conductive mechanical equipment parts exposed to the explosive atmosphere and susceptible to
electrostatic charging shall comply with EN 13463-1:2001, 7.4.

5.21.3.2 Conducting parts

Equipment shall be arranged so that dangerous electrical potential differences cannot exist. Bonding shall
comply with the requirements in IEC 60204-1:2005.

If there is a
persons, the

possibility of isolated metal parts becoming charged and acting as an ignition source of ar
N bonded terminals shall be provided and used to continuously dissipate the charge.

Where condyctive parts are used for the conveyance of non-conductive fluids and gases andthe continy

conductivity
provided at
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Shielded cal
shields shall

NOTE Fd

s broken by the use of non-conducting flexible connection or by other means;.terminals sh
pach side of the break and the parts bonded together, unless there ,is a’valid need fg
ction, such as to prevent circulating currents in generator bearings.

les shall be used where necessary to prevent interference and signal degradation. Contint
be ensured. At least one end of each shield shall be earthed.

r hazards associated with lube oil conductivity, see 5.24.1.

5.21.3.3 Sfray electric currents
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carry out esg
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. local arc welding) within the proximity of the equipment that can induce stray electrical cu

ential arc welding work close to any zoned-area, appropriate safeguards shall be taken (e.g.
ound).

5.21.4 Watey ingress
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tlosures shall be rated in ageordance with IEC 60529:2001 and be suitable for the environn
which they are operated. Ingress protection IP 54 is recommended as a minimum for ou

conditions. Ip cases where water jets or compressed air are used for cleaning, a suitable higher cat

should be us
ensure that
conduits and
accordance

ed. The means of introduction of a cable with its glands, bushings, etc., into an enclosure

sk to

ity of
bl be
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ity of

rents

e potential for electrical discharge shall be restricted during operation. Where it is necessary to

local

ental
tdoor
Bgory
shall

the degree of protection of the enclosure is not reduced. Cable connectors/glands, flgxible

fittings shall offer at least the same level of protection as defined for associated enclosu
vith IEC 60204-1:2005 and IEC 60204-11: 2000.

5.21.5 Lightning

If risks due

o4ightning have been identified, risks shall be minimized in accordance with EN 1127-1:

es in

P007,

6.4.8. Over

voltage protection shall comply with TEC 60204-1:2005, 7.9, and 1EC 60204-11:2000,

danger to electrical equipment caused by over voltage can be foreseen.

NOTE

A4, if

Further information on the design, installation, inspection and maintenance of lightning protection systems

(LPS) can be found in IEC 62305-1:2006. The effects of lightning can be particularly hazardous to computer systems,
regulation or control systems and power supplies and can lead to explosions, fire or injury to persons.

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.
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Electromagnetic emissions and immunity shall comply with IEC 61000-6-4:2006 and IEC 61000-6-2:2005
respectively.

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

Installations and earthing and cabling shall comply with the general guidelines in IEC/TR 61000-5-1:1996 and
IEC/TR 61000-5-2:1997 respectively.

General disturbances can be limited by applying the measures in IEC 60204-1:2005, 4.4.2.

5.21.f Battery installations

Battery installations shall comply with EN 50272-2:2001.

5.21.B Electrical overload
Dangerous overloading of electrical equipment shall be prevented at the desigr’stage by means|of integrated
meagurement, regulation and control devices, such as over-current cut-off switches, tempergture limiters,
time-|ag relays, overspeed monitors and/or similar monitoring devices.
Whele, under reasonably foreseeable circumstances, there is»Hthe potential for circuit oveoads in the

equigment greater than the design limits, appropriate protection.devices shall be installed in acdordance with
IEC §0204-1:2005, Clause 7.

5.21.D Electrical power failure

5.21.p.1 System failures
Risk jassessment shall be carried out to detérmine the consequences of power failure to the control system
and kafety devices and to identify thexneed for the provision of alternative power supplies such as
indegendent feeds, standby generators'‘or batteries.

If no plternative supply is provided or if the alternative fails to become available, shut-down shall be achieved
with & tolerable level of risk.

If a linited alternative supplyis provided, the systems that it is to feed shall be identified so as to|minimize the
risks fand avoid hazardous situations.

In th¢ case of battery back-up systems, a shut-down shall be initiated before the remaining battery power
becones insufficient for a safe shut-down of the equipment.

5.21.p.2/4 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.

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.
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The base plate or foundation shall be designed to ease the collection of liquid and to retain the quantity of
leaked liquids collected before the detection of the leak. The location of the drain point of the baseplate shall

minimize the

quantity of liquid retained after the drain operation.

All manual drain valves shall be easily accessible.

Gas turbine package drains and vents shall terminate in safe locations.

The noise ge

nerated from vents shall be considered (see 5.7).

5.22.2 Vents for flammable gases
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f the outlet shall be such that debris and any other potential foreignsmatter are prevented
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hected vents.
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bs are not recommended on vent lines. Welded pipes are recommended to avoid addi
ea classification around mechanical joints.en vent lines.

and hazardous emissions

be provided to prevent the emission of hazardous substances from the machine in accorg
23-1:1998. Where the measures described in 1ISO 14123-1:1998 cannot reduce the risk of]
us emissions from vents.or drains, additional precautions shall be taken to ensure that
nnot reach a toxic or-hazardous level that can cause unacceptable exposure levels.

es may includesut are not limited to:

vent quilets in suitable areas where personnel access is normally prohibited;

!

in an
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Ily-monitoring for toxic emissions at outlets in conjunction with the associated shut-down

and

Such measu

a)

b) locating

c) continu
evacuati

d)

on acoustic alarm and associated procedures;

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

5.22.4 Gas turbine compressor bleeds

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

discharge to
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5.23 Pressure equipment

5.23.1 General

Pressure equipment (e.g. piping, vessels, associated assemblies and incorporated safety and pressure
accessories) shall be designed and manufactured to comply with the applicable requirements in this
International Standard and shall be tested and inspected to remain leak tight and withstand the pressure and
vibration that can be reasonably expected during its foreseeable lifetime

NOTE Where temperature, temperature differences, thermal loads, containment, structural strength, stiffness or
dynamic loads are the overriding design issues, gas turbine equipment under pressure, such as casings, are excluded
from the scape of the Furapean Directive 97/23/EC_the Pressure Fquipment Directive

5.23.2 Design

The [pressure equipment shall be designed taking into account all relevant facters) to endure that the
equigment is safe throughout its intended life and shall incorporate appropriate safety factors to epsure that an
adeqpate safety margin exists to guard against all relevant failure modes in a consistent manner.

Accopnt shall be taken of the full range of reasonably foreseeable loadingsfinternal and/or exterpal pressure,
ambient and operating temperatures, mass of piping/vessel and contents, ‘climate loads, dynarpic effects of
the flliid, potential movements of structures, vibrations, earthquakes, transportation, handling, fatigue, reaction
forcep and applicable combinations of these loadings occurring simultaneously. The material, whll thickness,
tensile strength, ductility, forming, joining and test methods shallvbe suitable for the specifit media and
withsfand the reasonably foreseeable loadings that can occur. Where necessary, adequate pllowance or
protection against wear, erosion, corrosion, chemical attack<and decomposition of unstable fluifls should be
provifled, taking due account of the intended and reasonably foreseeable use.

Adequate provisions shall be provided for inspection.and testing, where appropriate.

5.23.3 Hazards
ressure equipment selected shall
liminate or reduce hazards as far.as is reasonably practical, or

pply appropriate protective.measures to mitigate hazards that cannot be eliminated.

5.23.4 Misuse

Congjderation should~be’ given to the potential misuse of the pressure equipment (e.g. use ag a means of
access, climbing onity’standing on it or for storage).

5.23.p Safe.handling and operation

Reasonably foreseeable risks associated with handling and operation shall be analysed and |provision for
apprapriate precautions shall be made (e.g. fitting padlocks at manual valves that, if incorrectly aperated, 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).

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.
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5.23.6 Isolation, draining and venting

Where applicable adequate means shall be provided for draining and venting of the pressure equipment to
permit cleaning, inspection and maintenance with tolerable risk.

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

Where required for safe maintenance and inspection purposes, devices shall be provided for isolation and the
dissipation of fluid pressure.

5.23.7 Fluid[injection
The hazard qf 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 be damaged isprotected, rpbust
and sufflciently supported,

b) providing shielding (e.g. screens) to flexible piping installed adjacent to an operator’s assigned warking

position [to reduce the risk resulting from a failure in the flexible piping systemwhere failure could ¢ause
harm to persons.

5.23.8 Assemblies

5.23.8.1 Ge¢neral

Assemblies ghall be so designed that the components to be assembled together are suitable and relialjle for
their duty angl are properly integrated and assembled in an appropriate manner.

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

Piping, valves, pumps, etc. shall be arranged to_minimize the number of vent connections required to prgvent
the formation of air or gas pockets in liquids,that can cause unsafe operating conditions.

All piping, pipe fittings, passages, surge or storage tanks and cored or drilled holes shall be free from bugrs or
foreign mattgr that can cause damage 1o a system or lead to a dangerous situation.

Control valves and other contrel’ components requiring inspection or maintenance shall be mountged in
positions thaf provide accessibility and avoid damage.

Where proprletary tube-ittings are used, component parts from different manufacturers shall not be intermixed
within a single fittings'Counter rotating (left hand and right hand) threads shall not be used on the fame
assembly wHere there is the potential for uncontrolled pressure release.

rhaticad theat At th
L = Tt

a aho o-n
CooTOtnTougrouttic o

It is recommeénded-thattube-fithirgsfroma-sing

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
instrumentation, control or relief valves.

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 safe shut-down shall occur where abnormal deviations
are detected.
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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).

Filters and strainers should be positioned in such a way that periodic servicing remains easy.

Transparent bowls for filters or strainers (e.g. glass, plastic) shall be protected to prevent injury from flying
particles if failure occurs.

5.23.8.4 Filling and drainage

A safe means of filling or draining systems or parts of systems during commissioning, maintenance and de-
comrissioning shall be provided.

5.23.8.5 Accumulators

The felease of stored energy shall not lead to dangerous situations. Preferably, accumulatofs should be
autorpatically and completely discharged when the respective system is shut-down: Where this ig not possible
or practical, a tolerable level of risk shall be achieved by other means.

5.23.B.6 Quick release connections

Whe:le quick release connectors are used they shall be of the self-sealing type to prevent leakag¢ and ingress
of foleign particles and shall be of the type that prevents opening whilst under pressure. Consideration shall
be giyen to the risk of incorrect reconnection if flexible lines arerused; quick connects should not|be the same
on different services.

5.23.8.7 Pumps

The $ystem downstream of a positive displacement*pump shall be equipped with a relief device if the system
can e blocked or closed. The relief fluid shall(be piped to a suitable location where the backpfessure does
not allow the system design pressure to be exceeded under reasonably foreseeable conditions.

Whele centrifugal pumps are used as‘a)pressure source, relief devices need not be supplied |provided the
design of the associated piping and flanges is based on the maximum supply pressure and groviding that
excesgsive overheating cannot oceut:

If thefe is the potential for leakage at a pump drive shaft seal that can cause contamination of other media and
lead fo a hazardous situation, the pump shall be fitted with double seals with the space betwgen the seals
suitably drained or vented.or be fitted with other suitable measures.

Where relief or spill-valve flow is returned to the pump suction the design shall be such that the|credible flow
shall not be capable of causing overheating with the potential for cavitation and vapour lock.

The felief device shall be adjusted in accordance with the supplier’s instructions to prevent byrsting of the
pump casing or downstream piping if a malfunction occurs that prevents pump flow.

5.23.9 Safety accessories

5.23.9.1 General

Safety accessories are devices designed to protect pressure equipment against exceeding the allowable limits.
Safety accessories shall

a) be designed and constructed so as 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 independent of other functions, unless their safety function cannot be affected by such other functions;

c) comply with appropriate design principles to obtain suitable and reliable protection and shall be designed
so that, in the case of failure, a tolerable risk level is maintained until shut-down is achieved.
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5.23.9.2 Pressure limiting devices

Pressurized systems, if the risk of over-pressure exists, shall be fitted with pressure limiting devices designed
to provide pressure release or to otherwise limit pressure if the system’s design maximum working pressure is

exceeded. A

momentary pressure surge is allowed if this does not result in a dangerous condition.

5.23.9.3 Thermal safety

Where hazardous excess pressure can occur in the pipework system due to thermal expansion of the liquid,
means of pressure relief shall be provided.

Where therm
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d shape or stretched in a manner that causes inappropriate permanent tension;

nted in such a way as to avoid distortion, uneontrolled movement and damage d
ration;

d the maximum vibration levels that can be-imposed by the equipment;

pgral end fittings that allow replacement or maintenance and that enable the connections
osition and tightened without the risk'of torsional stress being applied to the flexible section;

d and retained so that it is unlikely that they can be used as handholds or footsteps
is a possibility of unacceptable hazards arising from leakage onto hot surfaces from flexible
bcautions shall be taken (e.g. by appropriate higher specification, guarding or routing the

e hot surface).
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5.23.11 Exte

rnal fire

Where the potential exists for pressure equipment to be subjected to external fire, appropriate protective

measures sh

all be taken to minimize risks in the event of leakage.

5.23.12 Material embrittlement and corrosion

Where, under reasonably foreseeable circumstances, 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 that provide a tolerable level of resistance to cracking shall be selected.
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Attention shall be given to the potential for accelerated embrittlement where contaminants can interact to
accelerate the corrosion process (e.g. the presence of hydrogen sulfide with trace contaminants of mercury).

NOTE ISO 15156-1:2001 provides guidance on the selection of materials resistant to stress corrosion cracking in the
presence of hydrogen sulfide at different levels of contamination, pressures and temperatures.

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

Consideration shall be given to drying and heating gases to reduce the potential for the presence of liquids
with the potential to cause corrosion and thereby mitigate the potential for material failure.

5.23.|13 Ultra-violet (UV) resistant pipework

Non-metallic hoses and pipework shall not be used where strong concentrations of UM:light cah occur, with
the pptential for premature degradation of the material.

5.24| Auxiliary systems

5.241 Lubrication systems

The lubrication oil system shall fulfil the requirements for oil flow, préssure and temperature required by the
gas tprbine. Loss of pressure and temperature control functions that'can lead to a dangerous situgtion shall be
detegted so that shut-down with a tolerable risk can be achieved:

If an pxternal seal air supply is necessary, on gas turbine shut-down, to prevent the internal leakape of oil from
the gps turbine bearings to areas of high temperature within the gas turbine core which could create a fire risk,
the dpecification of the seal air supply shall be such that the supply is maintained under a|l reasonably
forespeable circumstances for a period that allowsithe internal gas turbine surfaces likely to be i contact with
the ofl to cool below a temperature at which ignition can take place.

Whefle a fan assisted coalescer is used for mist removal, and a hazardous situation can arise from an
increase in back pressure, a bypass ar other measures shall be taken to reduce the back pressure to the
design limit.

Electostatic charging and the-farmation of sparks in the lube oil system, which can lead to @ dangerous

condftion, shall be prevented by sufficient electrical conductivity of the oil or by appropriate system parts, in
partiqular, in relation to isplated conductors and non-conductive parts, such as filter elements.

5.24.p Water systems

Whefe water systems (e.g. wash, injection, evaporative cooling, air inlet direct water mist spray and fire
protegction) areslocated where there is the risk of freezing, measures shall be taken to avoid equipment failure.
Such{measgres may include

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

c) the use of suitable methods to prevent freezing of fluids in drain tanks where the lack of drainage can
induce a hazard.

Solvents used to enhance the properties of the wash fluid during on-line gas turbine compressor cleaning and
anti-freeze additives shall be selected so that a mixture capable of ignition or of producing a rapid increase in
gas turbine combustion temperatures is not used. Off-line gas turbine compressor washing utilizing solvents
and anti-freeze shall be followed by a flushing, drying and purging cycle to ensure that no harmful or
combustible deposits remain.
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The quality of water used for gas turbine compressor air inlet evaporation cooling or direct water mist injection,
gas turbine compressor water wash, primary or secondary water injection and the source for steam injection
shall be controlled such that the total contaminants entering the gas turbine shall not impair the life of

components,

leading to premature failure and a potentially hazardous situation.

5.24.3 Hydraulic and pneumatic systems

Hydraulic and pneumatic systems shall comply with the safety requirements of ISO 4413:1998, 4.3, and
ISO 4414:1998, 4.3, respectively.

5.24.4 Utility

supplies
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requirenents of the more hazardous-substance inside or outside the enclosure.

s shall be filtered and have any undesirable condensate removed to avoid causing malfunct
Pquipment.

ility supply pressure shall be monitored at a point close to the service. The effects of chang
of the utility supply to equipment shall be subject to risk assessment. On'the loss of a
y equipment shall either permit continued safe operation or shall fail to a safe'condition.

Changes in the pressure of a utility supply shall cause an alarm condition. If the pressure ch

potential hazard, the safety devices shall cause shut-down  of the equipment. Where
maintain pressure to achieve shut-down with a tolerable risk_accumulators shall be includ

ation in a hazardous area

Feas shall be classified in zones in accordance with'5.16.2.
nstallations in zones 0 and 1 areas shall be\prohibited. Where the gas turbine is arrangeq
closure within a zone 2 area, risk assessment shall take into account the reasonably forese
n zone 2 areas shall comply with thel following:

us area equipment within the zone shall comply with 5.16.4. The equipment shall comply wi
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NOTE |Guidance is given in IEC'60079-10, 4.3, Note 2.

b) The requirements of IEC 60079-10, 4.4, with respect to extent of zone shall be taken into account.

c) If within the zone 2 area, the gas turbine compressor air inlet shall comply with 5.9.5 and the venti
air inlet $hall comply with 5.17.6.

d) Access ithin the gas turbine enclosure shall be in accordance with the requirements of 7.6.6.

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.

NOTE Based on a site risk assessment, gas detectors may be required at the perimeter of external zoned areas to
initiate a gas turbine shut-down if an unacceptable detection level occurs. This might not be part of the packagers
supply.
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5.26 Unenclosed gas turbines in a hall

Hazardous area classification shall be in accordance with 5.16. Zone 0 areas and continuous grades of
release in accordance with IEC 60079-10 shall not be permitted in the gas turbine hall.

Any surface temperatures exceeding the AIT of the hazardous gas, vapour or mist that can be present in a
zoned area shall be reviewed by risk assessment and suitable mitigation shall be applied. Risk assessment
shall take into account the size of the hall and the areas of occupancy with respect to the potential for the
ignition of a flammable mixture from a leak source and the possible harm to personnel in the vicinity of the
explosion. Where appropriate the techniques described in 5.16.5.3.2 and 5.16.5.3.3 shall be employed in

conjunction with appropriate access restrictions.

Any zone 1 areas in the hall shall be limited to the extent arising from reasonably foreseeable)felease rates
that will be diluted by the ventilation to a defined zone that shall not encroach on any equipment not suitably
certifled or on any surface temperatures that exceed 80 % of the AIT, in degrees Celsiusyof any flammable
gas, yapour or mist that can be present in the zoned area.

The gas turbine hall shall be fitted with

a) a fire detection and extinguishant system in accordance with 5.15;

b)I

c)

non-asphyxiant based extinguishant system, or entry to the hall shall be interlocked with is
xtinguishant, where personnel access to the hall is required ddring operation;

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

Where the potential for an explosive atmosphere exists:due to a leak of a flammable gas or va
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be fitted with a gas detection system in accordance-with 5.19, but taking into account the n
tors in the vicinity of potential leak sources, credible leak sizes and the effect of ventila
ent conditions when starting cold and running hot. Open path detectors should be consig
Cation.

See HSL report CM/99/12 for further-information.

Decommissioning and disposal

urbine installations being_decommissioned shall be rendered unable to start by at least t
as, for example, removal of starter motive power, removal of control circuit fuses, blinding
val of fuel control valve or disabling the control program.

stems shall be‘isolated, tagged and logged. Preservation methods consistent with the fut
f the engine-and systems should be implemented. Noxious or toxic fluids and materials shal
b manner.approved by the local authority.
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6.1

Quality assurance

Quality assurance shall be achieved by the manufacturer using a recognised quality standard (e.g.
ISO 9001:2000).

Design and construction data (e.g. design calculations, engineering drawings), test data, quality control
records and records of hazard and operability studies (HAZOPS) and risk assessments shall be kept by the
OEM for the equipment life, where there is a legal duty, or otherwise for at least 10 years from the date of

supply.
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6.2 Verification of safety requirements
Compliance with safety requirements shall be verified in accordance with Annex B.

7 Information for use

7.1 General

Final suppliers shall be responsible for the assembly of safety documentation within their scope of supply,
including manuals, drawings and diagrams, that shall be passed to the user before responsibility for their
respective installations is passed to the user. Suppliers shall supply the information and recommendations for

documentation shall be drawn up in the base language selected by-the OEM from which any
translations are developed.

Safety relatgd documentation shall be issued in the language agreed{with the purchaser and/or [other
languages demanded by local legislation. By way of derogation fronithis requirement, the maintenance
manuals and commissioning documentation for use by specialist personnel need only be available in a gingle
language undlerstood by those personnel.

7.3 Packdging

Where the gas turbine core is being packaged and installed by a third party, or other combinationg are
adopted for fhe supply of the finished installation, thexappropriate safety related documentation and mahuals
shall be supplied along the supply chain to ensure‘that a tolerable level of safety is achieved. This shall be
achieved by the supply of technical documentation~and manuals that define the interfaces, their functiong and
the actions Ipeing taken with respect to safety-for all the equipment as design, assembly, installation and
commissioning progresses through the supply train. Where applicable documentation shall also inglude
information rglating to residual risks necessary for risk assessments undertaken in the supply chain or Ry the
operator.

7.4 Commissioning
Commissioning documentation, which supplements other manuals where additional information is necegsary
for the comnjissioning of\safety devices and their associated functions, shall be available. The documentation
shall include| details ‘of..checks that shall be undertaken on the equipment, safety devices and assogiated
control system functions prior to first gas turbine start-up, including checks that the control-system paramneters
applicable to| safety functions are correctly adjusted/set. Changes made during commissioning shall be yithin
criteria that have been validated to allow non-hazardous operation.

Loop checks, including resistance to earth and continuity, shall be carried out for each applicable safety
device including, where applicable, calibration of the device. Where a device is still within its calibration period
this may be carried out by simulation of the device output. Where use is made of distributed networked
controls and the loops have been validated at the manufacturer's works for both the devices and the controls
and the equipment is within calibration, the loop check may be replaced by a communications check. Power
supplies for safety devices, including those supplied and installed by the operator, shall be checked to ensure
that the voltage and current supplied and protection and isolation of the circuit are in accordance with the
documentation.
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The documentation shall include details of bonding, earthing and shielding checks that shall be undertaken
with respect to safety devices and associated wiring where the devices are susceptible to static electricity or
electrical interference. The documentation shall include details of bonding and earthing checks that shall be
undertaken on mechanical equipment with flowing media or that is otherwise subject to the build up of static
electricity that can affect the operation of safety devices, lead to ignition in a hazardous area or cause static
shocks to personnel.

The documentation shall designate the piping connections to all safety related supply, vent and drain lines and
tanks and shall state that during the commissioning process, these shall be checked for proper function and,
where necessary, that the associated flow rates, pressures and temperatures are within limits and that
assomated safety dewces pressure equment assemblles and locking devices are correctly installed and
ning required
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design (thls may |nclude a restriction orifice), that it has been correctly connected to thelre
phere and has been terminated in a safe location with respect to any hazardous zones:

locumentation shall state that hazardous areas shall be reviewed by the operater-to ensur
table, equipment is correctly certified for the zone and that zones are not compromised by s
s vents, other sources of potentially explosive leakage or hot surfaces.

jocumentation shall include the necessary checks to verify that site_ifstalled fire protectia
been assembled and located correctly. This shall include checks«that pressurized extin
llant bottles are located such that overheating will not occur and (burst disc debris and di
ed to a safe location. Where an extinguishant discharge-test is required after ins
mentation shall include the procedure to be adopted and the“safety precautions to be tak
where the test is undertaken from running conditions and.any post-test inspections that ma
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tart checks (cold commissioning) shall include exercising of valves and other devices that
y function and checking that the equipment is correctly mounted and aligned. Where applic
shall be undertaken to verify that safety devices.are operating correctly.

Whefe x-rays or gamma rays are used for inspéction, diagnostics, or calibration, the documgntation shall
includle 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,
propgr 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

A mgnual shall be‘provided to enable the equipment to be operated with tolerable risk. This shall identify any
condftions that-impose limitations on the usage of the equipment and any procedures require¢l before and
after defined_periods of shut-down.

The manual shall contain a description of each section of the equipment, its function and safe operating
critermmmjmwﬁmmmmmummmwims on use.
The description shall include, where applicable, the operating sequences of equipment during start-up,
changes in operation and shut-down, the locations of emergency stop devices and methods for tracing and
eliminating minor faults.

The manual shall contain instructions for the checking of safety related devices and inspections and setting
checks that should be undertaken whilst the equipment is in use.

The manual shall identify any site specific reasonably foreseeable environmental conditions that can effect the
safe operation of the equipment and the associated corrective actions.
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The control system section of the manual shall describe the function of the control system, the equipment
operating concept and modes, and how the annunciation of start, operation and shut-down sequences, the
machine status and fault conditions are arranged and displayed. The manual shall include a description of any
start-up warning devices, hold-to-run devices and how the machine will react after the actuation of safety
devices. Where a message requires operator intervention the actions required shall be clearly indicated or
described in the manual. The manual shall describe any actions that should be taken before accepting an
alarm condition and before resetting after a trip.

Where manual intervention is required for testing of the safety functions and devices during normal operation

the periodicity and the actions required shall be described in the manual.

7.5.2 Safet
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Hot surfaces in hazardous areas should be maintained free of contaminants that can ignite or contaminants
that can affect the ignition characteristics of the surface.

The manual shall include instructions on the action taken by the operators in the event of fire detection, for
both fire detected automatically and fire detected by the operators, and details of any additional actions
associated with manual release of the fire extinguishant at the extinguishant containers. Where manual
actuation of the emergency release is required at the extinguishant containers, the operating manual shall
advise that the emergency stop button shall be activated to cut off the fuel supply. The manual shall also take
account of the risks in the opening of enclosure doors after extinguishant discharge, including those
associated with the inrush of air and the potential for re-ignition or explosion.
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The manual shall include details of all actions required for system replenishment after extinguishant release,
including any inspection and maintenance procedures that shall be followed to ensure that subsequent
operation is achieved successfully.

The manual shall contain warnings and precautions that should be taken where there is the potential for
discharge of extinguishant from inadvertent operation of UV or other similar detectors from external
interference.

The manual shall include instructions on how to confirm the integrity of the equipment for subsequent
operation with tolerable risk after any emergency shut-down.

The manual shall include instructions covering any necessary inspection, stabilization and re-setting actions
that $hould be taken prior to a gas turbine restart in the event that a turbine compressor surge event has
occufred.

7.6 | Enclosure access

7.6.1] General

The manual shall provide instructions covering access to the gas turbiné-and all other enclgsures during
opergtion, maintenance and commissioning based on the requirements shown in 7.6.2, 7.6.3, 7.4.4 and 7.6.5,
includling that prior to entry to any enclosure protected by a fire suppressant system capable of agphyxiation or
other{hazards, the release of the suppressant shall be mechanically-iselated and locked off. Electrical isolation
may |be permitted for short term entry in large spaces with easyvmeans of egress where th|s cannot be
overrjdden by manual release. In confined spaces, mechanical isolation shall be applied.

The manual shall contain instructions for the safe opening.@f machinery enclosure doors ventilatgd by positive
presqure to prevent impact hazards and the safe closure*of negatively ventilated machinery englosure doors
to prIvent crushing hazards, and shall state that enclosure doors shall be correctly closed after maintenance,
or amy other opening of the doors, to obtain_ithie correct integrity of any enclosure protected by an
extinguishant gas.

The manual shall contain instructions on:the conditions required for access, taking into account the internal
condjtions such as noise levels, preserice 'of any hazardous gas, internal temperature levels and temperature
distripution.

The manual shall include guidance, where appropriate, on the use of an additional person who should be
presgnt 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 should 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 monitgrpéersonnel within the enclosure. Where line of sight cannot be achieved other methods
shall pe used to enable an alarm to be raised if an incident occurs.

7.6.2| Risksassessment for accessing enclosures

Operling,of the enclosure doors and any subsequent entry should be under the control of a |written PTW
(per Yitto—wot k) oyatclll which—shatltalso—detaitPPE—stitabte—forthe U;VUII task—Fhis—shodtd—ihclude a risk
assessment that takes into account at least: changes in the ventilation airflow, the presence of flammable
leaks, the risk of ignition, entrapment, slips, trips and falls, thermal and noise hazards, egress restriction in the
surrounding area, potential for doors to freeze closed during access, and lighting. An additional person shall

be present during access in accordance with 7.9.

Where access in the enclosure is being undertaken no egress restrictions shall be in place in the surrounding
areas. Where emergency lighting is not provided entry should not be undertaken unless natural ambient
lighting provides adequate visibility for exit or uninterruptible temporary lighting is installed.
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7.6.3 Limitations under operational conditions

Access to the gas turbine enclosure followed by door closure shall be prohibited under running conditions,
unless access routes are provided for routine maintenance activities and adequate methods of escape exist,
with provision for opening enclosure doors against ventilation loads. Access shall be permitted only when
steady state running conditions have been established and no alarm condition exists that can escalate into a
hazardous situation or where other reasonably foreseeable or planned changes in operation can occur. The
small variations that occur during normal running are not considered to increase risk.

7.6.4 Limitations under non-operational conditions

A section ¢t the manual shall address condiions jor access 1o the gas turbine enclosure.jyinder
non-operatiopal conditions. The gas turbine and other machinery appropriate to the task to be underfaken
shall be intgrlocked from starting. Pressurized systems applicable to work to be undertaken)shall be
depressurized/vented and appropriately isolated.

Where accegs under non-operational conditions is necessary followed by closure of the enclosure doofs the
availability of lighting within the enclosure shall be assured through the availability of permanent or tempgorary
emergency lighting. Where such access is undertaken with the ventilation system)operational and| with
ventilation lopds on enclosure doors, additional precautions shall be taken (e.g. ventilation control from ithin
the enclosurg, radio communication) to prevent entrapment of personnel.

7.6.5 Accesss during commissioning and re-commissioning

Where specjal access is necessary during initial commissioning.-Or" re-commissioning after overhgul or
modification,|such access shall be undertaken only by appropriately, qualified and experienced personngl and
shall be detdiled in the associated commissioning documentation, supported by a written PTW in accordance
with 7.9.

7.6.6 Instajlations in a hazardous area
See 5.25. Infaddition to the requirements of 7.6.1.£07.6.5 access to gas turbine enclosures within hazafdous
areas shall e prevented during turbine operation and after shut-down unless at least one of the follpwing
conditions is [fulfilled:

a) hot surfaces have cooled to below./80 % of the AIT, in degrees Celsius, of any potentially explosive
atmospHere;

b) gas detgctors are in use~for“checking presence of hazardous atmospheres at the point of entry and
procedufes are in placesshould a hazardous atmosphere occur during access.

7.7 Maintenance

7.7.1 Gengdral

The manual shall include all of the instructions necessary for maintaining the reliable operation of safety
equipment for its intended life. It shall include the replacement of parts whose life is limited by operating
hours/cycles. Due consideration should be taken with regards to the fragility, reliability and the importance of
the device. See also 5.3 regarding modifications and replacement parts.

Where applicable to ensure reliable and safe operation the manual shall contain instructions detailing the
sampling of fluids and information on the need for replacement. Lubricating and hydraulic oil analysis shall be
undertaken at defined periods to ensure that deterioration in their properties, which could lead to a hazardous
situation, has not taken place.
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The manual shall identify the appropriate safeguards that should be taken to enable maintenance activities to
be carried out safely including the use of special tooling and fixtures. Safeguards shall cover, where applicable,
the hazards arising from gas turbine rotating components (e.g. rotor windmilling), variable geometry and
similar mechanisms during maintenance, adjustment and inspection. The use of any devices or lifting
equipment to prevent unexpected movement and instability shall be included with recommendations on PTW,
isolation and tagging procedures and the posting of warning signs. Where applicable guidance on the use of
method statements should be given where the potential for crushing, entrapment or other hazards exist whilst
moving equipment.

The manual shall specify all special tools required for the adjustment of safety devices.

7.7.2—General-maintenance-hazards

The
haza
and
gene

manual shall include the precautions required where there is the potential for spark.ge
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The manual shall describe the devices to prevent unexpected start-up or movement, those for the isolation
and dissipation of stored energy and their use during gas turbine maintenance and repair as shown in 5.21.2.

Inspection of the lightning protection system shall be undertaken after a known lightning strike.

7.7.4 Pressure equipment

The manual shall contain instructions for the inspection and maintenance of pressure equipment to maintain
integrity including checking/testing the operation of pressure control and relief devices and the periodicity at
which the activities should be undertaken. The instructions shall include checks for wear, erosion, abrasion,
corrosion or material degradation where required for continued use with tolerable risk. The manual shall
include inspection procedures and change-out periods for flexible pipes, diaphragms and other parts subject
to deterioration from continued movement where failure can create a hazardous situation.
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The manual shall contain instructions to allow the non-hazardous dismantling of pressure equipment and
pipework, including but not limited to the venting/drainage of any residual pressure, 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 safe 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 manual shall contain alternative procedures to verify that all connects are leak tight. Where indicated as
necessary by risk assessment this shall include pressure testing with dummy fittings prior to making final
connections.

7.7.5 Fire protection systems

The manual
components,
that faults ar
the system

programme.
Non-standar

shall include inspection programmes and maintenance instructions for the total-system a
The programme shall include the inspection intervals for the different parts)ofithe system
b detected at an early stage to allow rectification before the system may have to operate. V)

nd its
such
here

ncludes fire dampers and their associated controls these shall be in€luded in the inspegction

The programme should include periodic functional checks that the equipment operates corr
i tools required for the maintenance of the fire protection system shall.be identified and shou

ectly.
Id be

offered as an option.

7.7.6 Gas detectors

The manual ghall include guidance on the maintenance and calibration details for gas detectors in accorg
with IEC 600}79-29-2:2007, Clause 11, including normal calibration-intervals based on the type of detectdr and
its location/usage. The instructions shall include guidance on the test and neutral gases to be used| and,
where applicpble, the required flow rate, the LEL settings used'and their relevance to the associated hazard.

ance

The manual ghall give guidance on remedial actions taken where calibration checks show changes in re
accuracy thgt can allow an unacceptable gas congentration to arise. Such action may include shorten
the calibratign interval or replacement of the sensor or sensing element. The maintenance procedures
include veriflcation that the signal from the ‘gas detector gives the correct measurement at the c
equipment and that the correct actions are initiated at the set alarm and trip levels.
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7.7.7 Contfol systems: maintenance, calibration and testing

The manual| shall ‘in¢lude details of the safety related controls and associated equipment that rg
functional checks, maintenance, calibration or testing at specified intervals so that the safety integrity le
the safety fupctions are assured, mcludlng those functlons that may be cahbrated or tested when the eng
running, together ] ' any T
the controls durlng malntenance Where appllcable the checks shall include a functlonal test of the safety
systems, including safety devices and sensors, that verifies that the control system reacts correctly to the
input signals. Calibration shall be completed during commissioning, after any relevant intrusive maintenance
and at regular specified intervals. The frequency of the regular calibration shall be as recommended by the
manufacturer based on experience and risk assessment.

quire
vel of

The manual shall instruct that overspeed protection device(s) shall be subjected to a manual or automatically
simulated test, that may or may not interrupt the normal operation, at an interval that validates its functional
safety.
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Where trend monitoring techniques are utilized to alleviate the need for maintenance activities these shall be
subject to risk assessment to ensure that safety is not compromised. The criteria for the safe use of the trend
data shall be included in the manual.

7.7.8 Hazardous materials

The manual shall contain warnings and details by referring to material safety data sheets (MSDS) 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.

Whelle toxic fuels are used which can leave harmful residues after purging or drainage the)manual shall
contdin instructions for the non-hazardous handling and maintenance of equipment (that fan become
contgminated. The manual shall identify any devices or instruments that need to be provided by fthe operator,
which are considered necessary to detect any hazardous substances or environmentahconditions.

7.8 | Warning signs and notices

Macltfines shall be provided with markings in accordance with 1SO 12100-2:2003, 6.4. Visual danger signs,
namegplates, markings and identification plates shall be of sufficientcdurability to withstand |the physical
envirbnment involved.

Whele access is required to a space when there is the potentialfor entrapment or where other|hazards can
exist|a warning sign supplemented, if necessary, with text and/or an information sign shall be placed at the
point|of entry or, if not enclosed, shall be appropriately marked with colour or with fences. Wherg the space is
protected by a fire extinguishant gas that can cause asphyXiation if released the warning sign, supplemented
with advisory text, shall be placed in a prominent position covering each point of entry. The text shall advise of
the risk of automatic extinguishant release, the need for isolation prior to entry and any safety instructions
following a fire shut-down where an inrush of air can create the conditions for re-ignition of an extinguished fire.
A wafning sign shall be placed at each point of manual release indicating that extinguishant release will occur
on agtivation.

Whete additional risk mitigation is required with respect to the opening doors in enclosures with positive or
negative pressure artificial ventilation, warning signs shall be positioned at the point of entry.

A warning sign shall be placed atthe entry to all areas containing potentially explosive atmosphefes. This may
be in|the form of a hazard warning sign with the letters “Ex” in the triangle or a standard hazard |warning sign
supplimented by the appropriate text. The solution chosen shall comply with local legislation i the country
where the product is patfo use.

Whete parts or_assemblies have to be handled with the aid of lifting equipment during operation and
mainjenance, thel mass shall be marked on the part or assembly to be lifted or referenced op documents
inclugled in/with*the manuals.

Whete approprlate warning S|gns used as protection agalnst hot surfaces should include a wafning against
e and for the

emission of heat by radlatlon

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 manuals 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 Permit to work (PTW)

The operation and/or maintenance manual shall contain guidance on the use of a written PTW system and
recommend 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 state
that it is the responsibility of the operator to issue a written PTW system and should recommend 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.

7.10 Traini

ng

Details of thl training necessary for personnel involved in the operation, maintenance and commission

safety equipr
of safety de
activated anc

IEC 60079-1

hent covered by this International Standard shall be available. This should include the functi
ices, their interaction with the controls, the actions that follow an alarm and trip.evel
any subsequent actions that shall be taken.

/:2007 and IEC 60079-19:1993 should be used for guidance on the inspection, maintenanc

repair requirgments for equipment in hazardous areas.

7.11 Decommissioning and disposal

Where requ
inoperative &
instructions

red by the end operator documentation should include guidance to render the equig
nd guidance on safe decommissioning and disposal of hazardous substances based o
ontained in ISO 14123-1:1998.

ng of
bning
being

B and

ment
n the
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Annex A
(informative)

List of significant hazards

ISO 21789:2009(E)

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

Blade failure

Hazard Hazardous situation Preventative measures Reference
Lack|of safety studies Devices might not function correctly under | Risk assessment 5.2
all reasonably foreseeable situations
Crushing Moving parts Safe access 58.2,76,7.8
Shegdring Uncontrolled movement Guards 581,V.71,7.7.2
Cuttipg or severing Fingers trapped during maintenance Isolation/Emergency stop 5.21]12,5.20.8
Entapglement activity Permit to-Wwork 7.9
Operator trapped in valves/actuators Safedistances 58.1.1
Clothing trapped in rotating parts Warning signs 78
Maintenance 7.7
Trapping Person trapped within an enclosed space. \fAccess control 5.13.p,7.6,7.8
and unable to escape Release mechanism 3.13.8
Operator trapped in enclosure dampers, Lighting 514
potential for severing Warning signs 78
Isolation/Emergency stop 5.21|2, 5.20.8
Permit to work 7.6.2,7.9
Person in attendance /.6.1
Impagt Foreign matter in the.gas turbine Vibration detection 5.8.7
Mechanical disassembly Design for containment 9.8.15

Remote safety shut-off
valve

Traceable materials,

5.10.5(5, 5.10.6.5

testing 5.8.9
FOD screen 5.8.16
Foreign matter in the ventilation system Guard 5.18
followed by violent disassembly of Design for containment
enclosure ventilation fan blades
Violent disassembly of air-blast oil-cooler | Fan location 5.18
fan, damage to cooler matrix creating Guard
potential for fire Design for containment
High positive/negative enclosure pressure | Door stays, access 5.13.8, 7.6
Causing uncontonea aoor movermenu COTrol
straining forces Warning signs 78
Entry hazards
Icing at gas turbine compressor air inlet Monitoring, prevention, 5.9.3,594
causing gas turbine compressor surge implosion protection
Starter-motor rotor failure Containment 5.8.18
Access control
Cutting, severing Sharp edges/corners Removal/protection of 5.8.1.1
sharp edges, guards
Falling or ejection of Maintenance tools causing sparks in a Maintenance, 7.7.2,5.241
objects hazardous zone atmospheric checks
Operator injured by falling objects during | Training
periods of maintenance Use of PPE 7.10
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Table A.1 (continued)

Vibration monitoring

Hazard Hazardous situation Preventative measures Reference
Break-up: Loss of Fault in driven unit causing violent Design 5.8.6
containment disassembly Testing 5.8.17

Failure of high speed rotating components | Design, containment 5.8.15,5.8.17,5.8.7
Testing

5.8.8

High pressure-fluid
injection or ejection

Over-pressure in high pressure hydraulic
water wash systems, low-pressure gas

High-integrity pipework
and connectors

5.23,5.24,5.10.6.9,

turbine lubricating oil systems, fuel Monitoring 5.23
3::"°t°m,°’_ :nf.trumcnt f“" SUpply—ane Regulation and relier 5.73
steam-injection supply. _ . |Inspection 7.74
Over-pressure in fluid lines where fluid is Maintenance 299
trapped 193
Fuel vapour lpck Rupture of pressure equipment containing | Design 5110.6.4
dangerous media Pressure relief 5.10.8, 5.23.8|7
Monitoring
Over-pressurg ejection Failure of gas turbine pressure casing Design 5.8.3
containment Thermodynamic design 5.8.15
Over-pressure in enclosures due to Integrity of structure 5.13.2
extinguishant discharge Tests 5.15.6
Over-pressure in the gas turbine Maintenance 77.4
enclosure due to breach of gas turbine Design; test 583. 5815
pressure casing ' '
Surge causing over-pressure in the Surge margin, control 5.8.4
combustion inlet, inlet filter/ducting/flexible 592
fracture and structural failure
Exhaust over-pressure due to uncontrafled | Monitoring, closing speed 5.12.1
exhaust damper closure control
Pulse in exhaust on shut-down dueito Shielding of flexibles 5.12.2
engine surge
Unsafe discharge at gas turbine Routing to a safe location 5.22.4
compressor bleed valve
Positive pressure in lube oil tank when Instructions 7.7.8
opening filler, release’of carcinogenic oil | Warning signs 7.8
vapours into the atmosphere
Excess pressure in the fire High-integrity piping and 5.23
extinguishet/propellant bottles causing components
burst discto blow Safe location, 515.11,7.7.%
maintenance
Excess presspre from Lack of adequate control with the potential | Design 5.12.1
interface to exhaust heat=\for incorrect operation
recovery system
Loss of stability of Collapsing of parts or equipment Design 5.8.5
machine or machine
parts
Slip, trip and fall hazards | Falling from a height due to poor access [ Design, maintenance 5.8.2
Standing surfaces, walkway surfaces provisions
Lighting 5.14
Contact of persons with | Inability to isolate/guard a supply, Design, guards 5.21.1
live parts electrocution Isolation provisions 521.2
Permit to work 76.2,7.9
Maintenance instructions 7.7.3
Electric shock from stored energy in Design 5.21.23
capacitors Training 7.10
Warning signs 7.8
Maintenance instructions 7.7.3
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Hazard Hazardous situation Preventative measures Reference
Electrostatic phenomena | Cross interference from wiring Design 5.21.3,
External influences Electrical, static and electromagnetic Screening, bonding/ 5.21.3.2,5.21.5

interference causing loss of control earthing
Lightning strikes causing short circuit/ EMC measures 5.21.6,
malfunction of equipment and loss of Commissioning 7.4
control
Thermal radiation Thermal radiation from hot casings Design 5.20.2
affecting the safe operation of Surveys
instrumentation
Effeqts from short Generator short-circuit or faulty Design, over-torque 5.8.p, 5.8.17
circults, overloads, etc. synchronization causing over-torque limiting devices
Envitonmental influences | Water ingress causing short circuit/ Design 3214
on electrical equipment malfunction of equipment leading to loss Filter, specification 5.17|7, 5.20.2
of control, electrocution 4.13.1
In ocean coastal areas, build-up of salt
from spray
Damage to equipment Premature failure of turbine components | Preventative measures 5.9.2
from jenvironment Inlet air filtration
contgmination
Burng, other injuries from | Contact with cold surfaces due to Warning ‘signs 5.811.2,7.8
contgct with temperature |pressure reducing valves or extinguishant/
propellant release
Cold surfaces due to expansion of liquid td
vapour
Hot/dold surfaces Contact with hot/cold surfaces Guards §5.8.1.2
Warning signs 7.8
Damgge to health by hot | Chill factors generated by air flow/ Warning signs 7.8
or cojd working ventilation. Use of Personal 7 6.2
envirpnment Overheating due to inadequately insulated | Protective Equipment
hot surfaces and/or poorocation of hot air | (PPE)
outlets. Access control 7.6
Prolonged entry(in,enclosure producing
heat stroke
Damgge to equipment Equipment:failure Materials 4.8.19
from cold environment | Brittle fracture Preventative measures
Nois¢ High neise level from bleed valves, vents | Location, limit velocity, 5.7
and_motor exhausts silencer
Noise emission within the environment Warning signs 7.8
due to fluid flow Use of PPE 7.5.2
Noise levels impairing communications Silencing, attenuation 57
Noise in the environment due to pulsing of | Pulse timing 5.7
pulse clean inlet system
Interference with speech Noise measurements, 5J7, 7.10
Less effective communication due to noise | training
levels Use of PPE .5.2
Hearing loss, due to higher than predicted
noise levels
Vibration Vibration on high speed equipment Design and analysis, 5.8.7,5.8.17
leading to failure monitoring.
Critical speed encountered in rotating
equipment
Vibration of unsupported pipe work, Design 5.23.1,5.23.2
structures, etc. leading to failure
Higher-than-permitted velocity of gas Sizing of flexible pipes 5.23.10
through the flexible pipes
Potential for rupture
Low-cycle fatigue failure |Premature failure Design, materials, 5.8.8,5.8.9

validation
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