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

The
des
diffi
edif

Atte
pat
any
on 4

Any
con

For
as y
Tec

The
pro

ISO
pro

procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the meaning of [SO specific terms and expressions related to conformity 3
vell as information about ISO’s adherence to the World,Trade Organization (WTO) princ
hnical Barriers to Trade (TBT) see the following URL; www.iso.org/iso/foreword.html.

committee responsible for this document is”ISO/TC 244, Industrial furnaces and
ressing equipment.

13577 consists of the following partsf{under the general title Industrial furnaces and
Cessing equipment — Safety:

Part 1: General requirements
Part 2: Combustion and fuelshandling systems
Part 3: Generation and usé of protective and reactive atmosphere gases

Part 4: Protectivesystems
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Introduction

This part o

f1S0O 13577 is a Type C-Standard as defined in ISO 12100.

The machinery concerned and the extent, to which hazards, hazardous situations and events are

covered, is

indicated in the scope of this part of [SO 13577.

When provisions of this type C standard are different from those which are stated in type A or B
standards, the provisions of this type C standard take precedence over the provisions of the other
standards, for machines that have been designed and built according to the provisions of this type C

standard.
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requireme
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The requir

If a genera
part of ISO

Itis assum

contro] and instrumentation system/operator-control level.

irement for TPE. This part of ISO 13577 shall always have priority for TPE.

furnaces and associated thermo-processing equipment (TPE) generally/consists of
omponents:

sing chamber (e.g. steel construction with lining and/or refractory);
b systems;

tive system,;

1 provides the general safety requirements common-to TPE. This part of ISO 13577 det
specific safety requirements for generation andcuse of protective and reactive atmosp}
hre part of TPE as listed in the scope. These requirements establish the minimum accept
hts for safety functions required for various;processes. Where a process is not part off
quirements do not apply.

do not have doors in their design:

\s stated in its scope, ISO 1357%-1 does not cover blast furnaces, converters (in steel plants), bo
ent not covered under ISO 12100.

ements of protective system are specified in ISO 13577-4.

provision of [SO-13577-1 counters provisions in this part of ISO 13577, the provisions of
13577 take precedence.

bd that TPEwill only be operated and maintained by trained personnel.

e with product standards, e.g. 1ISO 22967 or ISO 22968 is not sufficient to ensure the mininum

the

ails
lere
hble
the

e, the minimum requirements for thé-opening and closing of doors on a TPE does not apply

lers

this
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dustrial furnaces and associated processing

equipment — Safety —

Part 3:
Generation and use of protective and reactive

atmosphere gases
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elimination-of these hazards.

The

Scope

5 part of ISO 13577 specifies safety requirements for generation and use o6f\protective a
osphere gases that are part of industrial thermo-processing equipment.( TPE).

5 part of ISO 13577 deals with significant hazards, hazardous situations and events rele
eration and use of protective and reactive atmosphere gases/created by thermochemicg
their use in TPE that are part of TPE as listed in Clause Ayand Clause 5, when used as in
er the conditions foreseen by the manufacturer.

5 part of ISO 13577 covers

pipework downstream of and including the manual isolating valve,
equipment for the generation of atmospheye gases,

additional equipment for the use of atmiosphere gases in TPE,
safety devices, and

functional requirements forsafety related control system

'he generation and use of protective and reactive atmosphere gases.

bplies to the supply~of atmosphere gas, source gas, inert gas and process liquids to TP
oval from TPE, ¢enfined to equipment integrated in the TPE.

5 part of ISOM 3577 also details the anticipated significant hazards associated with atmd
ems and their use in TPE and specifies the appropriate preventative measures for the r¢

pressure hazard of the piping and components covered by this standard is within the

hd reactive

E The general safety requirements common to TPE are provided indS©-13577-1 (see Introdiiction).

vant to the
| reactions
fended and

E and their

sphere gas
pduction or

maximum

pre
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This part of [SO 13577

specifies the requirements to be met to ensure the safety of persons and property during installation,

commissioning, start up, operation, shutdown and maintenance,

does not cover the relevant risks involved in the flue gas ducting system when it is not considered a

part of TPE,
is not applicable to utility supply upstream of the TPE main disconnects,

does not apply to TPE for semi-conductor devices,
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combu

stion,

does not cover the decommissioning of the TPE,
does not cover vacuum furnaces,

does not deal with the hazard of noise which is covered in ISO 13577-1,

manufactured before the date of its publication, and

does not apply to TPE with atmosphere, such as air and flue gas from an over stoichiometric

is not applicable to generation and use of atmosphere gas in TPE and associated plant which is

gives t

A TPE desi
in the areg|
hazardous

A table of t]

2 Norm

The followj

he necessary requirements for the information for use.

bned according to this part of ISO 13577 does not create any potentially explosive atmosp}
around the TPE and is not designed to be located in an area with a potentially explosiv|
atmosphere.

ypical protective and reactive gases is given in Annex B.

ative references

ing documents, in whole or in part, are normatively referénced in this document and

indispensaple for its application. For dated references, only the edition cited applies. For undz:

jere
£ or

are
ted

references| the latest edition of the referenced document (including any amendments) applies.

ISO 7-1, Pige threads where pressure-tight joints are made on the threads — Part 1: Dimensions, tolerapces
and designgition

ISO 228-1,|Pipe threads where pressure-tight joints are;iot made on the threads — Part 1: Dimensipns,
tolerances @ind designation

ISO 5817, |Welding — Fusion-welded joints in\steel, nickel, titanium and their alloys (beam weldling
excluded) + Quality levels for imperfections

ISO 7005-1}, Metallic flanges — Part 1: Steel flanges

ISO 7005-2, Metallic flanges — Part-2: Cast iron flanges

ISO 8434-1|, Metallic tube conngétions for fluid power and general use — Part 1: 24 degree cone connecfors
ISO 8434-2, Metallic tube connections for fluid power and general use — Part 2: 37 degree flared connecgors
[SO 8434-3, Metallic tubé connections for fluid power and general use — Part 3: O-ring face seal connecfors
ISO 12100,|Safety~ofmachinery — General principles for design — Risk assessment and risk reduction

ISO 13574:

P015; Industrial furnaces and associated processing equipment — Vocabulary

ISO 13577-1:2012, Industrial furnaces and associated processing equipment — Safety — Part 1: General
requirements

ISO 13577-2:2014, Industrial furnaces and associated processing equipment — Safety — Part 2: Combustion
and fuel handling systems

ISO 13577-4, Industrial furnace and associated processing equipment — Safety — Part 4: Protective systems

ISO 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1: General principles

for design

[SO 19879, Metallic tube connections for fluid power and general use — Test methods for hydraulic fluid
power connections
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[SO 23551-1, Safety and control devices for gas burners and gas-burning appliances —
requirements — Part 1: Automatic and semi-automatic valves

ISO 23551-2, Safety and control devices for gas burners and gas-burning appliances —
requirements — Part 2: Pressure regulators

IEC 60730-2-5:2011, Automatic electrical controls for household and similar use—Part 2-5:

requirements for automatic electrical burner control systems

IEC 60730-2-6:2007, Automatic electrical controls for household and similar use—Part 2-6:

Particular

Particular

Particular

Particular

requirements for automatic electrical pressure sensing controls including mechanical requirements

3 |Terms and definitions
For[the purposes of this document, the terms and definitions given in ISO 13574 and the follo
NOTE See Annex | for the list of terms specified in ISO 13574.

31
safety shutdown
funftion that takes the TPE out of operation and brings it in a defined safe state

Not¢ 1 to entry: The definition is different from safety shutdown-according 1ISO 13574:2015, 2.1]
applicable to ISO 13577-2.

3.2
flame failure

losq of flame from the normally detected position by 'any cause other than the action of de
thejautomatic shut-off valves system

Note 1 to entry: The term is used in ISO 13577-2.

3.3
gas|generator
equlipment that converts or modifies-a fluid or a mixture of fluids (gaseous or liquid) into 3
can|be utilized as the controlled‘atmosphere within the thermo-processing equipment

3.4
endothermic generator
gas|generator that produces atmosphere gas by an endothermic reaction

3.5
exothermic genérator
gas|generatorthat produces atmosphere gas by an exothermic reaction

ving apply.

H6 which is

energising

gas which

1bustible atmosphere gas

actual gas mixture

3.7
inert gas
non-combustible gas which will not support combustion and does not react at all

Note 1 to entry: Nitrogen, helium and argon are typical inert gases.

© ISO 2016 - All rights reserved
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3.8
purge gas

gas which can be used to purge a TPE

Note 1 to entry: A purge gas can safely be used for pre- and post-purging of cold and hot enclosures of TPE.

Note 2 to entry: Typically, purge gases are nitrogen, argon, helium and lean exothermic gas.

3.9
safety pur

ge volume

volume of purge gas needed to dlsplace e1ther airora combustlble gas from a furnace chamber/enclosure

to achieve
25 % of thg

Note 1toen
chamber to

Note2toe

3.10

multi-turn valve

valve whic
revolution

3.11
safe igniti
<MAC> mil

Note 1 to enftry: The safe ignition temperature has been established at 750 °C.

3.12
toxic atmg
gas which,

3.13
internal g
gas genera

3.14
gas contrd
centralized
accessorie

3.15

atmosphe
gas that is
processes

d VOIUIY
lower flammablllty limit

ry: Typically, this will be a volume equal to five times the volume of the thermo-processing equipr
be purged, if the purging gas is an inert gas.

ry: Non-combustible atmosphere gas as defined in 3.6.

h, in order to operate from the fully closed to the fully open position, requires a numbg
of the operating key or handwheel to be completed

pn temperature
himum temperature at which spontaneous, safe autd<ignition of combustible gases occur]
sphere gas

in addition to having asphyxiating properties, also acts as a poison

As generator
for integrated into or directlyrconnected to a TPE

1 equipment

, assembled in a“functional unit

re gas
supplied into or formed in TPE in accordance with a defined specification for ther

| /or

hent

r of

mounting of cemponents such as: pipework, safety components, pressure and fllow

[10-

Note 1 to e

A 1 : 1 el 1 l 1 =1 . el
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material processed.

3.16

process liquids
liquids that are supplied to TPE to create an atmosphere gas

the
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4 Safety requirements and measures

4.1 General

Protective and reactive atmosphere gases in TPE are used to react with the material processed or to
avoid a reaction with the material processed. Protective and reactive atmosphere gases are fed into the
TPE at determined points and are discharged out of the TPE at determined points too.

Protective and reactive atmosphere gases shall only be used in TPE that has been constructed to avoid
leakage of the protective and reactive atmosphere gases out of the TPE or ambient air into the TPE.

Elegtrical circuits shall be designed in accordance with [EC 60204-1.

A risk assessment according to ISO 12100 shall be carried out. Safety functions shall-be designed in
accprdance with ISO 13577-4, where the use of standards for functional safety IEC‘62061, SO 13849-1,
IEC|61511 and IEC 61508 is included. Annex E provides information for the determination of the SIL or
PL ¢f safety-related functions covered in this part of ISO 13577.

Sperific regional requirements are given in Annex G, Annex H and Annex.]. The safety requirements of
Annex G, Annex H and Annex I shall ensure at least the equivalent level-of safety to the requirements
given in this part of [SO 13577.

CAUTION — Toxic hazards for persons occur at lower concentrations than hazards by generation
of ignitable atmospheres.

NOTE Requirements for maximum allowable concentratiens values are identified by national regulations.

Materials used shall comply with the requirements:for'gas and liquids (e.g. non-ferrous mefals are not
suitiable for NH3 and natural rubber is not suitable\for natural gas).

For|basic configuration of piping system of TRPE using atmosphere gas, see Annex F.
4.2| Pipework

4.2]1 General

The pipework design shall takeinto account the composition and properties (e.g. pressure, temperature,
corrosiveness, specific gravity, velocity) of gas and liquids and the need for venting, ptirging and
clegning.

The pipework materxial shall comply with the relevant standards.

Dug to durability, steel is the preferred material for pipes and components but where dppropriate
and| the same, safety levels can be achieved, then other materials may be utilized. Such materials and
confditions.ef service shall be specified in the instruction handbook.

Vibfation which may cause damage to pipework, components or safety systems shall be prgvented (by
firm anchoring and/or use of flexible couplings).

Pipework shall be arranged so that safe isolation of atmosphere gas and process liquids to all parts of
the TPE can be guaranteed

NOTE An example is shown in Figure F.1.

The isolation method shall be clearly identified (e.g. by removable spool piece painted in red, blanking
plate), and provision for blanking opened pipes shall be provided secured against loss (e.g. by an
attached chain).

Use of brass or other copper alloy components in contact with ammonia or dissociated ammonia is not
allowed.

© IS0 2016 - All rights reserved 5
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4.2.2 Connections

Pipework connections shall be metallic and shall be of threaded, compression, press fittings, flanged
welded or brazed types. Threaded connections shall be used only for the following pressure/diameter
combinations:

pressures up to 15 kPa and diameters up to DN 100;
pressures up to 200 kPa and diameters up to DN 50;

pressures up to 500 kPa and diameters up to DN 25;

pressu

For other
flanges or

For fittings
— fitting

maxin

— for dimensions DN 25 or less, the maximum pressure is 500 kPa.

Where the
as appropt
the case of
threads ac
threaded c

Other thre
identified.

The design

Compressi
only be usg

Where pre
restriction

Any pipe p
Flanges sh

Arc weldinlg shalkeomply with ISO 5817, quality Level C.

res up to 1 MPa and diameters up to DN 15

fombinations of pressures and diameters, connections shall be made by means of*wel
velded joints. The number of connections shall be kept to a minimum.

according to ISO 49, the following limitations shall be observed:
5 are class “A”;

um allowed pressure is 50 kPa;

equipment has a threaded connection, this thread shall/comply with ISO 228-1 or ISO

iate. The use of threads complying with ISO 228-1 is\Jimited to diameter up to DN 5(.

threads according to ISO 228-1, the tightness shall'be ensured by a ring gasket. In cas
fording ISO 7-1 suitable sealants shall be used to.etisure tightness. Hemp shall not be use
pnnections unless reinforced with a suitable sealant.

hded connections shall only be used providing they ensure tight connections and are suit

of pipework shall be such as to aveid tensile loading of the joints.

b fittings shall comply with ISO 8434-1, ISO 8434-2 and ISO 8434-3 or ISO 19879. They s
d for pressures up to 500 kRPa‘and diameters up to 42 mm.

ss fitting according to EN 10352:2012-09 are used, they shall comply with the applica
5 (e.g. temperature, vibration, gas, liquids).

hssing through-amunventilated space shall not have a connection except welded joints.

i1l comply with ISO 7005-1 and ISO 7005-2 as appropriate.

4.2.3 Uncennected pipework

ded

7-1,
In
e of
d in

hbly

hall

fion

Any unconnected pipework shall be plugged, capped or blank flanged by means of metallic parts.

4.2.4 Galvanic cells

The formation of galvanics cell shall be avoided by suitable choice of materials.

4.2.5 Flexible tubing and couplings

Flexible tubing shall comply with the general requirements of 4.2.1, together with the following:

— shallb
— shallb

6

e as short as possible;

e suitable for the maximum and minimum working temperatures;

© ISO 2016 - All rights reserved
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shall be suitable for a pressure 1,5 times the working operating pressure (with a minimum of

15 kPa), at the maximum and minimum working temperatures;
shall have a directly accessible, upstream manual shut-off valve;
shall be mounted in such a way as to avoid distortion, whiplash and damage;

shall have end fittings as integral parts of the tubing;

shall be constructed from suitable material both metallic and/or non-metallic selected for the

application duty and not be easily damaged.

Codplings for removable equipment shall ensure a gastight connection with the equipméent]

and

4.2

Mai
wit

4.2

Thd
the
not

Thd
ford
extq

NO71I
not

Thd
nun
spr

4.2

In d

equipment for draifing any condensate. When moist gases are being used, condensate

suif]
can
intd

Valjy

disconnected.

6 Marking of pipework

king of pipework is required which enable medium and flow direction tobéidentified in
h national regulations.

7 Soundness/Tightness

pipework shall be tight and shall be designed to withstand the internal pressure. Afte
pipework shall be submitted to its test pressure and tested for tightness. The test presst
less than 1,1 times the maximum working pressure atany point with a minimum of 5 kP

external leakage rate shall not give rise to a dangerous condition, combustible and/or t
seen circumstances of the equipment or installation. The frequency of testing to det
ernal leakage shall be specified in the instruction handbook.

E Itis generally agreed that an external leak rate of ~1 dm3(n)/h for gas or 1 cm3(n)/h for m|
Create a dangerous condition in typical ventilated industrial installation.

\ber of valves and component parts contained and temperature. Methods of testing sh
iy bubble leak identification and/or pressure decay test.

8 Condensate drains

ases where condensates can create a hazard, means shall be provided at the lowest pq

able type shall\be installed. Any condensate drains, siphons, etc. shall be in a position sud
be easily checked. Combustible condensates shall be collected by an appropriate meansg
a container).

bes,in'condensate drains shall be suitably plugged, capped or blank flanged by metallic p

connected

hccordance

F assembly,
ire shall be
.

oxic, in the
brmine the

ethanol will

external leak rate test method shalltake into account the volume, number of connections, test gas,

all include

ints of the
lrains of a
h that they

(e.g. piped

hrts.

4.2,

9 Purge points

Means shall be provided to facilitate purging of pipework during commissioning and maintenance to
prevent the forming of an ignitable atmosphere.

All distribution pipework and storage vessels for atmosphere gas shall be designed, so that purging
procedures in accordance with 4.6 or in such a manner which excludes the simultaneous presence of
combustible gas/air mixtures and an ignition source can be done. Each purging point shall be provided
with a valve which shall either

be fitted with a device to prevent unauthorised operation, or

be blanked off during normal operation of the plant.
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4.2.10 Blow-off and breather pipes or conduits

Where blow-off or breather pipes or conduits are fitted on regulators or relief valves, adequate means
shall be provided to facilitate the venting of gas from the system to a safe discharge area.

In case breathers or blow-off pipes are gathered, the cross section of the collector shall be suitable to
evacuate simultaneously total flow rates of the exhaust sources.

4.2.11 Pressure relief devices and flame arrestors on pipework

For equipment designed for situations in which flash-backs can occur, flame arrestors and/or pressure

relief devig

Pressure 1
pipework ¢
constitute

A flash-bad
instructiorn

4.2.12 Pr
The pipew

causing oS
designing f

4.2.13 Co
By-passes

This requir

4.2.14 Isd

Required g
they prote
mounted b
the open p

4.2.15 Ve

Any vent f
atmospher

Any vent W

es shall be fitted.

elief devices shall be designed to yield at a pressure below the design pressure of
nd shall be positioned such that the discharge flow and the pressure relief device does
h risk to the equipment, personnel or third parties.

k shall trigger an alarm. The required measures after a flash-back shall’be’described in
handbook.

bssure oscillations

brk shall be designed so as to avoid the possibility of gas velo€ities and pressure fluctuat
cillations which could cause damage to pipework, components or safety systems (e.g
he correct sizing of pipes or using pressure regulators):

mbustible gas by-pass

bhall not be fitted in parallel with any item of.eombustible gas safety equipment.

lation of required safety devices

't during start-up or operation of the TPE. In case isolating valves cannot be avoided and
etween these required@evices and the main lines, these isolating valves shall be locke
psition during operation of the equipment by adequate means (e.g. manual lock).

nts

rom a gasysupply pipe, reaction gas control system, gas/air mixture pipe or generg
e gas ling shall be adequately sized for the duty intended.

hich is'likely to carry a combustible gas/air mixture and which is fitted with a pilot buf

the
not

the

ons

ement shall not apply to valve proving systems (see [SO 23551-4) on automatic shut-off valyes.

afety devices (e.g. pressure switches, relief valves) shall not be isolated from the equipnfent

are
d in

ted

ner

shall be eq

hipped with a flame trap.

Any vent from the mixture supply pipe shall be taken from a point downstream of the flame trap or be
fitted with a separate flame trap. Any vent which is not fitted with a pilot burner shall terminate above
roof level and be remote from potential sources of ignition, having due regard to the layout of adjacent
buildings. These vents shall not be manifold.
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4.3 Required safety devices
4.3.1 Atmosphere gas control equipment

4.3.1.1 General

A TPE that generates or uses atmosphere gases shall be equipped with atmosphere gas control
equipment.

Atmosphere gas control equipment means a centralized mounting of components assembled in a
funftiomat unitsuciTas

— |pipework,

— |safety devices as referred in 4.3.1.2, and

— |other pressure and flow accessories (e.g. manometer(s), flow adjusting valye(s), test copnection(s)
and/or purging nipples).

Atnjosphere gas control equipment shall be designed based on the TPE’s' demand for atmogsphere gas
supply. It shall be designed with components suitable for this purpaose:

The atmosphere gas control equipment shall be placed in a sufficiently ventilated area.

If agmosphere gas control equipment is enclosed and combustible and/or toxic gas or |iquids are
usefl, the enclosure shall be sufficiently ventilated and.equipped with devices to detect toxic gases.
Combustible gas detection should also be considered.

Thg atmosphere gas control equipment shall be suitably marked to be identified as such using written
indlcations in the languages of the user land.

NOTE Identification of atmosphere gas contpol equipment can be dealt by national regulations.

Theg atmosphere gas control equipment'shall be freely accessible.
4.311.2 Safety devices for intitoduction of atmosphere gases to TPE

4.311.2.1 Manual isolating valve

A nmjanually operated-and lockable isolation valve shall be fitted upstream of the first conftrol device
in dach circuit. Manuadl isolation valves shall be so designed and positioned as to prevent ihadvertent
operation but shall'\be easily accessible and capable of rapid operation when required.

They shall be so designed that the “OPEN” and “CLOSED” positions are readily distinguishable (e.g. a
90°|turnalve).

4.311.2.2 Filtprlletrainpr

Filters shall be fitted to protect automatic shut-off valves, other controls and pipework.

Special care shall be taken to prevent the ingress of particles, either from the pipework or from the
gas and liquids, which would be detrimental to the operation of the equipment by the incorporation
of a suitable filter or strainer immediately downstream of the first manual isolating valve of the TPE.
Additional filters/strainers may be required (e.g. immediately upstream of the automatic shut-off
valve). The filter and/or the strainer shall be positioned in such a way that periodic servicing remains
easy. The filtering capacity of the filter/strainer has to be chosen according to the requirements of
downstream equipment.

In case of the installation of a by-pass to the filter and/or the strainer, an identical filtering device shall
be installed on the by-pass line.
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The intervals for checking the filter and/or the strainer shall be specified in the instruction handbook.

The location of filters shall consider service requirements.

NOTE

4.3.1.2.3

An equipment for purging filters/strainer is in some cases necessary.

Pressure regulator and over pressure protection

A pressure regulator shall be incorporated when necessary to control the pressure of atmosphere gases.

Gas pressu

re regulators when fitted shall comply with ISO 23551-2 as appropriate.

If the outlg
to the TPE
pressure T
measures s

The over p

a mech
means
pressu

an aut
to IEC

shall filfil the requirements of a protective system accordingto 1SO 13577-4.

A small cay
regulator i

Attention S

unintended disability of maintaining positive pressure of TPE (see 4.4.2 and 4.4.4).

Pressure a

4.3.1.2.4

In situatio

subject to inacceptable pressurerise, relief shall be provided.

4.3.1.2.5

With the e
shall be un
the followi
of a single

bt side of the gas pressure regulator and/or the following line section with equipmen
is/are not designed for the maximum supply pressure (inlet pressure upstream to\the
egulator under fault conditions) and an overpressure will create a hazard, the lfollow
hall be applied shutting off the gas supply before an excessively high pressure eccurs.

Fessure cut off device shall be

anical valve which measures the gas pressure downstream of the gas\pressure regulato
of an impulse line and closes by spring force in case the pressuré-exceeds the set respd
re, or

pmatic shut-off valve according to ISO 23551-1 actuated by aif‘overpressure switch accorg
b0730-2-6 installed downstream of the gas pressure regulator. In this case, signal proces

acity relief valve (token relief valve) shall always b€japplied downstream of the gas press

[an over pressure cut-off device is installed to veit small leakages of the high pressure cut

hall be paid to the unintended decrease of atthosphere supply to the TPE which can resu

Pressure relief

hs where gas or especially liquids can be isolated (e.g. between two shut-off valves)

Automatic shut-off valves

kceptionsof'the safety purge gas, the atmosphere gas and process liquids supply to the
der the-control of two automatic shut-off valves in series in the pipework in accordance V
hg subClauses of [SO 23551-1:2012, unless a risks assessment can demonstrate the suitab
hutematic shut-off valve:

up
gas
ing

by
nse

ling
bing

ure
off.

tin

djustment on the gas pressure regulator shall only be possible with a special tool provided
for the task.

and

[PE
vith
lity

7.1, for

general requirements;

7.2, for leak tightness;

7.5, for durability;

7.6.10.1, for the closing function;
7.6.10.4, for the closing force;

7.6.10.6, for the closing time.

The sealing force for automatic shut-off valves shall be equal or greater than 15 kPa.

10
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The automatic shutoff valve must endure the intended number of cycles in the TPE.
Valves construction and materials shall be suitable for the used gas and liquids.

Automatic shut-off valve shall be capable of withstanding all upstream pressure, backpressure and
differential pressure under all process circumstances.

High cycling applications over 100 000 cycles/year shall use only valves that are declared capable of the
intended number of cycles.

The instruction handbook shall spec1fy the need to check automatlc shut—offvalves for correct operation,
the pre 3 he-Fequirements
nt shall be

NOTE1 Itis commonly agreed that valves are to be tested annually unless longer{or'shorter testihg intervals
can pe justified by the risk analysis.

Corjtrol valves may be used as safety shut-off valves provided they are-designed as both saf¢ty shut-off
and modulation valves and tested for concurrent use.

The automatic shut-off valves shall not open when the limit of afiy safety condition is reacheg.
NOTE 2 Example for safety related conditions to be consideted are (but not limited to): miIEimum and
maximum gas pressure, failure of power supply and/or other'utilities (e.g. compressed air), minimum and
mayimum operation temperature, minimum and maximum“pressure inside the TPE which is nof caused by

progess.

It shall only be possible to manually reset (locallyror remotely) the lock out of a closed automatic shut-
off yalve.

4.3]1.2.6 Flow rate indicators

Floyw meters and flow control valves.shall be provided for all gases and process liquids intrqduced into
the[TPE.

4.3]1.2.7 Non-return valves

Nornj-return valves shall’be provided in the atmosphere gases and process liquids supplies to|the TPE.

4.3/1.2.8 Temperature monitoring and control of cooled atmosphere gas

If ghs is coaled, so that the temperature of the gas does not exceed the allowed maximum value of
the|safety-relevant components downstream, means to detect over temperature of the gps shall be
proyided.

If over temperature is detected, at least an alarm shall be caused. The required measures shall be
described in the instruction handbook.

For open discharge systems, the cooling water shall be discharged into an open drain such that the flow
is visible. There shall be no valves or restrictions in the discharge piping to, or the outlet piping from,
the drain.

For closed discharge systems, the cooling water shall be discharged through individual flow indicators.
Relief valves shall be installed to relieve any obstructed discharge lines.

© IS0 2016 - All rights reserved 11


https://standardsiso.com/api/?name=15bf8081bf2028367a3565e513684cd2

ISO 13577-3:2016(E)

4.3.1.3 Safety devices for purge gas

Manual isolation valves shall be proven in the fully open position during operation. If it is proven

automatically, then it shall meet the requirements of a protective system according to ISO 13577-4.

Automatic valves for emergency safety purge shall be normally open. Automatic valves for emergency

shall have a manual by-pass valve piped in parallel.
When used, timers for purging shall comply with IEC 60730-2-5, if applicable.

Purge gas supply pipework for fuel gas pipework/combustion chamber and purge of atmosphere
pipework i

4.3.2 Other safety devices

NOTE 1 erformance can be monitored with systems such as level sensors for liquids or gas warning syst
for dry trap

NOTE 2 xamples of corrective procedure may include audible alarms, automatic refill, shutdown, etc.
4.3.2.2 {afety devices for gas boosters/compressors

Where a glas booster/compressor is used, a low-pressure‘protection shall be fitted in the gas i

system to [the booster/compressor to ensure that depressurisation of upstream gas systems car
occur. Thig low pressure protection shall cause shutdéwn of the booster/compressor in the even
reduced prlessure and shall prevent automatic re-start on pressure restoration.

Gas pressure detectors shall comply with IEC60730-2-6 or shall be evaluated to ensure appropriz
reaction time and accuracy.

Attention $hall be paid to the unintended decrease of atmosphere gas supply to the TPE which
result in upintended disability of maintaining positive pressure of TPE.

A suitable hon-return valve shall'be fitted between the booster/compressor outlet and the inlet to
storage vegsel incorporated ifrthe system.

The boostér/compressortshall be fitted with a device to prevent the pressure from exceeding a
determinedl safe value.

4.3.2.3 Devices-for vacuum conditions

gas

red.

ems

hlet
not
t of

ted

can

any

pre-

[, O

Where atmdsphere gas or process liquids additions are supplied to TPE that are operating unde

may induce, a vacuum, then special consideration shall be given to the selection of any controls w
can be subject to vacuum during both normal and abnormal conditions.

4.4 Requirements for the use of atmosphere gases
4.4.1 Prevention of potential ignitable atmospheres

4.4.1.1 General

ich

If combustible atmosphere gases are used, the formation of ignitable atmospheres shall be avoided.
The following subclauses detail established process requirements to avoid the formation of ignitable

atmospheres inside a TPE.
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The following methods shall be used, either singly or in combination.

4.4.1.2 Safety temperature

If for the safe operation of a TPE, the operating temperature shall be above the safe ignition temperature
(750 °C), the temperature shall be monitored.

The start of admittance of the combustible atmosphere gas supply shall be interlocked with the safe
ignition temperature. This function shall meet the requirements of a protective system according to

ISO

13577-4.

If th
gas
cha
fun

4.4

Ap
use

is used and a hazardous situation can occur, an alarm shall be caused. If this situation
hged within a predetermined time, an emergency safety purge shall be performed (see
Ction shall meet the requirements of a protective system according to ISO 135774

1.3 Monitoring of TPE pressure

Fessure and/or a flow interlock and alarm shall be provided wher€™a combustible atn
H and safe operation of TPE is dependent upon the operating furna¢epressure being mair

monitored above a predetermined limit. The minimum and maximum pressure and/or flow

be 1
situ

If tl
atm
(seq

4.4
NOT

Wh
750

Thd

NO1T
oxy

If th
cau

ation.

e pressure in the TPE or the flow rate to the TPE falls below the safe limit and a c
osphere gas is used, an alarm shall be caused and atremergency safety purge shall be
4.4.4). This function shall meet the requirements.6f a protective system according to IS

1.4 Controlling process air/oxygen of TPE operating below 750 °C

E1 Controlling process air/oxygen cande required on TPE performing the oxy-nitriding prog

°C, the furnace’s oxygen content.shall be maintained below a predetermined safe level.
means of maintaining the-above requirement shall be specified in the instruction handb

E2 The means of maintaining the above requirement can include an oxygen sensor/controller
ben content and a flow ‘control to limit process air/oxygen below set flow rates.

e oxygen contentin the TPE is not maintained below the predetermined safe level, an ala
ced and the follewing action shall be implemented (see 4.4.4):

closure@fithe combustible atmosphere supply valve(s);

closure of process air/oxygen gas supply valve(s);

e temperature in the TPE falls below the safe ignition temperature and a combustible gtmosphere

cannot be
1.4.4). This

osphere is
tained and
[evels shall

pecified in the instruction handbook. This system shall preyentthe introduction of air ifi abnormal

bmbustible
performed
) 13577-4.

€SS.

en process air/oxygen is used with’a combustible special atmosphere in a TPE operating below

ook.

to limit the

rm shall be

£o4
CIIICT SCIIL)’ DalCL)’ Pul SC-

These functions shall meet the requirements of a protective system according to I[SO 13577-4.

4.4.

1.5 Monitoring of atmosphere gas and process liquid supply

If safety is dependent upon the atmosphere gas or process liquid flow rate, then a device shall be fitted
to prove that an adequate supply is available. If, for any reason, the supply is not sufficient, an alarm
shall occur and an emergency safety purge shall be performed (see 4.4.4). This function shall meet the
requirements of a protective system according to ISO 13577-4.
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4.4.2 Monitoring of TPE doors movements

If a combustible atmosphere gas is used and temperature inside next to the door is below than 750 °C,
a means of ignition shall be provided at each door or process opening to ignite the atmosphere gases.

NOTE

Any means of ignition shall be proven and supervised.

Means of ignition of atmosphere gases could be flame curtain, pilot burner, hot surface ignition, etc.

The gas supply valve for flame curtains shall not be opened until the source of ignition of the flame curtain
is established. The flame curtain has to cover the full width of the door F lame curtalns shall be supervised

1ICO 12077 2. 904. 4 A4 D £ 4 £
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at a height

Failure of a
This functi
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rhat will ensure ignition of the atmosphere gas, when the doors are being opened.

ain

ny means of ignition shall cause an alarm and an interlock to the doors shall preventopenling.

on shall meet the requirements of a protective system according to ISO 13577-4.

s of ignition fails during the doors movement and the atmosphere in the TBE could ignitle in

olled manner, the door shall move to an end position

[ive to opening the doors of the TPE without means of ignition is when TPE has an autom|
purge cycle, interlocking doors in closed position until the atmosphere is non-combust
ic.

pervision of the means of ignition at the point of combustible atmosphere gas

Fnition shall be fitted at each point of gas discharge’/The ignition means shall be so desig
nition of discharge atmosphere gas is always ensured.

leans of ignition can be pilot burner, electric ighition, etc.

pply of combustible atmosphere gas is‘only permitted, if the mean of ignition at the p
harge is in operation. This functién' shall meet the requirements of a protective sys
0 ISO 13577-4.

he means of ignition shall cause an alarm.

ction handbook shall detail process and procedure for dealing the alarm situation.

4.4.4 Emergency safety purge

Where an §
of the TPE

atic
ible

ned

bint
fem

bmergency safety purge is required a supply of purge gas of at least the safety purge voliime

shall be available.

The suppl
(seelSO 1

/' of purge gas of sufficient quantity, pressure and flow rate to effect a safety py

rge
jere

574: 2015 2.143) shall be prov1ded and its ava1lab1l1ty shall be proved before the atmosp}
1 h 1

purge shall be avoided.

fety

Before a remaining safety purge gas falls below the required quantity, an emergency safety purge shall
be initiated. If safety purge gas (e.g. nitrogen) is missing, operation shall not be started (interlock).

These func

tions shall meet the requirements of a protective system according to ISO 13577-4.

The system shall be designed to operate in upset conditions (e.g. power outage).

The performance of an emergency safety purge procedure includes

— closure of the combustible atmosphere gas supply valve(s), and

— admittance of purge gas into the TPE.
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4.5 Change of atmosphere

4.5.1 General
Changing atmosphere means: air to atmosphere gas or atmosphere gas to air.

The following subclauses detail established process requirements for safety controls for purging
atmosphere gas pipework and TPE that can be used in the design of equipment for atmosphere gases.
The change of atmosphere is part of the automatic control system.

Specific instructions on the procedure for admitting atmosphere gas into, and removing atmosphere
gas|from, TPE and enclosures shall be provided by the manufacturer in accordance with-the purging
method(s) adopted.

The effects of doors (operational speed and sequencing) and/or other openings on safe purging shall be
taken into account in the selection and use of purging procedures.

The following purging methods shall be used, either singly or in combinatign’
Poskible procedures for changing of atmospheres for

— |TPE at or above 750 °C operation temperature:

— self-ignition (see 4.5.3);

— purge (see 4.5.2);

— burning (see 4.5.4);

— evacuate (see 4.5.5);

— | TPE below 750 °C operation temperature:
— purge (see 4.5.2);

— evacuate (see 4.5.5).

The principle procedures for the-change of atmosphere are shown in Figure D.1.
4.5]2 Purge with purge gas

4.5{2.1 General

The change of atmosphere in a TPE from air to a combustible gas or from a combustible gas t air can be
done by using a purge gas.

4.5{2.2 . 'Purge with purge gas to change atmosphere from air to combustible gas

If a combustible atmosphere gas or process liquid is introduced into a TPE or enclosures (which operate
below 750 °C or which operate above 750 °C with a purge done below 750 °C), then its introduction
shall be preceded by an purge gas purge to remove air until the oxygen content is a volume fraction of
1 % or less. This function shall meet the requirements of a protective system according to ISO 13577-4.

4.5.2.3 Purge with purge gas to change atmosphere from combustible gas to air

Prior to shutting off the supply of combustible atmosphere gas or process liquids to a TPE or enclosure
(operating below 750 °C or which operate above 750 °C with a purge done below 750 °C) an purge with
purge gas shall be initiated and the flow adjusted to the required value. The supply valves shall then be
closed and the purge gas shall purge continued until 50 % of LFL is reached. This function shall meet the
requirements of a protective system according to ISO 13577-4. The purge gas may then be replaced by air.
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If the atmosphere gas supply source can be adjusted to provide a non-combustible atmosphere gas with

less than 1

4.5.3 Pu

% oxygen this gas may be utilized as the purge gas purge.

rge with self-ignition

4.5.3.1 General

The change of atmosphere in a TPE from air to a combustible gas or from a combustible gas to air, can
be accomplished using the self-ignition of combustible gases at temperatures above 750 °C.

Combustibge
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urge with self-ignition to change atmosphere from air to combustible gas

Istible atmosphere gas or process liquids are introduced into a TPE “zone where
e is maintained at 750 °C or more then purging of the furnace chamber’may continue y
as been consumed and/or displaced by the incoming combustible atmosphere gas or pro

urge with self-ignition to change atmosphere from combustible gas to air

roduced into a TPE zone where the temperature is maintained at 750 °C or more to pur
e atmosphere from the TPE zone, then the supply valves of the combustible atmosphere
liquids shall be closed, thus, allowing remaining combustible atmosphere within the TP
d by combustion.

combustion shall be vented and doors may be opened. The ingress of air shall be such
e and temperature resulting from the combt’stion will not create a hazardous condition

feneral

d of changing of atmosphere shall not be used when furnace atmosphere gas circula
erating in the zone or etnclosure.

\ change of atmosphlerg procedure by self-ignition is possible for furnaces operating below 75
ht the safety ignition'temperature is exceeded during the change of atmosphere.

hange of atimosphere by burning from air to combustible gas

one or'enclosure into which the combustible atmosphere gas is introduced is at a temperat
C,€hanging of atmosphere without the use of purge gas is only permitted if a reliable mq

ure

the
ntil
Fess

be a
gas
E to

that

Fion

OC,

ure
ans

of ignition

is-proven at the position where the combustible atmosphere gas is introduced. This func

Fion

shall meet the requirements of a protective system according to [SO 13577-4.

4.5.4.3 Change of atmosphere by burning from combustible gas to air

Ifthe TPE zone or enclosure is at a temperature below 750 °C the change of atmosphere from combustible
gas to air may be done by opening the door to this zone or enclosure according to 4.4.2.

NOTE

The change of atmosphere (burnout) will start at the moment the door is opened, as the combustible

atmosphere gas from inside the chamber and the air outside the chamber are ignited, induced by the mean of
ignition and a controlled burnout will progress inside the chamber.

If the TPE zone or enclosure subject for change of atmosphere is more than 0,25 m higher than the
upper edge of door opening, an extra means of induced ignition shall be located in this upper chamber
area next to the exit into the atmosphere burn-off area on top of the chamber.

16

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=15bf8081bf2028367a3565e513684cd2

4.5.

4.5.

ISO 13577-3:2016(E)

5 Purge by evacuation

5.1 General

The change of atmosphere in a TPE from air to a combustible gas or from a combustible gas to air can be
also done by evacuation.

4.5.

5.2 Purge by evacuation to change atmosphere from air to combustible gas

The air shall be evacuated to a pressure of 4,5 kPa absolute. Subsequently, the TPE shall be flooded

wit
req

volume fraction of 1 % or less.
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Thd
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4.6

1lirements of a protective system according to ISO 13577-4. As an effect, the content.of

5.3 Purge by evacuation to change atmosphere from combustible gas t0 air
ed in and mixed with the combustible gas.

shall be flooded with a purge gas or air up to the pressure of theprevailing atmospheric
Ction shall meet the requirements of a protective system according to ISO 13577-4.

bn calculating safe pressure, the aspects of combustible or toxic atmosphere gase
sidered.

Interfaces to exhaust systems for combustible or toxic atmosphere gases
1 Exhaust of burned gases

1.1 General
he instruction handbook, the manufacturer shall define
the maximum possible flow of burned gases from the TPE, and

in case the manufacturer'supplies parts ofthe exhaust system such as suction hoods, the m|
shall also define thie.connecting cross section and the needed draft pressure.

exhaust gas system shall be designed according to these defined requirements.

proper function of this system has to be verified during the commissioning.

1.2, \Natural draft exhaust gas system

| meet the
hbxygen is a

evacuation of a combustible gas is only valid if the tightness of the TPE iS'¢enisured and n¢ air can be

combustible gas shall be evacuated to a safe pressure, depending en the atmosphere, apd then the

value. This

s shall be

hnufacture

No &

4.6.
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1.3 Vented exhaust gas system

The function of the exhaust system has to be ensured in case of a power blackout.

A signal from the exhaust gas system to the TPE is needed, which indicates the discharge of the
maximum possible gas flow of burned gases.

If the discharge of the exhaust gas is disturbed, an alarm shall be caused. If this situation cannot be
changed within a predetermined time, it shall be followed by

— safety shutdown of TPE operating below 750 °C to prevent any hazardous situation arising, and
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— closure of the atmosphere gas and process liquids supply valve(s).

In the calculation of the predetermined, time such factors as gas flow, work space volume, work space
venting have to be considered.

4.6.2 Gathering of gases without burning and a closed system
The system of gathering gases shall be designed in a way that no reaction back on the TPE will be caused.

NOTE The gathered gas may be used in other processes, e.g. as a fuel gas.

The gatherfing System shall be able to remove
power bladkout or stop of the planed processing of the gas.

at any time, e.g. 1n situations as

The creatipn of an explosive mixture in the gathering system has to be prevented at,all’posdible
operating modes.

A signal fr
gas flow.

m the gas gathering system to the TPE is needed, which indicates the preper removal of/the

If the gathgring of the gas is disturbed, an alarm shall be caused.
This shall e followed by
— safetyshutdown of TPE operating below 750 °C to prevent anyhazardous situation arising, and

— closure of the atmosphere gas and process liquids supply valves.

5 Additional requirements for the generation of atmosphere gases

5.1 General

This clausg describes the additional functionalsequirements for
— gas supplies,

— liquid supplies,

— flame {letection,

— atmosphere gas generating burners,

— special requirements-for different types of generators, and
— post-tijeatment.of generated gases.

The instruftion handbook shall specify that the ventilation of the building in which the atmosphere|gas
generator 1s housed shall be such that it allows a supply of sufficient volume of clean fresh air to rdach
the atmosphere gas generator under all conditions.

Fuel handling system for the generation of atmosphere gases shall be in accordance with ISO 13577-2,
if applicable.

5.2 Gas and process liquid supplies

5.2.1 Air supplies

Where the air is supplied under pressure, a suitable device for proving the air supply to the atmosphere
gas generator shall be fitted. The air supply shall be proved before opening the source gas automatic
shut-off valve.
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5.2.2 Reaction mixture supplies

If a system includes combustible gas/air mixtures, the mixture supply pipe shall be kept as short as
possible. The equipment shall be designed so that a flash back will not occur.

5.2.

3 Generated atmosphere gas distribution

5.2.3.1 Valves

The generated atmosphere gas distribution system from the gas generator shall be fitted with a manual

shu

5.2

Med

£L 1 1 1. L 1 gl h | £L 1
~OIT vdlve dlll 4 TTIICT Valve upstlicdalll O6 LIS SITUt=0l1 vdalve.

3.2 Condensate traps

ns shall be provided to ensure that generated atmosphere gas is not dischatged from

traps other than via suitably designed vents into an area where it does not create hazards.

5.2
Med

from the relief valve. Depending upon specific local circumstancés and the analysis of the

atm

5.3

3.3 Excess of generated atmosphere gas
ns shall be provided for the safe disposal of excess (surplus) generdated atmosphere gas

osphere gas, safe disposal shall be accomplished by either,

burning off of the generated atmosphere gas and safe disposal of the combustion produc
burner for this purpose shall be suitably protected and an alarm given on flame failure,

venting to an area where it does not create hazatds.

Flame detection

Flafne detection shall be in according with'1SO 13577-2:2014, 4.2.6.

5.4
Am
Ign

Burners generating exothermic gases
eans of ignition of the burner'shall be provided.
tion shall be accomplished by either
a properly located.and fixed interrupted pilot,
a properly logated and removable interrupted pilot, or

direct ignition of the main flame at the minimum practicable rate.

In alll cases, ignition shall comply with ISO 13577-2:2014, 4.2.5.3 and 4.2.7.

rondensate

discharged
generated

s; the pilot
or

5.5

5.5.

5.5.

Special requirements for different types of generator
1 Requirements for endothermic generators

1.1 Source gas supplies

If the combustion and reaction atmosphere gases are supplied from a single main inlet, steps shall be
taken to ensure that varying flow rates do not adversely affect the control of combustion and reaction.

© ISO 2016 - All rights reserved
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5.5.1.2 Catalyst regeneration

Regeneration of the catalyst of endothermic generators (i.e. burning off of carbon deposits) is usually
carried out by passing only air through the retort at a suitable temperature. In order to carry out this
procedure it is necessary to energize the reaction air supply control system with the reaction gas supply
control system isolated and locked out. This procedure shall be described in the instruction handbook.

The design and instructions for use of systems incorporating catalyst regeneration shall ensure that
the reaction air cannot be fed into the atmosphere gas distribution pipework of the TPE or enclosures.

5.5.1.3

lixture cnpplipc

If a mecha
suitable dg
trap shall

hical gas/air mixing machine or a similar pre-mixing system is used, a flame trap-or.of
vices shall be provided to protect against flash-back in the mixture supply pipefThe fl
e fitted as close as practicable to the atmosphere gas generator retort inlet respéctively.

length of the mixture supply pipe between the device and the retort shall be kept as short as possib

The flame
flash-back

trap or other suitable device shall incorporate a sensor to detect flash=back. Detectio
shall result in a lockout of the generator.

If a mechanical gas/air mixing machine is used, there shall be no gas off-take\from the gas line betw

her
hme
The
e.

h of

een

the manual reaction gas isolating valve and the mixing machine inlet.

5.5.1.4 Temperature monitoring

The temperature of the endothermic generators shall bémonitored. The admittance of [the
gas/air-mikture to the generator shall only be possible if thé’temperature of the generator is aboye a
predetermjned safe limit. This function shall meet the requirements of a protective system according
to ISO 13577-4.

5.5.2 Rejguirements for exothermic generators

5.5.2.1 Mixture supplies

If a mechahical gas/air mixing machine'or a similar pre-mixing system is used, a flame trap or other
suitable dgvices shall be provided t6 protect against flash-back in the mixture supply pipe. The flame
trap shall e fitted as close as praeticable to the burner of the exothermic generator. The length of|the
mixture supply pipe between the device and the burner shall be kept as short as possible.

The flame [trap or other suifable device shall incorporate a sensor to detect flash-back. Detectioh of
flash-back shall result aloekout of the generator.

If a mechanical gasfair mixing machine is used, there shall be no gas off-take from the gas line betw

the manua

reactien gas isolating valve and the mixing machine inlet.

5.5.2.2 K

een

re-purge before start-up

Pre-purging of exothermic generator and any external coolers shall be in accordance with

ISO 13577-

2:2014, 4.3.7.1.

5.6 Post-treatment of generated atmosphere gases

NOTE

Post-treatment of generated atmosphere gases can be done to enhance the suitability for a specific

process. Drying or dehumidifying and/or separating of unwanted components, as well as addition of other gases,
may be done.

If equipment for post treatment is used (either integrated into the generator plant or placed between
generator and furnace), it shall meet corresponding safety level requirements as prescribed for the
generator plant.
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Equipment for treatment of atmosphere gases has to be designed for the purpose. Special attention
shall be given to molecular sieves. It shall be possible to isolate containers from process gas lines for
maintenance purposes (e.g. changing sieve mass).

6 Verification of the safety requirements and/or measures

Table 1 shall be used as a checklist for manufacturers to prepare their own specific table of methods
for verifying that the safety requirements and measures described in Clause 4 and Clause 5 are met. It
should contain references to the respective clauses of this part of ISO 13577.

Table 1 — Verification of the safety requirements and/or measures
Visual Functional | Measuring- |Examination
inspection test of|[drawings/
Clause |Safety requirements and/or measures calculations
Note 1 Note 2 Note 3 Note 4
4 Safety requirements, measures and verification means
4.1 General X X
4.2 Pipework
4.2.1 |General X X
4.2.2 |Connections X X
4.2.3 |Unconnected pipework X
4.2.4 |Galvanic cells X X
4.2.5 |Flexible tubing and couplings X X
4.2.6 |Marking of pipework X
4.2.7 |Soundness/Tightness X X
4.2.8 |Condensate drains X
4.29 |Purge points X
4{2.10 |Blow-off and breather pipes'or conduits X X
4[2.11 |Pressure relief deviceswand flame X
arrestors on pipewotk
41212 |Pressure oscillations X X
4121 Combustible fluid by-pass X
4{2.14 |Isolation-efrequired safety devices X X
412.15 |Vents X X
4.3 Réquired safety devices
4.3.1 [Gas control equipment X
4B A1\ | General X X
4312 Sdfﬁl._y dUViLﬂb fUl illLl UduLLiUIl Uf P:S
protective or reactive atmosphere
gases to furnace
4.3.1.2.1 |Manual isolating valve X
4.3.1.2.2 |Filter/strainer X

NOTE 1 Visual inspection is carried out for testing the required characteristics and properties by visual examination of
the delivered equipment and components.

NOTE 2 The functional test will show whether the parts in question function in such a way as to satisfy the requirements.

NOTE 3 Verification by means of measuring instruments is used to check whether the requirements are fulfilled within
the specific limits.

NOTE 4 Drawings and calculations are used to check whether the design characteristics of the components meet the
specific requirements

© IS0 2016 - All rights reserved 21


https://standardsiso.com/api/?name=15bf8081bf2028367a3565e513684cd2

ISO 13577-3:2016(E)

Table 1 (continued)

Visual Functional | Measuring |Examination
inspection test of drawings/
Clause |Safety requirements and/or measures calculations
Note 1 Note 2 Note 3 Note 4
4.3.1.2.3 |Pressure regulator and over pressure X
protection
4.3.1.2.4 |Pressure relief X
4.3.1.2.5 | putomatieshut-offvalves %
4.3.1.2.6 |Flow rate indicators X
4.3.1.2.7 |Non-return valves X
4.3.1.2.8 |Temperature control devices of cooled X X
htmosphere gas
4.3.1.3 |pafety devices for purge gas X
4.3.2 |Pther safety devices X
4.3.2.1 |Trap seals X
4.3.2.2 |pafety devices for gas boosters/com- X
bressors
4.3.2 |Devices for vacuum conditions X
4.4 Requirements for the use of protective or reactive atmosphere
4.4.1 Prevention of potential explosive at- X
mospheres
4.4.1.2 |Pafety temperature
441 Monitoring of TPE pressure X
4.4.1.4 |fontrolling process air/oxygen of TPT
bperating under 750 °C
4.4.1.5 |Monitoring of atmosphere gas supply: X
4.4.2 Monitoring of TPE doors movement
4.4.3 bupervision of the means of ignition at
he point of combustible gas\discharge
4.4.4 Emergency safety purge X X
4.5 Change of atmosphere X
4.5.2 |Purge with purge.gas X
4.5.2.2 |Purge with purge’gas to change atmos- X
bhere from.ait"to combustible gas
4.5.2.3 |Purge with"purge gas to change atmos- X
bherpe from combustible gas to air
4.5.3 |Parge with self-ignition
4.5.3.2 |Purge with self-ignition to change at- X
mosphere from air to combustible gas
4.5.3.3 |Purge with self-ignition to change at- X
mosphere from combustible gas to air
4.5.4 |Change of atmosphere by burning X

NOTE 1 Visual inspection is carried out for testing the required characteristics and properties by visual examination of
the delivered equipment and components.

NOTE 2 The functional test will show whether the parts in question function in such a way as to satisfy the requirements.

NOTE 3 Verification by means of measuring instruments is used to check whether the requirements are fulfilled within
the specific limits.

NOTE 4 Drawings and calculations are used to check whether the design characteristics of the components meet the
specific requirements
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atmosphere gases

Table 1 (continued)
Visual Functional | Measuring |Examination
inspection test of drawings/
Clause |Safety requirements and/or measures calculations
Note 1 Note 2 Note 3 Note 4
4.5.4.2 |Change of atmosphere by burning from X
air to combustible gas
4.5.4.3 |Change of atmosphere by burning from X
combustible gas to air
4.5.5 |Purge by evacuation X 0
4)5.5.2 |Purge by evacuation to change atmos- X Q
phere from air to combustible gas n\q/
4)5.5.3 |Purge by evacuation to change atmos- X /\’J
phere from combustible gas to air /\
4.6 Interfaces to exhaust systems for combustible or toxic atmosphere gase: <
4.6.1 |Exhaust of burned gases X ,.O
4)6.1.2 |Natural draft exhaust gas system X . <’
4)6.1.3 |Vented exhaust gas system X P (5\ X
4.6.2 |Gathering of gases without burning and X <O\(
a closed system R
5 Additional requirements for the generation of prq&e&ive and reactive atmosphere gases
5.2 Gas and process liquid supplies ‘@\
9.2.1 |Air supplies \\\x
5.2.2 |Reaction mixture supplies .‘QJQ‘ X
3.2.3 |Generated atmosphere gas distribut{i@;\ X
5p.3.1 [Valves \L\U X
5.2.3.2 |Condensate traps f‘\\c}\ X
5.2.3.3 |Excess of generated atmosp‘h@re gas X
5.3 Flame detection A@ ) X
5.4 Gas atmospheric g(e'fiei)ating burners X
5.5 Special requii@;ﬁc’s for different types of generator
451 Requiremgn{@or endothermic generators
55.1.1 Sourcg_@vs‘ﬁpplies X
5/5.1.2 |Cat regeneration X
55.1.3 D@ﬁre supplies X X
5H.14 mperature monitoring X
3 ._52\ | Requirements for exothermic generators
5.5.2.1 [Mixture supplies X
5.5.2.2 |Pre-purge before start-up
5.6 Post-treatment of generated X

NOTE 1 Visual inspection is carried out for testing the required characteristics and properties by visual examination of
the delivered equipment and components.

NOTE 2 The functional test will show whether the parts in question function in such a way as to satisfy the requirements.

NOTE 3 Verification by means of measuring instruments is used to check whether the requirements are fulfilled within
the specific limits.

NOTE 4 Drawings and calculations are used to check whether the design characteristics of the components meet the
specific requirements
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7 Information for use

7.1 General

The manufacturer of the TPE shall provide an instruction handbook which contains the necessary
information for generation and use of atmosphere gases system. The format and content shall comply
with I1SO 12100:2010, 6.4.

The information for use shall be written in the user’s language and shall contain one copy in the original
language chosen by the manufacturer.

The information for use shall contain details for commissioning, start-up and use togethef y
informatiop for test procedure and general maintenance of the generation and use of atmosphere g:

system of

e TPE and its intended use defined by the manufacturer.

7.2 Marking

The mini
The pipew
— colour,
sign,

mediu

flow d

7.3 Inst

7.3.1 Ge|

The insty
ISO 13577

For the paf
at least corj

exact
equipn

compld

m information marked on the TPE is given in [SO 13577-1:2012, Clause6.
prk shall be identified by

and/or

m,

rection.
ruction handbook

neral

uction handbook shall be

1:2012, 6.4.

in accordance with the requirements specified

t generation and use of@tmosphere gases system, the instruction handbook of the TPE s
tain the following details:

escription of the-generation and use of atmosphere gases system of the TPE and of the sa
nent;

bte range-of application of the generation and use of atmosphere gases system of the

(tolerable range of application, if necessary);

schem

htic'description of the safety functions.

vith
1ses

hall

fety

[PE

Moreover, the following aspects are to be treated by the instruction handbook:

according to the conditions of use defined by the manufacturer;

— information on correct work place of operator.

The instruction handbook shall deal with start-up, operation, normal and emergency shutdown.

24
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7.3.2 Description of equipment
The instruction handbook shall contain the following information:

— description of the generation and use of atmosphere gases system of the TPE, including as built
schematic diagrams of pipework and electrical wiring;

— list of all safety and control equipment parts with their settings and an indication of the relevant
standards;

— list of equipment settings/adjustments as made during final;

— |description of any deviations from the requirements of relevant standards in the(ednstruction
and/or function of parts of the generation and use of atmosphere gases system of the THE;

— |requirements for handling the waste products of combustion from the TPE.

All the information given on the marking plate(s) shall be repeated together with informatipn relevant
to generation and use of atmosphere gases.

7.3{3 Inspection procedures

The instruction handbook shall contain details of inspection’intervals and periodi¢ checking
profedures for

— |leak tightness of all pipework; periodic checking of leak tightness should be carried out at intervals
to be determined by consideration of the operating‘€onditions and material of construction,

— |leak tightness of the TPE,

— |leak tightness check of the valves,

— |leak tightness check of the filter and/ot\the strainer,

— |all safety equipment, warning devicés and automatic shut-off valves,
— |safety functions in order to ensure that these functions are not impaired by concealed faul§s or errors.

A dpcumentation form shall-be/included in which the date, the results and the person who arried out
the|checks are recorded together with the date of the next inspection.

The requirements for'the leak inspection intervals and procedures shall take in account alllhazards of
theused fluids (e.g~creating of explosive atmospheres, intoxication, asphyxiation or cauterization).

Intgrvals for léak'inspection can be extended and the procedures can be modified if gas medsuring and
waining devices are installed.

7.3}4~_ Commissioning, start-up and operating procedures

7.3.4.1 General

The instruction handbook shall provide details of the procedure for commissioning, start up, including
preliminary checks (e.g. cleaning of pipework), description of conditions and a list of manually and
automatically operated system checks, e.g. opening equipment doors, if applicable.

Attention shall be drawn to the necessity of ensuring that the pipework is free of debris, welding slag,
etc. after initial commissioning, before the equipment is put into service, after maintenance or long
periods of shutdown.
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The instruction handbook shall provide information on special allowances or requirements if

applicable

for

— pre-purge, the exhausting of atmosphere gases,

exhausting of combustion products, and

conditions for use and discharge of fluid such as cooling water.

7.3.4.2 Conditions for start-up

The instru
below 750
shall be ke

The instru
for forming

NOTE !
7.3.4.3 (
The instru

leakages in

The main H

Ftion handbooK shall provide information when starting a TPE with an 1nside tempera
°C, which does not contain a protective or reactive atmosphere, furnace doors in vestib
bt open until normal introduction of atmosphere is activated.

y an unintended combustible atmosphere in closed chambers.

urging with purge gas is an alternative.

)peration condition

Ction handbook shall provide information about the hazard§ /by accumulation of gases f
confined spaces (e.g. TPE-chambers, pits, manholes, cellars/and peaked roofs, etc.).

azards are caused by

— gases having a higher density than air,

toxic g
combu

A recommg

pses and liquids, or
stible gases and liquids.

ndation shall be made that

— users provide operators with training for safe working practices in these spaces, and

persor

7.3.5 Sh

The instru

itdown procedures

ction handbogk-Shall provide information on any special requirements, together wif

description of measurestobe taken in the event of a safety shutdown.

Any time a
and locked|

TPE is notjoperating, all atmosphere gas and process liquids pipework shall be safely cla

The instr

ure
1les

ction handbook shall provide information that attention should be given to.all possibilities

fom

s entering these spaces use\portable gas detection units and personal protective equipmient.

h a

sed

ctign handbook shall set down any special requirements for lock-out and/or emerge

ncy

shutdown amdany special measures for SUbSeqUent re-start.

An information sheet containing the information required by this clause shall be provided for display at
the equipment control panel or at a defined nearest place.

The instruction handbook shall provide information on special allowances or requirements if
applicable for

safe condition, and

— putting the TPE out service.
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Where the possibility of combustible residual gases in a non-operating furnace exists, doors shall be
fixed in the open position and the venting of these residual gases shall be addressed in the instruction

handbook.

7.3.6 Maintenance procedures

The instruction handbook shall contain details of the maintenance intervals and procedures for all
parts that require maintenance, replacement and/or repair of items of safety equipment. Means to
permit the operator to determine when safety devices require replacement shall be supplied.

addfresses, telephone, fax numbers, e-mail, website and helpdesk coordinates) of maifite
repfir services shall be provided.

The instruction handbook shall provide information on special allowances ‘0r- requi
appllicable for

— |storage of the furnace atmosphere in isolation,
— |accessible TPE,

— |disconnection and/or closing and locking of atmosphere gas and-process liquids during m
and access to TPEs,

— |leak-proofisolation atmosphere gas and process liquid supply to the TPE (removable spo
blanking plates), and

— |environment condition inside furnace chamber te.perform (maintenance) work (e.g. oxys§
and no detection of CO).

7.3{7 Documentation

Projision shall be made for recording revisions to the instruction handbook in the event of m
of the equipment (e.g. by repair, moderhization or replacement of parts, change of operating ¢

ion (such as

nance and

rements if

hintenance

bl pieces or

ren content

odification
onditions).
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Annex A
(informative)

List of significant hazards

This annex contains all the significant hazards, hazardous situations and events, as far as they are dealt

idantifiad by ricle ~ccnccmant ~c cignificant o thic v of aqin
Heea—By—+ <

with in thispartefdSOI13577-identifie

ent

....................................... pe-of-equipr
and which require action to eliminate or reduce the risk. The following significant hazards can gécyr in
the use of TPE.
Table A.1 — List of significant hazards
Clause Hazards Location Relevant clauses of | Relevant clauses pf
IS0 13577-1:2012 this part of ISO 13377
l|lazards, hazardous situation and hazardous events
1 Mechanical hazards
1.1 High pressure fluid injection |Pipework 4.2.7 4.2.1,
dr ejection hazard
2 Klectrical hazards
2.1 Hlectrical contact direct or |Control system, 4.3 Clause 4
ipdirect with live parts power supply to the
machine and
connectors
2.2 Hlectrostatic phenomena 4.3
3 Thermal hazards, resulting in:
31 RBurns and other injuries by |Gas generating 441,444
g possible contact of persons |system
with objects or materials Flame eurtain
with an extreme high-
temperature, by flames or Environment of the
gxplosions and also by the TPE
rjadiation of heat sources:
3.2 [pamage to health by hoxr Environment of the 4.4.5
working environnient TPE
4 Hazards causé€d by interruption of energy supply
4.1 Malfunction,arbreak up of |Gas generating and 43,4111 4.31.2.5
domponghts distribution system
4.2 Malfunction or break down |Control system 4.3,4.11.1
qfCoentrol system
5 azards caused by (temporary) missing and/or incorrectly positioned safety related
measures/means
5.1 Specific hazard of mainte- Piping, duct, control 412
nance and adjusting system
6 Hazards generated by materials and substances processed or used by the machinery
6.1 Hazards from contact with |Gas generating, 4.8.2 Clauses 4 and 5
or inhalation of harmful distribution system,
fluids, gases, mists, fumes, exhaust gases and
and dusts. TPE
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Table A.1 (continued)

Relevant clauses of

Relevant clauses of

cantral cuctan
€OHHo H

Clause Hazards Location 1SO 13577-1:2012 | this part of SO 13577
6.2 Fire or explosion hazard Gas generating, 4.4.3,4.8.3 Clauses 4 and 5
distribution system,
exhaust gases and
TPE
7 Hazards generated by neglecting ergonomic principles in machinery design, as hazards from:
7.1 Hazard of mismatch of Pipework 49

)
tion of manual controls

e STS T 1o ot o O 1O eI L=

STOTTT
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Typically, any gas mixture containing more than a volume fraction of 5 %

Annex B
(informative)

Typical protective and reactive atmosphere gases

of which CH+ rot-eore-thanavelumetracton—-o O where-theremaindere ety RON-
combustible, is considered to be combustible. Any gas mixture which contains more than a Veljime
fraction of|1 % CnHm or a volume fraction of 2,5 % NH3 where the remainder of the mixture,is fqon-
combustible is also considered to be combustible.
A combustfible gas which contains a volume fraction of 1 % or less oxygen cannot.in‘itself forn} an
explosive dr combustible mixture.
Table B.1 — Typical protective and reactive atmosphere gases
. . Densi- Weight
Typical gas composition ty (relative to Hazards
% (volume fraction) K 3 .
g/m air)
Atmosphere gases
. ex- .
co, | CO | H, | Nz | H0 light- heav-| | | tox- | asphyxi-
er | ier | .. icity | atioh
sion
Elementary gases:
1) Helium| [(He) — — — — 80179 | x | — | — | — X
2) Argon (Ar) — — — — - 1,784 — X — — X
3) Nitrogep |(N2) — — — 100 — 1,251 xf — — — X
4) Hydroggen |[(Hp) — — 100 — — 0,090 X — X — X
Exothermi¢ atmos- d d
pheresc
5) CCHN- (‘lean’)| 12to | 0,5to(9;5to | 87 to e 1,131h | xf — —b X X
typea 18 2,5 2,5 85
(‘rich’) | 8to 4 |5{to)12|5to 18| 82 to e 1,161h | x — X X X
66
6) CHN-typea |(‘lean’)| &~ 0,5to | 0,5to | 99to | — | 1,234h | xf — | —b X X
2,5 2,5 95
(‘richd)f — |5to12|5t0o18| 90to | — | 1,117h | x — X X X
70
7) HN-typg2a A(lean’)| — — |1to5|99to | — | 1,216h | xf — | =b | — X
95
(‘rich)| — — 10to | 90to | — | 1,019h | x — X — X
30 70
Endothermic atmos-
pheres:
8) ENDO-Gas Traces| 20to | 31to | 40to |Traces| 0,834h X — X X X
23 40 46
9) Ammonia — — 75 25 — 0,380 X — X — X
(dissociated)
10) Methanol Traces| 33 67 — | Traces| 0,868 X — X X X
(dissociated)
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Table B.1 (continued)

ISO 13577-3:2016(E)

Typical gas composition Densi- | ~Weight
p g po ty (relative to Hazards
% (volume fraction) ke /m3 .
g/m air)
Atmosphere gases
. ex- .
oz | co | H, | N2 | H0 light- heav-| |, | tox- | asphyxi-
er ier . icity ation
sion

Other atmosphere
gases:
11)Water H-63 100—0,80551+—¢ X
vapjour
12)| Carbon |(CO2) 100 — — — — 1,977 — X — — X
diokide
13)] Ammonia |(NH3) — — — — — 0,771 X — X X X
14)
Hydlrocarbons
Methane (CH4) — — — — — 0,717 X — —
Prdpane (C3Hg) | — — — — — 2,019 — X X — X
a (Jode letters indicate typical constituents:

C) - CO

CC) = CO + COy

H) — H»

N) - N2
b Brovided that (CO + Hy + max. a volume fraction of 1 %.GH,) < a volume fraction of 5 %.
¢ Hrotective and reactive atmosphere gases classifiedwunder 5 to 10 can also be produced by mixing of compo-
nerjt gases.
d The percentage of combustibles in a furnace.chamber can be higher due to the addition of hydrocdrbons or
the|vapourization of oily residues of insufficiently cleaned work pieces.
e The amount of water vapour may be varied to make the atmosphere gas suitable for specific procgsses.
f Difference in density relative to air isonly slight. Equal density should be assumed in terms of saf¢ty consid-
erafions.
& (faseous state not existing under physical “Standard Conditions” (0 °C/1 013 mbar =1, 013 x 105 Pa).
h Density value refers to mean composition.
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ISO 13577-3:2016(E)
Annex C
(normative)

Allowed maximum pressure

This annex covers the pressure hazard of piping forming an 1ntegral part of combustion and fuel
handllng c}vstem(‘ of-TRE-intepded—to-be liqJeCi—nd to—ah-aHewed—asdiHR—-Pressure—hoe + avcaa ing

racHHHR-PressHreRot-excees
50 kPa, containing

NOTE References to Group 2 and Group 3 of this annex are mentioned for information only.

a) gases, liquefied gases, gases dissolved under pressure, vapours and also those liquids\whose vagour
pressure at the allowed maximum temperature exceeding 50 kPa above nofmal atmospheric
pressure, (101,3 kPa) at the following limits:

— for Group 1

—| DN 25 and included;

—{ DN x PS (kPa) = 1,0 x 105 kPa for DN 25 up to 100 and in€luded (see Figure C.1);
— foy Group 2

—| DN 100 and included;

—| DN x PS (kPa) = 3,5 x 105 kPa for DN greatettthan 100 (see Figure C.2);

b) liquidd having a vapour pressure at the allowed.miaximum temperature not exceeding 50 kPa alove
normall atmospheric pressure (101,3 kPa) at the following limits:

— for Group 1
—| DN 25 and included;
—| DN x PS (kPa) = 2,0 x @05%kPa for DN 25 up to 200 and included;
—| PS=1,0 x 103 kPafor DN greater than 200 (see Figure C.3);
— foy Group 2
—| DN 200.and'included;

—| PS =50 x 103 kPa for DN greater than 200 (see Figure C.4).

Group 1 copiprises the following fluids:

— explosive;
— extremely combustible:
— highly combustible;
— combustible (where the maximum allowable temperature is above flashpoint);
— very toxic;
— toxic;

— oxidizing.
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Group 2 comprises all other fluids.

ISO 13577-3:2016(E)

This annex is not applicable to piping forming an integral part of combustion and fuel handling systems
of industrial thermo processing equipment intended to contain unstable gases.

PS (kPa) A o S
N -~
6 | n I
10 = =
o =)
105 L
104 L
4+10° PS (kPa) * DN = 10° kPa
3,5+10° PS'(kPa) » DN = 3,5 « 105 kPa
10°
(] o
(=) Te]
@F <
1l ]
102 L pd pd
ol °e PS = 50 kPa
50
10 1 | | | >
0,1 1 10 25 100 350 1000 10000 DN
Figure C.1)— Piping referred to in a) Group 1 of this annex
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PS (kPa) A < gl g
o - AN
1 1 ]
10° - zl z| =z
()] (a) (m]
10°
(D 1an M
104 L
3,5+ 10°
3,125 +{10°
2+10° \ N PS (kPa) * DN =5 - 10° kPa
103 —
\ PS (kPa) « DN =3,5 « 10° kPa
PS (kPa) + DN =1« 10° kPa
10% |
PS = 50 kPa
50
10 L ' . .
0,1 1 10 32 100 250°-'1 000 1|0 000 DN
2000 7 000

Figure C.2 — Piping referredto in a) Group 2 of this annex
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PS (kPa) A

ISO 13577-3:2016(E)

0
N
6 L I
10 >
()]
10° - .
PS =5+10* kP
5. 10* 2
®
8+10°
— 4403
10° PS = 1,+,10% kPa
PS (kRa)* DN = 2 « 10° kR
10% +
50 PS = 50 kPa
10 | { 1 | >
0,1 10 25 100 1 000 10 000 DN
200 4 000

Figure C.3 — Piping referred to in b) Group 1 of this annex
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36

PS (kPa) 4

g
10° I
4
[m]
105 L
4 PS =5+ 10* kPa
5+10
10 r ®
D 5103 PS (kPa) * DN = 5 « 10° kPa
10° PS =1 +10° kRa
10 |
50 PS = 50 kPa
10 | | | 1 >
0,1 10 100 1000 10 000 DN
200 500

Figure C.4 — Piping referredto in b) Group 2 of this annex
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ISO 13577-3:2016(E)

Annex D
(informative)

Principle procedures for the change of atmosphere

c ¥
=3
<
: 5
1
0
-
" a

Figure D.1 — Principle procedures for the change of atmosphere
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ISO 13577-3:2016(E)

Annex E
(informative)

Examples for the determination of safety integrity level SIL and

performance level PL using the risk graph method

Several Inflernational Standards may be used for determination of the required safety integrity Ipvel

(SIL)/perfd
IEC 61511
methods f

rmance level (PL). For machinery, IEC 62061 was developed to determine the SII;

ile

(all parts) was developed to determine the required SIL for process industry. Risk grjaph
br determining the SIL are given in both IEC standards. In addition, ISO 13849-1 coyers

the deternpination of a performance level PL and also includes a method to determine”PL from|SIL

(1SO 13844

Table E.1 §
Table 4. Th
in accordal

Table E.2
with an
ISO 13849

The values
dependent

-1:2006, Table 4).

ice with Table 4 in ISO 13849-1:2006 which shows the relationship.between PL and SIL.

shows an example with a PL determination according te ISO 13849-1:2006, Anne
additional column where the corresponding SIL walues determined according
1:2006, Table 4 are given.

given in Table E.1 and Table E.2 refer to typical TRE."The required SIL/PL levels might ¥
on the individual risk assessment.

hows an example of SIL/PL determination according to IEC 620611 or ISO 13849:2(06,
is SIL determination is done according to IEC 62061:2005, Figure A.3/The PL is determined

x A
to

ary
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Annex F
(informative)

Basic configuration of piping system of TPE using protective or
reactive atmosphere gases
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Description Relevant clause
manual isolating valve 43.1.2.1
manual isolating valve (for purge gas supply) 43.1.3
manual isolating valve (for purge gas by-pass) 43.1.3
filter/strainer 4.3.1.2.2
pressure regulator 4.3.1.2.3
pressure relief 43.1.24
overpressure switch 43123
automatic shut-off valve (normally close) 4.3.1.2.5
automatic shut-off valve (normally open) 4.3.1.3
flow|rate indicator (flow meter) 4.3.1.2.6
devige for safe isolation of atmosphere fluids 4.2.1

gas Hooster/compressor 4.3.2.2

mixihg machine 5.5.1.3,5.5.1.2
fuel gas supply for gas generator

other atmosphere gas supply

inert gas supply 444

gas dontrol equipment 3.1

gas gdenerator Clause 5

fuel gupply system within gas generator ISO 13577-2

Figure F.1 — Basic configuration of piping systém of TPE using protective or reactive
atmospheregases
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Annex G
(normative)

Requirements specific to Japan

General
Fenera:

Onl
bee
oft

Thd
req

G.2

In addition to the safety requirements specified in this part of ISO 13577, at least informatio

tot
sys

In 4
Japs

Thd
for

iy those provisions of this part of ISO 13577 that are affected by requirements specific'to
h identified in this annex, numbered correspondingly to the respective subclauses in the
his part of [SO 13577.

requirements of this annex shall ensure a level of safety at least equivalefit to that prov
1irements in the main body of this part of ISO 13577.

Background

he following laws and regulations are required to be prepared when combustion and fu
ems which this standard covers are to be designed, manufactured and commissioned:

Industrial Safety and Health Law;
High Pressure Gas Safety Law;
Air Pollution Control Act.

this reason, in addition to the requirements specified in this part of ISO 13577, matters ¢
NOy and CO shall comply with the/Air Pollution Control Act,

fuel supplied at 1 MPa or mere shall comply with the High Pressure Gas Safety Act, and

regulations specified in the Industrial Safety and Health Act.

ddition, regional’safety requirements for combustion and fuel handling systems of T
in are specifiedun JIS B 8415:2008.

se specified in this clause are the additional requirements or test methods based on JIS B
bquipmient intended to be used in Japan.

Japan have
main body

ded by the

hin regard

bl handling

oncerning

general safety, which is/not covered by this part of ISO 13577, shall comply with the relevant

PE used in

8415:2008

G.

D oL
NCTITICTIICTS

For dated references only, the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies.

JIS B 2220, Steel pipe flanges

JIS B 2312, Steel butt-welding pipe fittings

JIS G 3452, Carbon steel pipes for ordinary piping

JIS G 3454, Carbon steel pipes for pressure service

JIS G 3455, Carbon steel pipes for high pressure service

©IS

02016 - All rights reserved
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JIS G 3456,
JIS G 3457,
JIS G 3458,
JIS G 3459,
JIS G 3460,
JIS G 3461,
JIS G 3462,
JIS G 3463,
JIS H 3300,
JIS H 3401
JISK 6774,
JIS B 8415,

G.4 Requirements

G.4.1 Re
Additional

Resistance

G.4.2 Pipework, General

Additional

Fuel gas pi
JIS G 3459;

However, p
than 1,6 M
to JIS K 67
only expos

Carbon steel pipes for high temperature service
Arc welded carbon steel pipes

Alloy steel pipes

Stainless steel pipes

Steel pipes for low temperature service

Carbon steel boiler and heat exchanger tubes

Alloy steel boiler and heat exchanger tubes
Stainless steel boiler and heat exchanger tubes
Copper and copper alloy seamless pipes and tubes
Pipe fittings of copper and copper alloys
Polyethylene pipes for the supply of gaseous fuels

General Safety Code for Industrial Combustion Furnaces

sistance heating
bo Clause 4

heating furnace shall be in accordance withgIS B 8420, if applicable.

b0 4.2.1

pes shall be as specified in JIS\G 3452; JIS G 3454; JIS G 3455; JIS G 3456; JIS G 3457; ]IS G 34
JIS G 3460; JIS G 3461; ]IS.03462; JIS G 3463; ]IS K 6774; and JIS H 3300, as applicable.

ipes to JIS G 3458 shall)be used only for buried portions of the piping under pressures of
Pa; those to JIS G 3452, only for buried portions under pressures of less than 1,0 MPa; th
74, only for buried portions under pressures of less than 0,3 MPa; and those to JIS H 3]
ed portions under pressures of less than 0,1 MPa.

Any flexib

G.4.2.1

operating lressure and temperature involved.

|.58;

less
ose
800,

e tubes<npt specified in this clause may be used only if they withstand the maxinmpum

nnections

Additional to 4.2.2

Any steel pipes with a nominal diameter of not more than 20A for use under a maximum operating
pressure of not more than 0,1 MPa may be connected using compression fittings.

Any copper or copper alloy seamless pipes shall be connected in accordance with JIS H 3401, and such
seamless pipes with a nominal diameter of 20A or less for use under a pressure of 0,01 MPa or less may
be connected using flared or compression fittings. Brass and copper alloy shall not be used for piping,
which contact with ammonia or dissociated ammonia.
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Annex H
(normative)

Requirements specific to the U.S.A.

H.1—General

Only those subclauses in this part of ISO 13577 that are affected by requirements specific t¢ the U.S.A.

ha
bo

been identified in this annex, numbered correspondingly to the respective subclauses
of this part of ISO 13577.

Thd requirements of this annex shall ensure a level of safety at least equivalefit to that prov

reqpirements in the main body of this part of ISO 13577.

H.Z Background

For| equipment intended to be used in the U.S., the “Authority Having Jurisdiction” (AH

ultimate authority to approve the overall system installatiow’ of the equipment. The AH
State Government, local Fire Marshall, local building inspector, local board or commission
ins
occ
Heg
and

ipational safety and health requirements for a_given installation via the Occupation

commissioning of the equipment.

Thg OHSA requirements for the U.S. (29 CFR-Part 1910 General Industry Standards) can be d
at hittp://www.osha.gov/. Some common hazards are covered in [SO 13577-1:2012, Clause 4
of Hazards”. However, complying with €hese may not be enough to satisfy the OSHA requi
the
pro
of o
agi

Thd

ven installation.

For
Stai

rance underwriter, an engineer or the end user. ‘The US Federal and State Governr

USA for a given installation. Should OSHA determine that an American National Stanc
vide a higher level of safety than the International Standard, OSHA could impose the requirements
ther American National Staiidards in addition to the requirements of the International St

end user is responsible for identifying and communicating with the AH]J for a given instg

applications cevered under this part of ISO 13577, NFPA 86 is the recognized Americ3
idard in thed).S/The scope of NFPA 86 is limited to hazards associated with fires and ex]
ition to equipment requirements, it also includes requirements for the end user and the i

n the main

ded by the

]) has the
may be a
the user’s
hents have
Safety and

Ith Administration (OSHA), but OSHA does not t¥pically act as the AH]J during the initial installation

pwnloaded
in the “List
rements in
ard would

andard for

llation.

n National
blosions. In

for equipment complying with the requirements of this part of ISO 13577 to be accepted.

H.3 Normative references

For the purposes of this annex, the following normative references apply.
ANSI/ASME B1.20.1, Pipe Threads, General Purpose (inch)

ANSI/ASME B31.1, Power Piping

ANSI/ASME B31.3, Process Piping

ANSI/ASME B16.20, Metallic Flat Gaskets for Pipe Flanges
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