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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
ATAEAD §)37 TATAAO ATAEACG 4EA =<TOE T DOADAOETC )TOAOTAOETTAI 30ATAAOAQ EO TTO TAIIU AAOOEAA TOD
0EOTOGE )3/ OAAETEAAI ATT WE00AAG: %AAE TATAAO ATAU ETOAOACOAA ET A OOARAAQ £T0 <EFAE A OAAETEAAI
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.
)3/ ATTIAATOAOAO ATTOAIU x<E0E OEA )YTOAOTAOETTAT %IAAOOTOAAETEAAT #1 T WEOOETT §)%#q 1T All TAO0ACO TF
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are:
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the -
AEEFAOATO 0UDAO Tk )3/ ATAO TATO0 OETOIA AA TT0AAY 4EE0 ATAO TATO x<AO AOAROAA ET AAMATOAATAA x<EOE OEA .
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives 5

VOOATOETT £0 AOAXT (T OEA DTOOFAEIEOU OEAQ OT WA Tk OEA AIA TAT00 Tk 0EE0 ATAO TATO TAU AA OEA 0OAEAAD TF -
DAOATO 0ECE008 )3/ OEAIT T10 AA EAIA OAODTTOFAIA £10 EARTOEEUETC ATU 10 ATl 00AE DAOATO OECE00s SAOAEIO Tk
ATU DAOATO OECEOO EAATOENEAA AQOETG OEA AAGATTD TATO T OEA ATAO TATO <£11 AAET 0EA ) TOOTAOAGETT ATATIO
on the ISO list of patent declarations received. www.iso.org/patents

1'TU 00AAA TATA OOAA ET 0E£0 ATAO TATO £0 ETFIO TAOETT CEOAT £10 OEA ATTOATEATAA Tk O0A00 ATA ATAO TT0
constitute an endorsement.

&I0 AT AgPIATAGETT TT 0EA TAATETC TF )3/ ODAAMEA 0AOTO ATA A@DBOAGOETTO OAIAOAA 0T ATTEIO WEOU
assessment, as well as information about ISO'§_‘adh_e;‘rglence~ to\t}@ WTO ,p\r_ip\ci'p’lg_sin the Technical
Barriers to Trade (TBT) see the following URL: &10AxT0A 7 30pPIA T ATOAOU ET£I0 T AOETT

The committee responsible for this document is Technical Committee I1SO/TC 67, —A0AOEAION ANOED TATO
and offshore structures for petroleum, petrochemical and natural gas industries.

AEEQ OEEOA AAROETT AATAAIO ATA OADIAAAG OEA OAATTA AAEOETT §)3/ preguignmodi < EEAE EAO AAAT 0AAETEAAITU
revised. The main changes are:

2 #IAOOA o> OAOAOAI TAx AATETEOETTO)

2 #IAOOAO Y ATAw~> AEATCAOET OT TANECOOAC ATA 0AAIAQY

2 VTTAg V2 TAx ANOED TATOAIAGOAQN

2 VTTAg "2 AOOTAEAOAA TAx ATA AIECTAA FAEIOOA TTAAN)

2 VTTAg#+ OTTAAEATCAO ATA TAx O0AAIAOOAGH ASCs #iotT ATA #ix

2 I1TTAg $2 TAx 00AAIAGOA $hu
2 1TTAg%~> TAx +0))

— Annex F — alignment with ISO/TR 12489:2013.
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ISO 14224:2016(E)

Introduction

This International Standard has been prepared based on the previous edition (ISO 14224:2006),
experience gained through its use, and know-how and best practices shared through the international
development process.

)T 0EA PAOOTIAO Th DAOOTAEA W EAAT ATA TAOOOAI CAO ETAO000EACH COAAD ACOATOETT EO AAETC DAEA 0T OARROUN
AOAEIAAETEOU OAIEAAEIEOU ATA TAETOAETAARIEOU Te ANOED TATOs 4EA ETAO000U ATTOAI ATO0 T¢ ANOED TATO
OTAOAEIAAEIEOU £0 OAOU TAOCAT AIOETOCE TATU DIATO T<TA0O EAOA ENDOTOAA OEA AOALIAARIEOU TE OEALO
TDAOAGETC FAAEIEOEAD AU AAAOAOOETC OEED AEATIATCAS 1 000TTCAO ATDEAGEO EAD OAAATOIU AAAT DOO TT ATO(Z
effective design and maintenance for new plants and existing installations among more industrial
parties. In this respect, data on failures, failure mechanisms and maintenance related to these industrial
FAAEIEOEAO ATA 00 TDAOAGETTO EAOA AAAT TA TT0A E TDT00ATO8 )0 E0 TAAAGOAOU OEAQ OEEO ETETO WACGETT £0 OOAA
AU ATA ATT TOTEAAOAA ARD><AATH OEA OAOETO0 DAOOEAO ATA £00 ACOAEDIETAC ><EOEET OEA OATA ATTDATU T0
ARO<AART AT TDATEAGS GAOETO0 ATATUOEO TAOETATITCEAO AOA OOAA 0T AOOE T AOA OEA OFOE Tk EAUAOAC 0T DATDIA
ATA ATOEOTT TATON 10 0T ATAIUOA DIATO T0 0U00A T DAOETO TATAAs &10 00AE ATAIUOAO 0T AA AfrAROEOA ATA
ARAEOEOAT ANOED TATO OAIEAARIEOU ATA TAETOATATAA §2—q AADA AOA OFOAT

AEAOA ATAIUOAO 0ANOEOA A AIAAQ OTAAOOOATAETC TE OEA ANOED T ATOM0 0AAE TEAAT AEAOARDAQEQQEAGH 00 TDAOAGETC
ATA ATOEOTT TATOAI ATTAEOETTOM EOC DTOATOEAT £AEIO0A0 ATA E00 W AETOATATAA AAGEOEOEAC: )0 AAT AA TAAAGOAOU
0T EAOA AAOA ATOAOETC OAGAOAT UAAOO Tk TDAOAOETT AAETOA OOHNEAEATO AAOA EAOA AAAT AAAO TOIAOAA 0T
CEOA ATTNEAATO ATAIUOEO 0A0OI00 ATA OAIAOATO ARAEGETT 00PDT008 )0 EO TAAAGOAOU OEAOAETOAN O OFA> AAOA
ATIAROETT AO A TTTCZ0AO T AROEOEOU DIATTAA ATA AGAAOOAA x<EOE ADDOTDOEAOA CTAIO ET TETAS 10 0EA OA TA
OF T Ap ATAGEOU AO 0T OEA AAOOAQ Tk FAEIO0AO EO EAU 0T DOETOEOEUETC ATA E T DIA TATOETC ATOOAAQEOA AROETTO OEAQ
0AGOI0 £T OO00AETAAIA E TDOTOA TATOO ET ACAEIAAEIEOUA TAAAETG O £ TDOTOAA DOTNEOAAEIEOU ATA OARROW

Data collection is an investment. Data standardization, when combined with enhanced data-
TATACATATO OUOOA WO 0EAD AlTT> AIAAQOTTEA ATIIAAGETT ATA 00ATORAQ Tk AAOAL AAT 0AOOI0 ET £ TDOTOAA
NOAIEOU T& AAOA £10 OAIEAAEIEOU ATA TAETOATATAAY 1 ATOGZARRAROEOA =< AU Tk TDOE TEUETC AAOA 0ANOEOA TATO0
EO OEOTOCE ETAO000U ATZTDAOAGETT: 41 WAEA £0 DTOOFAIA 0T ATTIAAG AGAEATCA ATA ATAIUOA AAOA AACAA TT
common viewpoints, a standard is required. Standardization of data collection practices facilitates the
exchange of information between relevant parties e.g. plants, owners, manufacturers and contractors
throughout the world.
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INTERNATIONAL STANDARD ISO 14224:2016(E)

Petroleum, petrochemical and natural gas industries —
Collection and exchange of reliability and maintenance
data for equipment

1 Scope

maintenance (RM) data in a standard format for equipment in all facilities and operations within the
DAOOTIAO T TAOOOAI CAO ATA DACOTAEA I EAAT ETAO000EA0 AOOETG OEA TDAOAJETTAI 1E£A AUAIA Tk ANOED TAT08 )0
ARGAOEAAO AAOA ATTIAAGETT DOETAEDIAQ ATA AOOTAEAOAA 0AO WO ATA AANETEOETTO OEAQ ATTO0E000A A OOAIEAAEIEOU
IATCOAGAG OEAQ AAT AA OOAROI £10 ATT TOTEAAOETC TPAOAGETTAI AGPAOEATAAY 4EA FAEIO0A TTAAO ARRETAA ET
0EA T10 T AOEOA PAOO Tk 0EEO )TOAOTACETTAI 30ATAAOA AAT AA OOAA A0 A 00AIEAAEIEOU OEAGAO0006 £T0 OAGETO0
NOATOE0AGEOA A0 <Al A0 NOAIEOAOEOA ADPIEAAGETTO8 4EE0 ) TOAOTAGETTAT 30ATAAOA AIOT AAOAOEAAD AAOA NOAIEOU
control and assurance practices to provide guidance for the user.

Standardization of data collection practices facilitates the exchange of information between parties, e.g.
plants, owners, manufacturers and contractors. This International Standard establishes requirements

0EAQ ATU ETZETOOA TO AT T TAOAEAIIU AGAEIAAIA 2 — AAOA OUOOAT E0 OANOEOAA 0T WAAD <EAT AAOGECTAA £10

RM data exchange. Examples, guidelines and principles for the exchange and merging of such RM data

are addressed. This International Standard also provides a framework and guidelines for establishing

DAOETO T ATAA TAEAROEOAO ATA OANOEOA TAT00 £10 ANOED TATO OAIEAALIEOU ATA AGAEIAAEIEOU DAOETO TATAAS

Annex A ATTOAETO A 00 T TAOU T¢ ANOED TATO 0EA( E0 ATOAOAA AU 0EE0 ) TOAOTAOETTAT 30ATAAOA

4EE0 ) TOAOTAOETTAI 30ATAAOA AANETAO A TETENOT ATTOTO TF AAOA 0EAQ £0 OANGEOAA 01 AA ATTIAAOAAN ATA £0

focuses on two main issues:

2 AAOAOANGEOA TATOOFTOOEA AAOACTORAO TE AADAOT AAATTIAAOAA £10 OOA ET OAOETOO ATAIUGEO TAOETATITCEANN

2 O0ATAAOAEUAA AAOA ETO WAO O FAAEIEOAOA OEA A@AEATCA Tk OAIEAALIEOU ATA TAETOATATAA AADA AAOxAAT
plants, owners, manufacturers and contractors.

The following main categories of data are to be collected:

Aq  ANOED TATO AAOAN Ascs ANOED TATO OAGTTT T Uh ANOED T ATO AOOOEAQOANN

AQ FAEIO0A AAOAN Ascs FAEIOOA AAGOAN EAEIOOA ATTOANOATAAN

c) maintenance data, e.g. maintenance action, resources used, maintenance consequence, down time.

NOTE Clause 9 gives further details on data content and data format.

The main areas where such data are used are the following:

pq  OAIEAAEIEOUN AsCs FAEIO0A AOATO0 ATA FAEIGOA TAREATEOTON

cq  AOAEIAAETEQUTARNEAEATAUH Ascs ANOED TATO AOAETAAEIEOU OUGOA T AOAEIAAEIZOUA DIATO DOTACAGETT AOAEIAAEIEOUN

3) maintenance, e.g. corrective and preventive maintenance, maintenance plan, maintenance
0ODD 100AAEIEOUN

T OARAOU ATA ATOROTT TATOM AsCs ANOED TATO FAEIO0AD <EOE AAGAOOA ATTOANOATAAC £TO OARAOU ATATTO
environment.

4EE0 ) TOAOTAOENTAI 30ATAAOA ATAO T10 APPIU 0T 0EA £TTTT><ETCY

B AADATTT JAEOAAGQ AT00 EO0OAO)
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ISO 14224:2016(E)

tEs  AAOAFOT T TAATOAGTOU OAGOETC ATA TATOFAAOOOETC §Ascs ARAATAOAOAA TEFAQE T A OAGOETCAh OAA AIOT wig

tts AT TDIAOA ANOED FATO AAOA OEAAGO FITIU AAOA OAAT OAIAOATO £10 AOGAOGETC OEA OAIEAAEIEOU DAORTO TATAA
AOA ETAIOARAQ)

iv. gﬁi\@it'iqulg} on-service data that an operator, on an individual basis, can consider useful for operation
ATA TAETOATATAA)

o TAOEWAO £10 ATAIUOETG ATA ABRIVETG 2— AAGA JET>AOAG BOFTAEDIAG £T0 E> OT AAIAGTAOA GT TA AAGEA
OATEAALIEOU ATA TAETOATATAA DAOA TA0A0O AOA ETAIOAAA ET OEA ATTAZAN

2 Normative references

4EA ENT<ETC ATAO TATOO £ =ETIA 10 £T DAOG AOA THO FAGEOAIU OAGAOATAM T 0850 ATAQ TATO ATA A0A
ETAEODATOAAIA £T0 £00 ADDIFAACET TS &10 AAOAA OARAOATAAON TTIU OEA AAEOETT AFOAA APDIEAOY &T0 OTAAOAA

ISO 20815:2008, Petroleum, petrochemical and natural gas industries — Production assurance and
OAIEAAEIEOU TATACATATO

3 Terms and definitions

&T0 0EA DOODTOAG Tk 0EEO ATAO TATON OEA FTTIT=ETC 0A0 T0 ATA AANETEOETTO ADDIUS
/4% 3TTA ARGEOAA 2— PAOATAOAOON <EFAE AAT AA AAIAOIAOAA FOTT ATTIAAOAA 2— AAOA ATOAOAA AU OEEO
International Standard, are contained in Annex C. References to Annex C are given as deemed appropriate.

31
active maintenance time
AQOAGETT T6 A TAETOATATAA AROETTH AGAIOAETC ITGEOOEA AAIAU

- TOA p 0T ATOOU] 4AAETEAAT AATAUO AOA ETAIOAAA ET OEA AAOEOA TAETOATATAA OET A8

- TOA ¢ 0T ATO0U{ 3AA Figure 4 and Annex C for a more detailed description and interpretation of maintenance
times. See also ISO/TR 12489:2013, Figure 5.

-TOA o 0T ATOOU ¥ TAETOATATAA AROETT AAT AA AAOOEAA TOO0 =< EEIA 0EA EOAT E0 DAOKTO TETC A OANOEOAA FOTAGETTS
£3/52#%] )%# ernunZpncicrpul pucZmyzmtt T TALDEAA z . TOAO ¢ ATA o 0T ATO0U EAGA AAAT AAAAAs

3.2

active repair time
effective time to achieve repair of an item

0A ¢ 0T AT00US 3AR ATOT ARTETEGEVT W 0 TAAT AROEOA OADAED G¢ TA j— 12405 €T )3/T42 pCTymicrpot aipio T OEA) 0

AATETAA A0 0AgDAAOAA AAGEOA OADAEO OF T Ads

3.3

availability .

AAEIEOU 0T AAET A 00AOA 0T BAOKTO T A0 OANOEOAA

- T0A p 0T ATOOU{ 3AA 1 TTAQ # £10 A TTOA AROAEIAA AAOAOEROETT ATA ETOAODOAOACETT TF AOAFIAAEIEOUS

- TOA ¢ 0T AT00Uq &O00EAQ 0A0 10 AOA GEOAT ET )3/742 pTywicrpat

£3/52#% )%# primunZpwcicrpul pacZnplcol TTAEEAA z _TOAO p ATA ¢ 01 ATOOU EAOA AAAT AAAAAs
3.4

boundary
interface between an item and its surroundings
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3.5

common cause failures

failures of multiple items, which would otherwise be considered independent of one another, resulting
from a single cause

- TOA p 0T ATOOUG #1 T 11T AAGOA EAEIO0A0 AAT AIOT AAATT TTT TTAA FAEI00ACS

- T0A ¢ 07 AT00UG 4EA DTOATOEAT £T0 AT T T 1T AAGOA FAEI00A0 0AAOAAQ OEA ALEAROEOATACO Tk OUOOA T OAAOTAATAUS :
- T0A o 0T AT00Uq )0 £0 CATAOATIU AAAADOAA OEAQ OEA EAEIO0AC TAAOO OF T OT0ATATOOIU 10 < EOEET A OETO0 0F TA Tk AAAE 10 EAOSQ
- T0A ¢ 01 ATOOU| #1 TDTTATO0 OEAQ FAET AOA 0T A OEAOAA AAOOA TTO TATIU £AET ET OEA OA TA EOTAOETTAI TTAAs 4EA 0A0 I'
common mode is therefore sometimes used. It is, however, not considered to be a precise term for communicating:
the characteristics that describe a common cause failure.

- T0A ¢ 0T ATOOU] 3AA AIOT #4pto
£3/52#%] )%# ernunZpwgicrpul pucZnoZpyh T TAMEAA z - T0AO oz¢ 0T ATOOU EAOA AAAT AAAAAS

(3:(.)6mmon mode failures

FAEIO0AQ Tk AEr£AOATO £0A T 0 AEAOAAOAOEUAA AU OEA OA TA FAEIO0A TTAA

- T0A p OT ATOOUG #1 T TTT TTAAFAEIO0A0 AAT EAOA AEREAOATO AAOOAGS

-T0A ¢ 0T ATOOUG #T T TTT TTAAZAEIOOAC AAT AIOT AAATT 1T AACOA FAEIO0AC josuQs

-T0A o 07 ATOOU 4EA DTOATOEAT £10 AT T TTT TTAA FAEI00A0 0AAOAAQ OEA ARFAAOEOATACO T& OUOOA T OAAOTAATAL
£3/52#%] )%# ernunZpncicnpul pucZnoZpm T TALEAAY

3.7
condition-based maintenance
CBM

- T0A p 0T AT00UG 4EA ATTAROETT AOOA0O TATO AAT AA AU TDAOAITO TAOROOAGETTH ATTAOAOAA ARATOAETC 0T A OAEAAGIAN TO
AU ATTAEETT TTTEOTOETC T 0U00A T DAOA TA0AOGS
£3/52#%] )%# QrmunZpwgicripul pucZnezryy T TAMEAAY

3.8
corrective maintenance
maintenance carried out after fault detection to effect restoration

- T0A p 0T ATOOUG #T00AROEOA TAETOATATAA Tk OTR0 < AOA ETOAOEAAIU ETOTIOA0 OT TA T TAENEAAGETT

corrective maintenance.
£3/52#%] )%# ernunZpwgicrpul pocZnezneh T TAREAA z - TOA ¢ 0T ATOOU EAO AAAT AAAAAs

39

critical failure -
FAEIO0A Tr AT ANOED TATO OTE) 0EAD AAOOAC AT ET TAAEAOA AAOOAGETT Tk OEA AAEIEOU 0T DAOFTOT A OANOEOAA
function

- T0A p 0T AT0OUG ) TAIOAAC FAEIOOAD OANOEOETC £ T WAAEAOA AROETT 01><A0AQ AROOAGETT TE DAOFTO WETC OEA FOTAOETTH AGAT
though actual operation can continue for a short period of time. A critical failure results in an unscheduled repair.
- T0A ¢ 07 ATO0U{ 3AA AIOT AATETEOETT Tk OROEOEAAT AATCAOTO0 FAEIO0AG ATA OAOEOEAAT OAFA FAEIO0AG ET )3/742 pCTwwignpat

obcit ATA ottt OAODAAOEOATU
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3.10
cycle
operation and subsequent release/reset

£3/'52#%] )%# QMIUNZTTTICTNCH TTTINCIppY

3.11

degraded failure

failure that does not cease the fundamental function(s), but compromises one or several functions
-0 1 ATDOUS AEA EAEI00A AAT AL CORROATI DAODEAI 10 ATOE) 4EAOTAOETT AAT AR AT T0OT TE0M AU ATU AY TACTAGETT
1% OAAOAAAR ETAOAAOAA TO AOOAGEA TOOPOO0! ¥ T E T TAAFAOA OADAEO AAT T10 TAIIU AA AATAUAA AQOH ET 0F T A 00AE FAEIO0AD
can develop into a critical failure if corrective actions are not taken.

3.12

demand

activation of the function (includes functional, operational and test activation)

- TOA p 0T AT00UG 3AA #tpso £T0 A TTOA AROAEIAA AAOAOEDOETTS

- T0A o 07 AT00U4 3AA AIOT OAIAOATO AMETEOEITO ET)3/742 pctywicrpat 0 FAAT 06 TA 0T AATATA §— 4406 (0 AATETAA
ET otptoh OFAEIO0A AOA 0T AATATAS £0 AATETAA ET otcipol ATA OAATATA TTAA TE TDACAJETT OARAOU OUOOA 16 0 AATETAA
in 3.3.1.

3.13

designlife

PIATTAA OOACA OF TA £10 OEA 0T0AT OUOOA |

10 p OT ATO0U; Y0 €0 £ TOTOGATO THY OF ATTEO0A ARGECT 1A =(0E 0EA ) WART O£ A U1 £AHIOOA: 4440 <EFIE [0
AT TDOEOAA Tk OAOAOAT EOAT O 0EA0 WECED AA AITT=<AA 0T FAEl < EOEET OEA ARGECT 1££A TE OEA OUOOA T AO TTTC A0 OADAEO T0
replacement is feasible.

£3/52#%] )3/ cnypuicnmh aspsuy

3.14

detection method

TAOETA T0 AAOEOEOU AU < EEAE A FAEIOOA £0 AEOATOAOAA

- TOA p 0T ATO0U] ¥ AAGACTOEUAOETT e AADAROETT TAOETAO jAsCH DAOETAEA 0ACOETC TO ATTOETOTO0 ATTALOETT TTEOTOETCY
is shown in Table B.4.

3.15

down state

unavailable state

internally disabled state

internal disabled state

<of an item> state of being unable to perform as required, due to internal fault, or preventive
maintenance

- T0A p 0T AT00UG ST T 00A0A 0AIAOAC 0T OTAOAEIAAEIEOU TE OEA EOA W8
- TOA ¢ 0T AT00U] 4EA AAEAAGEOAQ OAT > To T0 00 TAOAETIAAIAG ARGECTAOA AT EOA T ET A AT<T 00A0AS

£3/52#%] )%# erinunZpncicrpul pucZncZemh T TAFEAA z - T0AO o ATA T 0T ATOOU EAOA AAAT AAAAAs
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3.16

down time

time interval during which an item is in a down state

- TOA p 07 AT00UY 4EA AT T 0F TA ETAIOAAQ All 0EA ARTAUO AAO><AAT OEA E0A T FAEIOOA ATA OEA OACOTOAOETT TEEO0 OAOOEAAY
Down time can be either planned or unplanned (see Table 4).

- T0A ¢ 0T ATOOUq —AAT AT TOE TAEO ET )%# rimumZpwg) pwcZnyZorm AAETAA AG 0EA (A@DAAOAGETT Tk OEA AT T OF T Ak
£3/52#%] )%# erimunZpacicnpul pucZncZeph TTAREAA 7 . TOAO p ATA ¢ 0T AT00U EAOA AAAT AAAAAs

3.17

downstreem e
AQOETAOD AAOAQIOU 1100 ATETTTIU OOAA ET OEA DACOTIAOT ETAOO00U 0T AAOAQEAA D100zBOTAOACETT
processes

%81-0,%  2AETETCI00ATODTOOAGETT ATA TAOEAGTC T DAGOTIAG T BOTAGAN0

_TOA p 0T ATO0UG 3R AIGT 1épie £T0 £OOOEAD AROAEIO8

3.18

equipmentclass =~ L

AIAOO T£ OF TEIA0 0UPA Tk ANOED TATO OTE00 §AsCe All O THY]

_TOA p 0T ATOOU{ Annex A ATTOAETO ARGED TATOZODAAETER AAOA £10 OEA ARGED TATO ATOROAA ET 0EZ0 )TOROTAGETTAI
Standard.

3.19

equipment data

technical, operational and environmental parameters characterizing the design and use of an
‘equipment unit

3.20

‘equipment type

'DAQOEAOIAQ FAAOOOA Tk OEA ARQECT < EFAE £0 OECTENEAATOIU AEEEAOATO £OT T OEA TOEAQ AAGECTj0Q < EOEET OEA OATA
‘equipment class

3.21

equipmentunit

ODAAENEA ANOED TATO <EOEET AT ANOED T AT0 AIAOO A0 AATETAA AU £00 ATOTAAQU

- TOA p 0T AT00U( %NOED TATO OTE) E0 CEOAT AQ TAOAT @ TFOEA ANOED TATO OAGTTT WU AIAGOENEAAOETT <FOE OAGTTT NEATAOAIO
shown in Figure 3.

3.22
error

OEATOAGEAATIU ATOOAAD OAIOA TO ATTARETT

W0A p O ATOOU| 1T AQOTO <E0EET A OUOOA T AAT AR AAOOAA AU 6AS1OA T& TTA 10 TTOA Vi £60 AV FOWTATO0H 10 AU OEA
AROEOAGETT T£ A OUOOA T AOFA FAQ108

-TOA ¢ 0T AT00U{ YT A0OTO AAT AA AAGOAA AU A FAQIOU EOATH Ascs A AT TDOOETC AOOTO TAAA AU #AQIOU AT TDO0A0
equipment.

- T0A o 01 AT00UG )T 0EE0 ) TOAOTAGETTAI 30ATAAOAN AOOTO 0 AIOT ODARENERATIU O0AA £10 060 < AOA ATA EO TAT A0OTOO8
£3/52#%] )%# ernunZpwglcripul puczroZngh T TAMEAA z - T0AO ¢ ATA o 0T ATOOU EAOA AAAT AAAAAS
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3.23

failure

FTEAT EOATETT00 TE AAEIEOU 0T DAOKTO T A0 OANOEOAA

. T0A p OT ATOOU] 1 FAFIOOA TR AT EOA T £0 AT AOATO OEAQ 0AODI00 ET A £AQI0 T# OEAQ EOA T4 0AA FAQI0 jotccQs

- TOA ¢ 0T ATO0UG ¥ FAFIOOA & AT EOAT £0 AT AOATON A AEOOETAO FOT T A FAOI0 Tk AT FOA TN =<EEAE £0 A 00AOA ¥OTOOAA}
)3/742 pgrywignpaots

- TOA o 0T ATOOUq 4E£0 ATTAADO AO AANETAA ATAC TT0 APPIU 0T £0A W0 ATTOFOOETC TF OTEO=<AQA TTIUS

. T0A t 0T ATOOU{ 3AA Table B.1, and also F.2 and F.3.

£3/52#%] )%# erinunZpncicrpul pucZnoZnpl T TAREAA z - T0AO ¢ 0EOTOGE T 0T AT00U EAOA AAAT AAAAAs
3.24

failure cause

root cause

set of circumstances that leads to failure

- TOA p 0T ATO00UG 1 FAEIOOA AAOOA AAT TOECETAOA AOOETC OPAAENEAAGET T AAGECTH TATORAAOOOAN ETOOATIAOETTI TRAOAOETT T0
maintenance of an item.

£3/'52#% )%# QrimunZpwgicrpul pogZnoZpph TTAEEAA 7 _T0A ¢ 01 ATOOU EAO AAAT AAAAA

3.25
failure data
data characterizing the occurrence of a failure event

3.26
failure due to demand
failure occurring on demand

- TOA p 0T AT00U] 3AA £O00EAQ AROAEIO ET )3/T42 pcTywicnpal atgipas

£3/52#%])3/T42 pctywicrpoh TTANEAA z _TOA p 0T ATOOU EAC AAAT ARAAAs

3.27

failure frequency
OTATTAROETTAI FAEIOOA ETOATOR0UN ATTAFOETTAI DOTAAALIFOU DAO OTE) Tk 0F TA OEA) OEA FOA T £AEI0 AAO<AAT tand
t + dt, provided that it was working at time 0

- TOA p 0T ATOOU] Y TTOEAC 0A0 T OOAA FT0 FAFIOOA FOANOATAU £0 00AOA TF TAAOOOATAAG

£3/52#%])3/T42 pctywicnpot TTAFEAA z - T0AO p ATA ¢ 0T ATOOU EAOA AAAT AAAAASY

3.28

failure impact
effect of a failure on an equipment’s function(s) or on the plant

- 10A p 07 ATO0UG /T OEA ANOED TATO TAGATH £AEIO0A £ TDAAQ AAT AA AIAOGENEAA £T 0EOAA ATAOOAG JAOROEAATT AACOAAAAS
ETAEDEATOQ) OAA AATETEOETTO T OAQEOAAT EAEIO0AG jotuQ) OAACOAARA FAEIO0AS jotppq ATA OFTAEDEATO FAEIO0AG jorTm(s
#IAOOENEAAGETT T£ FAEIO0A £ TDAAO TT OAGITY TU T1AOAIO 0 0T L jOAA Figure 3) is shown in Table 3.

- TOA ¢ 0T ATOOUq #1AQOENEAAGETT TF FAEIOOA £ TDAAO TT OAQTTT TU T1AOAIO T ATA v jOAA Figure 3) is shown in Table 3. See
also C.1.10.

Copyright Ir@rna{ional Organization for Standardization © IS0 2016 - All FlghtS reserved

Provided by IHS under license with various National Standards Bodies Licensee=University of Alberta/5966844001, User=dfgfgsfgdf, dfgdfgdfg
No reproduction or networking permitted without license from IHS Not for Resale, 10/06/2016 22:31:11 MDT



IS0 14224:2016(E)

3.29
failure mechanism
process that leads to failure

. TOA p 07 ATOOUG 4EA DOTAAOO AAT AA DEUGEAATN AEA TEAATR TTGERATR T0 A AT TAETAOENT OEAOATH
- TOA ¢ 0T ATOOU] 3AA AIOT ""$cdc ATA Table B.2f < EFAE AATETA FAEIO0A AAOOAO £10 ATl ANOED T ATO AIAGOAGS
£3/52#%] )%# ernunZpwglcripul pucZrnoZpch TTALEAA z _TOA ¢ 01 ATO0U EAC AAAT ARAAAw

3.30
failure mode
manner in which failure occurs

- T0A p 07 AT00UG 3AA ATOT OEA 0AATAQ ET *tctoh TT 0EA OAIAOATO £AEIO0A TTAAQ <EEAE AANETAO £AEIOOA TTAAQ 0T AA OOAA
for each equipment class

- T0A ¢ 0T AT00U( Y TAIUOEO WECEQ OANOEOA AAOA ATTIAAOETT 0T AA AGOAAIEOEAA T AEEFAOATO OAGTTT TU 1AOAIOH OAA Table 3.
£3/52#%] )%# erimunZpwcicripul pucZnoZpy T TAMEAA z - T0AO p ATA ¢ 0T ATOOU EAOA AAAT AAAAAs

3.31
failure ondemand
FAEIOOA TEEATU 0T AA TAOAOOAA <EAT A ARTATA TAAO00O

- T0A p 0T ATOOUG &AEIO0A TT AA TATA ETAIOAAG OEA £AFIOOAC TAAOO0AA AARTOA OEA AA TATA ATA OEA FAEIG0AO AOA 0T
the demand.

- T0A ¢ 0T AT00UG 3AA AIOT #4p TT 0AGOETC £10 EEAAAT FAEIO0AC ET OAFAOU OUGOA T 0

- TOA o 0T AT0OUq 3AA AIOT AAETEOETT TT failure due to demand (3.26).

- TOA T 0T AT00U] 3AA)3/742 pctywicmpal atpspu £T0 AATETEOETT T4 0EA DOTAAALIEOU Tk FAEIO0A TT AATATA 08308

- T0A v 0T ATOOUG SEREAOATO FAEIOOA TTAAQ AOA OOAA 0T 0ANIAAQ FAEIO0A TT AA TATA jOAA OEA 0AAIAQ €T *scioQt
£3/52#%])3/T42 pctywicrpot TTADEAA z _T0AO p 0EOTOCE v 0T ATOOU EAOA AAAT AAAAASY

3.32

failurerate =~

ATTAETTAI DOTAAAEIEOU DAO OTEO Tk 0 WA 0EAQ OEA EOA T FAFIO AAOx<AAT t and t + dt, provided that it has been
working over [0, tY

- TOA p 0T ATOOUq 3AA ATOT AATETEOETT 1% FAEIO0A 0AOA ET )3/T42 pctynicnpah atpipys

- T0A ¢ 0T AT00Uq 3AA ATOT AATETEOETT TE FAEIO0A 0AOA £T )%# @rimunZpwucicripul pugZruZne jETO0ATOATATOO0 FAEIO0A 0A0AG
£3/52#%])3/T42 pctywicrpot TTANEAA z _TOAO p ATA ¢ 0T AT00U EAOA AAAT AAAAAsY

3.33

fault

ETAAEIEOU 0T DAOKTO T A0 OANOEOAAN AOA 0T AT ETOAOTAT 00AOA

- 10A p 7 ATO0UY 1 £AQI0 1% AT EOAT 0AOOI00 £OT T A £AEIO0AT ALOEAQ Tk OEA EOA T E00AIS 1O £0T I A AANEAEATAU ET AT AAQIEAO
00ACA Tk OEA 1£eA AUAIAT OOAE AO OPAAENEAAGETTH AACECTH TATORAAOOOA TO TAETOATATAAS 3AA latent fault (3.44).

- T0A ¢ 0T ATOOUY ¥ £AOI0 EO TEOAT A 0AOOI0 T A £AEIOOA Tk OEA EOAT £00ATE AGD OEA 00AOA AAT AgE00 < EOETO0 A FAEIO0A jOAA
ISO 20815:2008, 3.1.14). :

- T0A o 0T ATOOUq 3AA AIOT )3/T42 pcTywignpal otgics
£3/52#%] )%# ernunZpwgicripul pucZrtZrph TTANEAA z - T0AD ¢ ATA o 0T AT00U EAOA AAAT AAAAAs
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3.34

genericreliabilitydata

OAIEAARIEOU AAOA ATOAQETC £A TEIEAG Wk OF TEIAO ANOED TATO

- T0A p 0T AT00Uq 3AA Y TTAZ $u ATA 4AAIA $hus

3.35

hidden failure =~

FAEIO0A OEAOEO TTOE T TAAEAOATU AGEAATO 0T TRAOAOETTO ATA TAFTOATATAA DACOTTTAI

- T0A p O ATO0U| 6f10¢D TATO eAHIO0AO OEAD TAAOOOA AS AT AROIEAO BTETO e OF AJ AGD ><A0A 16000 TAOROOAA A0 A TATA
FATT ET0T 0EEO AAGACTOUS 30AE FAEIO0AC AOA NE000 OAGAATAA < EAT OEA OATAGATO FOTAGETTAIE0U £O 0AOOAA JAAOEOAOAAGS

- T0A ¢ 0T ATOOU{ 3AA AANETEOETT =< EOE TH0AO 0T ATOOU £T)3/742 pctywicnpot oicipps

3.36
human error

AEOAOADATAU AAO<AAT OEA EQ TAT AAOETT OAEAT 10 T T £00AA ATA OEA) ETOATAAA

%81-0,% OAOFTO WETC AT ETATOOAAD AROET TN T WEOOETC A OANOEOAA AAGETTS

- TOA p 0T ATOOU] $EOAOADATAU =<EOE ETOATOETT £O ATTOFAAOAA AGOATORAT ET AAOAO TETETC EO TAT A00TO jOAA romoY(t

- TOA ¢ 0T AT00U{ 4EA 0AO I OEO WAT AOOTO6 £0 TEOAT AOGOEAGOAA ET EETAQECED 0T A EO N AT AARCOEITH AAOEIT TO ETAROEIT
ATTOEAROAA 0T AA AT ETEOEAGTO TO ATTO0EAGOTOU AAOOA TE A TACAOEOA TOOAT TA 0OAE A0 TTO0 TO EAO T

. T0A o O ATO0U| )T EQ FAT OAIEAAEIZGU A0GAO0 TATO O AT AOOTO 0 AMETAR AQ ATU TA TARO e A 0AO T £0 TAT ARSI TO
10 AROEOEOEAO 0EA) AGAAAAQ OT TA Tt WE0 T2 AMAABOAAEIEOUS OEE0 AAETC AT 100 Tk OTIAOATAA AROETT 0 £AEIO0A 0T AAQ < EAOA
OEATE WE0O WE DAOKTO TATAA AOA AANETAA AU OEA OUOOA T §OAA ¥cuyv(p

£3/'52#%] )%# QrmunZpngigrpul pogZnoZpth TTANEAA z - T0AO p 0EOTOGE v 0T ATOOU EAOA AAAT AAAAAsY

3.37

human fatigue

1100 & DEUOENTICEAAT ATA DPOUAETTICEAAT FOTAOETT A0 A 0A0OI0 Tr AGOATAAA <AEAROITAOON EAAOU <TOE!
excessive stimulation, illness or stress

- TOA p 0T AT00U] (O TAT £AOECOA AAT AA OATAGAA G OT TA Tk OEA £AEIO0A AAOOAO ET Table B.3, e.g. operating error.
¥3/52#%] — TTOAZ%AA —tigrmah T TAETEAA z - TOA p 0T ATOOU EAC AAAT AAAAAR
3.38

idle state
non-operating up state during non-required time

- T0A p 0T AT00U] 4EA AAERAGEOA OFATAG AAGECTAOAO AT EOAT ET AT EAIA 00AOAS

-T0A ¢ 0T ATOOU] )T OT TA ADDIEAAGETTON AT EOA T ET AT EAIA 00A0A EAO OT TA EOTAOETTETC 0OAOUCOA T 07 ATA £0 OEAOALTOA
considered to be operating.

-T0A o 07 ATOOU{ 4EA TITZIDAOAGETC OF TA AT TDOE0AC OEA EAIA O T A OEA 00ATAZAU 0F WA ATA OEA AgOAOTATIU AEOAAIAA GE TA
£3/52#% )%# QUTZPWGGTpUl pucZncZpth TTAENEAA z  T0A o 0T ATOOU EAO ARAT AAAAAW
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3.39
idle time
time interval for which the item is in an idle state

£3/'52#%] )%# QIUTIZPWCICTIPULN PWCZNCZPUY

3.40

incipient failure

imperfection in the state or condition of an item so that a degraded or critical failure might (or might
T10q AGATOOATIU AA OEA AgDAAOAA 0AGOIT0 5 ATOOAAOEOA AROETTO AOA TT0 0AEAT

- T0A p 0T ATOOU] 4EA OAATOAETC T ETAEDEATO £AEIOOA OANGEOAD OT TA AOEOAOEA £10 < EAT A £AO10 Tk 0EEC TAOOOA OANGEOAD
registration as opposed to a state/condition where no corrective actions are required.

3.41
indenture level
level of subdivision of an item from the point of view of maintenance action

3.42

integrity

AAEIEOU T A AAOOEAO 0T FOTAOETT A0 OANOEOAA =< EAT TAAAAA

- TOA p 0T ATO0U] 3AA atpsc ET)3/742 pgrywigrpo FTO AATETEOETT TF OARAOU ETOACOE0U

- T0A ¢ 07 AT00U3 4EAOA AOA ABEEAOATO AATETEOETTO TEETOAGOEOUG BIATO AOOAT 0U00A T DEDAIETAN =< All j0AA )3/ pouamipye
h ¢sxoh TAAEATEAATR OARAOU §OAA )3/T42 ptywigrpat atpicth 0000A000AT ATA 0AAE TEAATY

3.43

item

00AEAA) AAETC ATTOEAAOAA

- TOA p O AT00U| 4EA E0AT AAT AA AT ETAEOEAOAT DAOOT AT TDTTATO AAOEAAT EOTAGETTAT OTEOH ANGED TATO OOAOUCOA T
10 0UOOA '8

-TOA ¢ 0T ATOOU] 4EAEOAT TAU ATTOEOO T EAOA=AOAN 0TEO < AOA DATDIA T0 ATU AT T AETAOENT OEAOATH

. TOA o 0T ATOOUG )T 0EEQ ) TOAOTAGETTAT 30ATAAOAR OEA ATT TTT 0A0 T 0£0A W6 E0 OOAA TT ATl 0AGTTT TU TAGAIO ¢ 0T w ET

£3/52#%] )%# ernunZpwgicripul pucznpznph TTAMEAA z _T0A o 0T AT00U EAO AAAT AAAAAS

3.44

latent fault

undetected fault

<of an item> fault that has not become apparent

- TOA p 0T ATOOUq ¥ TAOATO £AQI0 AAT AOATOOATIU AA OAGAAIAA AU DOAOATOEOA TAETOATATAA TO AU A OUGOA T FAEIO0AS
£3/52#%] )%# QrmunZpwclcripul pwcZrtzrph T TAEEAAY

3.45
lifecycle =
OAOFAO Tk EAATOENEAAIA O0ACAO OEOTOCE < EFAE AT EOAT CTACH FOT T E00 ATTAAPOETT 0T AEOPTOAI

- T0A p 0T ATOOU] 3AA vsg £10 0EA DOODTOA Tk AAOA ATTIAAOETTS

- T0A ¢ 07 ATO0Uq 3AA AIOT )3/ qrppuicrmyh 4AAIA ¢ £10 0EA DPOODTOA T DOTAOAOETT AOOO0ATAAY
£3/52#%] )%# ermunZpwgicripul pucZrpznweh T TANEAA z - T0AO pzc 0T ATOOU EAOA AAAT AAAAAY
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3.46

logistic delay

ARIAU AGRIOAETC AA TETEO00A0EOA AATAUK ETAOOOAA £10 OEA DOTOEOETT TF 0AOTO0AAC TAAAAA FTO A TAFTOATATAA
action to proceed or continue

-TOA p OT AT00U{ , TCEOOEA AAIAUO AAT AA AOA 011 £10 AgA TDIAT 00AGATIETC 0T OTAOOATAAA ETOOATIAGETTON DATAETC
AOOEOAT T 0DAOA PA00O OPAAEAIEO00N 0A00 ANOED TATO ATA ETEIO TAOENTH ATA AAIAUO AGA 0T OTOOLOAAIA ATOEOTT TATOAI
conditions (e.g. waiting on weather).

¥3/'52#%( )%# primunZpwcicrpul pocZmxZpoh T TAENEAA z - TOAO p ATA ¢ 0T ATOOU EAOA AAAT AAAAAs

3.47

maintainability

F1E AT BATE AARIEOU 0T AA OAOAETAA ETh TO OAOOTOAA 01 A 00AOA OT PAOKIOT A0 OANOEOAAN OTAAOD CEOAT
conditions of use and maintenance

-TOA p 0T AT00U{ “EOAT ATTAROEYTO xTOIA ETAIOAA AODAAGD OEAD AReARO T ACTOAETAACIEOU 0OAE AO{ TTRAOEIT 10
T AETOATATAAN ARAAOOEAEIEOUN TAETOATATAA POTAAAOOAD ATA TAETOATATAA 0AOTO0AAGS

JTOA ¢ OT ATO0U; —AETOAETAAEIEOU AAT AA NOATOEMEAA OOETC ADDOTBOEAOA TAAOOOACS 3AA )u# emmumZpugigrput
pwcZmxZ—AETOAETAARIEOU ATA TACTOATATAA 00PDT00] TAAOOOA

-TOA o 0T ATOOU] 3AA 1 TTAG # £10 A TTOA AROAFIAA AATETEOETT ATA ETOAODOAOAGETT T6 TAETOAETAAEIEOUS

£3/'52#% )%# primunZpwgicrpul pacZnplex T TAEEAA z _T0A o 01 ATOOU EAG AAAT AAARAw

3.48

maintainable item

EOA T OEAQ ATTO0E000A0 A DAOO TO AT AOOA TAIU T& DA00O OEAQ £O THO TATIU OEA TT><A00 1AGAT ET 0EA ANOED TATO
EFAOAOAEU ACOETC TAFTOATATAA

3.49

maintenance

combination of all technical and management actions intended to retain an item in, or restore it to, a
state in which it can perform as required

- TOA p 0T ATOOUq 3AA ATIOT AATETEOETT 150 TACTOATATAAG £T )3/742 pctynicnpoh oftips

£3/52#% )%# erimunZpwgicrpul pacZneZnph T TAEEAA z . TOA p 0T AT00U EAC AAAT AAAAAs

3.50

maintenance concept
AATETEOETT Tk OEA WAETOATATAA TAEAAOROACH IETA Tr TAFTOATATAAR ETAATOO0A TAOAION TAFTOATATAA TAOAIOH
maintenance support, and their interrelationships

-T0Ap OTAT00UG 4EA TAETOATATAADTIEAU DOTOEAAQ OEA AACED £10 TAETOATATAA DIATTETCHAAOAO TETETC 00DDTO0AAEIEOU
requirements, and developing logistic support.

£3/'52#% )%# QrimunZpwcicnpul pocZneingh TTAREAA z . TOA ¢ 0T AT00U EAO AAAT AAAAAS

3.51

maintenance data

data characterizing the maintenance action planned or done

- TOA p 0T ATOOUq 2A%A00 0T 0EA 0UDA T& AAOA ARATD ><EOE ET 0EE0 ) TOAOTAOETTAT 30ATAAOA
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3.52

maintenance impact

effect of the maintenance on the plant or equipment’s function(s)

_ VoA p 0T AT00UY /T OEA ANOED T ATO TAOAT 0> T AIAGOAO Te ¢ TDARO AOA AMTETAAY AOEOERAT ATA TTTZAOEOERATS /T DIATO IAOAN)
OEOAA ATAOOAG AOA AANETAA] 0TOATR DAOOEAT TO UAOT E TDAAN

3.53

maintenance man-hours

ARRO TOIAORA ACOACETT Tk OEA (TAEOFAOAI WAETOATATAA 0¢ TAO OORA AU All TAETOATATAA DAOGTTTAI £10 A
CEOAT OUPA Tk TAFTOATATAA AAGETT T0 TOAO A CEOAT 0f TA ETOA0OAI

-TOA p 0T ATOOU] —AETOATATAA TATZETO00 AOA AgBOACOAA ET OTEND Tk ETO008

- TOA ¢ 0T AT00U] 10 0AGAOAT DATDIA AAT <TOE A OEA OATA 0ETAY TATZETO00 AOA T10 AL0AAGIU OAIAOAA 0T TOEAO
DAOA TAOACO IEEA OEA O TAAT O TA 0T 0ADAE00 ATA 0 TAAT AT=T 0F T A%t

3.54

maintenance plan

structured and documented set of tasks that include the activities, procedures, resources and the time
OAAIA OANOEOAA 0T AAOOU TGO TAETOATATAA

- TOA p 0T ATOOUq 3AA AIOT )3/T42 pgTywigrpal ottigs

£3/52#%] % . poongicrpm csuh TTAEEAA z - TOA p 01 ATOOU EAO AAAT ARAAAs

3.55

maintenance record

part of maintenance documentation that contains all failures, faults and maintenance information
relating to an item

- TOA p 0T ATOOU] 4EE0 OAATOA AAT AIOT ETAIOAA TAETOATATAA ATO001 EOA T AOAEIAAEIEOU TO OB 0F TA ATA ATU TOEAO AAOA
where relevant.

3.56

maintenance supportability

supportability
C1E AT (©ATE AACIEOU 0T AA 0OPDTO0AA 0T 0000AET OEA OANOEOAA AOAEIAAEIEOU <E0E A AATETAA TDAOAGETTAI
POTNEIA ATA CEOAT ITCEOOEA ATA TAETOATATAA 0AOTO0AAO

- TOA p 0T AT00U] 30PPTOOAAEIEOU TF AT E0A T 0A00I00 £0T T 0EA ETEAOATO TAFTOAETAAZIEOU jostxQ AT TAETAA < E0E FAROTO0
external to the item that affect the relative ease of providing the required maintenance and logistic support.

- T0A ¢ 0T ATOOUq 3AA 1 TTA@ # F10 £O00EAC AAOAEIO OACAOAETC 0EA ETOAODOAOAOETT TF T AETOAETAAEIEOU

£3/52#%] )%# ernunZpwgicripul pucZnploph T TAREAA z - T0A ¢ 0T ATOOU EAO AAAT AAAAAS

3.57
mean cycles to failure
MO
A@DAAOAA TO TAAO TF AUAIAG AAETOA OFA EOA T FAEIO
. TOA p 0T ATOOU{ 3AA AIOT #otts
- TOA ¢ 0T ATOOUq 2A(A0 0T AANETEOETT TF AUAIA (3.10).
3.58

* mean number of cycles

AgbAAOAA TO T AAO TF AUAIAO BAC 0E TA OTEO
. TOA p 0T ATOOU{ 3AA AIOT #otts
- TOA ¢ 0T ATOOUq 2A£A0 0T AANETEOENT WE AUAIA (3.10).
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3.59

mean active repair time
MART

expected active repair time

- T0A p 0T AT00U] 4EA — 124 £0 0EA A@DAAOAA ARFAROEOA OF TA 0T OADAEG

. T0A ¢ 0T ATOOU] 3AA ATOT AANETEOETT & AAOEOA OADAEO OF TA

£3/52#%])3/T42 pcrywicnpot ofptoth TTANEAA 7 . TOA ¢ 0T ATOOU EAO AAAT AAAAAsY
3.60

mean elapsed time between failures

METBF
expected elapsed time between successive failures of a repairable item

. T0A p 0T ATOOU{ 3AA EO00EAQ AAOAEIO ET )3/T42 pcTywicnpat alpsord

- T0A ¢ 07 AT00U{ )%# pmmunZpwgigrpul pucznuZoo AATETAO TAAT TDAOAGETC 0f TA AAO>AAT FAEIO0AO JAAAOAOEAOAA AU
—4"& 10 —/4"&Q A0 OAGDAROAGETT Tk OEA AOOAOETT Wk OEA TDAOAGETC OF TA AA)<AAT FAEIOOAOG

- TOA o 0T ATOOU] 3AA AIOT 1 TTAQ #

3.61

mean overall repairing time

MRT

expected time to achieve the following actions:

B OEA O TA ODATO AALTOA 00AOOETC OEA OADAEO ATA

g OEA AstAAGEOA OF TA OT OAPAEO] ATAN

e the time before the item is made available to be put back into operation
- TOA p 0T AT00Uq 3AA)3/742 pctywigrpal &ECO0A0 L 0T X

£3/52#%])3/T42 pcTywicnpat oipiooY

3.62
mean time to failure
MTTF
expected time before the item fails
- TOA p 0T AT00U] 3AA £O00EAQ AROAEIO £T )3/742 pCTynicmpol atpsus
_T0A ¢ 0T ATO0U )%# mmunzpwcicripul pacZmulppl AMETAO — 448 AQ GAGDAAOAGTT s OEA TAOAGETC OF TA 0T EAEI00AG
- TOA o 0T AT00U] 3AA AIOT ' TTAD #
£3/52#%])3/T42 pctywicnpot otpicwh TTAFEAA z - T0AO p OEOTOCE o 0T ATOOU EAOA AAAT AAAAAW
3.63
mean time to repair
MTTR
expected time to achieve the repair of a failed item
- TOA p 0T AT00U] 3AA £O00EAQ AROAFIO ET )3/T42 pcTynicmpol alpiops
- T0A ¢ 0T AT00Uq )%# onmumZpwgicmpu AATETAG 0EA 0A0 T A OA@DAACAGETT Wk OEA OF TA 0T 0AGOTOAOET TS
_T0A o 0T ATOOU] 3AA ATGT AATETEGETT We 0 TAAT 0¢ WA T 0AGOTOAGETTS ET )3/742 pcTumicrpol aipiock
_TOA T 0T ATO0UG )T ARGOAI 162 OEA ARGARGETT 0 TA £O ABDEAO t §¢ T TAAEAGAID OAOAATAA RAHIGOACY TO OTETY =T J4AEIO0AG
AAOAROAA AU 0A000GS /TIU —24 ATA — 124 AAT AA ATTIAAOAAS
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. T0A v 0T ATOOU] 3AA AIOT #utuscs

3.64

mean time to restoration

MTTRes

expected time to achieve the following actions:

Aq  OEA OE TAGT AAOAAD OEA FAEIOOA) ATAT

Aq  OEA AskAAOEOA OF TA OT OADAEON ATA

d) the time before the component is made available to be put back into operation

- TOA p 0T ATOOUq 3AA £O00EAO AROAFIO ET )3/T42 pcTynicmpoh atplocs

- TOA ¢ 0T AT00Uq 3AA AIOT )3/742 pgywigrpat &CO0AO L 0T X

JT0A o 0T ATO0U 3AA ATOT AANETEOENT T OWAAT TOAOAI OADAROETC 0EWA0 ATA OWAAT AAOOA 0ADAEO OEWAG £T
)3/742 pctyuicnpot oipioo ATA atpsoth OACDAAIOAIS

- TOA T 0T ATOOU] —AAT 0F TA 0T OAOOTOAGETT EO AAAOAOGEAOAA AQ —442 ET )%# pmimunZpwcicnpul pucZnylcos
£3/52#%])3/T42 pctywicnpot atptoch TTAEAA z - TOAO p 0EOTOCE t 0T ATOOU EAOA AAAT AAAAARY

3.65

midstream e
AOOETAOO AAGAGTOU ETOTIOETG OEA DOTAAQOETCH 00TOACA ATA 00ATOBTOOAOETT OAAOTOO % OEA DAOOTIAOT
ETAOO00U

EXAMPLE Transportation pipelines, terminals, gas processing and treatment, LNG, LPG and GTL.

. TOA p 0T ATOOU] 3AA AIOT Yéptt £10 FO00EAQ AAOAEI08

3.66
mobilization time
OF WA 0T CAO ATl TAAAOOAOU OAGTOOAAO AOAEIAAIA 0T AGAAQOA TAFTOATATAA

tools, personnel, subsea intervention and support vessels.
- TOA ¢ 0T ATO0Uq 3AA AIOT )3/742 ptywigrpot &ECO0A v ATA &ECO0A X

3.67
modification
combination of all technical and administrative actions intended to change an item

-TOA p 0T ATOOU] — TAENEAAGENT EO THO T10 TATIU A DAOO TF TAETOATATAAR AGO £0 FOANOATOIU DAOKTO TAA AU TAFTOATATAA
personnel.

- TOA ¢ 0T AT00UG #A0A E0 TAAAAA ET OEA ATIAAOETT ATA ATAIUOEO T 2 — AAOA 0T AEOOETCOEOE AAO<AAT TAETOATATAA AGA
O EAEIO0A0 ATA TAETOATATAA AGA 0T ANOED TATO T TAFNEAAOETTS

- TOA o 0T ATOOU] 3AA AIOT Table B.5.

3.68

non-critical failure
FAEIO0A Tr AT ANOED TATO OTE0 OEA0 ATAO T10 AAQOA AT ET TAAFAOA AROOAGETT & OEA AAEIEOU 0T DAOKTO T £00
required function

-TOA p 01 ATOOU] . TTZAOROEAAT FAEIOOAC AAT AA AAOACTOEUAA A 0AACOAAAAG TO OETAEDEATOO0 jOAA OADAOAOA AATETEOETTO TT
degraded failure and incipient failure).
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- T0A ¢ 0T ATO0U{ 4EA 0AO T 0AOE0EAATS ATAO TT0 EAOA OEA OA TA TAATETCET)3/742 pgtywicnpo AOET 0EED ) TOAOTAGETTAI
30ATAAOAN OAA FOO0EAQ AROAEIO ET &stipt
3.69

operating state
<of an item> state of performing as required

- TOA ¢ 0T ATOOUY )T OT TA APDIEAAGETTON AT EOA W ET AT EATA 00AOA £0 ATTOEAAOAA 0T AA TRAOAGETCY
£3/52#%] )%# erinunZpwcicrpul pucZncZnth T TAREAA z - T0A p 0T AT00U EAQ AAAT AAAAAS

3.70

operating time

time interval during which an item is in an operating state

10 p 01 ATGOU; 4EA AGOAEIT T TOAOAOSTC 0f TA AAT A ABBOAOOAA £T OTE00 ABBOTEOEAVA OT GEA £0A T ATTAAOTAA) A
AATATAAQ OF T A7 TDAOAOETC AUAIAOY AFQOATAA ATOAOAAR ATA 0EA OTEO0 OETOIA Al<AUO AA ATAAOIU 00A0AAS

. T0A ¢ 07 ATOOU] /DAOAGETC OF TA ETAIOAAD AAOOAT TRAOAGETT TE OEA ANOED TATO 10 OEA ANOED TATO AAETC AGAFIAAIA £T0
performing its required function.

VOAT OV ATO0U| 4EA BTERD €T 06 A 12 00400200 ¢ WA AT AGzehOKTUEAOA AMATACTC T 9A T OGAZARO 01 AAOA RTTIARGEYT
ATA ATOIA 00A00 £0T T OF TATE ETOOATIAOETTA O WA TE AT T WEOOETTETCH T0 0F WA £ 00A00 Tk OAOOEAATDOTAOAGET TTETEAAGET TS
¥3/'52#%) )# pnmunZpugicnpul pucznczrul TTAEEAA z . T0A p 0T ATOOU EAO AAAT A TATARA ATA TI0A0 ¢
OEOTOCE T 0T ATOOU EAOA AAAT AAAAAw

3.71

opportunity maintenance

maintenance of an item that is deferred or advanced in time and is performed when an unplanned
IDDT000TEOU AAAT TAO AOAFIAAIA

3.72

performance objective
indicative level for the desired performance

- TOA p 0T AT00U] 3AA £O00EAQ AROAEIO £T )3/ qmypuigmmyh alptog ATA Y TTAQ &
£3/52#%] )3/ cnypuicnni ospsoch TTAMEAA z - TOA p 0T ATOOU EA0 AAAT AAAAAw
3.73

performance requirement

OANOEOAA TETETO T T1AOAI £10 0EA DAOETO TATAA TF A QUOOAT

- T0A p 0T AT00UG 2ANGEOA TATO0 AOA TT0 TATIU NOATOEOAGEOA AGO AAT AIOT AA NOAIEDAGEOAS
£3/52#%] )3/ cnypuicnnyh otpsooh T TAEEAAY

3.74

periodic test

proof test

planned operation performed at constant time intervals in order to detect the potential hidden failures
which can have occurred in the meantime

. TOA p 0T AT00U] 4EA OTOARA EEAAAT FAEIO0AO T£ A OARAQU OUOOA T < EfAE AOA T10 AAOAAOAA AU OEA AEACTTOOFA 0A000 AAT
AA AROAAOAA AU DAOETAEA 0A000s 30AE 0A000 AOA TA TAA 0POTTE 0A0006 ET OEA 00ATAAOAC ARAIETC x<EOE FOTAOETTAI OARAOU
(e.g. IEC 61508-4:2010, 3.8.5).

- TOA ¢ 0T AT00Uq 3AA)3/T42 pcTywignpah ottiyh atthw ATA ottipm £10 FO00EAC AROAEIGH
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£3/52#%] )3/T42 pctywicnpoh ottsyh TTAMEAA z _TOA ¢ 0T ATOOU EAO AAAT AAAAAS

3.75

petrochemical
AOGETA00 AAOACTOU BOTAOAETC AEATEAAIO AAOEOAA FOTT PAOOTIAOT ATA OOAA A0 tAAACOTAE £T0 OEA
1 ATORAAOOOA Tk A OAQEAOU TE DIAOOEAO ATA TOEAO OAIAOAA DOTAOANO

%81 —0,% —ROEATTT ATA DTIUBOTDUIATAS

- TOA p 0T ATOOU] 3AA 14psT £1T0 £O00EAO AROAFIO8

3.76

planned maintenance

scheduled maintenance

planned preventive maintenance

TACTOATATAA AAOOEAA TOO ET AAMATOAATAA x<EOE A ODAAENEAA OF TA OAEAAQIA

£3/52#%] )%# QrmunZpwcicrpul pucZneZoch T TALEAAY

3.77

predictive maintenance

PdM

maintenance based on the prediction of the future condition of an item estimated or calculated from a
AATETAA OAO Tk EEOGTOEA AADA ATA ETT>T £O000A TDAOAGETTAI DAOA TAGR0O

- TOA p 0T ATOOUq 3AA wih Table B.4 and B.5, and also Table E.3.

3.78

preventive maintenance

P

T ACTOATATAA AAOOEAA TOO 0T TWEOECAOA AACOAAAGETT ATA OAAOAA OEA POTAAALIEOU T FAEIO0A
- T0A p 0T ATOOUq 3AA AIOT ATTAROETTZAAOAA TAETOATATAAN ATA DIATTAA JOAEAAQIAAQ TAETOATATAAS
£3/'52#%] )%# QMIUTIZPWCICTIPUN PWCZTQZITLY

3.79

random failure _

FAEIO0AN TAAOOOETC ET A OATATT x<AU

¥3/52#% )3/742 pcTywicnpot

3.80

redundancy

existence of more than one means for performing a required function of an item

. TOA p 0T ATOOUq 3AA #psc £10 EO00EAD AROAEIOh < EAOA DAOOEOA JATIAQ AROEOA FET0Q 00ATAAU ATA TE@AA OAAOTAATAU
are described.

- T0A ¢ 07 ATO0Uq 2AAOTAATAU £T )%# gpumy E0 AATIAA 0FAGT0 OTTAOATAAG

- T0A o 0T AT00U] )%# ennunZpwgicrpul pucZonzng AAETAO 0OAAOTAATAU A0 OPOTOEOETT TF TTOA OEAT TTA TAATO £10
performing a function”.

3.81

reliability = _
AAEIEOU TE AT EOA T OT DAOFTO T A OANOEOAA FOTACETT OTAAC CEOAT ATTAFOETTO £10 A CEOAT 0t TA ETOAOOAI

- T0A p 0T ATOOU] 4EA 0AO T 00ATEAAEIEOUG £0 ATOT OOAA A0 A TAAOOOA Tk OAIEAAEIEOU DAOETO TATAA ATA AAT AIOT AA AATETAA
A0 A DOTAAAEIEOUN 0AA)3/T42 pcTywicrpat alpsys
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. T0A ¢ 0T ATOOU] 3AA AIOT 1 TTAQ #4
-TOA o 01 ATO0U] )%# ermunZpwgicmpul pacZnplct AANETAO OAIEAAEIEOU AO OAAEIEOU 0T DAOETO T A0 0ANOEOAAN < EOETO0
failure, for a given time interval, under given conditions”.

- 10A © 07 AT00U{ 4EA AgA TDIAO T¢ ANOED TATO ODAAENEA AAOA ET Annex A list technical and operational conditions

0EA) AAT AAOOA AFEFAOATAAC ET ANOED TATO OAIEAAEIEOU DAOKTO TATAAY

3.82

reliabilitydata =~

AAOA FT0 OAIEAAETEOUN TAFTOAETAAEIFOU ATA TAETOATATAA 00DPT00 PAOKTO TATAA

£3/52#%] )3/ cypuicmmyh olpftcy

3.83

required function
FOTACETT TO AT TAETAGETT TEAOTAOETTO T4 AT E0A T 0EAQ EO ATTOEAAOAA TAAAOOAOU (1 DOIOEAAA(;EOAI 0AOOFAA
3.84

safety critical equipment
ANOED TATO ATA £0A T0 Tt DAO TATATON 0A TDT0AOU ATA DTO0AAIA ANOED TATO DIAUETC AT £ TDTO0ATO OTIA 1
OARAOU OUOOA T OTEOTAOETTO

3.85

safety critical failure

critical dangerous failures that are undetected

%81—-0,% &AEIO0AO OAOAAIAA AU DAOETAEA 0A0008

W0 p (1 ATO0U #0E624A ATCAGTO0 EACI00A0 AOA £1 )3/742 pcTywicmipai otcit ANETAA A0 DAATCAOTOO £ACIG0A IAAAFTC
0T 0EA AT T DIAOA ETECAROETT 18 OEA OARAOU AROETT §EsAs IAAAETC 01 A AATCAOTOO OEOOAOETT £10 0EA POTOAAOAA OUOOA T Q08
JT0A ¢ 0| AT00U] 3AA AIOT Y TTAD & ATA ODAAENEAATIU &stips OACAOAETC OEA ETAERAOTO 0RAEIOOA FOAROET TG

r3/52#%q )3/742 pctywicrpon TI0AO p ATA ¢ 0T ATOOU EAGA AAAT AAAAAs

3.86

safety system

OUOOA T < EfAE £0 O0AA 0T £ TDIATATO TTATO TTOA 0ARAOU ROTAGEITO

_ToAp gfr,Ajo,ogq 3ARAOU FOTACETT £0 £T )3/742 pctyuicmpa atpip AATETAA AO 0FOTAGEIT < EEAE £0 ETOATAAA 0T AAEEAOA
10 TAETOAET A OARA 00AOAR ET OAODAAD TE A OPAAENEA EAUAOATO0 AOATOR

- TOA ¢ 07 ATOOU] 3U00A W0 =< EOE OARAOU £OTAOETTO AOA AATETAA £T )3/742 pctywicrpot 1 TTAZ 15 4EAOA OUOOA 10 AOA
also cross-related in Table A.3.

£3/52#%])3/T42 pctywicnpot otpit TTAEEAA z - T0AO p ATA ¢ 0T ATOOU EAOA AAAT AAAAAW

3.87

softwareerror

AOOTTATO0 0A0010 DOTAOAAA AU OEA OOA Tk 0150 =< AOA DOTAOA

EXAMPLE Bad code in a computer program resulting in an error.

- TOA p 0T AT00U] 3AA Table B.2 for list of relevant equipment failure mechanisms.

JTOA ¢ 6T ATOOU{ 3AA AIOT )3/742 pctywicmpoh “ioh ATA _TOA v 0T ATOOU oicipx jBUGOATAGER EAEIOOA] ET
ISO/TR 12489:2013.

- TOA o 01 ATOOUq 3AA ATOT AANETEOETT T4 0A00T06 joscclp
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3.88
subunit
AGOA TAIU Tk EOA T 0 0EA) DOTOEAAQ A OPAAENEA ROTAOETT OEAD £0 OANOEOAA £10 0EA ANOED TATO OTED =<EOEET OEA
1 AET ATOTAAOU O AAEEAOA E00 ETOATAAA DAOETO TATAA

3.89

surveillance period
interval of time (calendar time) between the start date and end date of RM data collection

. TOA p 0T ATOOU] 3AA 1 TTA® # £10 K000EAD AROAEI08

_10A g 0T AT00US 3000AETIATAA OF TA ET AAOA ATTIAAGETT £0 A DAOO TE OEA 0T0AI ABAO TOIAOAA TDAOAGETG OF TA jOAA
AATETEOETT W& TRAOAOETC 0F TAQS

3.90

systematic failure

FAFIOOA 0EAQ ATTOEO0ATOIU TAAG0O OTAAD DAOOFAOIA0 ATTAEOETTO T8 EATAIETCA 00TOACA T0 O0A

- TOA p 0T ATOOUq 3AA AIOT 1TTAD &

- TOA ¢ 0T ATOOU] 3AA AIOT £O00EAC AROAEIO ET )3/T42 pcTywicmpoh atcipxs

-TOA o 0T AT00U{ 2AIEAAEIEOU AAOA ATOAOO OATATT ATA OUOOA WAOEA FAEIO0A0 A0 AROAOEAAA ET )3/T42 pctywicrpot
Figure B.5. ;
£3/52#%])3/T42 pctywicnpot otcipoxy T TAHEAA z - TOAO 0T ATOOU p 0T o EAOA AAAT AAAAASY |

3.91
tagnumber

OTENOA ATAA OEAQ EAATOENEAC OEA ANOED TATO EOTAGETT ATA £00 DEUOEAAT TTAAGETT

-T0A p 0T ATOOU] 3AA 1 TTAg # £10 TT0A AAOAEIAA AANETEOETTO ATA ETOAODOAOAOETTO8

- TOA ¢ 0T ATOOUq .. TO TAIU ETAIOAAC OEA OUOOA T £10 < EFAE £0 AAITTCOS 4EA OUOOA 10 ATOAOAA AOA OET<T ET Table A.3.
-TOA o 0T ATOOUq 1i0T ATOR0IAA O£OTAGETTAI TTAAOETTO ET OT TA #——)3¢8

- TOA t 0T AT00U] 4EA ANOED TATO £0 AITTAAOAA OT A 0AC £10 TTIU OT TTTC A0 £0 TAAOPEAO OEA) FOTAOETT ATA TTAAETT 3AA
also footnote b in Table 5.

3.92

taxonomy
OUOOA TAOEA ATAQOENEAAQETT TE EOAT O ETO1 Q/—\IAOEA o] Jo500 AAOARA TT FAAOTOO DTOOEAIU AT T T 1T 01 OAOACAI T#
the items

3.93

teip

- T0A p 0T AT00UG 40tDy 4EA OEGOAT>T £0 AAOEOAOAA AGOT TAGEAATIU AU OEA ATTOOTIT T TTEOWOETC OUOOA T ¢

F OAAIGOED  4EAOEOOAT><TEO ActAAOOAOAA AO A 0AOOIO TEA T TTEOTOAA §10 AATAGIAGAAQ OAIOA ET OEA ATTOOTI OUCOA T
AGAAAAETC A DOAZOAQ I TEO)

¢ 0D00ET0000D STAGDAROAA OEODAT>T OAOOIOETC 0T T £Afi0AQ T OEA ATTOONTY THTESIOETC GUOOAT 0
AOOT0§00 £ TDTOAA TT OEA ATTOONTT TUTEOTOETC OUOOA T TOECETAGETC £0T T 0EA ATOEOTT TATO TO PATDIAY
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3.94

turnaround

revision shutdown

planned event wherein an entire process unit is taken off stream for revamp or renewal

3.95

uncertainty

1F A NOATOEOUE ETAAEIEOU 0T AAOAO TETA AAAOOAOATU < EAQ £ TO x<E1T AA OEA 000A OAIOA Tk A NOATOEOU

- TOA p 0T AT00U{ STAAOOAETOU AAT EAOA AERFAOATO TAATETCO < FOEET OAIEAAEIEOU AAOA ATTIAAGETT ATA AGAEATCAS )0 AAT AA
O0AA A0 A TAAOOOA Tk OAOEAAEIEOU =<EOEET ADTDOIAOETTH < EEAE £0 A OUDA T& OTAAQOAETOU TEOAT 0AFA00AA 0T A0 00 TAEAGOEA
§10 AIAAOTOUQ OTAAGOAETOU STAAGOAETOU AAT ATOT EAOA A 0OAEAAOEOA TAATETC §APEOOA TEA OTAAOOAETOEAGGS

3.96

up state

available state

<of an item> state of being able to perform as required

- TOA p 0T ATOOU] 5P 00A0A OATAOAD 0T 0EA AOAFIAAFIEOU PAOFTO TATAA TR OEA EOA T8
£3/52#%] )%# erinunZpwcicrpul pucZncZnpl T TALEAA z . TOAO p ATA ¢ 0T ATO0U EAOA AAAT AAAAAs

3.97
up time
time interval during which an item is in an up state

- TOA ¢ 0T AT00U{ —AAT OB 0 TA €0 AATETAA £T )%# primunZpwcicripu A0 OAGDAROAGETT Tk 0EA OB 0 TAY
3.98

upstream oo
AOOETAOO AAGACTOU T OEA DAGOTIAO T ETAOO00U ETOTIOETC AGDITOAGETT ATA DOTAOCACET

%8 - —0,%  /HOETOA TETCAO BOVAGAGENT FAAEIEOUR ACETIETC OECH ETOAOOATOETT OAGOAIS

4 Abbreviated terms

-/4% 3T TAODARETER ARAORGEAGETTO OOAA £10 AROED FAT) 0UBAO jAic **/00 ATA OTHI0 JAICH E 7 AOA THO ETAIOAAA
ET 0E£0 AIAOOAT AQOD ATOAOAA =< EOEET AAAE AIACOATOOAZAIAOOA =< EAOA 0EAU AOA OOAAs 4EAOA AOA AIOT OT T A AAADAGEAOETTO
used in the document (see e.g. Table D.1), which are not included in this clause.

CAPEX capital expenditure

CBM condition-based maintenance

CDF cumulative distribution function

CM condition monitoring

CMMIS AT TDO0ACEUAA TAETOATATAAZ TATACA TATOETEIO WAOEIT OUOOA T
DHSV AT=TETIA OARAOU OAIOA

ESD ATAOCATAU OEQOAT><T
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FTA
FMECA
HIPPS
KPI
LCC
LEL
MART
MCTF
MEG
MI
METBF
MTTF
MTTR
MTTRes
MUT
MDT
MRT
NCR
NDT
OPEX
PdM
PM
PFD
P&ID
PSD
PSV
QA

QN
QRA
RAM(S)
RBI

RCM

FAOI0200AA ATATUOEO

FAEIO0A T TAAN AtEAAQ ATA AQEOEAATEOU ATAIUOEO
EAU DAOETO TATAA ETAEAAGT00

1E£A AUATA ATOO

lower explosive limit

mean active repair time

TAAT AUAIAO 0T £AEIOOA
TTTTAOEUIATA CIUATI

maintainable item

mean elapsed time between failures
mean time to failure

mean time to repair

mean time to restoration

mean up time

mean down time

mean overall repairing time
non-compliance reporting
non-destructive testing

operational expenditure

predictive maintenance

preventive maintenance

OOTAAAEIEQU T£ FAEIO0A TT AATATA
piping and instrumentation diagram

process shutdown

NOAIEOU AOOOOATAA
NOAIEOU TTOENEAAOETT
quantitative risk assessment

OATEAAETEOUN AOAETAAEIEOUN TAETOAETAAETEOU JATA OARAOUQ

risk-based inspection

OAIEAAEIEOUZAATOOAA TAETOATATAA
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RM OAIEAAEIEOU ATA TAETOATATAA

SCSSV O000FARAZATTOOTTIAA OOAOO0EARA OAFAOU OATOA
SIS O0ARROU ET0000 TATOAA OUGOA T

SIF OARAOU ET0000 TATOAA EOTAGETT

SIL OARAOU ETOAGOEOU TAOAI

SSIV subsea isolation valve

TEG 00EAOEUIATA CIUATI

TTF time to failure

TTR time to repair

wo work order

5 Application

5.1 Equipment coverage

AEE0 )TOROTAOETTAI 30ATAAOA £0 APBIEAAAIA 0T ANOED TATO 0UPAG OOAA ET OEA DACOTIAO i TAOOOAI CAO ATA
PAOOTAEA TEAAT ETAO000U ETAIOAETCA AQO TTO IE 1 E0AA 017 ANOED T ATO AAGACTOEAQ OOAE AQ DOTAAGO ANOED TATOATA
DEDETCh OARROU ANOED T AT0N 0OAOAA ANOED T ATON DEDAIETA OUOOA I OF TTAAETCTOTITAAETC ANOED TATON ATXTETIA
xAll ANOED TATO ATA ACENETC ANOED TATOs 4EA ANOED TATO AAT AA PAO TATATOIU ETOOATIAA AO OEA FAAEIEOEAQ
10 O0AA ET ATTEOTAOETT <£0E ETOOATIAGEIT: WAETOATATAA T0 TTAIMEAAGENT DEAOAGH 4EA DOETAEDIAO Tk 0EEO
International Standard can also be relevant for the pre-production phases, e.g. how experience is gained
ATA OUOOA T AGEUAA AOOETC OAAETTITCU NOAIENEAAOETTh EAAOEAAGETT ATA AOOTAEAOAA 0AOOETC §1 - h - #2h A0AK
Annex A ATTOAETO AgA TDIAO T¢ ET> 0EEO ) TOAOTAGETTAI 30ATAAOA OETOIA AA OOAA £10 ODAAENEA ANOED TATO
0UPACs 4EA 0000 AOA AgDAAGAA 0T AANETA OA@TTT W EAQ £10 AAAROETTAT ANOED TATO ATAGOAO A0 TAAARA AAGAA
TT 0EA POETAEDIA CEOAT AU 0EE0 ) TOAOTAGETTAT 30ATAAOAS

3T TA DOETAEDIAQ £10 2 — AAOA ATTIAAGETT A0 ANOED TATO IAOAT AAT AA ADDIEAA £10 TTTEOTOETC ATA ATAIUGETC
DAOETO TATAA A0 DIATO ATA OUCOA T TAOAIO ATTO0E000AA AU OAOETOO ANOED TATO AIAOOAGS (1 ><AOAG FAAEIEOUZ
ATA DIATOZDAOETO TATAA TTTEOTOETC AIOT 0ANOEOAD TOEAO 0UDAD Te AAOA TTO ATOAOAA AU OEEO ) TOAOTAGETTAI
Standard.

5.2 Time periods

AEE0 )TOAOTAOEITAI 30ATAAOA EO APPIEAAAIA 0T AAOA ATIIAAOAA AOOETC OEA TDAOAOETTAI 1E£A AUAIA Tk
ANOED TATON ETAIOAETC ETOOATIAOENTH 00A00zOPN TDAOAOET T TAETOATATAA ATA TTAENEAAOENT: ,AATOAOTOU
0AOOETCH WATOFAROOOETG ATA FAAOEAAGETT PEACAO AOA TI0 OPAAENEAATIU AAAOAOOAA £T OEEO )TOAOTAGETTAI
30ATAADAS —ATU Tt OEA POETAEDIAC ET OEEO O0ATAAOA AAT ET><A0A0 AA OOAA AU ANOED TATO TATORARIO0AD
0T ATIIAAO ATA OUOOA TAGEUA FAEIO0A0 TAAQOOETC TT ANOED TATO AQOETC FAAOEAAGETT ATA AROAROAA AOOETC
AARAPOATAA 0AOOETCH ACs £10 TITZAT I DIEATAA OADTOOETC § - #208 ) T AAAEOETTH £0 E0h A TDEAGEUAA OEAQ ATATUOEO
of relevant historic RM data shall be used in the dimensioning of such testing prior to operation.
ARRETTITCU NOAIENEAAGETT ATA AAOATTD TATO 0ANOEOA ATOTh ATA AATANE) £OT T DAGO OAIEAAEIEOU ETT=<IAACA 0T
reveal potential improvement areas (see 8.3).

5.3 Users of this International Standard

This International Standard is intended for users such as the following.
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)TOOATIAGEVTTDIATOTEAREIEOUS  /DAOAGETC FAAEIEOU AtCs TAETOATATAA ATA ATCETAAOETC DAOOTTTAI ITCGETC
ANOED TATO £AEIO0A0 TO OAATOAETC WAETOATATAA AOATOO ETOT FAREIEOU ET£TO-
TAOETT TATACATATO OUOOA T 08

/<TACTTDAOAGTOTAT TPATU;  2AIEAAEIEOU 00ARE TO TOEAOO AOAAGETC §CATAOEAQ ANOED T ATO OAIEAAEIEOU AAQA-
AAOAQ £10 ANOED TATO ITAAOAA ET AT I DATU FAAEIE0EAQN OAIEAAEIEOU ATGETAAOO
requiring data or maintenance engineers preparing maintenance plans.
AEE0 )TOAOTAOETTAI 30ATAAQA DOTOEAAQ A 10 TAD £10 ATAIUCETC ATU 2—
AAOA AIATATO A0 ADBOTDOEAOA AOOTAEAOAA =<EOE AT ATAIUOEO JA0 AAOAOEAAA
ET YTTAG $q) Ascs OTTOZAAOOA ATATU0EON ATAIUGEO TF EEOOTOFA DAOFTO TATAA)
prediction of future performance, use in a design process, etc.

)TAG000U] "010D0 10 AT IDATEAO AGAEATCETC ANOED TATO 2 — AAOA TO EIETO ETAO000U
OAIEAAEIEOU AAOAAAOA DOTEARD ATZTDAOAOETT: ) TDOTOAA AT T TOTEAAGETT Tk
ANOED TATO OAIEAAEIEQU PAOETO T ATAA OANOEOAC OEA POETAEDIAC ET 0EEO ) TOAO-
TAGETTAT 30ATAAOA 0T AA AAEAOAA GT §A0 A 00AIEAAEIEOU TATCOACAGQ

Manufacturers/designers: Use of RM data to improve equipment designs and learn from past ex-
perience.

1 O0ETOEOEAGTOACOIAOTOU ATAEAGY ¥ £T0 TAOFTO AT T TOTEAAGETC ATU 2 — AAOA TT AT ETAEOEAOAT AOATO AACEO 10
AO TOEAO><EOA OANOEOAA £OT T OEA TDAOAGETC AT TDATU 4EE0 ) TOAOTAGETTAI
30ATAAOA EOT£T0 AgA TPIAN OE0AT £T0 AGOETOR0EA0 AAAOAQOETC OAFAOU ANOED TATO
OAIEAAEIEO U8

Consultant/contractor: 1 10 TA) ATA NOAIEOU 00ATAAOA £T0 AAOA ATTIAAOETT DOTEAAOO ATA ATAIUOAD
TE OARAOUI OAIEAAEIEOU TO WAETOATATAA AOPAAOO ATT TTTIU DAOETO TAA AU
contractors/consultants for the asset owners (e.g. oil companies).

7 EfIA TOEAOON 00AE A0 AAOATTDAOO Te AT TDOO0ACZ T AETOATATAAZ TATACATATO OTE0=<AOA AAT NETA OEE0

YTOAOTAOETTAI 30ATAAOA 0T AA 00AO1H OEA POETAOU O0A00 AOA AgDAROAA 0T AA TxTAOO ATATTO TPAOAITOO

x<ET OETOIA NETA 0EA AAOA 0T AA ATTIAAOAA OAAAEIU AOAETAAIA < EOEET OEAEO TDAOAOETC EAAEIEOEAQS

5.4 Limitations

4EOTOCE ATAIUGEO Tr AAOAN 2— DAOATAOA0O AAT AA AAOAO TETAA £10 OO0A £T AAGLCTH TPAOAGETT ATA
maintenance. This International Standard does not provide detailed descriptions of methods for
ATAIUOETC AAOAs (T><AOA( E0 ATAO CEOA OART T TATAAGETTO £T0 AAIETETC ATA AAIAQIAGETC OT A T 0EA OF0AI
2— DAOATAOA00 1 TTAg #q ATA 0AOEA><0 OEA DOODTOAO ATA AATANE00 T OT TA ATAIUOEAAI TAOETATTIGEAO
10 <EFAE AAOA AAT AA OOAAS 30AE ATAIUOGEAAT TAOETATITGEAO ATA APPIEAAGETT AOAAQ AAT AA ETOTA ET TOEAQ
International Standards, and relevant International Standards have been exploited for the purpose of
EARTOREUETC ATA ATZTOAETAGETC OEA 2— AAOA OAROEOA TATO0 JOAA 1 TTAD 0

Although cost data are important in establishing priorities for improvement opportunities and are
FOANOATOIU ETAIOAAA ET OEA ATAIUOEC Tr OAIEAAEIEOU DAOFTO T ATAAI ATO0 AAOA §DA0A TAOAOOQ AOA TT0 OPAAENEAATIU
included in this International Standard. Most facilities track the costs of maintenance (man-hours),
equipment replacements, capital improvements, business interruption and environmental events. These
AAOA TAU AA TAETOAETAA £ OEA AT TDO0AOEUAA TAETOATATAA TATACA TATO ETEN0 WAOETT OUOOA T j#——)3(8
7 EAT AT000 AOA OANOEOAA £T0 0AOOETC OEA ATATUOEC & OAIEAAEIEOU ET AT AATTT T EA DAOODAAOEOA TO DAOETO TETC
AATAQIAGETT T# 1EEA AUAIA ATOOETCA 0EA OOAQ OETOIA TAOAET 0EAO ETFTO TAOENT £0T T 0EA APPOTDOEAOA OTO0AAQ
< EOEET 0EA TDAOAOETC FAAEIEOU TO AT TPAT(

$OA 0T OEA OAOEAOU TE OOAD £10 2 — AAQAN OANGEOA TATO0 £10 AAOA ET A AAOA ATIAROETT BOTCOA T TA OETOIA AA
AAAPOAA 0T 0EA AgDAAGAA ADDIEAAGETT 008 #OAAEAIA ATAIUOEO 0AOOI00 AOA AFOAAOIU OATAOAA 0T OEA NOAIEOU T
0EA AAOA ATTIAAOAAS 7 EEIA OEEO ) TOAOTAOETTAT 30ATAAOA ATAO TT0 OPAAEFU AROAEIAA NOATEOU TAAOOOAGH AAOA
NOAIEOU ATTO0TT ATA AOOOOATAA POAAGEAAQ AOA TOOIETAA 0T POTOEAA COEAATAA £10 0EA O0ACH

AEA OAAETEAAL ETETO TAOETT CAOEAOAA 0T AAOAOEAA OEA ANOED TATO ATA £00 TTAAGETT =<EOEET A DIATON FAAEIEOU
T0 OUOOA T £0h ET 0EEO )TOAOTACETTAT 30ATAAOAN T10 TAATO 0T AA AGEAGOOEOA ATA AT TDIAOA TEEA OEA TOACAII
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DIATO OAAETEAAT ETATO TAOETT OUGOA Th A0 0AOEAO OOAA 0T EAATOERU ATA A@DIAET OAOEAAIAC £1T0 OEA DOODTOAO
TrOEA ATAIUOFAAT EOTAOETTO8 SOA TEAT T T 1T O0AAETEAAI 0AO 10 £0h ET<AOAM OAAT T TATAAA ATA IETEAA 0T IEfA
AUAIA ETETO TAOETTZ0U00A T ATA ANOED TATO 0AAE TEAAT OOATAAOACS %OAT OETOCE 0EEO ) TOAOTAOET TAT 30ATAAOA
AAOAOEAAO ETx 0T OAATOA TAFTOATATAA AAOEOEOEAD £1T0 0EA DOODTOA 15 ANOED T ATO OAIEAAFIEOU ATA AOAFIAAEIEOU
TPOE TEUAOETTH OEEO YTOAOTAGETTAT 30ATAAOA £0 TT0 TAATO 0T AA0 AO A OOATAAQOA 0T OPAAERU ET AAOAEI ETx
maintenance programmes are documented.

The technical status of equipment and degradation of equipment performance can be recorded through
ATTARETTZ N TTEOTOETC OUOOA T Oh =<EFAE OANOEOAO AAOAFIO AAUTTA OEA ANOED TATO AAOA ATOAOAA ET OEED
International Standard. However, this International Standard contains RM data elements that can be
OOAA ET OOAE ATTAROETTZ T TTEOTOETC OUOOA T 08

AEF0 YTOAOTAOETTAI 30ATAAQA £0 TH0 TAATO 01 AA A OTR0<AOA OPAAENEAAGENT T# 0OAE AAOAAAOA 0U0OA T0 AO
AATHET CATAOAT AR AT TDIEAA <EOE 0T FAAFIEOAOA ATA E TDOTOA OEA ETAOO00U 2 — AADA AGAEATCAY

5.5 Exchange of RM data

! TAET0 TA:AAQEOA Tk OEEO ) TOAOTAGETTAI 30ATAAOAEO 0T TAEA £0 DTOOEAIA 0T AGAEATCA 2— AAGAETAATE TTT

FIOMA0 <EOEET A ATTDATU AAOxAAT ATTPATEAG <EOEET AT ETAOO00EAT AOATA 0 ET 0EA DOAIEA AT TAETS
—RAOGOAC £T0 ATOOOETC OEA NOAIEOU Tk AAOA AOA AEOAOOOAA ET #1AOOA ¢ 3T TA AAAEOETTAI AODAAGO 0T AA
considered with respect to exchange of RM data are the following.

* Detailed versus processed data: Data can be exchanged on various levels from the actual failure
ATA TACTORTATAA OARTOAO 0T AAOA TT A T'T0A ACCORGAOAA TAOAI: &0 AgA TBIAI £ TTIU 0EA TO TAAO T
FAEIO0AO Tk A MODAET AAOACTOU £0 OANOEOAAS E0 £0 TARROOAOU 0¥ ABAEATCA TTIU OEA FAEIO0A NOATOROU £10
OEAOA FAEIOOAQS 4EE0 OTO0 TEETATO TAOETT EOAT T T TTIU CEOAT ET DOAIEA AAOA OTO0AAD §A4Cs OAIEAAEIEOU AADA
books). For exchanging data on the overall performance of a unit or a plant (benchmarking), the so-
AATIAA EAU DAOETO TATAA ETAEAAGTO0 §+0)q TAU AA OOAA: %@A TDIAO TF +0)0 AOA CEOAT ET 1 TTAD %t

£ A0A ORTOREOROU] 3T TA AAOA TEAIAO AAT AA T A AAOOAET ORTOEDOA AEAOAGAO ATATTO BTOGEAIL AR GOAR
F10 DOODTOAC FT0 < EFAE OEAU =< AOA TTOETOATAAA A4Cs 01 TAOAET AT T T AOAEAT AAOATOACAG TTTZNOAIENEAA
communication of plant/equipment experience). To avoid this, two options can be utilized:

2 OAIATEG 00AE AAOA)
2 TAEAOOAE AAOA ATTTU TTO08

4EA 14000 AAT A AREFAOAR AU ATETETG OY TA ATTTU FT00 ATARO OABOAOKTEETC OEA ADA AIATATD xEA0A

ITIU A tAx AGOETOEUAA DAOGTTO ETT> OEA ATTOAQOETT AAO<AAT OEA ATAAO ATA OEA AROOAT AADAY 4EEO £O

OAAT T TATAAA £ 0EAOA AAOA NEATAQ AOA AGOATOEAT £10 0EA AAOA OAGTTT T U8

) €0 £ TTO0ATO OF OMICTEUA OEA DTGATOEAI A T WAOREA] OKTORZOEU Tk AGREATCETC OAIEAREDL ATA ToEAD

DAOETO TATAA AAOAS #T TDAOROETT 1A DOTEFAFO0 OATTIAAGEOA ATUAT006 ACOAA TAT00 TO AOOATCA TATO0 AAO<AAT

competitors where competitors agree not to deal with certain suppliers/contractors. A benchmarking

000AU EAOA AT TDAOIT00 AGAEATCA ETETO TAGEIT OT 0EAD 00PBIAOGTATTOOAROTO0 AAT AA BOATEAAS ETAC00

A OAA OFOE 0EAD 0EA DAOGEAO 0T OEA AATAE FAOEETG 000AU ><cll A0OEOA A0 A AT T TTT ATTAIOOETT T10 0T O0A

DAOOEAQIA0 OODDIEAOOTATTOOAAGTOO0 ATA OEEO OETOIA AA AOTEAAAS #1TIAAOEOA ATUATO0 AOOATCATATO0 AOA

violations of competition law and can leave individuals and companies exposed to criminal actions.

)0E0 TAAAGOAOUN OEAOARTOAR OEAOD ATU AGAEATCA AT TDIEAQ < EOE OEA TAOETTAI ATA ETOAOTAOETTAT 1Ax<0 CTOAOTETC

anti-competitive practices. Hence, it is recommended that prior to embarking upon such an exercise,

ATAOETEAAOETT T OEA TTAAT COEAAIETAC £0 OTOCED 01 AOTEA DTOOFAIA ETFOETCA TATO

£ $A0A MO0 3U0SA TAGEUAR TDAOAEITATZANOED TATY DAOFID TATAA jéths ROAIEDU 2— A0 OEAD EAOA
A 00 O TAOAETY £0 AT AOOAD CATAOATIU T COAAD OAIOA! ATA AADA TTO TOAT 0T OEA BOAIEA AT TACT OEAII
AA 00AAOAA <EOE APPOTDOEAOA OAAOOEOU TAAOOOAO OT AOTEA TEOOOA ATA T10 ArAAQ OEA OADOOAGETT TF
associated parties. This relates to storage of data (e.g. safe location), transmission of data (e.g.
Internet), access to data for authorized users (e.g. password), etc.
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B GAIOA Tt AOAL)T O TA AAOAG) £ £0 OOAIOI OF AWTETA A GOAIOA TAROOOAD £10 AT A TTOTO Te ONEAAEIEOL
AAOAS 4EE0 AAT AA OEA AAOA ET ETET0 ETA0000U POTEAAOD =< EAOA OAOAOAT ATTO0EAGOTO0 AOA OOBDTOAA (1
ATT00EAC0A x<E0E AT ANOAT 00AIOAG Tk AAOA 4T ADBOTAREAD TAU AA O0AA]
> MAIAGIAGETC OEA AROOAT ATOO TE ATTIARGETC OEA AAOAY
»  OAIOA OEA AAOA AU AT TAETETC OEA BTDOIAGETT =< E0E ACCOACAOAA OOOOAETIATAA 0¢ T Ag

6 Benefits of RM data collection and exchange

VIOETOCE TATUDIATO TTAOO EAOA £ TDOTOAA 0EA AOAEIAAEIEOU Tk OEAE0 TDAOAOETC FAAEIEOEAQH TT00 DOTAOAJETT
ATA TAETOATATAA ATO00 £OT T DTTO ANOED TATO OAIEAAEIEOU 00ETT OADOAOATO A EECE ATTOAI ETAOO00EAT ATO0S
%OAT OETOCE T 100 £AEI00A AOATO0 AOA TT0 AAGAGOOTREEAN ETAOAAOAA ATAOEOU AO 0T OEA AACOAD Tk £AEIO0A AOATO0
E0 EAU 0T POETOROEUETC ATA ETPIA TATOETC ATOOAAOEOA TAETOATATAA AAGETTOS 4E£0 0A00I00 ET OOOOAETAAIA
ETDOTOA TATO0 ET OAIEAAEIEOUA TAAAETC 0T £ TDOTOAA DOTNEOAAEIEOU ATA OARAOUK

" ATANEOO 1% QAIEAAEIEOU AAOA ATAIUOEO AOA <EAAZOATCETCA ETAIOAETC OEA TDDTO0OTEOU 0T THOE NEUA OEA 0 TET
TF ANOED TATO TOAOEACIO ATA ETODAAGETTON 0EA ATTOATO 18 TAFTOATATAA BOTAAAOOAGI AO ><All AO OEA T1E£A AUAI
ATOOETC T& ODAOETC ATA OBGOAAA BOTGOA I TAQ ET TDAOAGETC FAAEIEOEAQ < TOIAZ= EAAS /0EAO AATAEOO OAOOIOETC
FOT T OEA ATIIAAGETT ATA ATAIUOEO TF 2— AAOA ETAIOAA £ TDOTOA TATO0 ET AAAEOETTZ TAEETCH OAAOAGETTO 1
catastrophic fajlures, reduced environmental impacts, more effective benchmarking and trending
TF DAOETO TATAAN ATA ETAOAAOAA DOTAAOO OTEOD AGAEIAAEIEOUS 4EA AAOA ATTIAAOETT ATA AGAEATCA POETAEDIAC
outlined in this International Standard require the production assurance given in ISO 20815:2008,
4AAIA ¢ JAscH 0PAOKTO TATAA AAOA 00AREETC ATA ATAIUOEO0Q

) TDOTOA TATO T ANOED TATO OAIEAALIE0U £0 AADATAATO TT AgPAOFATAAC FOT T OAAIZIEEA OOACAS 4EA ATTIAROETTH
ATATU0EO ATA FAAAAAAE Te DAOETO TATAA AAOA 0T ANOED TATO AACECTAOO ATA TATOFAROO0A00 AOAN OEAOAETOAN
PAOATTOT0! 1I0Th <EAT DOOAEACETC TA> ANOED TATOh 2 — AAOA AOA EAU DAOA TAGAOO 0T OAEA ETOT ARATOTO8
)T TOAAO 0T TAOCA AAOA 0T T 0AGAOAT ANOED TATO OTEOO DIATOO TO AAOTO0 AT ETAGO00U AOATAR E0 EO OANGEOAA
that parties agree on what data are useful to collect and exchange and that those data are contained in
a compatible format.

2ARATOIL OAOAOAT TAGENTO =<EOE TEI ATA CAO ETAQ000EAO EAOA EOOOAA OACOIAOETTO OANOEOETC OEA AT TDATEAC
0T EAOA A QUOOA T £T0 0EA ATIIAAOETTh ATAIUOEO ATA E TDIA TATOACETT TF ATOOAAOEOA ATA DOAOATOEOA ARGETTON
ETAIOAETC ENDOTOATATO T¢ OUGOATO ATA ANOED TAT08 3TTA Tk 0EACA OACOIAGETTO OARAO 0T )TOAOTAGETTAI
Standards, including this International Standard.

#TTAMETC 2— AAOA £0 ATOOIU ATA OEAOAETOA £0 £O TAAAOOAOU OEA0 OEEO AscT00 AA AAIATAAA ACAETO0 OEA
ETOATAAA O0A ATA AATANE00s #1 T TUTIU TTA <TOIA 0AIAA0 ANOED TATO £10 2— AAOA ATIIAAGETT x<EAOA (EA
ATTOANOATAAQ Tk FAEIO0AG EAOA AT £ TDAAO TT OAFAOU DOTAOAOETTH ATOREOTT TATO T0 EECE OADAFOTOADIAAA TATO
cost as indicated below.

1 OUDEAAT FAAAAAAE TTTD £10 DTOATOEAT O0AO Tk AAOA ATA AAOAOFAETC A ATTOETOTO0 E TDOTOA TATO BOTAAD O
shown in Figure 1.
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Figure 1 — Typical feedback of analysis from collected reliability and maintenance data

)TAG000U ATA AOCETACO OAIOA AIA TATOO Tk OOEIEUETC OEED ) TOAOTAOETTAI 30ATAAOA AOA 00 T TAOE0AA AATT>(
e economic aspects:
— cost-effective design to optimize CAPEX,
— cost-effective operation to optimize OPEX,
2 ETPOTOAA DOTNEOAAEIEOU jOAAOAAA OAOATOA TTOOG
— LCC/whole-life management,
2 OAAOAAA ATO0 TE ETOO0ATAAD
e general aspects:
2 OAAETC AAIA 0T TBAOAOAS FIDAOAOTOOEED IEAATOAQ:
— life extension of capital equipment,
2 ETPOTOAA DOTAOA) NOAIEOU:
— Dbetter (data-based) equipment purchase,
2 AROOAO OAOTOO0AA DIATTETC
B OARROU ATA ATOEOTT TATOAT AODAAOGY
2 ETDOTOAA DAOOTTTAI OARAOU
— reduced catastrophic failures,

— reduced environmental impact,

2 ETDOTOATATO Tk 0AtAOU DOTAAAGOAO ATA OACOIAGETTO jAsGs AGOATA 0AC0 ETOAOOAT AAOAA TT 2-—

performance),
2 AT TDIEATAA <£0E AOOETOE0U OANGEOA TATOO)
£ ATAIUOEAAIq

2 ELCEAGZNOAIEOU AAOAD
— larger population of data,
— improved decision-making,
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2 OAAQAAA OTAAQOAETOU ET ARAFGETTZ T AEETCH

2 NOAIENEAA AATAE T AOEETCH

— exchange of experience in industrial collaboration,

2 RORACETT TEAATT TTT 00AIEAAEIE0UG TATGOAGA JOTAAOCOATAETCA OAOETO0 ACOAEDIETACK

2 OROENEAAGETT T& ATAIUGEO 0AAETENOAGH

2 AA00AO DOAAEAOAAEIEOUA

2 AAQEQ £10 A OEOEZAAOAA ETOPAAOETT ATA OAIEAAEIEOUZAOAEIAAEIEOUZ T AETOAETAAEIEOU 000AEACS

7 Quality of data

7.1 Obtaining quality data

7.1.1 Definition of data quality

#TTNEAATAA £T OEA ATTIAAOAA 2 — AAOAN ATA EATAA ATU ATAIUOEON EO 000TTCIU ARDATAATO 1T 0EA NOATEOU Tk OEA
AADA ATTIAROAAs (ECEZNOAIEOU AAOA AOA AEAOAAOROEUAA AU OEA ETTTT=<ETCY

AQ AT TPIAOATAGO Tr AAOA ET OATAOETT 0T OPAAFNEAAOETTY)

AQ AT TDIEATAA <E0E AANETEOETTO TE OAIEAAEIEOU DAOA TA0A0ON AADA OUDAO ATA £10 TAOON

Aq  ARAOOAOA ETDO0 00ATORAC EATAIETG ATA OGTOACA Tk AAOA § TATOATIU T0 AIAAOTTEAQ)

Aq  OOENEAEATO DTDOIAGETT ATA AAANOAOA OOOOAETIATAA DAOETA 0T GEOA 00AGEOOEAAT ATTNEAATAAN

e) relevance of the data to the need of the users.

7.1.2 Planning measures

The following measures shall be emphasized before the data collection process starts.

> SATA GEA TAGAAGEOA £¥0 ATIARIETC GEA AAOA T TOARD OT ATTIARG ARGA OATAOATO £10 0EA ETGATARA 00k
%gA FDIAO T ATAIUOAO < EAOA GOAE AAGA. AU AA OOAA AOA NOATOE0AOOA OEOE ATAIUGED 112 1] OAIEAAEIEDUS
AOAEIAAEIEOU ATA T AEROAETAAEIEOU ATAIUQED §2 1 —(] OAIEAAﬁIEO%AIOOAA TACTOATATAA j2#—q) IE£A AUAIA
ATO0 §, ##0) 0ARAOU ETOACOEOU 1AOAI §3),q ATAIUGEG: $3AA AIOT 1 TTAD $4

> YTOAODGADA GEA GTO0RAJ0) T 0EA AADA 01 ATOO0A GEAD ORIAOAT) ARGA T 0OTEREATO ROATEI) AOK AOAFIARIAS
3T00AAQ0 ATOAO ETOATOTOUTOAAETEAAT ANOED TATO ETETO TAGETTH 2— AOATO AAOA ATA AOOTAEAOAA DIATO
impacts.

2 SANETA OEA 0AGTTT TEAAT ETETO TAOEYT 0T AA ETAIOAAA £T 0EA AAOAAACA £10 AAAE ANOED TATO OTE jOAA
Clause 8).

2 )AATOEEU OEA ETOOATIAGETT AAOAY DTDOIAGETT ATA TDAOACETC DAOETAjOQ £10 OEA ANOED TATO £OT T <EFAE
data can be collected.

2 SANETA 0EA ATOTAAOEAO £T0 AARE ANOED TATO AIAOON ETAEAAOETC =< EA) 2— AAQA AOA 0T AA ATTIAAGAA jOAA
Clause 8).

2 YPPIUAOTEAIO T AANETEOETT T £AEIO0A ATA A TAOETA T& AIAGOEEUETC FAEIO0AO jOAA #IAOOA w(

2 YPPIUAOTEEIO T AANETEOETT T8 TACTOATATAA AAOEOEOFAC ATA A TAOETA Tk AIAGOEEUETC TAETOATATAAQ jOAA
Clause 9).
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2 SANETAOEA AEAAEO OOAA ET AAOA NOAIEOU OAGETERAGEVT JOAA yipio ATA yipius 10 A TETETO 11 0BA FITIT=ETG
OEAIT AA OAOENEAAS

1) The origin of the data is documented and traceable.

cQ 4EA AAOA TOECETAOA £OT T O WEIAO ANGED TATO 0UDAN OAAETTITCU ATA TDAOAOETC ATTAROETTOS

3) The equipment is relevant for the purpose (e.g. not outdated models).

T 4EAAAOA AT TDIU =<EOE AANETEOETTO ATA ETOAODOAOAGETT OOTAO A6Cs AAMETEOETT Tk FAEIOOAG

vl 2AATOAAA FAEIO0AC AOA <EOEET OEA AANETAA ANOED TATO ATOTAAOU ATA 0000AETIATAA DAOETAS

@0 4EAETETO WAOETT EO ATTOR00ATO jACs ATTOEO0ATAU AAO<AAT FAEIO0A TTAAD ATA FAEIO0A £ TDAAN

7) Data are registered in the correct format.

00 3OEMEAEATO AAGA AOA ATTIARGAA 0T GEOA ARRADOAAIA OOAGEGOSRAT ATTIEAATAAT Aics TTO AEAOAA AU TOOIEAOGK
$3AA OAAT T TATAAGETTO £10 AAIAOIAOETC ATTNEAATAA IE TEOO ET #40tc

9) Operating and maintenance personnel are consulted to validate the data.

2 SAIETA A BOSTOAU 1AOAI 610 0EA AT TOIAGKTACD T ARGA AU A GOIVAAIA TAGETAS /TA TAETA s xAGEOTC
OEA ETDTO0ATAA T OEA AtecAOATO AAOA 0T AA ATTIAAOAA 0 AU OOETC 0EOAA AIAOOAO Tk ETDTO0ATAA E1
AARTOAATAA x<£0E OEA £TTIT=ETC AIAGOENEAAOETTY
2 Q" ATTPOIOTOU AAOA JATOAOACA B primt BQ
2 —%$)5—(  ELCEIUAAGLOAAIA AAOA ATOAOACA € yu b
2 /7 ARGEOAAIA AAOA JATOROACA € umt b(

> SATETA DEA TAOKI s AAOAFI T 2 ARGA OABTONAA ATA RITIARGAA ATA IETE & ATIOAI) 01 GEA BOTAOROEIT ATA
Q_AEAO‘U,E IDIOOAI'AA J3 OEA ANOED TATOs **AOA DOETOFOEUAGETT TT OAFAOUN DOTAOACETT DAOETO TATAA ATATTO
T0EA0 OAGAOEOU TAAOOOAGS

— Prepare a plan for the data collection process (see 7.2), e.g. schedules, milestones, data collection
sequence for installations and equipment units, surveillance periods to be covered (see 8.3.1), etc.

— Plan how the data will be assembled and reported and devise a method for transferring the data
FOT T OEA AAOA OTOOAA 0T OEA OATEAAETEOU AAOA AATE OOETC ATU OOE0AAIA TAOETA JOAA e

— Train, motivate and organize the data collection personnel, e.g. interpretation of sources,
equipment know-how, software tools, involvement of operating personnel and equipment experts,
OTAAOCOATAETCT AoPAOEATAA ET ATAIUOEO APPIEAAGETT TF 2 — AAOAN A0As %TOO0A OEAD OEAU EAOA AT 12
depth understanding of the equipment, its operating conditions, this International Standard and the
OANGEOA TATOO GEOAT £10 AADA NOAIEOUS

> —AEA A BIAT £10 ROAIEOU AGOOOATRA e OEA AKOA ATIARGEVT DOTAAGO ATA 00 ANIEOROARIACH 4EF0 OEAT
A0 A TETETO T ETAIOAA DOTAAAGOAO £10 NOAIEOU ATTOOTT Tk 0EA AAOA ATA OAATOAETC ATA ATOOAAGETC
“deviations (see 7.1.3).

> )0 €0 OMRT T TATANA 0T AAO0U T00 A ATORARTATE) ATAIUCED % GEA AdOA ATIARGEYT A 0OTTETG A BTG
AGAOAEOA AAETOA OEA WAET AAOA ATTIAAQETT DEAOA £0 00A00AA ATA 0T 0AGEOA OEA DIAT £ TAAAOOAOUR

2 2R0EAx OEA DIATTETC TAAOGOAD AZOAO A DAOETA TE OOETC OEA OUGOA T JOAA xicsols

7.1.3 Verification of quality

SOOETC ATA AGGAO OEA AAGA ATTIAAGEYT A@AOAEOAN ATAIUOA OEA AAOA 0T OAOZU ATTOEOOATAUR OAAGTTAAIA
distributions, proper codes and correct interpretations in accordance with the planning measures (see
XipbcQt 4EE0 OAOENEAAOETTZIEZNOAIEOU BOTAAGO OEATT AA ATAO TATOAA ATA TAU OAOU AAPATALTC TT <EAJEAQ
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OEA AAOA ATTIAAOETT EO £10 A OETCIA BIATO TO ETOTIOAC OAGAOAI AT TBATU T0 ETAO000U EAAEIEOEAGS 7 EAT TAOCETC
ETAEOEAOAT AAOAAAGAGH E0 O £ TDAOAOEOA OEAD AAAE AADA OAATOA EAOD A OTENOA EAATORNEAAGETTS

100A00 0EA NOATEOU T¢ AAOA AAETC ATTIAAOAA AQ AAOTU AQ FAACEATA ET OEA AADA ATTIAAGETT DOTAAOO ET AAATOAATAA
xE0E OEA DIATTETC TAAOO0AO jOAA xpics ¥ OOE0AAIA DOTAAAGOA EO AT AOOAOO TATO AU OEA AADA ATTAROTCh <ET
OEAIT AA DOTOEAAA x<EOE COEAAIETAO £T0 <EA) NOAIEOU TAAOOOAD OETOIA AA ETAOOAA TT ET AAMATOAATAA xEOE
0EA DIATTETC TAAOOOAGH 4EA WAET TAEAAOEOA Tk OEEO AAQIU AOOACO WATO £0 0T TTTE £10 ATU BOTAIA 10 0EAQ
OANOEOA OEA DIATTETC TAAOOOAO 0T AAE T TAALAOAIU OAOEOAA 0T AOTEA OTAAAADOAAIA AAOA AAETC ATITAAOAAS
OROOTTTAI TOEAQ OEAT OETOA EAOETC ATIIAAOAA OEA AAOA OEAIT OAOEEU OEA NOAIEOU Ti AAAE ETAFOEAOAT AAOA
OAATOA ATA OEA TOAOAIT OAIEAAEIEOU DAOOAOT OANIAAOAA AU OEA 00 T Tk ETAFOEAOAT AOATO0 ET ARATOAATAA x<E0E
the planning measures (see 7.1.2).

7.1.4 Limitations and problems

L~ N

3TTA Te OEA DOTAIATO ATA TE WEOAGETTO 0T AA A< A0A Th < EAT TAOAETETC NOAIEOU AAOA AOA 00 T TAOEUAA £T

Table 1.
Table 1 — Problems, limitations and storage
Issue Challenges
Source The data source can lack the required data and the source information can be spread over

OAOAOAT AEEEAOATO OUOOA T 0 AT TDOOAOOH NETAGH ATTEOC AOA<ETGOGS )0 £0 OAAT T TATAAA 01 AAOALQIIU
AOAIOAOA OEE0 AOPAAQ ET OEA DIATTETC TAAOOOAQ JOAA Xipscq ET TOARD 0T AOOAGO AAOA NOAIEOU ATI-
lection method and cost.

Interpretation  |#1 T T TTIU AAOA AOA AT TDREIAA £0T T 0EA OTOOAA ETOT A 00ATAAOAEUAA £10 WA JAAOAAAOAQH )T OEEO
POTAAOCT 0EA OTOOAA AADA AAT AA ETOAOPOAOAA AEFAOATOIU AU OAOETOO ETAFOEAOAICS #T00AA) AATETE-
OEVTOR 00AETETC ATA NOAIZOU AEAREQ AAT OAAOAA OEEO DOTAIA T jOAR YipicQs

Data format AEA OOA Te ATAAA NEATAQ £0 kOTAA TATOAI 0T ATOOOA AAOA ATTIAAGETT ARnEAEATAU ATA ATTOE00ATAU Tk
data entered (e.g. correct coding of a manufacturer). Free text should, however, be included in
addition to codes to describe unexpected or unclear situations

Data collection|—T00 AAJA TAAARA £T0 0EE0 AAOACTOU Tk AAOA ATTIAAGETT AOA OTAAU 00TOAAET AT TDOOAOEUAA OUOOA T 0
method JAICH #——)30 U OOETC 00AOAZIEZOEAZAOO ATTOAOOETT AICTOROE WO ATA OTFO><AOA) E0 £O DTOOFAIA 0T
00ATOEA0 AAOA A TG AERFAOATO AT TDO0A0 AAGAAAOAQ ET A §OA T EZQAGOT T AGAA = AU OEAOAAU OAOETC ATO0S
Competence and|$AOA ATTTAROETT £T 0EA GTTO TAlo TATOAI x<AU AAT AAATTA A 0ADAGEOEOA ATA 0AAETO0 AgAOAEOA:
motivation AEAOAETOAN OAEA AAOA 0T ATDITU DATDIA x<E0E OOAEAEATO ETT><ZET> 0T AT 0EA ETAON AOTEA OOFTC
DAOOTTTAI =<E0E 1T AT TDACATAATAgDAOEATAAT A0 AAOA NOAIEOU AAT 00#£AC ATA NETA TAAOOOAO 0T
00t TOIAOA OEA 2 — AAOA ATTIAAGETT 00ARE AsCs AU O0AETETCA ATETC DIATO OFOE00 ATA ETOTIOETG OEAT
ET AAOA ATAIUOAO ATA APPIEAAGETT Tk 0A001008 /0EAO AgA TDIAO AOA FAAAAARE TT AAOA ATTIARGETT
OAOOI0OETOTIOA TATOET 1.¥ DOTAAGOAG OAIAOATO ETETO TAGETT NEATAQ ET FAREIEOU #— —)3 0T 00t T O1A0A
OADTOOETC NOAIEOUR AOAS

7.2 Data collection process

7.2.1 Data sources

AEAFAREIEOU #— —)3 ATTOOE000A0 OEA T AET OTOOAA T 2 — AAOAS AEA NOAIEOU TEOEA AAOA OEA) AAT AA 0AQOEAOAA
€T 1 OEE0 0TOOAA 0 AADATAATO T'T OEA < AU 2 — AAGA AOA 0ADTOOAA ET OEA TE000 DIAAAG 2ABTOOETC 1 2 — AADA
ARRTOAETC 0T 0E£0 ) TOAOTAGENTAI 30ATAAOA OEATT AA AITT<AA E10 ET OEA FAARIEOU #— —)31 0EAOAAU DOTOFAETC A
more consistent and sound basis for transferring RM data to equipment RM databases. Other sources

TEETETO TAOETT AAT AA ODOAAA AAOTO0 OAOAOAT AerrAOATO OUOOA IO AT I'DO0A0ON NETAGH ATTEG AOAXETCO0 £10
example, feedback on data collection results, involvement in QA processes. Adequate or proper use of
ETETO WAGENT NEATA ET RAREIEOU #— —)3 xEiT 008 T OTAOA OADTOOETC NOAIEOU AOAY
30AE AAOA ATTIAAGETT AOAAOAC OAIEAAEIEOU AAOA GTOOAAQ £10 OACETO0 APPIEAAGETTON AC ATACOENEAA ET 4AAIA $uy
Pl CATAOEA AAOAY
cq TDAOAGTOTAT TPATU OPAAENEA AAOAN
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o) TATOrAA000A0 AAOAN
(¢ AgbA0) EOACA TATON
5) human error data.

7.2.2 Data collection methods

4EA 0UDEAAT ARGA ATTIAGEIT DOTAACQ ATTO000 T T TBAETC AKOA F0T T ASEEAOAT) GT00RA0 ETOT TTA ARGAAAOA

=< EAOA OEA 0UDA ATA OEA £10 TA0 T8 OEA AAOA AOA POAZAANETAAS AEA TTOOATT TTT TAOETAED AQ FTTIT>08

A 1AROAO All OEA AAOA OTOOARO OEAO AOA AOAEIAAIAI ATA ABOOAAD OEA OATAOATO 00Ax0 AAOA ETOT AT
10RO FAACAOA O0TOACA: )¢ OEA ETEN0 AQETT E0 ATTOACTAA ET A AT TDOGAOCUAA AAGARAOKT OOA ATU OOEOAAIA
T AOETAO F10 A@00AAOETC OEA OATAOATO ETATO T AOETTN OFUS AGOOAAOETT T 0AOCAOAA ETATO TAJETT AU OPAAENEA
software methods or printing reports with desired information.

AQ ) TOAODOAD OEEO ETETO WAGETT ATA 00ATOIAOA £0 ET0T OEA OUDA ATA £T0 TAQ AAOEOAA £T0 0EA 0AOCA) AADAAAGAS
)T 1100 AAOAGN OEEO E0 ATTA AU TATOAI ETOAODOAOAGETTS

G AOATOAOGEA ANOA 0T K OEA DTOORAJOUUT GEA AIANTIOU AOA ATE OCETC ATUOOARIA FALETAS SO0AAIA
OTEZOEAZOEAIZ) 0T£0> AOA AAT AA OOA 0 00ATORAO AAOA 0T T TTA AADAAAOA 0T ATTOEAD x H0E OEA AACEOAA
0IATGOACAG ATTOAOOEIT ATTA AU OT£0><A0A AICTOROE W 0¢ 4EE0 EO TTIU FAAOFAIA AO ITTC A0 A ATTOACOETT
AICTORE TF OOMEAEATOIU OTAQD OT WAEA A ATTIEARTO ATTOAOOETT: AAT AA AMETAAS 4EAOA TAOETAO Al
OANOZOA 0T TA Ap00A AE€100 OBEOTTO ATAf OEAOAETOA: AOA TTIU ATOUAEEAAGEOR £10 1AOCA NOATGEGEAO Te
AAOA TO OADAOEOEOA AAOA ATTIAROETT & OEA OA TA AAOACTOU Y0 TAU AIOT AA OOAA FI0 TAFTOATATAA <EAT
transferring data from one CMMIS to another.

AQ. SACA ATTIARGET TAGETA OXCTETERATOIU ¢ TDARS OEA RTOUARTATE) ATAIUOZ0 £10 AAOA KTIARGEYT ATA OEATH
OEAOAETOAN AA AAOAROTIU DIAT TAA ATA 0AGOAA AARTOA OEA TAET AADA ATTIAAGETT DOTAAGO £O 00AO0AAS

7.2.3 Organization and training

SAOA ATTAROETT TAU AA ATTA AROEAQ < EOEET OEA AT TDATU OOETC ETOAOTAI 0AOTOO0AAC T0 AO A 0AGE ATTA AU
T T0A ODAAFAIEUAA AT TDATEAC 10 DACOTTTAIS 10 AAOA AOAN AU TAOOOAN OEECOTOEAATGH E0 AOEAATOIU OAEAQ OTTA
OE A AAETOA OORNEAEATO AAOA AOA AAAQ TOIAOAA OT A0Ax OAIEA ATTAIOOENTO AACAA TT 00AOEOOEAO TTIU 4EA
ATOOZAATANE ATAIUOEO £10 ATTIAAGETC AAOA AAT OAEA 0T WA 0t TA 01 AAAT TA AGEAATO AOO ATTOAI 00AAEETC Tk
ANOED TATO DAOKTO T ATAA AADOOOAG A OOAROT EEOOTOUS

SAOA ATIAROETT AAT 0ANOEOA OEETIO £OTT OAOAOAI AAGACTOEAGH OEUs )4h OAIEAAEIEOUTO0AOEO0EACH T AETOATATAAN
TDAOAOETT ATA AAOA ATTIAAOETTe +AU DAOOTTTAI OEAIT AA FATEIEAG ET PAOOEACIAG < EOE OEA AAQA ATTTAROETT
ATTAADO ATA ATU ODAAENEA 0TE0>AOA £T0 OEA AAOA ATTIAAGETT AROEOEOU ATAN OT A OAAOTTAAIA AgOATO ETT>< OEA
technical, operational and maintenance aspects of the equipment for which data are collected. Proper
OOAETETC £ EAU DAOGTTTAI TT OEAOA E00OA0 £0 TARAGOAOU ET TOARO 0T TAGAET NOAIEOU AAOAS 4EA DAOOTT TAI
collectors shall, as a pre-requisite, know this International Standard and should give feedback as
appropriate.

Before data collection starts, it is useful to do a pilot exercise to check the available population, the
NOAIEOU TF OTOOAA ETATO WAOETT ATA OEA FAAGEAEIEOU TE OEA AAOA ATTIAAGETT WAOETAOS 4E£0 0A00A0 A0 A TTAAI
for what can be achieved within a given time and budget.

1 QUOOA T £10 ARAIETC x<E0E AACEAOETTO ATATOTOAOAA ET OEA AAOA ATIIAAGETT DOTAAOGH 00AE A0 A TAECOTOO
ARTETEOETTOR IARE TEETOAOPOAOAGETT 001AOT ETAAANOAOA ATAACH A0AH OEATT AA ACOAAIEOEAA ATA DOTAIA T 0 OTIOAA
AO OTTT A0 DTOOEAIAs )0 AAT AA A TAET0 0AOE 0T ATOOAAD ATO00P0 AAOA AFOA0 TATU AAOA EAOA AAAT ATTIAAOAAY

1 AADA ATTIAROETT A@AOAEOA OEATT AIOT DOTOEAA FAAAAARE AU 00 T TACEUETC ATA AGAIOAOETC All NOAIEOU TAGOTTO
learned during the planning and execution of the data collection effort. Recommendations shall then be
FAA AAAE 0T OEA OATAOATO PAOOTTTAT £10 £ TDOTOA TATO TT AATETEOETTON TAFTOATATAA OUO0A W0 §AiCH #— —)37
OUOOA T 0q ATA OEA AAOA ATTIAAOETT BOTAAOO ATA PAOOTTTAIs
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8 Equipment boundary, taxonomy and time definitions

8.1 Boundary description

industries, plants or sources. It also facilitates communication between operators and equipment
T ATORAA000A008 Z0EAO < EOAN OEA TAOCETC ATA ATAIUGEO £0 AAOAA TT ETAT TDAOEAIA AAOAS

&0 ARAE ANOD TATO A1AOGI A ATOTAROU OEAT] A AMTETAA ETAMOETC x40 2— AKOA AOA OT AA RTTIAROAAS 4EF0
AU AA CEOAT AU OCETC A NECOOAN A 0A@0 AATETEOETT TO A AT TAETAOETT T8 ATOES

the diagram is as follows:

%81—0,% AEA ATOTAAOU ADPIEAQ 0T ATOE CATAOAIZOAOOEAA ATA NEOAZNECEOETC DO T D08 ) TIA) ATA TO0IA) OAIOAQ ATA
OOAOETT O00AETAO AOA TTO < EOEET 0EA ATOTAAOU &OOOEAO T TOAN 0EA DO D AOEOA00 ATITG xEOE OEAEO AO@EIEAOU OUGOA T 0
are not included. Driver units are recorded as separate inventories (electric motor, gas turbine or combustion
engine) and it is important that the failures on the driver, if recorded, be recorded as part of the driver units. A
TOTAAROET 0EA DO TP ETOATOTOU GEOAO A OAFAOATAA 0T OEA ABPOTDOEAOA AGEOA0 ETOATOTOU

Fuel or
electric power Inlet % % Outlet

Starting . Power ;
P t
system Driver transmission Hmp unt
Control and Lubrication Miscel-
monitoring system laneous
\j \j \
Power  Remote Coolant
instrumentation boundary

Figure 2 — Example of boundary diagram (pump)

Due attention shall be paid to the location of the instrument elements. In the above example, the central
ATTOOTI ATA TTTEOTOETC E0A WO AOA OUDEAATIU ETAIOAAA < EOEET OEA OATTOOTT ATA TTTEOTOETCO 0OAQTEO =< EEIA
ETAEOEAQAI ET0000 TATOAGETT §0OEDh AIAO Th ATTO0T1q £O OUDEAATIU ETAIOARA < EOEET OEA ABPOTDOEAOA OOAOTEN
AsCt TOAOFAAOETT OUGOA T8

4EA ATOTAAOU AFACOA T OEAIT OET> OEA TAET T1<A0ZIAOAT EOAT O ATA 0EA ETOAOFARAC 0T OEA OO00TOTAETCOS
VAAROETTAI 0A@OOAT AAOAOEDOETT OEAITN <EAT TAAAAA £10 AIAOEO(h 00AOA ET WTOA AAOALI x<EAQ OEAIl AA
ATTOEAAOAA ETOEAA ATA TOOOEAA OEA OATAOATO ATOTAAOU jOAA OEA %@A T DIA AOOTAEAOAA xEOE Figure 2 where
Rscs OEA AOEOAD Tk OEA DO TP £O TOOOEAA OEA ATOTAAOUQS 7 EAT OARAQOETC OT 0EE0 ) TOAOTAOETTAI 30ATAAOA £0
E0 OE0AT OEAQ ATU AAOEAOETT £OT T OEA ATOTAAQEAQ CEOAT ET 0EE0 ) TOAOTAGETTAI 30ATAAOAN TO TAx ATOTAACEAO
T10 GEOAT AU OE£0 ) TOAOTAOETTAI 30ATAAOAR AA ODAAENEAAS
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Boundaries shall avoid overlapping among different equipment classes. For example, when collecting
data on instruments as separate equipment units, one shall avoid including those instruments that are
also included within the boundaries of other equipment units on which data are being collected. Some
T0AQIAPDETC AAT AA AeanEAQI0 0T AOTEAN ET><AOAC 00AE AAOAj0Q OEATT AA EAATOENEAA ATA 00AAGAA ADBOTBOEAGAIU
AOQETG 0EA AAOA ATAIUOAGS

2ART T TATAAA ATOTAAQU AEACOA O £10 OT WA OAIAAOAA ANOED TATO OTE00 AOA CEOAT ET Annex A.

8.2 Taxonomy

4EA GAGTTTTU £0 A OUGOA TAGER AIAQGEIGAAOEIT Iz AT ETUT CATAOZA COTORO AAGAA TT EAROTO0 DITOGEAIL
ATT T OT OAOAOAI e OEA £0A T O §ITAAOEYT: O0A) ANOD T ATO OOAACOROENTS AOAY ¥ ATACOETEAACETT T2 OAIAOATO
AAGA OT AR ATHIAROAA ET ARRTOAATAR £0E OEEO ) TOAOTAOETTAI 30ATAAOA £0 OABOROATOAA AU A EEAOAOREU AQ
shown in Figure 38 SATETEOETTO T6 AAAE OAC TATO AOA BOTOEAAA AAIT > ET AAAEOETT 0T AGA TBIAQ Tk AettAOATO
AQOETAO0 000AA 1O ATA ANGED TATO 0UDAGH A £T10000A0AA ET Table 2.

|\
(1)
Industry
< 2)
= Business category
(6]
o
® (3)
2 Installation

(4)
Plant/Unit
(5)
v Section/System
A
(6)
Equipment unit
(7)
Subunit
(8)
Component/Maintainable ltem
(9)
' Part

Figure 3 — Taxonomy classification with taxonomic levels

Equipment subdivision

<
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Table 2 — Taxonomy examples

IS0 14224:2016(E)

Main cate- | Taxonomic | Taxonomy |Definition Examples
gory level hierarchy
Use/location 1 )TAO000U  |4UPA Tk TAET ETAOO00U Petroleum, natural gas, petrochemical
data 2 Business  |4UDA TE AOOtTAO0 T0 DOTAAOO-| Upstream (E and P), midstream,
AADACTOU ing stream AT<TO00AA T JOATETETCQHDACOTAEA TEAAI
3 Installation |4UBDA T£ FAAEIEOU Oil/gas production, transportation,
AADACTOU ACENETCH, - "hOATETAOU DAOOTAEA TEAAI
(see Table A.1)
4 Plant/Unit  |4UDA TE DIATOTOTED OIAO£TO T 0A TE200A T AQCEAIAI EUAOTA-
AAOACTOU OAREAM AOEUIATA AOAREAG DTIUAOEUIATA)
acetic acid plant, methanol plant (see
Table A.2)
5 Section/ —AET OAAOETTTOUOOA T Tk 0EA| Compression, natural gas, liquefaction,
3U00A T plant vacuum gas oil, methanol regener-
ation, oxidation section, reaction
OUOOAJ 1 AEOOEIIACET 1 OAAOETTH 0ATEAD
ITAAETC OUGOA T §OAA Table A.3)
Equipment 6 Equipment |Class of similar equipment|Heat exchangers, compressors, piping,
subdivision class/unit |units. Each equipment class|pumps, gas turbines, subsea wellhead
contains comparable equip-|and X-mas trees, lifeboats, extruders,
ment units (e.g. compressors). |subsea BOPs (see Table A.4)
7 Subunit 1 00AOUOOA T TAARGOAOU FT00EA | Lubrication subunit, cooling subunit,
equipment unit to function |controland monitoring, heating sub-
unit, pelletizing subunit, quenching
00AQTEOT OAROECAOAGETT 0OAQ TEOT 0ANIO@
subunit, distributed control subunit
8 Component/ |The group of parts of the|Cooler, coupling, gearbox, lubrication
Maintainable |equipmentunit thatare com-|oil pump, instrument loop, motor,
item (MI)a | FTTIU TAETOAETAA JOADAEOAAT | OAIOAINEIOAGt DOAOOOOA OATOTCH 0A TDAO-
restored) as a whole ature sensor, electric circuit
9 Partb A single piece of equipment |Seal, tube, shell, impeller, gasket,
NEIOAC DIAOAN ATI0N TOO0M AOAS
a _ &T00T TAOUDAO T ANOED I ATON0EAOA TEGED TH0 AR A — )1 AdGtE2 OEA ANOED T ATO AIAGO 0 BEDETGH OEAOA T EGED
AATT —)1 AGO OEA DAOO ATOIA AA CAIAT = &8
b While this level can be useful in some cases, it is considered optional in this International Standard.
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Levels 1 to 5 represent a high-level categorization that relates to industries and plant application
regardless of the equipment units (see level 6) involved. This is because an equipment unit (e.g. pump)
AAT AA OOAA ET TATU AtsrAOATO ETAOO00EAO ATA DIATO ATTNECOOAGETTO ATAR £10 ATAIUGETC OEA OAIEAAEIEOU TE
O WEIAO ANOED TATON £0 E0 TAAAOOAOU 0T EAOA OEA TDAOAGETC ATTOA@0s 4A@TTT WEA ETENO WAGEIT 1T 0EAOA TAGAIO
jp 01 uq OEATT AR ETAIOAAA ET 0EA AAOAAAOA £10 AAAE ANGED TATO OTE0 AC 00O0ATTTAAGETT AAOAG jOAA Table 2).

, ROAI0 @ 0T o AOA OATAOAA 0T 0EA ANOED TATO OTE) JETOATOTOUQ < EOE OEA OOAAFOEOETT £T 1T A0 ETAATOO0A 1AGAIO
corresponding to a parent-child relationship. This International Standard focuses on the equipment
OTEO TAOAT FIAOAT q £10 0EA ATTIAAGETT T 2— AAOA ATA AIOT ETAEOAAGIU TT 0EA TTx<A0 ETAATOO0A EOAT OF 00AE
as subunits and components. The number of subdivision levels for the collection of RM data depends on
OEA AT TPIAGEOU Tk OEA ANOED TATO OTE) ATA 0EA OOA TF 0EA AAOAS 1 OFTCIAET0000 TATO TECEO TAAA TT £000EAQ
AQRAEAT<Th <EEIA 0AOA0AI TAOAI0 AAT AA OANOEOAA £10 A TAOCA AT TBOAOOT( &10 AAOA OOAA ET AOAEIAAEIEOU
ATAIUOAG! OEA OAIEAAEIEOU A0 0EA ANOED TATOZOTEO IAOAI AAT AR OEATTIU AAOA OANOEOAAN < EEIA AT 2#— ATAIUOEO
ATA OTTOZAAOOA ATAIUOE) AAT OANOEOA AAOA T FAEIOOA TAAEATEO T A0 OEA AT TDTTATOY TACTOAETAAIA EOA TR TO
DA00ON IAOATs 4EE0 ) TOAOTAGETTAI 30ATAAOA ATAO TT0 ODAAENEAATIU AAAOAQO 1AOAT wh

)0 £0 TAAAOOAOU OEAD 2 — AAOA AA OATAOAA 0T A AROOAET TAOAT < EOEET OEA OA@TTT T EA EFAOAOAEU ET TOAAD 0T AA
meaningful and comparable. For example, a failure mode shall be related to the equipment unit, while
A FAEIO0A WAAEATEO T OEAIT AA OAIAOAA 0T OEA TT><A00 AAEEAOAAIA TAOAT ET OEA EOAT EEAOAOAEU Table 3 gives
guidance on this.
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Table 3 — Reliability and maintenance parameters in relation to taxonomy levels

Recorded RM data Hierarchy level a

4 5 6 7 8

Plant/Unit Section/ Equipment Subunit Component/
System unit Maintaina-
ble item

) TDAAD TE FAEIOOA TT 0ARAOU Xb
) TDAAQ T¢ TAETOATATAATT OARAQU X
Impact of failure on operations X X)c
Impact of maintenance with regard X (X)
to operations
Failure impact on equipment X (X) (X)
Failure mode (X) X (X) (X)
Failure mechanism (X) (X) X
Failure cause (X) X
Detection method (X) X (X) (X)
Subunit failed X
Component/maintainable item failed X
Down time (X) (X) X
Active maintenance time X (X) (X)
a See Figure 3.
b X = default.
c (X) = possible alternatives.

2ACAOAETG A TO 1T AshOATY EEAOAGAED 1AONO TATU ATO WA AR YOTA T AésshoAT) AOAIO €T oA
OAGITY ¥ tA ECAOAOAEL AADATAETC T OEA ATTOADO T0 OEA 0UA TE OEA EOAT § &10 ETOOATAAI OAIOA ATA BO D
AOA ANOED TATO AIAOOAGH AG0 TAU AIOT AA TAETOAETAAIA EOATO ET A CAO 000AETAs 4EA OAIOA £0 OUBEAATIU A
maintainable item subsea and an equipment unit topside. Due care should be taken to avoid double-
counting failure events when RM data are collected on such equipment.

&I00TTAOUOOATOE) WAU AA OAIAOATO 0T APDIU 2 — AADA ATTIAAOETT AIOT TT , AOAI v jOUOOA I 1AOAI 0AA Table
ApPIU 0EAOA OETOIA AR OOAA AAOAROITTU AO OEAOA ATOIA AATAOCA AERFAOATAAQ AAD < AAT OEA ETAEOFAOAT OUOOA T O
selected for the data collection.

8.3 Timeline issues

8.3.1 Surveillance and operating period

AEA ANGED TATO 0000AETIATAA DAOETA £0 OUBEAATIU OOAA A0 OEA OF TA DAOETA £10 AAOAC NETETC Of T AZOAIAGAA
OAIEAAEIEOU DAOA TAOAOON AiCs —448h ATTDTTATO 1854l AOAs &T0 TATU ANGER TATO OTE0ON OEA TRAOAGETCH 10
in-service, period is less than the surveillance period due to maintenance, sparing of equipment or
intermittent operation of the equipment (e.g. tank-transfer pumps).

7 EAT ANOED TATO £0 ET AT EAIA 00AOA TO ET OET00 O0ATAAUN £tAs AAETC OAAAU £T0 EN TAAEAOA TRAOAOEIT
x<EAT 00A00AAN £0 £0 ATTOEAAOAA 0T AA TRAOAGETC §10 0ETZ0R00EAAGQ AU OEA AANETEOETTO ET OEEO ) TOAOTAOETTAI
30ATAAOAs %NOED TATO TT 00ATAAU <EEAE =<TOIA OANOEOA OT TA AAGEOE0EAC 0T AA DAOETO TAA AAETOA AAETC
OAAAU £10 TRAOAGETT 0ATIAG 00ATAAUQ O TTO ATTOFAAOAA OT AA ET AT TDAOAGETG 00A0As 4EA OAOETOO 0E TAZ
DAOETA AANETEOETTO AOA ETIO000AOAA ET Table 4.

$AOA TAU AIOT AA ATIIAROAA £T0 AAOOAT DOAOATOEOA TAETOATATAA £ TTA <AT00 OEA £O11 DEACOOA Tk AT<T
0t TA AAOOAA AU All TAETOATATAA AAGETTO jOAA Table 45 OAOETAO =<EAT ANGED TATO £0 AAIEAAOAOAIU 0AEAT
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TO0 & OAOOEAA £10 AT AQOATAAA DAOETAN 10 £0 AAETC TTAENEAAN AOA TT0 ATTOtAAOAA 0T AA OATAOATO £10 AADA
collection.

environment, equipment can be installed and functioning, i.e. a barrier to the escape of downhole
EUAOTAAOATTON AGO OEA <Al TECED T10 00A00 DOTAOAETC £10 OAGAOAT WTTOEGS &AEIO0A0 AAT TAAOO TT (EA
ANOED TATO AOOETC 0EEO PEAOAI OANOEOETC £0 0T AA OADAFOAA <EOE A DTOATOEAT AAIAU 0T 00A0GZOBS ,EEAXEOAN
ANOED TATO AAT £AET AOOETC A OATETAOU 000TAOTOTAN =<EFAE £0 T10 A ODOTAOAOETTo DEAOAN ACAET 0ANOEOETC
0APAEO ATA DTOOFAIA AATAU 0T 00A0020P8

Table 4 — Timeline definitions

Total time h

Down time Up time
Planned down time Unplanned down time Operating time Non-operat-
ing time
Preventive Other planned Corrective maintenance Other
maintenance outages unplanned
outages
Prepar- | Active Reservea |0—TAHEAA- | Unde- Prepara- |Repair Shut-down, Run- |Start- |Run- |Hot Idle |Cold
ation |preventive tion b tected tionand/ | (item being |operational down |up ninge |stand- stand-
and/or | mainte- faultsg | TOAAIAU |worked on) ¢ |problems/ AU AU
ARIAU | nance restrictions
(item etc.d
being
worked
on) f

a  —AATOOEAQ EOA T £0 AOAETAAIA £TO TDAOAGEYTH AGO T10 OANOEOAA £T0 OT TA 0F WAt $TAQ TT0 ETAIOAA E0A 10 ATTOEAROAA AO 00DAOA DA000S TO EOA 10 OAEAT
out of service on a more permanent basis.

b TAGGRAGETT AT AEATCA GEA ONEARFEOU AEAOARGAIONGAD s AT (AT, ATA AT GEAOAEYOA) OAROIOA 0EAD 0EA ATIIARGEVT e ONEAREEOD AADA 10 OEA
0000AETIATAA DAOETA AA 0A0 TETAOAA AAETOA OEA TTAENEAAGETT ATA AA 0AZO0AOOAA < EOE A TAx O000AETIATAA DAOETA AOAO OEA T TAENEAAOETTS

c Includes fault diagnosis, repair action and testing (as required).

d  3EQ0AT=T T¢ TAAEETAOU j00ED ATA TATOAI OEGOAT > Tqi OAA AATETEOETT TE 00ED jotwaQ ATA ATOT #4piyt

e 2OTTETGH00EA ARGEO TDAOAOETTAI DAGETA £70 ANOD TATOST T O GAOBCTAGGETT OUGGA 00 AOFIETC ATA xTOETOAD OUGGA 1 GES0 0 T10 OREREATS
OFTAA OEAOA AOA TATU A¢tAOATO TDAOAOETTAT DEAOACS 4EA TDAOACETTAI DEAOAC £10 AOHIETC ATOIA ETAIOAA] 20TTETCH AOHTIETCH 00EDDETCH OAO AAGETC ATAR OEA
phases for workover could include: well equipment removal, replace completion string, replace casing string, and various workover activities.

f Includes testing

g )00 AZENEAQI0 0T AAOAO WETA AT=TOE TA AOOTAEAOAA < £0E OTAAOAAOAA EAQI008 4EAOA EAGI00 AOA AOATOOATIU OAOAATAA AU 0AG0 T0 AA TATAS

h See also ISO/TR 12489:2013, Figures 5, 6, and 7.

8.3.2 Data collection periods

SADATAETC TT O0A ATA FAAGEAETEOU AAOA TAU AA OAATOAAA FT0 0EA <ETIA ANOED TATO I££AOE TA 10 £10 OETO0AO
intervals. The latter is common due to both cost and obtaining the data within a reasonable time frame.
10 OET T ET 1TTAQ #0 0EA TefAOE TA Th TATU EOATO £0 AOOO TAA OT FITIT< OEA OTZAATIAA 0AAOEOOAG AOOOAS
)ETTIU OEA 2— AAOA F10 OEA 00AAAUZO0AOA TDAOAGETC DAQD Tk AT EOAT AOA OANOEOAAN AAOA ATTIAAGETT OEAII
00A00 ArOAO OEA AGOTZET DAOETA £0 ATTOEAAOAA 0T EAOA ATAAAS AEA TATCOE Tk OEEO DAOETA AAT 0AQU A i‘l“i
ANOED TATO AAOACTORAO £OTT T AOOTZT 0T OAOAOAI TTTOEG: $AOA OAATOAAA AOCOETC OEA O0AAAUZOOAD
operating period often follows, or is assumed to follow, the exponential lifetime curve (constant failure
0AOAQ &10 OT WA ANOED WATON £0 £O AIOT O0AROT ATA ACOATOEAT 0T ATTIAAOD AAOA FOTT OAAU TTAG ET TOAAO 01
AAAQ TOIAOA AgDAOEATAA TT AOOTZET FAEIO0AS )T 0EE0 AAOAN AAOA ATTIAAOAA FOT T <EAD TAU AA ATTOEAAOAA AD
AT ETEOFAT AOOTZET DAOETA OEAIT AR AFOOFTCOFOEAA 0T T AAOA ATTIAAOAA £OT T OEA 0OAOANOATO 00AAAUZOOAOA
operating period.
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The length of the data collection period shall be balanced against the expected failure rate, size of
DTPOIAGEIT ATA AAARGO 0T AAOAS &T0 ANOED TATO Tk EECE E TDTO0ATAA jOARAOUQ ATA ANOED TATO <EAOA TTA
ET1>0 0EAQ £Ax £AEIO0AO TT0 TATIU TAAQO j0OAOAAGH A TTTCA0 OO0OAETIATAA DAOETA 0 ARGEOAAIA $A4CH OEA =< ETIA
1EEAE WA EEO0TOU: )0 EO AOAT OOAROT 0T ATTIAAQ AAOA £T0 ANOED TATO < E0E TT EAEIO0AQ AOOETC OEA 0O0OAEITATAA
DAOETA AARAOOAN AU TAOROOETC TT FAEIO0A0 ET A CEOAT DAOETAN £0 £0 DTOOEAIA 0T AGOE T AOA OEA EAEIO0A 0AOA AU
ORATOTOETCO OEA AAOAY —AOETAO < EOEET O0AOEO0EAQ OEAIT AA OOAA 0T AOOE TAOA OEA ATTNEAATAA TE OEA AAOA
FODDAGTIT=A0 ATTNEAATAA It WEOOGH AO OET= T ET Y TTAD #4

7 EtIA 0EA 0000AEIIATAA DAOETA £0 £000 AT ETOAOOAI £ OEA AAIATAAO 0 TA AAO>AAT 0><T OPAAENEA OF TAO ATA
0T TA OTOAOETC ANOED TATON OEA TDAOAGETG 0E WA £0 OAATOAAA TT A ATOTOAO ATA AAT AA 0AAA AgARQIL &10
T0EAO ANOED TATON 0EEO WECED T10 AA 000As (ATAAN £ £0 TEOAT TAAAOOAQU 0T AOGE T AOA TDAOAOETC (0F TA AAGAA
TT ETT<IAACA (OT T 0EA TDAOAGETC ATATIO TAETOATATAA 00A%R 10 O0EA 0000A6 FAEIO0A OAOA £10 AT EOA T OEAII
AA AATAOIAOAA AAOAA TT AAOOAT TDAOAOETTH EECE POETOE0U OETOIA AA CEOAT 0T ATTIAROETC TO AOOE T AGETC 0EE0
parameter.

8.3.3 Maintenance times

Two main calendar times during maintenance are recommended to be collected, viz. down time and
active repair time. The difference between the two is illustrated in Figure 4. For further information
on breakdown of the downtimes, see also ISO/TR 12489:2013, Figures 5 to 7, and ISO 20815:2008,

Figure L.5.
i Run- Preparation Waiting and /or
down and/or delay Active repair time delay Start-up
el ] -t - - =
=
g |
§' j Up-time Down-time Up-time
o =it ot
g /
o Time of
e failure
=
E
v
Time

Figure 4 — Maintenance times

Down time includes the calendar time from the time the equipment is stopped for a repair until it is
reconnected to its intended service after having been tested.

O0AAETEAAI AAIAUS YAOEOA TAETOATATAA Ot WA £0 OEA AAIATAAO 0F WA AQOETG =<EfAE TAETOATATAA <TOE TT 0EA
EOAT EO AROOATIU DAOETO TAAs (ATAAT AAGEOA OADAEO OE TA AATTTO THO TATIU AA COAAOAC OEAT OEA AT><T (F T A¢
(T<A0AG AgAAPOETTATIUN AAGEOA OADAEO OF TA AAT AA GOAAOAO OEAT ATxT OETA t£ 0EA TAETOATATAA AAT AA
performed with the equipment unit operating. Note that the operational time required to run down the
equipment before repair and start-up up after the repair is not considered to be part of the down time.

— TAEIEUACETT 0F TA £0 DAOO T8 OEA DOADAOACETT ATAT T0 AAIAW
/4% 3AA OATAOATO AANETEOENTO OACAOAFTC TAFTOATATAA OF TAOET #1A00A ot
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9 Recommended data for equipment, failures and maintenance

9.1 Data categories

AEA 2— AAOA OEAIT AA ATIIAAOAA ET AT TOCATEUAA ATA 0000A000AA <Al 4EA TAETO AAOA AAOACTOEAD £10
equipment, failure and maintenance data are the following.

A w%NO TATO OTE AAOA JETOATOTOU AdOAQ

The description of an equipment unit (level 6 in Figure 3q £0 AEAOAAOAGEUAA AU OEA FTTIT=ETCY

pQ  AIAOCENEAAGETT AAOA AsCs ETAGO00UA DIATON TTAAGETTH OUGOA I

cq ANOED TATO AOOOEAGOAGH AsCs TATOFAROO0A0I0 AAOAR AAGECT AEAOAROAOEOOEAD

3) operational data, e.g. operating mode, operating power, environment.

AEAOA AAOA AAOACTOEAG OEATT AA CATAOAT £10 All ANOED TATO ATAOOAGS YAAFOETTAIIU OT TA AAOA ODAAENEA £T0
each equipment class (e.g. number of stages for a compressor) are required. Recommended data for
some equipment classes are given in Annex A.

b) Failure data
4EROA AADA AOA AEAOAAOAOEUAA AU OEA ETTIT><ETCY
pQ EAATOENEAAGETT AAOAR AsCs FAEIOOA OAATOA TO TAAO ATA OAIAOAA ANOED TATO 0EAD EAQ FAEIAAN

2) failure data for characterizing a failure, e.g. failure date, items failed, failure impact, failure mode,
failure cause, failure detection method.

c¢) Maintenance data

AEAOA AAOA AOA AEAOAROAOEUAA AU OEA ETTIT><ETCY

p( EARTOENEAAOETT AAOAI AsCs TAETOATATAA OAATOA TO TAAG OAIAOAA FAEIOOA ATATTO ANOED TATO OAATOAN

2) maintenance data, parameters characterising a maintenance action, e.g. date of maintenance,
T AETOATATAA AAOACTOU TAETOATATAA AROEOEOU E NTDAAD T TAETOATATAANE0A WO WAETOAETAAN

o0 TACTOATATAA OAOTOORAGH TAETOATATAA WATZEN000 PAO ACOAEDIETA ATA OTOAT OOHIU ARG TATOY
0AOTOOAAC APPIEAA

4) maintenance times, active maintenance time, down time.

AEA OUDA Tk FAEIO0A ATA TAETOATATAA AAOA OEAIT TIO WAIIU AA ATT TTT £10 All ANGED TATO AIAGOAGH = E0E

Corrective-maintenance events shall be recorded in order to describe the corrective action following
A FAEI00As OOAOATOROAZ T AFTOATATAA OAATOAO AOA OANOEOAA 0T OAOAET OEA AT IDIAOA TEfAGE TA EEOOTOU Tk Al
equipment unit.

9.2 Data format

%AAE OAATOAR AsCh A EAEIOOA AOATON OEATT AA EAATOENEAA £T OEA AAOAAAOA AU A TO TAAD Tk AOOOEAQOAGH %AAE
attribute describes one piece of information, e.g. failure mode. It is recommended that each piece of
information be coded where possible. The advantages of this approach versus free text are

2 FAREIEOAOETT T NOAOEAO ATA ATAIUGEO Tk AAOAD

— ease of data input,

2 ATTO00ATAU AEAAE OTAACOAEAT AOETDOO AU EAOETC DOAAANETAA ATAA 1E0001
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— minimization of database size and response time of queries.

AEA OATCA TF DOAAATETAA ATARO OEATI AA TDOE WEOAAS ¥ OETO0 OATCA TE ATAAO £0 01T CATAOAT 0T AA O0AROIS ¥
long range of codes gives a more precise description, but slows the input process and might not be used
EOIU AU OEA AAOA ATTIAAOTC: 3ATAAOAA ATAAG OEATTH Ex DTOOFAIAT AA T O0OAIIU AgAIO0EOAS

AER AFOAAOATOACA Tk A DOAAANETAA 1600 TE ATAAO OA00O0 £OAA 0A@0 £O OEAQ OT TA AROAEIAA ETETO TAOETT AAT AA
lost. For all categories mentioned in 9.1 a), b) and c), it is recommended to include some additional free
0Ag0 CEOETC WTOA AGDIATAGTOU ETENO NAOETT A0 AOACIAAIA ATA AAA TAA OAIAOATO! AiCt OT ETAIOAA A TAOOAOEOA
I'F OEA TAAOOOATAA IAAAEI(; 0T A FAFIO0A AOATO8 4EED =< TOIA AOOEO ET NOAIEOU AEAAEEIC OEA ETATO TAOETT ATA
browsing through single records to extract more detailed information.

9.3 Database structure

9.3.1 Description

AER AAOA ATNIAROAA OEATT AA TOCATEUAA ATA TETEAA £T A AAOAAAOA 0T POTOEAA AAOU AAAAGO £T0 OPAAOADH
NOAOEAO ATA ATATUOE0s SAOAOAT AT T TAOAFAT AAOAAAOAO AOA AOAEIAAIA 0EAO AAT AA OOAA A0 OEA TAET AQEIAETC
AITAEQ £10 ARGECTETC A OATEAAEIEOU AAOAAAOAS 4T AODAAOO TF TOCATEUETC OEA 0000A000A Tk AAOA OEAIT AA
addressed as described in 9.3.2 and 9.3.3.

9.3.2 Logical structure

AEA TICEAAT 0000A000A AATETAO OEA TTCEAAT IETEO ATTTC 0EA TAET AAOA AAOACTOEAO ET OEA AAOAAAOAY 4EE0
model represents an application-oriented view of the database. The example in Figure 5 shows a
EEAOAQAEEAAT 0000A000A x<EOE FAEIO0A ATA TAETOATATAA OAATOAO IETEAA 0T 0EA ANOED TATO OTEO F£TOATOTOUQ
2ART0A0 AACAOEAETC DOAGATOEOA TAETOATATAA §0—q AOA IETEAA 0T OEA ETOATOTOU AAOAOEDOETT ET A TATUZ
OTZITA OAIAGETTS 4EA OA TA ADDIEAC £T0 FAEIO0AON =< EFAE AAAEOETTAIIU EAOA OAIAOAA ATOOAAOEOAZ T AETOATATAA
OAATOAO TETEAA 0T AAAE FAEIOOA OAATOAS %AAE OAATOA JAsCs FAFIO0AQ TAU ATTOEO0 Tr OAOAOAT AGOOEAGOAG JACH
failure date, failure mode, etc.).
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A
Installation/Plant
data
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53
—
C
§ ]
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w Equipment
data
Y
A
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% maintenance no. 2
©
= Preventive ] Failure no. "n"
o maintenance _Corrective
I no. "n" maintenance no. 1
Corrective
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Corrective
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Figure 5 — Logical data structure (example)

9.3.3 Database architecture

4560 AMTETAO 0EA AAGECT T2 0EA ARDARAOA A0 OT £ OEA ETACOEAOAT AADA AIATATO0 AOA IETENA ATA ARAGACOR
4’I§A{E.II\I,I,><AE‘I,§}EIOO I TAAI AAOACTOEAO AOA AT T TTTIU AGAEIAAIAN OATEAA £OT T TT<A00 0T EECEAQO AT T DIAGEIU
ATA OAOOAJEIEOU(

SAOA NEATAQ =< EOEET OAATOAC AOA OATAOAA AU A 0FA TEIU 00AAG OATAOETTOEEDS %AAE
level represents a particular attribute of data.

Hierarchical model:

Network model:

Relational model:

AEE0 £0 OF WEIAQ 0T OEA EEAOAOAEEAAT T TAAIN ET<AOAG AARE AO0OEAGOA AAT EACA
more than one parent.

The modelis constructed from tables of data elements, which are called relations.
. T AAAAOO DAOE £0 AANETAA AMFTOAEATAN ATl 0UPAO TF TATEDOIAGETT T4 OEA AAAET

0AAQIA0 £T0 T AOA DTOOEAIAS 4EA TAETOR0U Tk AAOAAAOA ARGECTO O0A OEEO ATTAADG:

JRRRO TTAAY  4EA OE0xAOA £O ATTOEAROAA AO A ATIIAAGEIT T8 1
while the interface is the visible part that provides the link address between
OEA TAEAAQOS ZACAAD T TAMIIETC ATAAIAQ OEA AADARAGA ARCECT 0T AA OAOU TIAGEAIA
AGOATAAAIAY OAOOAAIA ATA AAOU 0T TAETOAETY 4E£0 TTAAI 0AATO 01 AA DTDOIAC
in new database concepts.
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9.4 Equipment data

AEA AAOOENEAAOETT TE ANOED TATO ETOT OAAETEAAT TDAOAOETTAI ATA ATOEOTT TATOAT DAOA TA0AQO £0 OEA AAGE
10 OEA ATTIAROETT TF 2— AAOAS 4EE0 ETETO TAOETT £0 AIOT TAAAOOAOU 0T AAOAO TETA =<EAOEAC 0EA AAOA AOA
suitable or valid for various applications. Some data are common to all equipment classes and other
AAOA AOA ODAAENEA 0T A DAOOEACTAO ANOED TATO ATACCS

41 ATOOOA 0EA0 OEA TAEAROEOAD TF OEEO )TOAOTAOETTAI 30ATAAOA AOA TAG A TETENOT Tk AAOA OEAIT AA
ATNAROARs 4EAOA AAOA AOA EAATOEEAA AU AT AOOAOEOE je ET Tables 5, 6 and 8. However, the addition of
AAOOAET TOEAO AAOA AAOACTOEAO AAT OECTENEAATOIU E WDOTOA OEA DTOATOFAI OOAARIEOU Tk OEA 2— AAOA jOAA
Annex D). In all cases, the minimum data collected on equipment level should allow a data exchange
between the equipment owner (user) and the manufacturer. The minimum data shall encompass all
AAOA OANOEOAA 0T EAATOEED OEA ANOED TATO DEUOEAAT TTAAGETT A0 ATU CEOAT PTETO ET OF TA) OEA WAET AAGECT
AOOOEAQOA EARTOENEAD OOAA AU ATOE PAOOEAD jAscs TATORAAO0A00 DACOD TO TAAOG TATORAA0OOAD ATA OTENOA
EAATOENEAO T AAAE ODAAENEA ANOED TATO E0A T JOUDEAATIU TATORAROO0A0I OAOEAT TO TAAGG

Equipment data consists of two parts:

F ANOED TATO AAGAATT WTT 0T All ANGED WATO ATAGOAC

E ANOED TATO ODAAENEAY

Table 5 ATTOAETO OEA AAGA ATT TTT 0T All ANOtD TATO AIAOOAGH )T AAAROEITH OT TA AAOA 0EAD AOA ODAAETEAR
for each equipment class shall be recorded. Annex A gives examples of such data for some equipment
classes. In the examples in Annex A 0EA BOETCEOU AADA AOA 00CCAQOAAI AOD OEAU AAT OAOU AAATOAETC 0T AMAE
AAOA T0 ADDIEAAGETTS &T0 0T T A ANOED TATO OPAAENEA AAOAR TT>< POETOE0U AAOA AAT AA AEAnEAQI0 0T TAOAETH AGO &
AOAEIAATA AAT AA OAIOAAIA £10 ATATUGEO Tk OEA ODAAENER ANOED TATOS

Table 5 — Equipment data common to all equipment classes

Data Data Taxonom- Business category (examples)
category iclevel 2 Upstream | Midstream |[Downstream Petro-
(E&P) joAteTETcq | chemical
YTAO000U 1 Petroleum | Naturalgas | Petroleum | Petrochem-
ical
"*OOETAO0 AADACTOU je 2 E&P Midstream 2ATETETC Petrochem-
ical
YTOOATIAGETT AAOACTOU 3 0Oil/gas Pipeline 2AnETAOU Petrochem-
production ical
Installation code or name 3 Delta Beta gas line | #EAOIEA OATET- | Delta chem-
#6Q AOU ical
L Usi,/ Owner code or name 4 Smith Ltd. | JohnsenInc. | JPL Corp. ABC ASA
ocation
attributes |Geographiclocation 3 UKCS Europe Mid-west USA UK
OIATOTSTE) AAGACTOU §6Q 4 Oil/gas | Compressor | (UAOTZAOAAE- |  %OEUIATA
platform station er cracker
Plant/Unit code or name 4 Alpha 1 CS3 HH 2 EC1
6
SAROETTT3UO0A T 5 0Oil process-| Compression Reaction Reaction
(see Annex AQ §&( ing 0UOOAT
/DAROAGETT AAOACTOU 5 Remote | Remote con- Manned Manned
control trol
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TATOAIAOO AsCs A TAEATO
conditions, operating
power (see Annex A)

Table 5 (continued)
Data Data Taxonom- Business category (examples)
category iclevel 2 Upstream | Midstream |[Downstream Petro-
(E&P) jAtETETGq | Chemical

Equipment class 6 Pump Compressor Heat ex- Heater
(see Annex AQ §&Q changer
%NOED TATO 4UDA 6 Centrifugal | Centrifugal |Shell and tube Fired
(see Annex AQ §&Q
%NOED TATO EAATOENEAAGETTY 6 P101-A €1001 c-21 H-1
Location (e.g. tag num-
AAQQ je( b
Equipment description 6 Transfer Main com- Reactor  |Charge heater
(nomenclature) pressor AEnIOATO

Equipment |5 TENOA ANGED FATO EAATOETE- 6 12345XL 10101 #9Upco 909090

attributes |cation number b
—ATORAAOO0A00 TATA jo( Johnson 7EAU Smith Anderson
Manufacturer’s model Mark I COy GTI SuperHeat A
designation &
Design data relevant for 6-8 Equipment- | Equipment- | Equipment- | Equipment-
each equipment class and OBAAENEA OBAAENEA OBAAENEA ODAAENEA
subunit/componentas
ADDIEAAAIAN AsCs AADAAEOUR
power, speed, pressure, re-
AOTAATAU: OATAOATO 00ATA-
ard(s) (see also Annex A)
Normal operating state/ 6 Running | Active stand- | Intermittent Running

- |—TAAje( AU
0[1;1?)13;1;111 Initial equipment commis- 6 2003.01.01 | 2003.01.01 | 2003.01.01 | 2003.01.01
use) sioning date

Start date of current ser- 6 2003.02.01 | 2003.02.01 2003.02.01 2003.02.01
OFAA §eq
§gyyeillance time, h (cal- 6 8950 8000 5400 26 300
AOIA0AAQ §&Q
Operational time, h d 6 7 540 675 2375 22870
(measured/calculated)
Number of periodic test 6-8 4 2 2 4
demands during the
surveillance period as
ADDIFAAAIA jeQe
Number of operation- 6-8 4 5 11 3
al demands during the
surveillance period as
ADDIEAAAIA jele
Total wells drilled during 4 42 N.A. N.A. N.A.
0000AETIATAA DAOETA jeQf
Operating parameters as 6 Equipment-| Equipment- | Equipment- | Equipment-
relevant for each equip- OPAAETEA OPAAETEA OPAAETEA OPAAENEA
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Table 5 (continued)

Data Data Taxonom- Business category (examples)
category iclevel 2 Upstream | Midstream |[Downstream Petro-
(E&P) joAlETETcq | chemical
Additional |Additional information in 6 3pAAREUAD | 3DAAEFUAD 3pAARRU AD 3pAAERU AO
information |free text as applicable needed needed needed needed
Source of data, e.g. P & ID, 6 3DAAREUAD | 3DAAEEUAD 3DAARRU AD 3DAARRU AO
dg‘gg sheet, maintenance needed needed needed needed
0UOOAT
a 3AA AANETEOETTO £T Figure 3.
b v ODAAENEA ETAEOEAOAT ANOED TATO OTEO EAO AT 0STENOA ANOED T ATO EARTOETEAAGETT TO T AA0G jOAOEAT TO TAANG

ATA OEEO TAU AA OANOEOAA £10 ATAO TATOETC DTOATORAT AEATCAZIO0 A0 OEA ANOED T ATO 1AOAIs 4EA 0AC TO TAAQ EAATOE-
MEAQ OEA ANOED TATO FOTAOETT ATA £00 DEUOEAAT ITAAOETTS )& OEA ANOED TATO E0 OADIARAA x<E0EN AsCt AT TOAOEAOIAA OTE
the tag number (and part number) remains the same, but the serial number changes. Operator and equipment
00PPIFAO TAU EAOA AERFAOATO 05 TENOA ANOED TATOEAATOENEAAGETT TO TAA0G £10 0A T A OPAAENEA ANOED TATO OTE0S 3AA AIOT
IS0 15926-2:2003, E.3.3 which describes this relationship in more detail.

c —ATORAAOOOAOD AU AA OATAOATO £T0 TT><A0 EEAOAOAEEAAT TAOAION EsAs TAOAT x ATA g8

d %NOED TATO TAU AA 0OAEARD OT AttkAOATO TDAOAOETTAT DEAOACT OOAE AO £T0 AA TDIA £10 ANOED TATO O0AA ET
drilling operations

e See further information on number of demands in C.1.3.

f AEEO ADDIEAO TTIU 0T ACETIETC 0AIAOAA ANOED TATO ATAOOAGH

g Equipment classes, subunits or maintainable items within some equipment classes can have the need to

EAOA AODAOADA ETENO W ADETT TEAIAET OEAANOED I ATO 0DAJENEA AADA§ , AOK g2y €T OEADAGTTY TUET Figure 30T OATIARS
0EA ORAETTTICU CATAOAOETTH 0T AtO0ETCOEOE AAO><AAT TIARD ATA TAx OAAETITICU ET OAIEAAEIEOU AAOA ATTIAAOETT ATA
ATAIUGEOH

60 ETAEAAOAO OEA TETETO T AAOA OEA0 OEATT AA ATTIAROAAS

9.5 Failure data

U OTEENO T AANETEOETT T FAFIOOA ATA A TAOETA Te AIAOOEEUETC £AEI00A0 AOA AOOATOEAT =< EAT £0 E0 TAAAOOAOU 0T
combine data from different sources (plants and operators) in a common RM database.

A common report, as given in Table 6 (see also Table 3), for all equipment classes shall be used for

reporting failure data. For some equipment classes, e.g. subsea equipment, minor adaptations can be
TAAAGOAOUS
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Table 6 — Failure data

Data cate-|Data to be recorded Description

gory

VAATORTERACET &AEI00A OAATOA jeq STENOA FAEIO0A OAATOA EAATOENEAAGETT
%NOED TATO EAATOENEAAGETTY , TAAGETT jo( |E.g. tag number (see Table 5)
&AEIO0A AAOA jeq SAOA Tr FAEIO0A AAOAROETT UAAGT TTTOETAAUQ
&AEIO0A TTAA e 500ATIU A0 ANOED TATOZOTE) TAOAT FIAOAT Q §OAA *icipq a
&AFIOOAE TDAAD TT DIATO OARAOU §ASCH DAO- | Qualitative or quantitative failure consequence categoriza-
sonnel, environment, assets) b tion (see also C.1.10)

Failure impact on plant operations (e.g.| Qualitative or quantitative failure consequence categoriza-
production, drilling, intervention) ®  |tion (see also C.1.10)
&AFIO0AE TDAA) TT ANOED TATOEOTACEIT joQ| Effect on equipment-unit function (level 6): critical, degraded,
or incipient failure ¢

Failure mechanism AEADEUGEAATN AEA TEAAT TO TOEAO DOTAAOOAD < EEAE EAOA TIAA 0T
a failure (see Table B.2)
Failure data |Failure cause d The circumstances during design, manufacture or use which
have led to a failure (see Table B.3)
Subunit failed Name of subunit that failed (see examples in Annex A)
Component/Maintainable item(s) failed [ Name of the failed component/maintainable item(s) (see
Annex A)
Detection method How the failure was detected (see Table B.4)
/PAOAGETC ATTALOETT A0 FAEIOO0A §eQ 20TZAT<Th00A00Z0B! 00T TETCA ET0 00ATAAUA EATA ATIA 00ATA-
AU 0AOOETC
Operational phase at failure e AUDA Tr TDAOAGETT A0 OEA 0F TA T£ FAEI00A
3)3 FAEIO0A T TAA AIAGOENEAAGETT f #IAOOEEU OEA FAEIO0A £T0 OEA OPAAENEA AOATO 50 $$1 351 3]
seeF.2) 8
Remarks Additional information Give more details, if available, on the circumstances leading
to the failure: failure of redundant units, failure cause(s) etc.
a For some equipment categories such as subsea equipment, it is recommended to also record failure modes
on taxonomic levels lower than the equipment-unit level.
b 3AA AgA TDIA TE FAEIOOA ATTOANOATAA AIAQOENEAAGETT ET 4AAIA #i¢
¢ gI0OTTAANGD TATO AAOACTOEAD ATA ADBIERAOSTTO £) AU AA OOKIEREATO O OARTOA AOROEAA] ATA TITZAO(GERA]
FAACOAAAA C ETAEDEATOQ FAEIO0AC TTTUS
d The failure cause and sometimes the failure mechanism are not known when the data are collected, as

GEAU AT T TTTIU OAOS0A A OTT0 AR0OA ATAICED U AR BAGETO T AAS 30AE ATAIUOE0 OEATI AL DAOETO TAA FI0 £AEI00A0 T
EfCE ATTOANOATAAN ELCE OADAEOTAT>T 0t WA ATOO! T0 £AEI00A0 TAAGOOETC GECTENEAATOIU TH0A £0ANOATO OEAT <EA( 0
ATTOEAROAA OTTO TAIS £10 0EE0 ANOED TATO OTEO ATAGO 0> 1000 AAOT006Q

¢ Relevantforsome equipment, e.g. drilling, completion and workover equipment. The code table depends
I'T ANOED TATO AAOACTOUS 4EA TDAOAOETT A OEA OF WA TE EAFIO0A OETOIA AA OPAAENEAAT 00AE AQ AOETIETCh0OEDPETCHAA TATO-
ing, perforating, well killing, etc.

f AEEQ £0 £10 AAOA ATTIAAOETT DOODTOAQ ETOAOTAIIU £10 0EA AT TDATU ATA £10 ADDIEAAGETTO 1T 0EA ODAAENEA ETO0AI-

equipment class on same or different installations.

g The classes, DU (dangerous undetected), DD (dangerous detected), SU (safe undetected), SD (safe detected), are

AANETAA £T )%# ppunyZticrprd 3AA AIOT )3/742 pctywicnpot
jo( FTARAAOAD OEA TETETO T AAOA 0EAQ OEATT AA ATTIAAOAAS

AEA TETETOT AGOA TAARA U TAR) CEA TAEAROZOA0 T 0EE0 YTOMTAGETTA 30ATAAOA AOA EAATOIEAA AU jeq T
Table 68 (I<AOAG 0EA AAAEOETT Tk AAOAET TOEAO AAOA AAOACTOEAO AAT OECTEMEAATOIU £ TDOTOA OEA DTOATOEAI
O0AAEIEOU Tk OEA 2 — AAOA) OAA 1 TTAD i
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9.6 Maintenance data

9.6.1 General

Maintenance is carried out for the following reasons:

2 01 ATOOAA( A FAFIOOA JATOOAAOEOA TAETOATATAAQ OEA FAEIOOA OEATT AA OADTOOAA AQ AROAOEAAA ET wiul)

2 A0 A PIATTAA ATA TIOTAIU DAOETAEA AAGETT 0T DOAOATO FAEIO0A £OTT TAAOOOETC §DOAOATOEOA
maintenance).

A common report for all equipment classes shall be used for reporting maintenance data. The data

required are given in Table 8. For some equipment classes, minor adaptations can be required (e.g.

subsea equipment).

4EA TETERO T AAOA TAAANA GT TAAD 0EA TAGARGEOAO T 0640 YTGAOTAGEYTAI 0ATAAOA AOA EARTGTEAA AU jed (T

Table 8t (I><AOA( 0EA AAAEOETT 5 TOEAO AAOA AAOACTOEAQ AAT OeCTENEAATOIU £ EBOTOA OEA DTOATOEAT OOAAEIEOU

1£0EA 2 — AAOAN OAA 1TTAD ¢

9.6.2 Maintenance categories

There are two basic categories of maintenance:

Aq  OEAQ ATTA 0T ATOOAA) AT £0A T AROAO £0 EAQ FAEIAA JATOOAROEOA TAETOATATAAQ)

AQ 0EA0 ATTA OT BOROAT AT AT 50T T SATC jDOROKTGEOA WACTOTATAAD] DAOD T GEO AAT A 6 TIU GEA
AEAAEO jEIOQAAOElI Oh OAOOQQ 01 O'/-\OE,AE\U Q\E&AI TAEETT ATA DAOFTO TATAA Tk OEA ANOED TATO 0T AAAEAA
x<EAOEAO T0 TT0 ATU DOAOATOEOA TAETOATATAA 0 OANOEOAAS

/% O TATEAGETS (0 TID AMIETAA A0 A TASTOATATAA AAGACTOU A 10 A 0AGE THOAT DAOFTO TAA AU 0EA

TACTOATATAA TOCATEUAOETTS 1 W TAENEAAGETT AAT EAOA AT ETNIOATAA TT 0EA OAIFAAEIEOU ATA DAOKTO TATAA TE AT H0A T4

Figure 6 shows the main maintenance categories in more detail. Table B.5 POAOATO0 OEA WAET OUDAC T#

T AETOATATAA AAGEOROEAO AT T TTIU DAOETO TAAY

I 1: Maintenance categories I

Before failure After failure
I 2a: Preventive maintenance I I 2b: Corrective maintenance
' I !
3a: Condition-based 3b: Predetermined
maintenance maintenance
' : ' : ! v !
4a: 4b: 4c: 4d: 4e: 4f: 4g:
Testing and Condition Periodic Scheduled Scheduled Immediate Deferred
inspection monitoring test replacement service

/4% oA > 00AAROAO TETAA TAETOATATAAN 0AA % . poomeigmpmi x8q) TA 2  OAOETAEA 0A00 §A0 AANETAA ET atytq 0T
AROAAQ DTOATOEAT EEAAAT FAEIOOAOT TA»> )T OEEO )TOAOTAGETTAI 30ATAAOA) OEA 0A0 T 00AEAAQIAA OAOOEAAG £O OOAAN OETAA
E0EO WAATO 0T ATOAO WETTO ATA TAETO IEcAZDOTITTCETC OAOOEAR AROEOEOEAD) TC » $AFAOOAA TAETOATATAA OETOIA AiOT
ETAIOAA DIATTAA AT00AAGEOA TAETOATATAAR! EsRs < EAOA 00TZ0TZEAEIO0A £0 OEA AETOAT FAEIO0A TATACA TATO 000A0ACUS

Figure 6 — Maintenance categorization
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9.6.3 Reporting maintenance data

9.6.3.1 Corrective maintenance

10A TETEROT £10 OAATOAETC OEA OAIEAAEIEOU TF AT EOA TN £0 £0 OANOEOAA OEAD OEA ATOOAAOEOA TAETOATATAA OT
correct a failure shall be recorded.

TTAIUOETC FAEIO0A AAOA OANOEOAD ACOATOETT EF OEAOA AOA TATU OADAOFOEOA FAEIO0AOD TT OA A ANOED TATO T0
AOFOEAAT EAEIO0AO TT DOTAOAOETT AOEOFAAT ANOED TATOS 4EE0 AAT ETAIOAA DAOETO TETC A 0TT0 AAGOA ATAIUOEON
AAOAA TT OEA OTAAQIUETC FAFIOOA AEAOAAOAOEOOEAD §EAEIOOA W TAAN FAZIOOA AAGOA ATA FAEIOOA TAAEATEO H(8
) TPOTOATATO0 TAU AA OANOEOAA 0T DOAOATO OAAOOOATAAN AGOATA OAOOEAA TEFA TO E TDOTOA AAFIEOU 0T AAOAAD
the failures earlier.

9.6.3.2 Preventive maintenance

)0 E0OREN T TATARA 0640 06A OATOAETG e 0EA AROOA] DORORTIXOA WAETCATATAA 30— AL ATTA AOOKTOEATID T
OEA OATA =<AU AO F10 ATOOAAOEOA AAOETTO8 4EE0 AAT QEOAOE/:\%EI ITT<ETC AAAEOET TATENENO RACEN I

2 FOIIERAOE WA OOTOU T/ AT EOA T JATI FAEIO0A0 ATA TAFTOATATAAQ)

2 0T0AI 0AOTOOAAO OOAA TT TAETOATATAA § T ATZETOO00N 0PAOA DAOOOQ)

? OIITO% ;\;(T OE WA ATAY EATAAR 0TOAT ANOED TATO ACARIAARIEOU ATOE OAAETEAAT ATA TPAOAGETTAIN OAA

— balance between preventive and corrective maintenance.

2AATOAETC 0— AAGETTO £0 OOAROT TWAETIU FT0 0EA TAFTOATATAA ATCETAA AOO £O AIOT O0AROI1 £T0 OEA OAIEAALIEOU
ATCETAAO ><ATOETC 01 OAATOA 1O AGOE TAOA OEA ACAEIAAEIEOU T ANOED TATOS ¥ TEFAGE A ATAIUOEO 0AEAQ ETOT
AMTOTO T10 TTIU £AEIO0A0 ACO AIOT TAETOATATAA AAGETTO ETOATAAA 0T OAOOTOA OEA EOAT 0T 0AOZCTTAZACL
TAx0 ATTAROETTs 0—0 AOA TEOAT DAOFTO TAATT A EECEAC ETAATOO0A TAOAT §AsCs ODAAEACAG TAOAIQ) EATAA OEAOA
TECEO T10 AA ATU AAOA AOAEIAAIA OEAQ AAT AA OATAOAA 0T OEA EOA WO TT 0EA T1><A0 ETAATOO0A 1A0AT §00A0TEN
T AETOAETAAIA EOA W8 )0 £0 TAAAOOAOU O ATTOEAAO OEEO OAOOOFAGETT < EAT AANETETCh OADTOOETC ATA ATAIUGETC
PM data.

During the execution of PM actions, impending failures can be discovered and corrected as part of the
0— AAOEOEOEACS )T OEZ0 AAOAN OEA FAEIO0A§0q OEATT AA OAATOAAA AQ ATU TOEAO FAEIO0A x<EOE OEA 0OAOANOATO
ATOOAAGEOA AROETT ATTAR AOAT OETOCE £0 ETEOFAITU < A0 ATTOEAAOAA 0T AA A 0—Z20UPA AAGEOEOU 4EA FAEIO0AZ
AROAROETT TAOETA OEATINET 0EE0 AAOAN AR ATTOEAROAA AQ OEA 0UDA TE 0— AAETC ATTA )0 E0h ET><AOAG OAATEUAA
0EA0 OT A £AEIOOACH CATAOAIIU T WETTO AEAOAAOAGH AAT AA ATOOAAOAA AQ DAOO Tk 0EA 0— ATA TT0 OAATOAAA
ETAFOEAOATIUS 4EA DOAROEAR TT OEE0 AAT OAOU ATTTC AT TDATEAO ATA OETOIA AR AAAOAOOAA AU OEA AAOA
ATIIAAGTO§0q ET TOAAD 0T OAGAAI OEA DTOOEAIA OUDA ATA ATTOTO Tk FAEIO0A0 AAETC ETAIOAAA x<EOEET OEA 0—
program.

9.6.3.3 Preventive maintenance programme

1 TETAL TBOEIT £ OF OAKTOA OEA DIATTAA 0— BOTCOAT WA A0 <Al: )T 0E£0 AAOA £ £0 DTOOLAIA OF ARAROETTAIIL
OARTOA 0EA AtttAOATAAO AA0><AAT OEA DIATTAA 0— ATA OEA 0— AROOAIIU DAOETO TAA JAAAETICGS ¥ TETAOAACET
AARETTC ETAEAAOAQ OEAQ ATTOOTT Tt OEA ATTAEOEITO Tt OEA DIATO EO AAETC EATDAOACUAA ATA AATI ET AAOAQD
AEOAO T O0ATAAOC TAAA 01 ANOEDI/-\IOAAIAQAhDIIIOOEII 10 DAOOTTTAI ETEO0US %O00AAIECEEIC 0EA TAFTOATATAA
concept (for the purpose of PM programme during pre-operation) for various equipment categories and
AOOTAEAOAA ANOED TATO ATAOOAO OETOIA AATANED £0T T OEA OO0A Tk 0EEO ) TOAOTAOETTAI 30ATAAOAS
HTTAROETTZAAOAA TAFTOATATAA j#'*—(Q £0 E TDTOOATO £10 0T TA 0UPA Tk ANOED TATO AAOACTOU] AsCs OTOAOETCS
Consideration of condition monitoring for predictive maintenance purposes should also utilise the
FAEIOOA ATA TACTOATATAA AAOA OATIAAOAA ET 0EE0 ) TOAOTAQETTAI 30ATAAOAS 4EA AOAEIAALIEQU TE OEA ATTALOETTAI
B TIEONOENC OUOOA T ET £00ATE ATA TRDAOAOETTAT DOTAAADOAO AOA AIOT ETDTO0ATO 01 CAEl AATANEO Tk #—3
Table 7 0ET>0 400 T WAQU T AAGA O A RITIAOAA ATA DTOOEAIA AAARA OAIOA £10 ACEEAOATO ARDA AAGACTOEA:
TTTAG S ATTOAETO A TT0A AAOAEIAA 0000AU Tk AAOA OANOEOA TATOO0 £10 OAOETOO ADDIFAAJET T8
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Table 7 — Usefulness of maintenance data

Data to be collected Priority with regard |Examples
to data collection
Corrective maintenance Required (see . Repair time (MTTRes or MRT)
Table 8) . .
. Amount of corrective maintenance
4 2APIARA TATOTOADAEO 000A0AGU
Actual preventive main- Optional t &OT1 TERAGE TA 00TOU 15 OEA ANOED TATO
tenance .
. Total resources used on maintenance
. Total down time
. Effect of PM on failure rate
. Balance between corrective and preventive maintenance
Planned preventive main- Optional . Difference between real and planned PM (backlog)
tenance (maintenance . .
rogramme) . Updating programme based on experiences (methods,
p resources, intervals)
Table 8 — Maintenance data
Data catego-|Data to be recorded Description a
ry
—AETOATATAA 0AATOA jeq STENOA TAETOATATAA EAATOENEAAGETT
VAATOMERACENT %NOED TATO EAATOENEAAGETTTTTAACETT §e( |e.g. tag number (see Table 5)
&AEIO0A 0AATOA §eq #T00AODTTAETC FAEIO0A EAATOENEAAOETT OAATOA §TT0 OAIAOATO
for preventive maintenance)
SAA TF TAETOATATAA jeq Date when maintenance action was undertaken or planned
(start date)
—AETOATATAA AAGACTOU §eq —AET AAGACTOU JATOOAROEOA DOAOATOR0AG
—AETOATATAA POETOEOU (ECEN TAAEO T 10 11> POETOE0U
Interval (planned) Calendar or operating interval (not relevant for corrective
maintenance)
Maintenance | —AETOATATAA ARGEOROU SAOROEDOETT T T AETOATATAA AROEOEOUI AR Annex B, Table B.5
data Maintenance impact on plant operations | Zero, partial or total
Subunit maintained Name of subunit maintained (see Annex A) b
FTAUAATTEOAA £OT T DOAOATOOA TAETOATATAAG
Component/maintainable item(s)|3DAAEEU OEA AT TDTTATOT TACTOALTAAIA EOAT §00 0EAD > A0A
maintained maintained (see Annex A(§ FAUAAT TE0OAA £0T T DOAOATOEOA
maintenance).
Spare part location YOAETAAEIEOU Tk OPAOAO JACS ITAAITAEOOATON TATORAROO0ACY
Maintenance man-hours, per discipline ¢| Maintenance man-hours per discipline (mechanical, elec-
Maintenance trical, instrument, others)
resources Maintenance man-hours, total Total maintenance man-hours
Maintenance equipment resources ¢ |e.g. intervention vessel, crane
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Table 8 (continued)

Data catego-|Data to be recorded
ry

Description 2

Active maintenance time d jg(

Time duration for active maintenance work being done on
0EA ANOED TATO jOAA AIOT AANETEOETTO ET Table 4)

Maintenance|Down time d jg

Time duration during which an item is in a down state (see

sons for long down times.

times also Table 4 and Figure 4)
—AETOATATAA AATAUGTDOTAIAT O qullc,)\nggdf__ic_)yvln time causes, e.g. lggi§pics, weather, scaf-

FITAETCAIAAE TF ODAOAGN AATAU TE 0ADAFQ AOAx

Remarks Additional information Give more details, if available, on the maintenance action
and resources used

a Records to be entered for both corrective and preventive maintenance, except where shown.

b &T0 ATOOAAOEOA WAETOATATAAN OEA 0OAOTE) TAETOAETAA E0 TTO WATIU EAATOEAAT 0T OEA TTA OPAAENEAA TT 0EA

failure event report (see Table 6).

c &10 00A0AA ANOED TATON OEA FTTTT<ETC ADDIU(

2 OUPATE TAET 0AOTO0AAj01 ATA TO TAAQ T AAUO O0AAN Ascs AOETTETC OFCh AFOETC OAGOATN OAOOEAA OAOOAI]

2 0UPATEOOPDIA TATOAOU 0AOTO0AAjO] ATA TO TAAQ T ETO00 O0AAN AsCs ALOAOCE 2/672/ 41 DIAGFTO T DAOOTT TAIS
d AR ETENO FAOETT £0 AAGEOAAIA £10 21 — ATA 24— ATAIUOAOS )0 £0 AGOOATOIU ETEOANOATOIU OAATOAAA ET OEA
TACTOATATAAZ TATACA TATO 0U00A T 08 )0 £0 TAAAGOAOU 0T £ TDOTOA OEA OADTOOETC TE OEEQ ETATO WAGETT 0T AADOOOA OAA-

#6Q ETAEAAOAO OEA TETETO T AADA 0EAQ OEATT AA ATTTAROAAS
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Annex A
(informative)

Equipment-class attributes

A.1 Advisory notes

A.1.1 General

Annex A BUTOEAAO ADA TDIAQ I'T ET> QUBEAAT ANOED T ATO 00AAET OEADACOTIAC T DAIOTAEA TEAAT ATA TAOOOAI
CAO ETAOO00EAO AAT AA AADACTOEUAA AQ 0T OEAEC OAGTTT T U ATOTAAOU AANETEOETTH ATA ETOATOTOU AAOAS 4EACA
data are informative for each equipment unit. Normative data, e.g. failure modes, for the equipment
examples are shown in Annex B.

AROED TATD AIAOOAO jAic ATTOOTI ATA TTTEGTOEIG) IOAOSAAIEYT OUGOA T: ATTIETC 0UGOA TC: 4EA OAGOI 0EAD 0
OEA OTOA TO T ARD ¢ CAAIA0 OANGEOAA 0 AROROEAA OEA ACEEAOATO AADA AAGACTOEAD ATA AATETEGEYTO £0 OAAOAA
ATA] A0 0EA OATA O T AT OEAOA AOA EAxA0 OAEITOL T AAA ANTETEGEYTO ATA ATARD £10 AAAE ETAROEAOAI AROED TATD
OTe0s 4EA 00RO OETOIAN 0EAOARTOAN ADPIU OETOA AADACTOEAO ATA ATAAC 0EA0 AOA APDIEAAAIA 0T 0EA ANOED TATO
for which data are being collected. Equipment having a unique design can require a more tailor-made
categorization instead of that shown in these examples.

)T 0EA 0AAIAQ 0EAO AAOAOEAA OEA OANOED TATOZOTE) OOAAEOEOETTO £10 OEA ANOED TATON £0 £0 OAAT T TATAAA 0T
also include the following:

Aq  0—AFTOAETAAIA EOATOTOA0000 TT AT AOZTAAARA AACEGH A 0T ETAIOAA ET0000 TATOAGETTY

A OSTETT>T0 AAOACTOUR EE OORNEAEATO ETFTO WAOETT £O T10 AOAEIAAIAS

4EA DOFT0E) AIAOOAD CEOAT €T 0640 ATTAD AOA ECEN EAARD T ATA 1> 7 EAT ETOAOBOAGETC T0 AQGAOGETC
OEA OAIOA T 0EAOA AIAGOAGH 0EAU AAT AA ANOAOAA 0T AT TDOIOTOU FEECEQ EECEIU AACEOAAIA § TAAED TQ ATA
desirable (low).

A.1.2 Boundary definitions

4EADOOBNOA TEOEARTOTAAOU ARIETEIYTE0 O ATODOAAAT T TIT OTAKOGOATAETC WE0EACOOAOTEOTAT TOTTATIG

ATA O TAETOAETARIA 0A 1 7DAO0O ETAIOAAA x SEET OEA ATOTAAQU Tt A PAOGEAOIAD AROED TATO OTEO ATA! EATAK

=< EfAE FAEIOOA ATA TAETOATATAA AOATOO0 0T OAATOAS &T0 AANETEOETT Tk OEA ATOTAAOLAGH OEA FITIT=ETC 00IAD

are recommended.

AQ ST TT0 ETAIOAA E0ATO Te OTENOA AAGECT 10 ATTNECOOAGETTZAADATAATO E0A W08 ) TAIOAA TTIU OETOA E0AT O
that are considered to be generic for the equipment class being considered in order to compare
OIEEA <EOE IEEAKD

Q. s4gAI0AA RITTAIGAA 9AT0 £01 T GEA AROD TATIZAIAGO ATOTAAOL; OTIAGD OBAAETEAAIID ETAIOAAA AU OEA
ATOTAAQU ODARCTEAACETT: SAEIOOAO OEAD TARCO £1 A ATTTARGENT JAICI IAAED) ATA 0EAD AATTIO AA OTIAIL
OAIAOAA 0T 0EA ATTTAAOAA EOA W1 OETOIA AA ETAIOAAA < EOEET OEA ATOTAAOU AANETEOETTY

. )E A AGOAO ATA OEA AGROKT OTE) 00 A AT T T G0AOTEG Jics IOAORAGETT 0UGGA TGj OAIAGA £AEI00A ATA
T ACTOATATAA AOATO0 TT 0EEO 0OAOTEN AO A CATAOAT 001AN 0T 0EA AOEOAT OTEN

AQ TAIORA ET0000 TATOAGETT TTI xEAOA & EAO A ODAAEIEA ATTOON ATAYY0 THTHONOCTG OTAGHIT 0
OEA ANOED TATO OTE0 £T NOAOOETT ATATTO £0 ITAAIIU TTOTOAA TT OEA ANOED TATO OTE0s #1T00T1 ATA
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00PAOOEOTOU ET0000 TATOAGENT T¢ T10A CATAOAI OOA §AsCt 3# 1 $1Z0U00A T 0 OETOIA T10i AO A 001A) AA
FTAIOAAA
Aq  00TDAO O0A Tk 0Q)$ <EAT AARETETC £0A K0 < EOEET 0EA ANOED TATO AIAGO ATOTAAOW
T ticic OT ticion AATDIAO TE ATOTAAOU ACACOATO £T0 AEEEAOATO ANOED EATO AIAGOAO AOA BOROATOAA:
4E£0 1E0D £0 TH0 ADEAGO0OA £10 OEA ARG FATO AADACTOEAO ATOAOAA AU OE£0 ) TOAOTAGEYTAI SOATAAOAI AGD
ETAIOAAO AGATDIAO TT ETx 0AGTTT TEAO TAU AA AARETAA £10 OUBEAAT ANOED TATO FTOTA ET OEA DACOTIAO T
petrochemical and natural gas industries.

A.1.3 Common equipment data

This International Standard recommends some common equipment data that should be collected for all
equipment classes as shown in Table 5.

Note that some data in Table 5 €0 TTIU OAItA £T0 AAOOAET ANOED T ATO AAGACTOEAG: 4EE0 ADDIEAQ £10 AGA TDIA £T0
OEA ETFTO TAOETT NEATAGH 0 . O TAAO T& DAOETAEA 0A00 AA TATAO AOOETC 0EA 0000ALTIATAA DAOETA A0 ADPIEAAAIAG
ATA 0.0 TAAO TF TDAOAGETTAI AATATAO AGOETC OEA 0000AEIATAA DAOETA Ad APPIEAAAIAG 4EA OOA Tk 00AE
AAOA £10 OAIEAAEIEOU ATAIUGEO EO £O00EAO AAAOAGOAA ET #tpiat

VAAEOETTATIU OT TA ANOED TATOZOPAAENEA AAOA £T0 ANOED TATO AIAOOAO AOA DOAOATOAA ET OEE0 ATTAg: 4EACA
data have been found to be useful when comparing performance, or benchmarking, of equipment.

30AE ARGECT FAAOO0AC OPAAENEA £T0 AAAE ANOED TATO ATAGO OETOIA AA ATTOFAROAA AADATAETC TT ET>< FAQ AT<T
in equipment categorization the data collector wants, or is required, to go. Collection of data is a trade-
off between the cost of obtaining it, which often can be high, and the value of the data in relation to the
ODAAENEA OANOEOA TATO0 0T AANETA AAAE ANOED TATO AIAGO £10 0EA ETOATAAA ATAIUOAGs 4EA ARAAOOEAEIEOU Tk OEA
datain the source(s) also sets a limit on the data that can be collected. An indication of the importance of
AARE AAOA OUDA £O ETAFAAOAAS 4EEQ E TDTOOATAA OATEETC AAT AEREAO A TTTC AcssA0ATO OOA00 ATA ADDIEAAGETTOS

A.1.4 Equipment classification and application

Tables A.1 to A4 POTOEAA A TACETATITCU £T0 COTOPETC AERFAOATO ANOED TATO AgATPIAO ATA OEALO
ADDIEAAGETT A0 ATOAOAA AU 0EEO )TOAOTAOETTAI 30ATAAOAS 4EAOA 16000 AOA T10 TAATO 0T AA AgEAOOGOEOA ADD
AOA ETOATAAA 0T OET> 0EA TAET 0UDAO T& ANOED TATO AIAGOAD ATA OUGOAT O ATA ETx 0EAU AAT AA COTOPAA
ET AADACTOEACS ¥ TU ApDIEAA AAGACTOEUAGETT OETOIA AA ADDOTDOEAOA £10 0EA ETOATAAA OOA ATA POODTOA ¢ OEA
data being collected (see 7.1.2). Tables A.1 to A.4 show a categorization related to the taxonomic levels
shown in Figure 3.

— Table A.1 shows a recommendation for grouping equipment on installation level (level 3 in the
OAGTTT TEA EEAOAOAEUQ

— Table A.2 OET><0 A OAAT T TATAAGETT £10 ET>x ANOED TATO AAT AR AIAOOENEAA TT DIATOTOTE) TAOAT HIAOAT T
as shown in Table 5.

—“Table A3 0ETx0 A 100 T2 OAIAOAT) ORKOETTOTOUGEA T IAOAI g xE0EET GEA DAGGTIAO T TAOOOAI A0 ATA
DAOOTAEA T EAAI ETAO00EA0 EAOA ANOED WATD A0 ATOADAA AU OE£0 YTOAOTAGETTAI S0ATAROA AT AA OOAY
4EA OUOOATO <EAOA OEA ANOED T AIQ 0 ADE)IEAA OET0IA AA_Q\AAIOAAA AO TTA DAOA TAOAO £T OEA CATAOAI
equipment data shown in Table 5 JAAVACTOU 0S0AT , TAAOETToCs

— “Table A4 1000 GUBEAA ABATBIAO T ATOITAT) OTi00 00AA ET 0EA DAIOTIAC Ti TAGOOAI GAO ATA
PA_O_QIAEA EAAT ETAO000U AO ATOAOAA AU OEEO ) TOAOTAOETTAI 30ATAAOA §IAOAT @t Table A.4 also indicates
the associated failure modes for the same equipment examples. Some equipment related references
(e.g. ISO and IEC standards) are also listed for selected equipment classes.

T OEA ATAGETERAGENT OET><T €T Tables A1 to A.31 0EA 040 10 00POOOAA T3 0 TEAGDOAA Tio OAT> TOG0AA T6 ATA

0DAOOTAEA TEAAIG AOA OOAAS &T0 AANETEOETTO T OEAOA 0AO T 00 OAA #1AC0A ot
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The equipment categories in Table A.4 have various functions, and is mean to categorize the prioritized
equipment classes covered in this standard, e.g. principal operations like rotating, mechanical, and
AIAAOOEAAIN =< EAOAAC TOEAOO AOA DOTAACO APPIEAAGETT COTOPO AsCs AOETIETCH OOAOAA BOTAOAGETTH ATA OOEIEOEACS
WA 0EA) )3/ pormyicripg A0 A RAOOIERACETT OUGOA T OOAA £¥0 00ATAAOR AT00 ATAETCH <EAOA OBUGSHA
"OAAEAT>T 3000A000A §0'*30 ATA #IAA 1 E‘ZAOIOOAAO §#/20 AIOT AAAOAGO OUOOA T 0 TEOOAA ET Table A.3 and

equipment listed in Table A.4) 0OAODAAJEOAIUS

Upstream Midstream Downstream Petrochemical

|
Salvsgus } Gas terminal I-‘-—

——I Gas conversion |

—=| Energy plant

Rich gas Processing plant
Wellstream | Upstream ch g e (LNG, Liauid Saiesgas ING
process Crudeoil exiraction, =z
Gas dewpointing) NGL etrochemical
plant
Condensate/Crude Oil
EHOf A !
Bitumeni "
JI Heavy oil upgrader I—Sw
DilbitSynbit
| Reservair | Crude oil [ — L
{ Crude oil terminal I——l Qil Refinery |

Gener| funcHonosks I Process support and utility systems |

I Storage and transportation (including boosting in transportation network) |

Figure A.1 — Process technology function blocks in the oil and gas value chain — Level 3

Table A.1 — Installation category — Level 3

Business category

Upstream Midstream Downstream Petrochemical
(E&P)
/EITCAO BOTAOCAGETT FAAEIEOU |, ENOANEAA TAOOOAT CAD 2ANETAOU Petrochemical complex
(offshore/ onshore) (LNG) Gas conversion Terminal
¢ FAREEAN SRR B VU NS
3 _‘ $ A%EAAE,IEO}Jl Aj\l |0E|0Aq ( ]EJI\PI)%A)HEAA PAOOTIAO T CAO W TAOCU DIATO Pipeline
SOEIETC FAAEIEOU jTREOETOAT .
. Pipeline
onshore) Gas processing
Maritime vessel Terminal Terminal
Terminal Storage Biofuels
Pipeline Shipping
Floating LNG (FLNG) Pipeline

_T0A pi 3EEPDETC 0 AANETAA A0 ATU TAATO T 00ATODTOOAOETT JOAAR OAET OTAAQ

Note 2: Gas conversion includes Gas to Liquids (GTL).

_TO0A of #1 TAETAA EAA0 ATA BT A0 j# (0 £0 DAOO TE %TAOCU DIATOS

- TOA T4 SOETIETC FAREIEOU ATOIA AA 0ADAOAOA TO ETOACOAOAA AO DAQD TE TOEAO TTOETOATTAROETOA ETO0ATIAOET TS
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Table A.2 — Plant/Unit level classification — Level 4

Business category

Upstream Midstream Downstream Petrochemical
(E&P)
Drilling NGL extraction Downstream-Process Methanol
Mobile offshore drilling ~ |NGL fractionation Gas To Liquid (GTL) %OEUIATA
unit (MODU) Pipeline compressor Combined Heat & Power | TAAOEA TAEA OTIUAOEUIATA
Onshore drilling rig station (CHP) OTIUBOTOUIATA
Offshore Pipeline pump station Biofuel OTIUOETUIAETTOEAA
Offshore platform Utilities Refinery - Process I
TTARET Crude Distillation Unit Utilities
Floating production stor- |/HITAAEIC

ACA ATA TENITAAETC §803/(
Floating drilling, produc-
OETT OOTOACA ATA TANITAA-
ing (FDPSO)

Floating storage unit (FSU)
Compliant tower

Tension leg platform (TLP)
Offshore loading

Subsea production
Maritime

Subsea intervention and
support vessel (SISV)

Installation vessel
Onshore

Onshore production plant
- conventional wells

Onshore production plant
- nonconventional wells

SAIAUAA #TEETC 5TE0
CUAOTOOAAGETC 5TED
&IOEA #AOATUOEA #OAREETC
Unit

301£00Z0AATOAOU OTED
CUAOTCAT CATAOAGETT
4AE " A0 2ARTOAOU 5TED
General

Utilities

Offsite and support facil-
ities

Offsite and support
facilities
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Table A.3 — System/Section classification — Level 5

Business category

0FOA0 ATANITXIETA §3528&( d

S25. Subsea workover

S26. Subsea processing
S27. Subsea processing
utilities

Upstream Midstream Downstream Petrochemical
(E&P)
Process — General Process — General Crude Distillation Process — General
S1. Oil process/ treatment | S28. Oil process/ treatment | S40. Preheating train 3ux CUAOTCAT 00AAT
formi
S2. Gas process/ treatment | S29. Gas process/ treatment | S41. Desalting reforming
P S58. I izati
30t 7 A0RO ETEAROETT S30. Oil/condensate export |S42. Atmospheric somerization
. S59. Phenol extraction
S4. Oil/condensate export |S31. Gas export S43. Vacuum
3om 011U TAOEUAGETT OTED
S5. Gas export Midstream utilities Hydrotreating M
Se61. Solventd halti
S6. Storage S32. Fuel gas S44. Feed olventdeasphiatting
. . S62. Solvent dewaxing
Upstream utilities 2 S33. Waste water treatment | S45. Reaction
N VU N S63. Solvent extracti
3y 76U x<A0R0 00AO TATO | LNG process 3tgs  2ARUAIETC olvent extraction
S64. St ki
S8. Closed drains S34. Gas treatment S47. Stripping eam cracking
) ) N S65. Steam-methane
S9. Methanol S35. Liquefaction 3Tyt S$OUEIC reforming
S10. Fuel gas S36. Fractionation Fluid Catalytic Cracking S66. Sweetening
S11. Fresh water S37. Refrigeration S49. Feed
Offshore systems S38. LNG storage and load- |S50. Conversion
S12. Ballast water e S51. Gas compression
LNG utilities P
$13.  Seawater " 3uct A0 OARTOROU
. X S39. Refrigerant storage .
S14. Position keeping S53. Debutanizer
S15. Ice management Downstream utilities
Drilling and well S54. Fuel gas
S16. Drilling facilities S55. SNOX
S17. Drilling process S56. Waste water treatment
S18. Drilling well control
S19. Drilling control and
monitoring
S20. Riser and well topside
S21.  Well production/in-
EAAGETT ¢
S22. Well completion
S23. Well workover
Subsea
S24., Subsea, umbilical,
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Table A.3 (continued)

Business category

Upstream Midstream Downstream Petrochemical

(E&P)

Safety and control systems (applicable for all business categories)

30x % T AOCATAU AADOAOOOOEUAGETT §%$00 1T <AT=T( jAK )3/742 pgrywicnpat 4AAIA 14ph BUGOAT o
3oys % TAOCATAU OEQOAT < T §%3%$( jAK )3/T42 pctunicrpal 4AAIA 14ph 3UG0AT pQ
3wt 00TAAOO OEQOATT j03$( jAK )3/742 pcrywicrpan 4AAIA 14ph 3U00AT ¢

3xm &EOA ATA GAO AROAROETT jAR )3/742 pctywicmpoh 4AAIA 14p) 3UG0AT ¢Q

3xpb &EOA < AORQ §AR )3/T42 pgTunicTipaoh 4AAIA 1iph 3UCOAT XQ

3xct &EOAZNECEOETC A )3/T42 pcTywicmpoh 4AAIA 1iph 3UGOA T yQ

3xat &IAOA AR )3/742 pcTynicnpoh 4AAIA 1iph 3UCOAT ¢nq

3xTh 00TAAOO ATTOOTT §AR)3/T42 pcTuwwicnpoh 4AAIA 14ph 3UCOAT wq

3xus % TAOCATAU AT T TOTERAOETT e §AR)3/742 pcrynignpat 4AAIA 1iph 3UCGAT pp
3x0t 9%OAROAGETT OUOOA T A% )3/742 pctuwignpot 4AAIA 1iph 3UGOAT pcq

S77. Inert gas (includes cargo tank and blanket)

S78. Open drains

Utilities (applicable for all business categories)

S79. Steam

S80. Main power b

3ypt % TAOCATAU DT><A0 b jAR )3/T42 pctynicmpoh 4AAIA 1iph 3000AT pyq

S82. Essential power b
S83. Instrument air
3yt 50EIE0U AEO

S85. Cooling

S86. Heating

S87. Nitrogen

3yys #EATEAAT ETEAROETT §AR)3/742 pgruwicmpoh 4AAIA 1iph 3UCOAT pnq
Yk , TAAETC jAR )3/742 pctywicnpoh 4AAIA 1401 3U00AT puq

S90. Helicopter refuelling
S91. Electrical power protection
S92. Fiscal metering

Auxiliaries f (applicable for all business categories)

S93. Telecommunications € jAk )3/742 pgtyoicnpoh 4AAIA 1iph 3UO0AT pw(
30Tt (614# §A8)3/T42 pctywicnpol 4AAIA 1iph 3UGOAT ¢pq

3008 SEOATTTAAOENT §AB)3/T42 pctywicmpal 4AAIA 14pi 3UGOAT poq

3w —AOAOEATO EATAIETC §AR )3/742 pgtynigrpoh 4AAIA 1ipf 3U00AT ¢cQ

RO 3A000ACETT AEOETC jAR )3/T42 pctunicmpat 4AAIA 14ph 3U00AT opq

a ~ AEAOA OAAGEVTOTOU00A WO AAT AIOT AA ADDIEAAAIA £10 AT<TO00AA T ATA PACOTAEA TEAAT OTIAOO AANETAA OPAAENEAATIU £10 OEAOA
categories.

b Includes both power generation and distribution.

c 7 Al DOTAOAOETTT ETEAROETT ETAIOAAQ 0EA 000£AAA < ATTEAAA ATA 87 T A0 00AA¢

d 352& FTAIOAAG 303 J0OAOAA DOTAOAGETT OUOOA T Qs

e 2ACAOAETC OAIAAT T TOTERACETTO] 0E20 ATOIA AR 0OAAEOFAAA T AGOATAAA < EOE OEA £TITT<ETG OUOOA T 0 3AAO0EOUA #1 T T OTEAAGEITY
Navigation aids, Collision avoidance and Metocean data gathering.

f 2ACAOAETC OEA AfeeROATAA AR0><AAT AOEIEAOEAO ATA OOEIEOEAC: 1 O@EIEAOEAD AOA DOTOEAETC 00PBIA TATOAOU TO AAAEOETTAT EAID ATA

1C
00DDT008 4E£0 £0 A AbecAOATAA £OT T S0£IE0EAQ < EEAE AOA ETOATAAA 0T DOTOEAA OAOOEAA 0T TOI0tpIA ANOED TATO < EA0AAC AOEIEAOU ANGED TATO
OATAO 0T £TAGO TT 00PDT00 0T A OETCIA 0UO0A Th AsCs AT AO@EIEAOU £OAT OATE £T0 AT ATCETAY
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Table A.4 — Equipment class — Level 6

Equipment|Equipment class — Level 6 Equipment Example References
category class code included

in Annex A
Rotating Blowers and fans & BL No API/Std 673
(A.2.2) API/Std 560

Centrifuges CF No
Combustion engines CE A2.21 1SO 8528
APIRP 7C-11F

API Spec 7B-11C

Compressors co A2.2.2 ISO 10439 (all
parts)

1SO 13631
1SO 13707
1SO 10442

API/Std 617

API/Std 618

API/Std 619
Electric generators EG A2.2.3 BS 4999-140

IEEE C37.101
[EEE C37.102
NEMA MG 1
Electric motors EM A2.24 [EC60034-12
IEC 60470
IEC 60947-4-1
API/Std 541
API/Std 547

NEMA MG 1

Gas turbines GT A.2.2.5 IS0 3977 (all
parts)

1SO 2314
API/Std 616

Liquid expanders LE No
Mixers MI No
Pumps PU A.2.2.6 ISO 13709
[SO 13710
API/Std 610
API/Std 674
API/Std 676
Steam turbines ST A.2.2.7 ISO 10437
API/Std 611

API/Std 612
Turboexpanders TE A.2.2.8 API/Std 617
Mechanical |#TTOAUTO0 ATA AIAOAOTO0 cv No
(A.2.3)
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Table A.4 (continued)
Equipment|Equipment class — Level 6 Equipment Example References
category class code included
in Annex A
Cranes CR A231
Filters and strainers ES No
Heat exchangers HE A.2.3.2 [SO 12211
1SO 12212
ISO 16812
ISO 13706
[SO 15547 (all
parts)
API/Std 660
API/Std 661
API/Std 662
Heaters and boilers HB A2.33 ISO 13703
ISO 15649
API/Std 560
Loading arms LA No [SO 28460
ISO 16904
Onshore pipelines PL No ISO 13623
Piping PI A.2.3.5 ISO 13703
ISO 15649
ASME B31.3
Pressure vessels VE A.2.34 ASME VIII
Div.1/2
Silos SI No
30AA T AEAAOTO0 SE No
Storage tanks h TA A.2.39 [SO 28300
API Spec 12D
API Spec 12F
API Spec 12P
API/Std 650
API/Std 620
API/Std 2000
API/Std 2610
Swivels SwW A.2.3.8
Turrets TU A.2.3.7
Winches WI A.2.3.6
com o o 0BT e ety of e, <t >3
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Table A.4 (continued)

Equipment|Equipment class — Level 6 Equipment Example References
category class code included
in Annex A

Electrical &OANOATAU ATTOA00A0O FC A2.44 IEC 61800-1
(A.2:4) IEC 61800-2
IEC 61800-3
IEC 61800-4
IEC 61800-5-1
IEC 60146

IEEE/Std 1566
Power cables and terminations (topside/ PC No CSAFT4

onshore) CSA/Std C68.3

ICEA S-93-639-
2000

IEC 60227
IEEE 1202
NEMA 20C
NEMA VE-1
NEMA VE-2
UL 1072
UL 1277
UL 1569
UL 2225

UL 2250
Power transformers PT A.24.2 IEC 60076

IEC60076-1
IEC 60076-2
IEC 60076-3
IEC 60076-4
IEC 60076-5
IEC 60076-7
IEC 60076-8
IEC 60076-10
IEC 60076-11
IEC 60076-12
CAN/CSA C88-M
IEEE C57.12.10
IEEE C57.18.10
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Table A.4 (continued)

Equipment|Equipment class — Level 6 Equipment Example References
category class code included
in Annex A

Switchgear SG A243 IEC 61439-1
[EC 60947
IEC 60947-2
[EC 60947-3
IEC 60947-4-1

IEC 62271-1
IEC 62271-100

IEC 62271-102
IEC 62271-200
IEEE C37.012
IEEE C37.13.1
IEEE C37.20.7
STET0A00OPOFAIA BT ><A0 00PDIU UP A2.41 IEC 61000-4-7
IEC 62040-2
IEC 62040-3
FCC 47 CFR 15
NEMA PE 1
NEMA PE 5

NEMA PE 7

3MAfAOUATA | Control logic units CL A.2.5.3 I1SO 10418

EX“ZUS%I 1SO 13702

IEC 61131
APIRP 554
NORSOK S-001
% TAOCATAU AT T TOTEAAOETT ANOED TATO EC No I1SO 15544
IMO (SOLAS,
MODU)

Escape, evacuation and rescue © ER No ISO 13702
ISO 15544

IMO (SOLAS,
MODU, LSA)

NORSOK S-001
Fire and gas detectors FG A251 ISO 10418

[SO 13702

IMO (SOLAS,
MODU, FSS)

NORSOK S-001
&EOAZNEGEOETC ANOED TATO FF No 1S0 13702
NORSOK S-001
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Table A.4 (continued)

Equipment|Equipment class — Level 6 Equipment Example References
category class code included
in Annex A

Flare ignition FI No ISO 25457
API/Std 521

API/Std 537

Inert-gas equipment IG No IMO (SOLAS,
MODU)

Input devices IP A.2.5.2 ISO 10418
NORSOK I-001
Lifeboats LB A.2.5.6 1SO 13702
ISO 15544
DNV-0S-E406

IMO, SOLAS:
MSC.81 (70)

IMO, SOLAS:
MSC.48 (66)

NORSOK R-002
NORSOK S-001
NORSOK U-100
Nozzles NO A.2.5.5 NFPA 13
NFPA 15

NFPA 16

Telecommunications TC No IMO/COMSAR/
Circ.32

NORSOK T-001

NORSOK T-100
Valves VA A.2.54 ISO 5208

[SO 13702
ISO 14313
API Spec 6D
API/Std 520
API/Std 521
API/Std 526
API/Std 594
API/Std 609
ASME B16.34

NORSOK S-001
Subsea $0U 00AA 0E0ACO DT No 1SO 10423

(A-2.6) API Spec 6A
Risers PR A2.63 APIRP 17B

API Spec 17]

Subsea compressors SC No

Subsea diving equipment SD No
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Table A.4 (continued)
Equipment|Equipment class — Level 6 Equipment Example References
category class code included
in Annex A
Subsea electrical power distribution EP A.2.6.5
30A0AA NTT<IETAO FL No 1SO 13623
ISO 14313
1SO 14723
IS0 16708
DNV-0S-F101
DNV-RP-F116
Subsea heat exchangers SH No
Subsea intervention P CI No APIRP 17H
Subsea manifolds MA No 1SO 13628-15
Subsea pipelines SL A2.6.7 ISO 13623
[SO 14313
ISO 14723
ISO 16708
DNV-0S-F101
DNV-RP-F116
Submarine power cables CA No IEC 60502
IEC 60840
Subsea pressure vessels SV A.2.6.6
Subsea production control CS A2.6.1 ISO 13628-5
API/Std 17F
Subsea pumps SP A2.64
Subsea templates ™ No ISO 13628-15
Subsea wellhead and X-mas trees XT A.2.6.2 ISO 13628-4
Well comple- |$T>TETIA 0AAU OAIOAQ SS A.2.7.2 and 1SO 10417
tion(A.2.7) A2.75 1S0 10432
ISO 16070
APIRP 14B
API Spec 14A
API Spec 14L
NORSOK D-010
Downhole well completion 4 WE A.2.7.2 See also note q
Electrical submersible pumps d ESP A.2.7.2 and ISO 15551-1
A.2.7.6 APIRP 11S
Surface wellhead and X-mas trees XD A2.7.7 ISO 10423
API Spec 6A
Drilling Cementing equipment CG No
(A.2.8) Choke and manifolds DC No
Crown and travelling blocks TB No
Derrick b DE No
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Table A.4 (continued)
Equipment|Equipment class — Level 6 Equipment Example References
category class code included
in Annex A
Diverters DI No ISO 13354
Drawworks DW No
Drilling and completion risers DD No ISO 13624-1
1SO 13628-7
Drill strings DS No ISO 11961
Mud-treatment equipment f DM No
Pipe handling equipment DH No
Riser compensators DR No
String-motion compensators MC No
Subsea blowout preventers (BOP) BO A.2.8.2 API Specl16A
API Spec 16D
API/Std 53
Surface blowout preventers (BOP) @ BT A.2.8.3 API Spec 16A
API Spec 16D
API/Std 53
Top drives TD A2.8.1
Well inter- Coiled tubing, surface equipment w1 No
\(zgnztigo)n : Coiled tubing, surface well control equipment wcC A29.1 NORSOK D-002
Coiled tubing, work strings w2 No
Coiled tubing, bottom-hole assemblies W3 No
Snubbing, surface equipment w1 No
Snubbing, work strings w2 No
Snubbing, surface well control equipment wcC A.29.1 NORSOK D-002
Snubbing, pipes and bottom hole assemblies w3 No
Subsea well intervention € (0] A.29.2 ISO 13628-7
Wireline, surface equipment w1 No
Wireline, surface well control equipment wC A29.1 NORSOK D-002
Wireline, slick lines, braided cables and elec- w2 No
tric cables
Wireline, bottom-hole assemblies w3 No
Marine Anchor windlasses and mooring equipment Am No
(A.2.10) De-icing equipment k IC No
SUTA TEADTOROENTETC ANOED TATO DP No 1SO 19901-7
Helicopter deck with equipment HT No NORSOK C-004
*AAEETC ATA NEQAGETT JF A.2.10.1
Marine disconnection equipment MD No
Thrusters TH No
Towing equipment TO No
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Table A.4 (continued)
Equipment|Equipment class — Level 6 Equipment Example References
category class code included
in Annex A

Utilities ¢ 1£02000PIU ANOED TATO Al No
(A.2.11) De-superheaters SU No

Flare ignition equipment FE No

Heating/cooling media HC No

(UAOADIEA BT <A0 OTENO HP No

-E00TCATZ00PPIU ANOED TATO NI No

Open /Close drain equipment 0oC No

com o o 0BT e >
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Table A.4 (continued)

Equipment|Equipment class — Level 6 Equipment Example References
category class code included

in Annex A
Auxiliaries |HVAC equipment m HV No ISO 15138
(A.2.12)
a Surface blowout preventers does not include land rig BOP.
b Including heave compensation.
c 50EIE0EA0 TAU AA AGOTAEAOAA =< EOE A TO TAAOQ Tk ANOED TATO ATAGOAC £ 0EE0 ) TOAOTAGETTAI 30ATAAOA FA4Cs
pumps, valves, instrumentation).
d Y OOENEAEAT 1660 ANOED TATO 1EEA (UAOAQIEA 00A T A0OEAIA DO DO § (301 00TCOAOEOA AAGEOU PO DO 0400 ATA
Gas lift valves (GLV) are not included here. See also A.2.7.2 and also A.2.7.6.
e Includes three equipment classes, and cover equipment such as e.g. workover riser.
f Includes shale shaker, desander/desilter, centrifuge and degasser.
g Does not include air compressor.
h Does not include offshore storage tanks.
I Well completion covers both surface and subsea completed wells. Wellhead is not an equipment

class, butis a subunit in the Surface wellhead and X-mas trees (A.2.7.7) and in Subsea wellhead and X-mas tree
(A.2.6.2), also since wellhead and X-mas tree acts as one barrier. A.2.7.2 describes the downhole well comple-
tion equipment and some overview of equipment classes that have been further subdivided, see A.2.7.5-6.

E % TAOCATAU ATT TOTEAAGETT <TOIA ETAIOAA OOAIEA ATTTOTAA TATO ATA AT T TOTEAAGETT OUOOA T 01#/3(
and associated equipment.

k This could include e.g. heat tracing equipment.

I 7RI ETOROOATOENT ANGED TATO AIAGOAO AOA £10 AQU <Al AT TRIAGEYTOS )T OT TA AAOA ATTIARGETT ATA Ag-
change, the equipment classes might be gathered as four equipment classes (W1, W2, W3 and WC), and appli-
cable for Coiled tubing, Wireline or Snubbing. See further information in A.2.9.1.

m  AEAANOID FATO AIAGOAO OEA) AOA ONIAOATO DAOJO T A (614 OUOOA T AOM pq — V010 AOEORT ATI><A0 FATI 4EA
ATI>AO FAT OTE0 AT AA ATOAOAA AU OEA ANOED T ATO AIAGD "1><A00 ATA FATO: G 4EA AOZOR0 £l QUBEAAIIU A ATOAOAR
AU OEA Agro0ETC ANOED TATO ATAGO %IAAOOEA TT0T008 oq &£10A0 AAT AA ATOAOAA AU 0EA ANOED TATO AIAGO &£10A00 ATA
strainers. 4) Heater/cooler. The heater/cooler unit can be included within the equipment class Heat exchangers.

5) Fire-, gas- and heat-detectors as equipment class Fire and gas detectors, 6) Input devices as equipment class
Input devices.

n Note that the Wireline BOP is part of this.
° . ALifeboatis established as a separate equipment class, but other equipment like Man-overboard boats
§—7""QE0 T10DA0O T 0EAO ANOED W ATO AIAOOS 6AQETO0 ANOED TATO 11 £0INEl OEA FOTAQETTO TAAAAA £10 AOAADAN AOAA-

OAOETT ATA 0AOAOAs 4EAOA ATOIA AA OAIAOAA 0T 00ATODTO0! DAOOTTAI DOTOAAOEOA ATA 1E£A 00DDTO0N A T AOCATAU AT I -
TOTEAAGETTH A TAOCATAU OOEIE0EAD FIECEQETCH DT><A0 ATA OATOEIAOETTQ ATA ETCOAOOTACOAOOTET£0AO000AO00A JOEAIOAOGN
AOAADA 0TO0AO ATT000 TO00A0 AOAAD ATA IATAETC AOAAGH AOAKs 3T T A £ 0EEC ANOED TATO AAT 0ANOEOA OAIEAAEIEOU AAOA
ATTAROETT ATA OT TA <TOIA AA AT0A0AA AU TOEAO ANOED TATO AIAGOAO ET Table A.4.

p This includes remote operated tools (ROT), tie-in tools, running tools and remote operated vehicle
(ROV) tools - as used for initial installation, subsea commissioning, intervention for repairs (e.g. SCM, subsea
OAI0A0Q TO T TAENEAACET TTAGOATOETTO8

q Downhole well completion equipment class could be further subdivided, as done for some equip-
TATO AIAGO AATETAO AQ $(36 ATA %308 30ATAAOAQ OATAOATO FT0 AAGETC ATA 00AETC §)3/ pogxwignmch 10) 3DAA

5CT, ISO 11960:2014), Liner hanger packers (ISO 14310:2008 and NORSOK D-010:2013), Production pack-

ers (ISO 14310:2008), Flow control device (API Spec 19G2) and Downhole control and monitoring mandrels
(ISO 14998:2013).

r )37 pogcylpigrmu APDIEAC £T0 ATl 00AOAA DOTAGAJETT OUOOA T O ET CATAOAT
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A.2 Equipment-specific data

A.2.1 General

Those equipment classes, indicated to have an example from the last column of Table A.4, are presented
in A.2.2 to A.2.12 and include a detailed description of the following:

2 ANOED TATOZOUDA ATAGOENEAAGETT

2 ATOTAAOU AATETEOETTON

2 OOAALOEOENT ETOT 1T><A0 ETAATOO0A IAGAION

2 ANOED TATOZODAAENEA AAOAY

480 ET4V0 TAOEIT GETOIA AR GO 01 SARTO(EU OEA AKOA TARAGOAOU G AR ATTIAOA 10 AAE ANGED TATY
ApA 1 1A BOAOATOAA ATA AATETA 0EA 0000A000A £10 A AAOAAAOA £10 0EA OATAOATO OAGTT T TEA AIA T ATO0! —ATU T2
OEA OART T TATARA DAOA TAOAQO AAT AA AT T T TT AROTOO TATU ANOED TATO ALAOAO §A4Ct AADAAEOU; OTOAOETTAI
0PAAAQ 4EA AgA TDIAG OETOIA T10 AA ATTOEAROAA AGEAOOOEOAS 4EA ANOED TATO OPAAENEA AAOA AAT AA AFOEAO
static or time dependent, Note that Table 5 contain equipment data common to all equipment classes,
ATA ADPOTDOEAOA AAOA OEAOAET AT TAO Al=<AUO ET AAAROETT 01 0EA ANOED TATO OPAAENEA AAOA 0OCCAOOAA ET 14cs

Examples p_f flaliluAr\e cpgling, iggtl_ as failuge ,{nqd‘qs\, fa}.iluereMr/r_lg\c/ha‘rlism", fz\ai/l}gre}\g\ause, etc., are given in
Annex Bt &10 0AfA0U ANOED T ATO0M OT T A OPAAENEA FAEIO0A AANETEOETTO AOA CEOAT ET ' TTAD &

A.2.2 Rotating equipment data
A.2.2.1 Combustion engines

Table A.5 — Type classification — Combustion engines

Equipment class — Level 6 Equipment type
Description Code |Description Code
Combustion engines CE Diesel engine DE
Otto (gas) engine GE
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Power Fuel supply
Starting system Engine
(e.g. start batteries) (diesel/gas)
Lubrication Cooling Control and Miscell
system system monitoring Isceflaneous
| Y \ jb\ )
ounda
Coolant Coolant Power  Remote tnaary
instrumentation

Figure A.2 — Boundary definition — Combustion engines
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Table A.6 — Equipment subdivision — Combustion engines

Equip- Combustion engines
ment unit
Subunit |Startsystem |Combustionen-{Control and|Lubrication|Coolingsystema| Miscella-
gine unit monitoring system neous
Maintain- | 30A00 ATAOCU Air inlet Actuating Reservoir Heat exchanger |Hood
able items | FAA00AOUN AEOQ YCTEGETT GUOOA T device Pump Fan Flange
Starting unit Turbocharger Control unit Motor Motor EIE100
Start control Fuel pumps é%‘gegiraal POWET | gilter Filter
) I~EA‘AO'I‘ ?O‘ , Monitoring Cooler Valves
&OAT NEI0A0O Sensors b Valves Piping
Exhaust Valves Piping Pump
#UIETAAOO Wiring 0il Tempera-
Pistons Tempera- ture-control
1S Piping p sensor
Shaft ture-control
Seals sensor
Thrust bearing
Radial bearing
Seals
Piping
Valves
a #AT ETAIOAA < AOAOZATTIAA TO AEOZATTIAA OUGOA T 08
b 3DAAEEU 0UPA TE OATOTO! AsGs DOAOOOOA 0A TDAOAGOOAN TAOATH ADAS
Table A.7 — Equipment-specific data — Combustion engines
Name Description Unit or code list Priority
Driven unit SOEOAT OTE0 jJANOED WATO ATAOOH OUDA ATA EAATOENE- | 3DAAEEU High
cation code)
Power - design |Maximum rated output (design) Kilowatt High
Power - operating | 3DAAEFU 0EA APPOTEE T AOA DT=A0 A0 <EFAE 0EA OTH| Kilowatt High
has been operated for most of the surveillance time
Speed Design speed Revolutions per minute High
-O TAAO T¢ AUI- | 3DAAEEU TO TAAO TE AUIETAAGO Integer Low
inders
#UIETARO ATTNEC- | 4UPA YTIETAN OAAA A Low
uration
30A00ETG OUGOA T | 4UPA %IAROOEAT EUAOAOIEAT DTAQ T AGEA Medium
YCTEOETT OUGOAT | Otto, diesel Compression ignition (diesel), spark plugs | Medium
Fuel 4UDA " AORIECED TEIN TAAEQ T TEIREAAOU TEINAGAT | Low
A!/_EQ%EI‘IAO MEI00A- | 4UDA Free text Low
0ETT 0UDA
Engine-aspira-|4UDA Tk ATCETA AOPEOAGETT Turbo, natural Medium
OETT OUDA

A.2.2.2 Compressors
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Table A.8 — Type classification — Compressors

Equipment class — Level 6 %NOED TATO OUDA
Description Code Description Code
Compressors a Co Centrifugal CE

Reciprocating RE

Screw SC

Axial AX
a  Includes also air compressors

Recycle
valve Interstage
conditioning
Inlet-gas (scrubber,
conditioning cooler, etc.)
(scrubber,
cooler, etc.) Inlet valve
Compressor unit
) Driver Power
Starting . .
system — (diesel, el. transmission 1st 2nd After cooler
motor, etc. earbox, etc.
) (9 ) stage stage Outlet valve
Lubrication Control and Shaft seal Miscellaneous
system monitoring system (purge air, etc.)
\) \) \)
Coolant Powgr Remote . Power Coolant boundary
instrumentation

Figure A.3 — Boundary definition — Compressors

A.2.2.2.1 Equipment boundary definition for compressors

Figure A.2 0ET>0 0EA ATOTAAOU AANETEOETT £10 AT TDOAOOTO08 ) TIAO ATA TOOIAO OAIOAGN ATA OEA AT TDOAGOTO
AOEORD =< EOE ATTTAAOAA AO@EIEAOEAGH AOA TTO ETAIOARA < EOBET OEA ATOTAAOW SOEOAD OTE0 AOA OARTOARA AD
separate inventories (electric motor, gas turbine or combustion engine) and the failures on the driver, if
OAATOAAAN OETOIA AA OAATOAAA OADAOAOAIU £10 0EA AOEOA® T TO TAAOET OEA AT TDOAOOTO ETOATOTOU OEAIT CEOA
A OAFAOATAA 0T OEA ADDOTDOEAOA AOEOA) ETOATOTOW

#1 TDOAGOETT £0 THO TAIIU ATTA £T 00ACAO <EAOA A TO TARO T 00AOTEI0 AOA ATTTAAOAA ETOT A 00AETY

1 AT TROAOOTO 00AET £0 ATTOEAAOAA A0 TTA ETOATOTOUS %ARE AT TDOAOOTO 00AET AAT ATTORO0 TF 0P 0T £100
AT TDOAGOTO 00ACAGH 2AAT TROACGETT 00AETO TT AT TEROETOA TE DIAOETOT TIOTAIIU DAOETOT AT TDOACOEIT
ET £100 00ACACS %ARE AT TDOAGOETT O0ACA £ OOOATIU DAOFTO TAA AU TTA AT TDOA0OTO OTE) jAAGETCQ AGO ET
OT A AAGAO TTA AT TPOAOOTO OTE) AAT DAOETO T 0T 00ACAOS %AAE AT THOAOOTO JOOACAQ TTO WAIIU ATTOAETO
OAOROAT £ TRATIA00 OEA) AOA OEA DEUOEAAT AOOA TAIU TE OTOAOETC AIAAAC 0EAD OAEOA OEA DOAGOOOA TTA 00AP ET
the compressor unit.
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If there are subunits that are common to the driver (e.g. a gas turbine) and the driven unit (i.e. the
compressor), these are regarded as a part of the driven unit. For compressors with common lubrication-
IEI ATA OAAIZIEI OUOOA T Oh EAEIOOAO OETOIAN AD A (;AI/:\OAI 0014 AA AOOECTAA 0T OEA OOAOTE) 0EA) E0 AOOO TAA 01

AA OEA TTA TT00 AttAROAAS /0EAO><EOAN OEA EAEIO0A OETOIA AA AOOEGTAA 0T OEA 10AOEAAGETTZIEI OUOOA T

Table A.9 — Equipment subdivision — Compressors

Equipment unit Compressors
Subunit Power Compressor |Controland |Lubrication |Shaftseal Miscellane-
transmission monitoring |system system ous
Maintainable Gearbox/ Casing Actuating Oil tank with |Oil tank with |Base frame
items variable drive . device EAAGETC 0U0-  |heating o .
Rotor with tem Piping, pipe
Bearings impellers Control unit Reservoir supportand
Belt/sheave |Balance piston|Cablesand Pump Pump bellows
Couplingto  |Interstage EOTAOETT ATgAO | Motor Motor Control valves
the driver seals Internal ~  |Checkvalves G Isolation
. : . |pI<A0 60PRIU ear valves
Coupling to Radial bearing Coolers .
: . - Filters
the driven unit Monitoring . Check valves
Thrust bear- Filters
. . Valves
Lubrication |ing Sensors a . Coolers
Piping Seal oil
Seals Shaft seals Valves Valves ~ _ |Silencers
- . $0U CAQ 0AAI .
Internal piping | Wiring . Purge air
Lube oil .
. Mechanical
Valves Piping 1 Magnet-
Antisurge Seals o ichearing
Piston &IATCAETET00
#UIETAAQ IETAO
Packing
a 3PAAEEU OUDA TE OATOTON Ascs DOAGOOOA 0A TDAOAIOOA TAOATN A0AY
b YTAIOAETC OAAUAIA OATOAO ATA ATTO0TTIA00S
Table A.10 — Equipment-specific data — Compressors
Name Description Unit or code list Priority
Compressed medium Gas or air compressor Gas, air High
A0UDA TE AGEORD $OEORO OTED FANOED T ATO AIAQOT OUDA | 3DAAEED High
ATA EAATOENEAAGETT ATAAQ
Gas handled Average molar mass Grams per mole Medium
JOPAAENEA COAQEOU p cyiwepq
Suction pressure SAOECT z ME0GO OOACA Pascal (bar) Medium
Suction pressure /DPROAGETC 7 NE0O0 00ACA Pascal (bar) Low
Discharge pressure Design - last stage Pascal (bar) High
Discharge pressure Operating - last stage Pascal (bar) Medium
Flow rate Design Metres cubed per hour High
Flow rate Operating Metres cubed per hour Low
Discharge temperature Design Degrees Celsius Medium
Discharge temperature Operating Degrees Celsius Low
Power Design power Kilowatt High
Utilization Percent utilization compared to Percent Medium
design

Copyright International Org@izL§onc;Q;n9arazéilL I"ightS reserved

Provided by IHS under license with various National Standards Bodies
No reproduction or networking permitted without license from IHS

Licensee=University of Alberta/5966844001, User=dfgfgsfgdf, dfgdfgdfg
Not for Resale, 10/06/2016 22:31:11 MDT

65



ISO 14224:2016(E)

Table A.10 (continued)
Name Description Unit or code list Priority
OTIU0OTDEA EAAA — +EITETOIAO DAO EEITCOAT Low
Number of casings Number of casings in the train Integer High
Number of stages Number of compressor stages Integer Medium
(not impellers) in this train
""TAU 0UDA 4UDA GAOOEAAT OPIEO AAOA FAA00AT OUPAG  |Low
axial split case
Shaft sealing 40PA — MAEATEAAIF TEI AU GAGIDAREAAT |Low
AOU CIATAN TAAUOETOEN AT TAETAA
)YTOAOATTIAQ NE00AA 3DAAERU ££ ATTIAQ EO NEOOAA Yes/no Medium
3EAL0 OAAT OUGOA T 3ADAOAOAT AT T AETAAR A0t A0AY 3ADAOAOAT AT TAETAAR A0U High
Radial bearing 4UPA VTOEFOEAOETTAT EVOOTAIN TACTAOA |Low
Thrust bearing 3DAAREU AQ OATAOATOET AT T TATO VTOEFOEAOETTAT ETOOTAIN TACTAOA |Low

regulator is installed

Speed Design speed Revolutions per minute Low
Coupling 4UPA &EGAANMAGEAIA) EUVAOADIER) AEOATT- |Low
nect

Reciprocating compressors only

#UIETARO ATTNECOOAOETT — Inline, opposed, V, W Low
#UIETAAD TOEATOACETT — Horizontal, vertical, inclined Low
Working principle — Single-acting, double-acting Low
OAAEETC 0UPA — , OAOEAAOAAR AOU Low

A.2.2.3 Electric generators

Table A.11 — Type classification — Electric generators

Equipment class — Level 6 Equipment type

Description Code |Description Code

Electric generators EG Gas-turbine driven TD
Steam-turbine driven SD
Turboexpander TE
Engine driven, e.g. diesel engine,| MD
gas engine
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Fuel (steam, gas or diesel)
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Cooling system

Lubrication system

monitoring system

Miscellaneous

Circuit
l breaker
Starting | | . Power Electric ./ N Bus
system Driver T transmission generator bar
Control and

y

Coolant

y

Coolant

Power
supply

\

Remote
instrumentation

LN

Figure A.4 — Boundary definition — Electric generators

Table A.12 — Equipment subdivision — Electric generators

boundary

Equipment unit Electric generators
Subunit Power Electric Controland |Lubrication |Coolingsys- |Miscellane-

transmission |generator monitoring 2 |system tem ous
Maintainable Gearbox Stator Actuating Reservoir Heat exchang- |Hood
items Radial bearing|Rotor device Pump er Purge air

Thrust bear- |Radial bearing geogtz(\)/l}%mt Motor Fan Neutral

ing Thrust bear- - Filter Motor grounding

Seals in Internal Filter resistors

& PI<A0 00DPIU |Cooler (NGRs) ¢
Lubrication Excitation N Valves
Monitoring Valves
Coupling to Cablingand b . Piping
driver EOTAGETT ATgA0 | SENSOTs Piping
. Pump
. Valves 0il

Coupling to

driven unit Wiring

Belt/sheave Piping

Seals

a  AEAAQOT TAQEA OTIOACA 0ACOIAOTO 162qE0 AT AIA TATO < E0EET 0#TT00T16 4A TDAOAOOOA ATA OEAOACETT O00OAETIATAA AOA
AATATOO < EOEET 0—TTEOTOETCOM
b 3PAAEEU OUDA T OATOTON Ascs DOAGOOOA 0A TDAOAIOOA TAOATN A0AY

c SADATAETC TT 0EA AAOOEETC PEEITOTPEN
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Table A.13 — Equipment-specific data — Electric generators

Name Description Unit or code list Priority

4UDA Tk AOEOAO %NOED TATO AIAOOH 0UDA ATA EAATOENEAA- | 3DAAEEU High
tion code

Coupling 3DAAERU §nE@AAN NIAGEATAN AOAY &E@AAR NIAGEAIA EUAOADTEAN AEOATT TAAD | Low

Speed 3UTAEOTTTO0 Revolutions per minute Medium

&OANOATAU SAOECT F0ANOATAU Hertz Low

Voltage Design voltage Kilovolts High

Power - design Design power Kilovolts High

Power factor c0s3 Number Low

Excitation control 4UDA Automatic, manual Medium

%@AEOAOETT OUDA Brushless/slip-ring Brushless, slip-ring Medium

Degree of protection Protection class in accordance with|IP Low
IEC 60529

Insulation class - stator|Insulation class in accordance with|Y, A, E, B, F, H Medium
IEC 60034-1

Temperaturerise - stator | Temperature rise in accordance with|Y, A, E, B, F H Low
IEC 60034-1

Insulation class - rotor |Insulation class in accordance with|Y, A, E, B, F, H Medium
IEC 60034-1

Temperature rise - rotor | Temperature rise in accordance with|Y, A, E, B,F, H Medium
IEC 60034-1

Radial bearing 4UPA TTOEROEAOETTAIRETOOTAI TACTAA  |Low

Thrust bearing 4UPA VTORROFAOETTAIN EVOOTAT TACTAORA  |Low

Lubrication of bearings |4UDA T¢ AAAOETC IOAOEAAOETT Grease, oil bath, pressurized oil, oil ring | Low

Generator cooling 4UPA Air/air, air/water, open ventilated |Low

A.2.2.4 Electric motors

Table A.14 — Type classification — Electric motors

Equipment class — Level 6 Equipment type
Description Code |Description Code
Electric motors EM |Alternating current AC

Direct current DC
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Bus
Electric motor
Lubrication Cooling (f:nogrtlggr?nngd Miscellaneous
system system system
A
v \j \j \
boundary
Coolant Coolant Power Remote .
instrumentation
Figure A.5 — Boundary definition — Electric motors
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Table A.15 — Equipment subdivision — Electric motors

Equipment unit Electric motors
Subunit Electric motor ¢ |Control and Lubrication Cooling Miscellaneous
monitoring 2 system system
Maintainable|Stator Actuating device |Reservoir Heat exchanger |Hood
items Rotor Control unit Pump Filter
Excitation Internal power|Motor Valves
Radial bearing 00881V Filter Piping
Thrust bearing Monitoring Cooler Pump
Sensors P Valves Motor
Valves Piping Fan
Wiring oil
Piping
Seals
a -TOTAIIU OEAOA E0 TT A@0OA ATTOOTT OUGOAT £10 WTOT008 &10 T10T00 Te %0§bq AIAGO $DOA0000EUAACH OEA ETOAOTAI
pressure is monitored. Temperature can be monitored on large motors.
b 3DAAEED OUDA TF OATOTO AsCs DOAOOOOAT OA TDAOAOOOAN TAGATH ADA
c 68$ £0 TT0 ETAIOAAA ETOEAA OEA AIAAGOEA TTOTO ATOTAAOU 3AA AIOT ¥égstit ATA Figure A.22 with respect to Variable
3DAAA $0EOA 3U00AT $63%B3()

Table A.16 — Equipment-specific data — Electric motors

Name Description Unit or code list Priority
4AUDA TF AOEOAT OTEO %NOED TATO AIAOO 0UDA ATA EAATOENEAAOETT ATAA | 3DAAREU High
Power - design Max. output (design) Kilowatt Medium
Power - operating 3DAAEEU 0EA ADPOT@E T AOA DT> A0 AD < EFAE 0EA OTE) | Kilowatt Low
has been operated for most of the surveillance time
Variable speed 3DAAERU ER ETOOATIAA TO TTO Yes/No Low
Speed Design speed Revolutions per minute [ Medium
Voltage Design voltage Volts Medium
—T0T0 0UPA 4UPA Induction, commutator | Medium
FASAGGH OUTAEOT 1100
Insulation class - stator Insulation class in accordance with IEC 60034-1|Y, A, E, B, F, H Medium
Temperature rise - stator |Temperature rise in accordance with IEC 60034-1|Y, A, E, B, F, H Low
Insulation class - rotora |Insulation class in accordance with IEC 60034-1|Y,A,E,B,F, H Medium
Temperature rise - rotor @ | Temperature rise in accordance with IEC 60034-1|Y, A, E, B, F, H Medium
Degree of protection Protection class in accordance with IEC 60529 |3DAAEEU Medium
4UDA Tk %@ DOTOAAGETT %@DITOENT AIAGOENEAAGETT AAGACTOUA AdCs %@§ACI %2§A0 b | e.g. Ex(d), Ex(e) High

a Not relevant for induction motors.

b See IEC 60079 (all parts).

A.2.2.5 Gas turbines
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Table A.17 — Type classification — Gas turbines

IS0 14224:2016(E)

Equipment class — Level 6 Equipment type
Description Code |Description Code
Gas turbines GT Industrial IN
Aero-derivative AD
(AAGU AGOU HD
Fuel/gas Water/steam
e Fuel system o
injection
Air intake
A Drive
ir . .
Combustion . Power turbine
= Compressor = system HP Turbine = (LP turbine) U
|| v
Accessory drive
Starting Fire and gas Lubrication Control and Exhaust Miscell
system protection system monitoring xhaus Iscellaneous
\J \J \J \J \J
Power Coolant Power
Remote
instrumentation
/4%

AEE0 ATOTAAOU A0AxETG OET>=0 A OUPEAAI TAUTO0 £OANOATOIU OOAA £10 WAAEATEAAI AOtOA TO DTxA0

CATAOAOETT (I<AOAG CAO 000AETAO AAT AA ATTNECOOAA ET ALERAOATO x<AUO x<EOE OACAOAQ 0T OEA TAUTOD Tk OTTA

00AQUOOA I 08 4EA AT TDOAOGTO ATA OEA 000AETA AAT AA TAAEATEAATIU ATORIAA) OETCIAZOEARD 48 /0EAO AIDAOTAOEOAO

Figure A.6 — Boundary definition — Gas turbines
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Table A.18 — Equipment subdivision — Gas turbines

Equip- Gas turbines
ment unit
Subunit Starting Air intake |Combustion |Compressor |(Power Control and
system system turbine HP monitoring
turbine _
Maintaina- | Starting motor |Air cooling |Combustor Rotor Rotor Control unit
ble items Start control |Anti-icing Fuel nozzles |Stator Stator Sensorsa
Piping Filters Seals #TTIETCOUOOAT | Casing Wires
Filter(s) Intake duct 6"60UOOAT  |Radial bearing |Actuating devices
Valve(s) Inlet vanes Anti-surgevalve | Thrustbearing | Monitoring
Pump(s) Aux. bleeding|Seals Valves
30400 ATAOCU OUOOA T Valves YTOAGTAI B1<A0 00BBIY
FAacs AAGOAOAAROQ Anti-icing valve Piping Seals
Casing o
Radial bearing
Thrustbearing
Seals
Piping
Lubrication|Fuel system |Water/Steam [Fire and gas|Accessory|Exhaust |[Miscel
system injectionb protection drive laneous
Heater Fuel control |Pump(s) Control unit  |Gearbox Diffuser |Enclosure
Reservoir(s) |Piping Piping Pipes Bearing Exhaust |Hood
Pump(s) Valves Valves Valves Seals collector |Purge air
Motor Seals Filter(s) Sensors Casing Compen-|Flange
. . sator/bel-|EIET00
Filter Pump(s)/Gas|Seals Wires lows
Temperature COMPIESSOT I \yires Tank(s)/ Stor- Ductin Xﬁrr:f,;lna_
control Filter(s)/ Sep- age §
arators Emission |W a -
Valves h
Wires monitor-| SLWas
Piping in OUOOAT
. Fuel proper- J
Oil cooler . .
ties measure- Silencer
0il ment Thrust
Sensors bearing
Wires Valves
Waste heat
0AATOAOU
unit

a  3pAAER0 0UPA TF OATOTON Ascs DOAOOOOAI 0A THAOAOOOAN TAGATH AOAS
b /TIU 0ATAOATO FT0 CAO 000AFTAO <EOE . /y-abatement control with steam or water.
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Table A.19 — Equipment-specific data — Gas turbines

Name Description Unit or code list Priority
AUDA T8 AOEOAT OTED #EAOAROAOEQOEAG T OEA AOEOAT 0OAOUOOAT |Generator drive, mechanical drive,|High
auxiliaries, other
Power - design ISO power rating Kilowatt High
Power - operating 3pAAREU OEA ADDOTZE TAOA DT><A0 A) < EFAE |Kilowatt Medium
the unithas been operated for most of the
surveillance time.
/PROAGETC DOTTEIA SOEIEVAGETT BOTTEIA Base load, peak load, load-sharing|High
AAREODH A TAOCATAUTOAOAQ0A
De-rating 3pAAERU ££ DAO TATATOIU AAZOAOAATOTIO  |Yes/No Medium
Speed Design speed (power shaft) Revolutions per minute Medium
Number of shafts 3DAAEEU TO TARD 1,2,3 Medium
30A00ETC OUOOAT 3DAAEEU TAET 00AOOETC OUOOA T %IAROOEAT EUAOAOIER) DTAD TAOEA High
" AREOD 00AOOETC OUGOA T | 3DAAEFU ££ OATAOATO %IAROOEAN EUAOAOIEA) DTAD TAOEA Low
Fuel &OAT OUPA " AOh TEIZIECEQh TEIZ T AAEO Th TEIZEAAOUN| Medium
dual
NOy abatement 4UDA Te AAAOGA TATO ATTO0TI 30AA Th <AOACH AOU §AsCs AOU 1T |High
emission), none (e.g. single annu-
lar combustor)
VEO ETIAO NETOOAOETT OUPA | 4UDA Free text Low
A.2.2.6 Pumps
Table A.20 — Type classification — Pumps
Equipment class — Level 6 Equipment type
Description Code |Description Code
Pumps PU Centrifugal CE
Reciprocating RE
210A0U RO
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Fuel or
lectri r
electric powe Inlet Outlet
Starting . Power :
Pump unit
system Driver transmission P
Control and Lubrication Miscell
monitoring system Iscellaneous
A

v N\

\
Power Remote Coolant boundary
instrumentation
Figure A.7 — Boundary definition — Pumps
Table A.21 — Equipment subdivision — Pumps
Equipment unit Pumps
Subunit Power Pump unit Control and Lubrication Miscellaneous
transmission monitoring system
Maintainable Gearbox/ Support Actuating device | Reservoir Purge air
items variable drive Casing Control unit Pump Cpglirg/heating
Bearing Impeller Internal power |Motor OUOOA: o
Seals Shaft 00DPDbIU Filter #UAITTA OAPAOAITO
g?x,il;ng to Radial bearing Monitoring Cooler P‘u’l’s\atch)-r-lMc\iAa,mper
. Sensors a &IATCAETET00
c . Thrust bearing Valves
oupling to Valves
driven unit Seals Piping
Belt/sheave Valves Wiring 0il
Piping Piping Seals
#UETARO IETRO | S€2lS
Piston
Diaphragm
a 3DAAEEU 0UDA TE OATOTON Ascs DOAGOOOAN 0A TDAOAIOOAN TAGATH AOAS
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Table A.22 — Equipment-specific data — Pumps

Name Description Unit or code list Priority
4UDA Tk AOEOAO %NOED TATO AIAGOH 0UDA ATA EAATOENEAA- | 3DAAERU High
tion code
Fluid handled 4UPA 0il, gas, condensate, freshwater, steam, | High
A = ACAG AQOAA TEI T > AGAG N1AOA CAO
EOAI CAQH < ADAOTCIUATT: T AOEATTIh TE0OT-
CAThAEA TEAAION EUAOTAAOATTZAT TAETAA:
gas/oil, gas/condensate, oil/water, gas/
oil/water, LNG, drilling mud, drilling
cement, other
Fluid corrosive/erosive | #IAO0EEU A0 OET< T ET EITOTT0A a Benign, moderate, severe Medium
Application - pump |Where applied ""TTO0A0 0OPPI ETEAAOETTH 00ATORAQH 1E£0h| Medium
dosage, disperse, cooling, drilling, other
Pump - design Design characteristic Axial, radial, composite, diaphragm,|High
plunger, piston, screw, vane, gear, lobe
Power - design Design/rated power of pump Kilowatt High
SOEIEUAOETT T AADAAEOU | . TO TAT TDAOAOETCTAAGECT AADAAFOU Percent Medium
Suction pressure - de- | Design pressure Pascal (bar) Medium
sign
Discharge pressure -|Design pressure Pascal (bar) High
design
Speed Design speed Revolutions per minute or strokes per|Medium
minute
Number of stages Centrifugal: number of impellers (in|Number Low
all stages)
2AREDOTAAOETCY TO TAAC T& AUIETAAOO
210A0U; TO TAAD TR 0TOTO0
“TAU OUPA Barrel, split casing, etc. Barrel, split case, axial split, cartridge, | Low
Shaft orientation — Horizontal, vertical Low
Shaft sealing a0ph “AEATEAAR T8 OAAT! AOU CAO) DAREART|Low
GCIATAR A0U OAATR TAAUOETOEN AT TAETAA
40ATO NEOOETT OUDA 4UPA Direct, gear, integral Low
Coupling Coupling &E@AAN TAGEAIAN EUAOAOIEAN TACTAGEAN| Low
disconnect
Environment 30A TAOCAA T0 AOUZ TTOTOAA — Medium
Pump cooling 3DAAEEU EF OAPAOAOA ATTIETC OUGOAT £0|Yes/No Low
installed
Radial bearing 4UPA VTOEFOEAOETTATR ETOOTAIN TACTAGEA Low
Thrust bearing 4UDA VTOEROEAOETTAIR ETOOTAIN TAGTAGEA Low
Bearing support 4UPA Overhung, between bearings, pump |Low
casing, split sleeve
a ATECT JAIAAT NIOEAGH Ascs AcOr < AOAG TEOOTCATQ
—TAAOAOAIU ATOOTOEOATAOTOROA FIEITCAC TT0 AANETAA A OAOAOAR OAA < AOAG TARAOETTATIU DAOCFAIAGGS
3AOA0AIU ATOOTOEOATAOTOEOA ¢OTOO CAOTTEN §EECE (2S), high CO2h EECE OATA ATTOATOY
A.2.2.7 Steam turbines
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Table A.23 — Type classification — Steam turbines

Equipment class — Level 6 Equipment type
Description Code |Description Code
Steam turbines ST  |Multi-stage MS
Single-stage SS
Steam
Drive
T1 T2 D
Vacuum A
pumps L
Water
Drawoff or circuit
back-pressure y

Condesation

o
Condenser

Lubrication Regulating Control and Miscell
system system monitoring Iscellaneous

—b_ -

Hydraulic Electronic

v v j\

Coolant Power Remote

. ) boundary
instrumentation

Key
T1 turbine stage 1
T2 turbine stage 2

Figure A.8 — Boundary definition — Steam turbines
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Table A.24 — Equipment subdivision — Steam turbines

Equipment Steam turbines
unit
Subunit Power tur- Condenser Regulating |Lubrication |Control and Miscellaneous
bine system system monitoring
Maintainable |Piping Condenser Filter Cooler Actuating #OATEETC OUO-
items Radial bearing|Reg. pump Pump Filter device tem
Rotor Vacuum pump 0il Control unit Hood
. Internal power
Seals Oil seal pump 00Dl
Stator/casing Piping Monitoring
Steam reg. Pump Sensors a
valves
Motor Valves
Thrust bear- .
; Reservoir .
ing Wiring
Valves Pipi
iping
Seals
a 3DAAEEU OUDA T OATOTON Ascs DOAGOOOAT OA TDAOAGOOAN TAOAT AGAs
Table A.25 — Equipment-specific data — Steam turbines
Name Description Unit or code list Priority
Driven unit %NOED TATO AIA0O) OUDA ATA EAATOENEAA- | Compressor, crane, generator, pump, |High
tion code winch, etc.
Power - design ISO power rating Kilowatt High
Power - operating  |3DAAREU 0EA ADDOTEE T AOADT><A0 A) < EFAE | Kilowatt Medium
the unit has been operated for most of
the surveillance time.
Speed Design speed (power shaft) Revolutions per minute Medium
Number of shafts 3pAAREU TOTAAD Number Medium
2ACOIAOETC OUOOAT | 3DAAERU OUDA %IAAOOTTEAN EUAOADIEA Medium
"*AREOD 00AOOETC OUGOA T | 3DAAEEU ££ OATAOATO %IAAOOEAN EUAOAOIEA) DTAD TAOEA Low
Fuel &OAI 0UDA " AOh TEIZIEGEQA TEIZ T AAED T TEIZEAAOUN AGAT | Medium
VEOETIAONEIOOAOETT OUDA | 4UDA Free text Low
A.2.2.8 Turbo expanders
Table A.26 — Type classification — Turbo expanders
Equipment class — Level 6 Equipment type
Description Code |Description Code
Turbo expanders TE |Centrifugal CE
Axial AX
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Gas inlet
Inlet valve
Expar_1der Recompressor
turbine
Y
Gas outlet
Outlet valve
Lubrication Shaft seal Control and Miscell
system system monitoring Isceflaneous
v v v boundary
Coolant Gas Power Remote

instrumentation

/4% SOEOAT OTEO0 TOEAC OEAT OAAT TDOAGOTOO0 §AsCs DO TDO T0 CATAOAGTO0Q AOA AIOT TOOOEAA OEA ATOTAAOUS
Figure A.9 — Boundary definition — Turbo expanders

Table A.27 — Equipment subdivision — Turbo expanders

Equipment unit Turbo expanders
Subunit Expander tur- |Control and Lubrication Shaft seal sys- |Miscellaneous
bine monitoring system tem
Maintainable Rotor w/impel- |Actuating device |Reservoir Seal-gas equip- |Others
items lers . ment
Control unit Pump
Inlet vanes Internal power | Motor Seal gas
Casing 00bDbIU Filter
Radial bearing Monitoring Cooler
Thrust bearing |Sensors 2 Valves
Seals Valves L
Piping
Inlet screen Wiring oil
Valves Piping
Piping Seals
a 3DAAEEU 0UDA TE OATOTOr AsGs DOAGOOOAN 0A TDAOAIOOAT TACATH A0A
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Table A.28 — Equipment-specific data — Turbo expanders

Name Description Unit or code list Priority
AUPATE AOEOAT OTED  |%NOED TATO ATAOGH 0UPA ATA EAATOENEAA- | 3DAAERU High
tion code
Power - design Max. design output power Kilowatt High
Power - operating | 3DAABEU 0EA APPOTEE T AOA DT <A0 A0 < EFAE | Kilowatt Low
the unit has been operated for most of
the surveillance time.
Speed Design speed Revolutions per minute Medium
YTIAO N> SACECT ETIAO T ><h 000AETA Kilograms per hour Medium
Inlet temperature Design inlet temperature, turbine Degrees Celsius Medium
Inlet pressure Design inlet pressure, turbine Pascal (bar) Medium
Gas handled Average molar m a s s|Grams per mole Low
JODAAENEA COAOEOU p qulweq
Gas corrosiveness/|3DAAELEU A0 OETTET OEAFTTOTI0A 2 Benign, moderate, severe Medium
erosiveness
4UDA Tk AROECT 4UPA Centrifugal, axial Medium
Number of stages Number of stages (in series) Number Low
#AOETCZODIE) OUDA 4UPA Horizontal/vertical Low
Shaft sealing a0ph —RAEATERAI, T8l OAAT] AOU A DAREAAI Low
CIATAR A0U OAATR TAAUOETOER AT TAETAA
Flow-control turbine |[4UDA y‘a‘r_i_thel_nlc‘)gzvle's, n__o,zAz‘leA-group valves,|Low
OEQTO0IA OAIOA NEGAA ETIA
Radial bearing 4UPA T TOEFOEAOETTATR ETOOTAIN TACTAGRA Low
Thrust bearing 40PA T TOEFOEAOETTATR ETOOTAIN TACTAGEA Low
a “ATECT JAIAAT ATA A0U CAGGS
—TAAOAOAIU ATOOTOEOATAOTOROA §OT TA DAOOEAIAD 10 AOTDIAGGN OT T A ATOOTOEOATAOO
Severe corrosive/erosive (sour gas, high CO2 content, high content of particles).

A.2.3 Mechanical equipment
A.2.3.1 Cranes

Table A.29 — Type classification — Cranes

Equipment class — Level 6 Equipment type
Description Code |Description Code
Cranes CR  |%IAROOTZEUAOAOIEA TDAOAAA|  HO

$EAOAI EUAOAOIEA TDAOAGAA| DO
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Key
ATOTAAOU
crane base (u/s slew ring)
a  0T=A000PDIW
b Communication signal in/out.
/4%  AEAATOTAAOU AOAxETCETIO000A0A0 TTA OUDA Tk AOATA AT T T TTIU OOAA TEEOETOAs 3A0A0AI TOEAO AAGACTOEAQ
ﬁgg%%ﬁaﬂ 00AOA0OETC AOATAGN CATOOU AOATAO A0AS )0 E0 TAAAOOAOU 0T AAADO OEA OAGTTT U £10 0EACA AAOACTOEAQ 01 AAAE

Figure A.10 — Boundary definition — Cranes
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Table A.30 — Equipment subdivision — Cranes

IS0 14224:2016(E)

Equipment Cranes
unit
Subunit Crane Boom Hoist Swing Power Control Miscellane-
structure |system system system system and moni- |ous
toring
Maintainable |A-frame/ |Boom Hoist winch |Slew bear- | (UAOAOIFA  |PC/PLS Others
items king Boom bear- |Hoist ng pumps Control
Drivers ing sheaves Slewring |Electric valves
cabin (UAQAOIEA Hook Slew motor |"8M¢ Internal
Engine AUIETAAO . . .. |Diesel en- |power
Lifting wire |Slew pinion | _. P
room OHIETC gine 00bBIU
Pedestal winch 32?1?}1)(@ Proportion- | ! TDIENEAQO
Crane frame | , OFTETG <FOA al‘YéIY?i *TUOOEAED
, ORNETC CUAOROIEA 11 ad indi-
tank
sheaves - |cator
UAOAOIEA
Boom stop H(EIOAOO
AUIETAAO
(UAOAOQIEA
oil
Table A.31 — Equipment-specific data — Cranes
Name Description Unit or code list Priority
4UPA Tk AOEOAO Driver unit (equipment class, | 3DAAEEU High
OUDA ATA EAATOENEAAOETT ATAAQ
Overall maximum height 3DAAREU Metres Low
Main boom length 3pAAERU Metres Medium
A-frame height 3pAAEEU Metres Low
Boom, min. angle 3DAAREU Degrees Low
Boom, max. angle 3DAAREU Degrees Low
31Ax ARAOETC OUPA 3DAAREU Conical, roller High
(UAOAQIEA TDAOAOETC TAAEOT | CUAOAQIEA NOEA OUDA /EIZAAOAAN OUTOEAOEAZAAOAAT < AOAOZAAOAA | Low
(UAOAQIEA TDAOAOETC DOAGOOOA | 3DAAEEU Pascal (bar) Low
Total unit weight 3DAAREU Metric tonnes Medium
Boom total weight 3DAAREU Metric tonnes Low
Safe working load (SWL) Crane’s safe workingload |Metric tonnes High
Max. operating swing Turning range (total) Degrees Medium
Max. moment Crane’s max. moment Tonne-metre High
Hoist speed 1 At max. load Metres per second Medium
Hoist speed 2 At no load Metres per second Low
Slewing speed 1 At max. load Degrees per second Medium
Slewing speed 2 Atno load Degrees per second Low
WHIP crane Installed or not Yes/No Low
(AAOA AT TRATOAGETT OUGOA T Installed or not Yes/No Low
81
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Table A.31 (continued)

Name Description Unit or code list Priority
Automatic overload protection|Installed or not Yes/No High
OUOOAT §1/03(

—ATOAT TOAOITAA DOTOAAGETT OUO- | Installed or not Yes/No High
tem (MOPS)

Constant tension Installed or not Yes/No Low
A.2.3.2 Heat exchangers

NOTE Heat exchangers include coolers, condensers and re-vaporizers, etc.

Table A.32 — Type classification — Heat exchangers

Equipment class — Level 6 Equipment type
Description Code |Description Code
Heat exchangers HE |Shell and tube ST

Plate P

OIAOA NET PF
Double pipe DP
"AUTTAO BY
Printed circuit PC
Air-cooled AC
Spiral S

Spiral-wound SW
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Inlet
Inlet
External Internal
items items
Outlet
Control and Miscell
monitoring iscellaneous
v boundary
Power Remote
instrumentation
Outlet
Figure A.11 — Boundary definition — Heat exchangers
Table A.33 — Equipment subdivision — Heat exchangers
Equipment unit Heat exchangers
Subunit External Internal Control and monitor- |Miscellaneous
ing
Maintainable items |Support " TAUTOEAI Actuating device Fana
"TAUTOEAII Tubes Control unit Motor
Valves Plates YTOAOTAI BT<A0 00DBIU
Piping Seals (gaskets) Monitoring
Sensors b
Valves
Wiring
Piping
Seals
a 1DDIFAAAIA £10 AEOZATTIAA EAAD AGAEATCA0O TTIUS
b 3DAAERU OUDA TE OATOTON AsCs DOAOOOOAN 0A TDAOAOOOA TAOATH A0AS
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Table A.34 — Equipment-specific data — Heat exchangers

Name Description Unit or code list Priority
Fluid, hot side &I0EA 0UDA 0il, gas, condensate, freshwater, steam, |High
OA > AOAO! AOOAA TED TEIU >ADAG T1AOA CAC
<AAGTCIURTT) TAGEATTI: TEOOTCAT AEA -
AAION EUAO TAAOAT Th AEO
Fluid, cold side &IOEA OUDA 0il, gas, condensate, freshwater, steam,  |High
OAA X ADAO ACOAA TEl TEIU >A0AG TIAOA GAO
<AAGTCIURTT) TAGEATTT: TEOOTCAT AEA -
AAION EUAOTAAOAT I AEO
Rated heat transfer Design value Kilowatt Medium
Heat-transfer area — Metres squared Medium
Utilization Used/rated heat transfer Percent Medium
Pressure, hot side Design pressure Pascal (bar) Medium
Pressure, cold side Design pressure Pascal (bar) Medium
Temperature drop, hot Operating Degrees Celsius Low
side
Temperature rise, cold Operating Degrees Celsius Low
side
Size - diameter External Millimetres Medium
Size - length External Metres Medium
Number of tubes/plates | — Number Low
Tube/plate material 3DAAEEU TAOACEAT 0UPAET Free text Medium
tubes/plates.

A.2.3.3 Heaters and boilers

A.2.3.3.1 Boundary definitions for heaters and boilers

4EA RROTARGU AATETEOIT ADPIEAD 0T EUAOTAAORTTZ j (71 1E0AA EARDAGO ATA ATEIAOGH 4EA AUITOO T EAAGACO
ATA ATEIAQ0 AAT OAOU ATTOEAAOAAIUY ET><AOAGH 0EAU All ABBIU 0EA OA TA DOETAEDIA 00BBIUETC ATAOCU 0T EAAD
10 ATE A TAAEOD Tt 4EA ATAOCU AAT AA OOPBIEAA OEOTOCE AT TAQOOETT TE EUAOTAAOATTO OEOTOCE 00PDIU T A

0EA TAAEO T AAETC EAAOAA M08
&10 (#21E0AA EAAOROO ATA ATEIA0ON OEA FOAIZATTOOTT OAIOA £ ETOEAA OEA ANOED TATO ATOTAAOUN x<EEIA OEA

YTIAQ] TOE1A01 BOAOGOOAZOAERE ATA ADAET OAIORO AOA CORRERAIIL AGAIOARA! 6AIOAO ATAETO000 TATIO ETAIOARA
AOA OETOA TTAATIU TTOTOAA ATATTO <EFAE £10 T ADOAOOOOA ATOTAAOU JA4Cs ATTAE OAIOAG) AAIEAOAOETT OAIOAGH
local indicators/gauges).
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Table A.35 — Type classification — Heaters and boilers

Equipment class — Equipment type
Level 6
Description Code |Description Code
Heatersand boilers| HB | $E0AAGZIEOAA EAAOAQ DF
Electric heater EH
YTAEOAAD (#21E0AA EAAORD IF
Heater treater HT
- TTZ(#INE0AA ATEIAD NF
Electric boiler EB
(HIMEOAA ATEIAD FB
Exhaust/flue
Column
Inlet
><}-
Heated medium
External Internal
D>~

Outlet

Energy supply
(fuel gas, steam,
lectricity, et
electily. et Control and Miscell
monitoring iscellaneous

N\

boundary

Figure A.12 — Boundary definition — Heaters and boilers
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Table A.36 — Equipment subdivision — Heaters and boilers

Equipment unit Heaters and boilers
Subunit Column Externals Internals Control and Miscellaneous
monitoring
Maintainable ""TAUTOEAI ""TAUTOEAI "TAUTOEAII Actuating device |Draftfan/motor
items Packing Piping Burner Control unit Others
2AnOg ATEY Support Firetube Internal power
condenser Valves Exhaust stack 0081V
Tube coil Monitoring
Support Sensors a
Valves
Wiring
Piping
Seals

3DAAEEU OUDA TE OATOTON Ascs DOAOOOOA 0A TDAOAIO0A! TAOATH ADAS

Table A.37 — Equipment-specific data — Heaters and boilers

Name Description Unit or code list Priority
%TAOCU OTO0AA AUPA Tk EAAGETC ATAOGU %IARQOEAEOU AGEAOOD CAGh £OAT GAOT ETO TEIN| High
liquid fuel, steam
Heated/boiled medium AUPA TENIOEA AAETC EAAOAATATEIAA | MEG, TEG, HC-based heating medium,|High
water, water/TEG
Rated heat transfer Design value Kilowatt High
Inlet temperature Design value Degrees Celsius Medium
Outlet temperature Design value Degrees Celsius Medium
Size - diameter 3pAAEEU Millimetres Medium
Size - length 3pAARRU Metres Medium
Number of tubes 3DAARRU Number Medium
Tube material 3DAAREU 3DAAREU Low
40AA ATET ATTRECOOAOETT 3pAAEEU Helical, horizontal, single-pass, spiral,|Low
split-pass, vertical
OAAEETC 0UDA — 3pAAEEU High
(AAOAC OUDA SEOAACZIEOAA TTIU ""Tgh AAAETH AUIETAOEAAI Low
Number of burners — Number Low

A.2.3.4 Pressure vessels

/4%
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Table A.38 — Type classification — Pressure vessels

Equipment class — Level 6 Equipment type
Description Code |Description Code
Pressure vessels VE Stripper SP

Separator SE
Coalescer CA
Flash drum FD
Scrubber SB
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Table A.38 (continued)
Equipment class — Level 6 Equipment type
Description Code |Description Code
Contactor (6(0)
Surge drum SD
#UAITTA CY
CUAOTAUAITTA HY
Slug catcher SC
Adsorber AD
$OUAO DR
Pig trap PT
Distillation column DC
Saturator SA
Reactor RE
De-aerator DA
Pressure
relief valve

4{><}— External Internal %

Inlet valve Outlet valve

Control and monitoring Miscellaneous

system
T v bounda

Power Remote ry Drain valve/
instrumentation

Blowdown valve

Figure A.13 — Boundary definition — Pressure vessels

Copyright International Org@lzLﬁonc;Q;néerzéilL I"ightS reserve d 8 7

Provided by IHS under license with various National Standards Bodies Licensee=University of Alberta/5966844001, User=dfgfgsfgdf, dfgdfgdfg
No reproduction or networking permitted without license from IHS Not for Resale, 10/06/2016 22:31:11 MDT



ISO 14224:2016(E)

Table A.39 — Equipment subdivision — Pressure vessels

Equipment unit Pressure vessels
Subunit External items Internal items Control and monitor-|Miscellaneous
ing
Maintainable items | TAUF3EAII "TAUT3EAII Actuating device Others
Valves #UAITTAO b Control unit
Piping CUATRURTTTA TETAOO b | TOAOTAI BT <A0 00BBIU
Support O1A0AGH 00AUGH OATAO Monitoring
pads Sensors a
Nozle |valves
3ATAZ00AD OUOOAT Wiring
Heater Piping
Corrosion protection Seals
Distributor
Coil
a 3DAAEEU OUDA T OATOTOr AsGs DOAGOOOAT 0A TDAOAIOOAT TAOATR AdAs
b 1DPIFAO TTIU £10 ANOED TATO 0UDA] (UAOTAUATTTAS

Table A.40 — Equipment-specific data — Pressure vessels

Name Description Unit or code list Priority
Fluid(s) —AET NIOEA 0il, gas, condensate, freshwater, steam, |High

AR > AOAG: AOOAA Tl TE1U > ADAG TIAOA CAO)

E0AI CAO = AOROTCIUATT) T AOEATi TEOOTCATS

AEA TEAAIG) EUAOTAAOATT AT T AETAAN CAOTTED

gas/condensate, oil/water, gas/oil/water
Pressure - design Design pressure Pascal (bar) High
Temperature - design Design temperature Degrees Celsius Low
Pressure - operating Operating pressure Pascal (bar) Medium
Temperature - operating |Operating temperature Degrees Celsius Low
Size - diameter External Millimetres Medium
Size - length External Metres Medium
"TAU TAOACEAI 3DAAEEU 0UDA TO ATAA Free text Low
Orientation 3DAAERU Horizontal, vertical, spherical Low
Number of branches 00A0000EUAA ATTTAACETTO TTIU  |Number Low
Internals Design principle ** AFTIAOK 00AUGN COEA DIAOAT AA TEQOAC EAAD ATEIR | Low

diverter, de-sander, combined

A.2.3.5 Piping
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Equipment class — Level 6 Equipment type
Description Code |Description Code
Piping a PI Carbon steels CA
Stainless steels ST
(ECEZO00ATCOE TT><ZAITTU 00AAIO LO
Titanium TI
0110 TA00 ETAIOAETG NEAOAZOAET-| PO
forced

a  —AUAAGOAA 0T 0APOAOATO AOAGS

AEA BEDETC ATOTAAOU AANETEOETT <EIT ETAIOAA Al FAAEIEOEAD OT 00ATORAO ATA ATTOOTT NIGEA AAD<AAT DEAAAC
of rotating equipment, mechanical equipment and tanks, including also vent and drain lines to the

ATOEOTT TAT(s (1 <AOAG ET0000 TATO 00AETC £10 DTAO T AOEA TO EUAOAOIEA ATTO0TT 0 AGAIOAAAS

Actuator

Flow in

Valve

Flow out
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Table A.42 — Equipment subdivision — Piping

Equipment unit Piping
Subunit Pipe Valve 2 Control and mon- |Miscellaneous
itoring
Maintainable items| Fastener/bolts | 6AIOA ATAU Actuating device |Pipe support
Fitting Valve seals Control unit Others
Flange Actuator Internal power
Header Bonnet 00BBIV
Lining Accessories Monitoring
) Sensors b
Pipe element
Plug Valves
Seals/gaskets Wiring
Piping
Seals
a It should be marked if the valve(s) is/are registered as (a) separate equipment units(s) in the
database (see also A.2.5.4).
b 3DAAEEU 0UDA Tk OATOT0N Ascs DOAOOOOA! 0A TDAOAIOOA! 1AOATH A0AS
Table A.43 — Equipment-specific data — Piping
Name Description Unit or code list Priority
Diameter Outer diameter Millimetres High
Wall thickness 3DAAERU Millimetres Medium
Length Total length Metres High
Design pressure Max. allowable pressure Pascal (bar) High
Fluid handled 4UDA Qi[, gas, gog@qns_e_l,t‘g,_ _frpshyyage(,lsteamc High
OAA > ADAO! AOOAA TE TEIU >AGAG 11AOA CAO)
EOA CAGI > ADAGTCIUATIF T AOEAT T TEQOTCAT!
AEA TEAAION EUAOTAAOATTZAT T AETAAN CAOTTEN
gas/condensate, oil/water, gas/oil/water
Fluid corrosive/erosive |#IAOOEFUAOOET<TETOEAFTTOTTOA2 | Benign, moderate, severe Medium
Pipe material 3DAAEEU #AOATT 00AAIN O0AETTAGO 00AAIN ATTTU 0UDAN| Medium
composite, titanium etc.
Insulated 3pAAERU Yes/No Low
Number of valves Number of valves installed on the [ Number Medium
pipe length considered
4UDA Tk OAIOAD 3DAAEEU OATOA AAGACTOU PSV, ESD, HIPPS, manual, etc. Low
-OTAAO TEMIATCAO 3DAARRU Number Low
a *ATECT JAIAAT NIOEAGH AsCs AEOh < AOAGH TEOOTCATQ
—TAAOAOAIU ATOOTOEOATAOTOEOA FIEITCAC TTO AANETAA AO OAOAOAR OAA < AGAGH TARAOETTATIU DAOCEATAGGS
3AOAOAIU ATOOTOEOATAOTOEOA ¢ 0TO0 CAOTTEN FEECE (2S), high CO2h EECE OATA ATTOATOYS

A.2.3.6 Winches
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Table A.44 — Type classification — Winches

Equipment class — Level 6 Equipment type
Description Code |Description Code
Winches WI Electric winch EW
(UAOAQIEA <ETAE HW
Winch Power_ Driver
transmission
Control and .
o Miscellaneous
monitoring
A
y
Power Remote boundary
instrumentation
Figure A.15 — Boundary definition — Winches
Table A.45 — Equipment subdivision — Winches
Equipment unit Winches
Subunit Winch Power trans- Control and Miscellaneous
mission monitoring

Maintainable items | Bearing Bearing Actuating device |Hood
Chain Coupling Control unit Others
Drum Gear Internal power
Lubrication Shaft 00BBIU
Reel Monitoring
Speedbrake Sensors &

Valves

Spool
Structure Wiring
Tensioningand mo- Piping
tion compensation Seals
Wire

a 3DAAERU OUDA TE OATOTON AsCs DOAOOOOAI 0A TDAOAOOOAN TAGATH AOAS
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Table A.46 — Equipment-specific data — Winches

Name Description Unit or code list Priority
4UDA Tk AOEOAO %NOED TATO ATAOOT 0UDA ATA ATAA | 3DAAEEU High
ZEOATAEAET OUPA 4UPA TR ETEOOETC IETA Cable, chain, rope, umbilical, wire |High
Max. output Max. input power - design Kilowatt High
—Ags AADAREOU —Ag8 TTAA AADAAEOU Metric tonnes Medium
$00 T AAPAAFOU —Ads A00 T AADAAFOU Metres Low
Drum diameter — Metres Low
Wire diameter Wire/line thickness Millimetres Low
Speed - design Max. operating speed Revolutions per minute High
40ATO NEOOETT OUDA 4UPA Direct, gear, integral Low
Coupling 4UPA SEORTTTAAO NE@AANNIAZEAIA EVAOAOIEA | Low
Lubrication of bearings 4UPA 3DAAERU Low
Radial bearing 4UpA VTOEEOFAOETTAIR ENOOTATY TACTAGEA |Low
No. of drums Number Number Low
Spooling device As applicable Yes/No Low
#TTOOATO OATOETTETC OUOOA T As applicable Yes/No Low
(AAOA AT TDATOAOETT OUOOA T As applicable Yes/No Low
Regeneration of power As applicable Yes/No Low
Remote control As applicable Yes/No Low

A.2.3.7 Turrets

Table A.47 — Type classification — Turrets

Equipment class — Level 6 Equipment type
Description Code |Description Code
Turrets TU Disconnectable turrets DT

Permanent turrets PT

A.2.3.7.1 Boundary definitions for turrets

A.2.3.7.1.1 Disconnectable turrets

AEA AFORTTTAAOAAIA 0000A0 ATOTAAOU EO AANETAA AQ 11T 0y

Aq  ET0AORAAAC AAO><AAT OEA OEED EOIT ATA OEA 0000A0 T0 AOTUN

AQ  TTTOETC IETAO ATA ATAET00 AT<T 0T OAAAAA ETAIOAAA < EOEET ATOTAAOUN

Aq  EM0AORAAA AAO<AAT 0000A0 ATA 0000A0 AT TDA0O TATO JATOTAAOU ETAIOAAC 0£0A0 0A0 TETAGETTC)

d) manifold piping and valves between the riser termination and the swivel or dragged chain outside
OEA ATOTAAOUN

Aq  ATTOOTT ATA TTTEGTOETC ANOED TATO AgAIOAAA £OT T OEA ATOTAAO

0000A0 OUOOA T 0

A.2.3.7.1.2 Permanent turrets
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4EA PAO TATATO0000A0 ATOTAAQU EO AANETAA AQ FTTIT= 04

AQ  4EA ET0AOFARA AAOxAAT OEA OEED EOIT ATA OEA TO0AO AFA TAOAO T& OEA 0000A0 AANETAO 0EA ATOTAAOU
between the ship structure and the turret.

AQ  —TTOETC IETAO ATA ATAETO0 AT=T 01 0EA 0AAAAA AOA ETAIOAAA x<EOEET 0EA ATOTAAOW

AQ 4EA 0E0A0 ATA O TAEIEAAT 0A0 TETAOENT £0 ETOEAA OEA ANOED TATO ATOTAAOUS
Aq 4EA 0£0A00 A0A TOOOEAA OEA ATOTAAOU JATOAOAA AG A 0ADAOAOA ANOED TATO ATAOGG
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Key

1 ATOTAAOU

2 swivel

3 riser termination

4  production manifold
5 ship

O© 0 9 O

anchor winches

riser
mooring lines
anchors

Figure A.16 — Boundary definition — Turrets
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Table A.48 — Equipment subdivision — Turrets

Equipment unit Turrets
Subunit Turret Mooring Riser and umbil- |Utility systems
ical termination
Maintainable items | Bearing-roller Anchor Bend-restrictorlock|"*ATIA00 OUOOA T
Bearing-slide ol VE! Hang-off ""tICA OUOOA T
Bearing-wheel Chain , TAE AOTUTOEED
oA ses QUOOAT a
Structure 3UTOEAOEA 0TDA R
Turning and lock-|Connection to OT><A0 0UOOAT
ETC OUGOA T structure Pull-ina
Winch Ventilation
Wire
a /TIU OAIAOATO £10 AFOATTTAROAAIA 0000A008

Table A.49 — Equipment-specific data — Turrets

Name Description Unit or code list Priority
Application Main use %@0A0TAI TTAAETCI AOAOTAT DOTACACETTIETEAA- | High
tion, internal loading, internal production/
ETEAAOETT
Turret location Where installed on the vessel |Bow, stern, behind living quarter High
Fluid transmission Fluid-transfer method SOACCAA AEAETH £O TPAG O<EOA High
2TO0AOETT OUOOA T — Active, passive High
Riser termination 40PA Flanged, quick connect, quick disconnect,|High -
welded :
Number of risers — Number High
Number of umbilicals — Number High
Number of anchor lines — Number High
Wave height SECTENEAATO EAECED 7 AROECT OAIOA | Meters Medium
Vessel displacement — Metric tonnes Medium

A.2.3.8 Swivels

Table A.50 — Type classification — Swivels

Equipment class — Level 6 Equipment type
Description Code |Description Code
Swivels SW  |Axial AX
Toroidal TO
Electric/signal ES
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|

Geo-stationary _ r . rL| Process equipment
oping P LH Swivel LH D onfeso .
Miscellaneous
boundary
Figure A.17 — Boundary definition — Swivels
Table A.51 — Equipment subdivision — Swivels
Equipment unit Swivels
Subunit Swivel Miscellaneous
Maintainable items SUTA TEA 0AAID Tensioners
' Bearing Common items
LENOEA AAOOEAC OUGOA T
Bolting (incl. both structural and pressure connections)
Casing
Brushes 2
a /TIU FT0 AIAAGOEA 0><EOATO

Table A.52 — Equipment-specific data — Swivels

Name Description Unit or code list Priority

Number of paths For power and signal swivels no. of paths is|Number High
ARTETAA A0 Tt Tk OA0OEARD

Design pressure — Pascal (bar) Medium

Design temperature — Degrees Celsius Low

Enclosure AUDA T ATAITOO0A #ITOAA AT TDA00 TATO) TAOOOATIU|Medium

ventilated

O0TAOAARAZNIOEA ATO-|4UDA Tk OAOOEAA Sweet service, sour service Medium

rosiveness

Sand production Measured or estimated sand production Grams per cubic metre Low

Electric power 0T>A0 O<EOAIO TTIU Kilowatt Medium

Voltage - power 0T<A0 O<EOAIO TTIV a Volt Medium

Voltage signal SECTAI O<EOAIO TTIU a Volt Medium

a )E OAOAOAT TAOAIO AGEO0h OAATOA OEA 1100 AT TETAOETC ATA AAA FO00EA0 AGDIATAGETT A0 02A TAOEOH
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A.2.3.9 Storage tanks

NOTE _ Storage tanks include atmospheric tanks and low-pressure tanks (non-refrigerated and refrigerated).
4E£0 ANOED TATOAIA00 ATAO TTOETAIOAA TEFOETOA OATEQ $DA00TIAOC Th AFAOATT —% = AGETTETC NOEAN AOAK ATA OTAAOCOTOTA
storage cavern.

Table A.53 — - Type classification - Storage tanks

Equipment class - Level 6 Equipment type

Description Code |Description Code

Storage tanks TA Fixed-Roof FR
Lifting Roof LR
Diaphragm DP
External Floating Roof EF
21TiA0 RL
Fixed Roof with Internal Floating Roof IF

Pressure/Nacuum
valve

External Internal
] Controlsa:; en:nilmng Miscellaneous
< - !
Inlet valve L {~ A Y o
Y
Power  Remote boundary
Rodf drain instrumentation Tank drain
valve vave

Figure A.18 — Boundary definition — Storage tanks
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Table A.54 — Equipment subdivision — Storage tanks

Equipment unit Storage tanks
Subunit :‘l?llk struc- External Internal fr?glr:;t?)lrzii:g Miscellaneous
Maintainable items |Shell (or side-|Bottom drain |Heatersa Sensors b Mixers
walls) Roof drain ¢ Cathodic pro-|Piping &EOAZTECEOETC OUOOA T
Roof Seal ¢ tection Open vent Lightning protec-
Bottom Platform Nozzles Flame arrester OETT OUCOAT
Nozzles 7 RIE <Al Piping Others
Manholes A< AU Swing line ¢
Cleanout Ladder ¢
Foundation Centring and
anti-rotation
device ¢
3AATTAAOUATT-
tainment d
a  1PPIEAAAIA £T0 EAAOAA OOTOACA 0ATEO TTIWS
b 3DAAEEU OUPA Tk OATOTON Ascs DOAGOOOAN 0A TDAOAOOOAN TAOATH A0AY
¢ 1PPIEAAAIA FTO NTAOETC OTTEOATEO TTIUS
d  1PPIEAAAIA £10 OAROECAOAOAA TENOANEAA CAO O0TOACA TTIUS
Table A.55 — Equipment-specific data — Storage tanks
Name Description Unit or code list Priority
Stored product(s) Main product(s) #0OAA TEIN TEIU < AOAG CAOTIETANAFA- | High
sel, methanol, water, refrigerated
LPG, refrigerated LNG, chemicals
00TAOA) ODAAENEA COAOEOU | 2ATA0EOA AATOEOU Number Medium
Design standard Design standard Standard / edition / addendum |Medium
Design pressure Maximum positive gauge pressure |Pascal (bar) High
Deisign vacuum Maximum partial vacuum Pascal (bar) High
Volume - TTETAI IENOEA AAPAAEOU Cubic metres Medium
Sizie - diameter Nominal diameter Metres Medium
Sizé - height Nominal height Metres Medium
: ) Maximum design temperature Degrees Celsius High
Temperature - design — - - -
Minimum design temperature Degrees Celsius High
Temperature - operating |Operating temperature Degrees Celsius Medium
Shell material 3DAAEEU OUPA TO ATAA 3DAAEEU Medium
Roof material 3DAAEEU 0UDA 10 ATAA 3DAAEEU Medium
Coating 3pAAEEU Yes/No Medium
CAAGETG OUGOAT 3DAAEEU Yes/No Low
2A0ECAOAOAA OATE OUOOA T | 3DAAEEU Yes/No Medium
2TTE0UPA &EGAA TO NTTAETC &EGAA TO NTTAOETC Medium
&ITAOETC OTTE OUPA 3DAAREU 3DAAREU Medium
Wall thickness Nominal thickness (15t course) Millimetres Medium
Mixer/agitator 3DAALRU Yes/No Low
3AATTAAOU ATTOACT TATO | 3DAAEEU Yes/No Medium
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A.2.4 Electrical equipment
A.2.4.1 Uninterruptible power supply (UPS)

Table A.56 — Type classification — UPS

Equipment class — Level 6 Equipment type
Description Code |Description Code
UPS UP  |$0AI 503 x<E0E 00ATAAU AUDAGO UB

2AAGENEAC OOPBIEAA FOT T A TAOCATAUDT>A0
"UDAOO FOTT TAET DT=A0 OUGOAT

$0A1 503 <EETO0 AUPAGO UD
2AAGENEAO OOPBIEAA FOT T ATAOCATAUDT>A0
3ETCIA 503 <E0E AUDAQD Us

2AROENEAQ OOPDIEAA £0T T A TAOCATAUDT><AQ
"UDAOO K0T T TAET DT><A0 OUOOA T

3ETCIA 503 <EETO0 AUDAQD UT
2AROENEAQ OOPDIEAA £0T T ATAOCATAUDT>AQ
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AC supply
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} ESD

Static
bypass
switch
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Main AC distribution

0B ]
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boundary
Key

a  Make-before-break switch.

Figure A.19 — Boundary definition — UPS
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Table A.57 — Equipment subdivision — UPS

Equipment unit UPS
Subunit Battery unit |Bypass unit |Inverter unit |Rectifier unit/|Control and|Miscellaneous
DC supply monitoring
Maintainable "*AG0AOU "*UDA00 0<EOAE | **UPAGO 0 EOAE | Cabling Control unit |Cabinet
items br’eA:A:lk‘e\r o "UPAGO 00ATO- |Cabling Contactor Internal ~ |Insulation
"*A00AOU AATE | former : feedera DT>A0 00PDIU :
Connection/ Cooling fans
Cabling gec;r(ljt::';or socket Fuse(s) Monitoring Others
Circuit break- Fuse(s) Fused switch |Sensorsb
er Fuse(s) Instrument Instrument Wiring
Connection/ | Instrument |, oo 2RA0ENEAD Insulation
socket Static switch Kacougn monitorin
1 Static switch | 2AAQETEAQ . &
nstrument device
transformer
Inverter
transformer
a - TOTAIU TTAAOAA ET OEA OODPIVETC 0= E0AEATAOAS
b 3DAAEEU 0UDA TE OATOTOh Ascs DOAGOOOA 0A TDAOAOOOA TAGATR A0As 3AA ATOT ANGED TATO ATAGO YTDOO AAGEAAO ET 1égsusch ATA
in general, caution should be made with respect to which such items to include inside the equipment class UPS.

Table A.58 — Equipment-specific data — UPS
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Name Description Unit or code list Priority
Application What equipment the UPS is applied for | #:0A0t) ACAAEAG ATTOOTI 0UOOA W 01 0ARAOU | High
OUOOA T 0 OATAAT T TOTEAAETT
3UO0A T ETDO0 OTIOACA Input voltage Volt High
YTDO0 FOANOATAU Rated input 50 Hz or 60 Hz High
Number of phases input|1-phase or 3-phase Number High
voltage
Voltage variation Input voltage Percent Low
&OANOATAU OAOEAGETT YTPO0 F0ANOATAU Percent Low
3U00A T TO0DO0 OTI0ACA Output voltage Volt High
/00000 FOANOATAU Rated output 50 Hz, 60 Hz or DC High
Number of phases output|1-phase or 3-phase Number High
voltage
Rated output load and|Apparent power and power factor in |Kilovolt-amperes/cos3 High
power factor nominal operations
| Degree of protection Protection class in accordance with |IP code Medium
i IEC 60529
Ambient temperature Operating temperature range Minimum and maximum temperature | Low
j in degrees Celsius
Cooling method 3DAAEEU Water, air, others Medium
1503 000ETC OUOOA T 4EA TO TAAOO Tf 503 0UOOA 10 <EFAE | Dual, single, triple Medium
are working in parallel
‘ ZAAOEFI’EAOTETOAOOAO AUDAOO |4EA 0UDA Tk AUPAGO Ox<EOAE Manual, static Medium
OUGOA N
~A0ROU ARREOD OETA | 4EA 0¢ TA AQOETC = EFAE OEA AAODAOU Minutes Medium
AAT 00DDBIU 0AOAA TODPOO DT>A0 01
the inverter
Recharge time AEA O£ TA 0T 0AAEAOCA 0EA AAQOAOU 0T |Hours Medium
wr P AADAAROU
**A0OAOU OARETTTTCU 4UPATE NiCd, Pb-acid, other Medium
101
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Table A.58 (continued)
Name Description Unit or code list Priority
“AOOAOU AADOEZEADIO T T TE-|3DAAREU Common, individual, N.A. Low
toring
Method of ventilation 3DAAEEU Forced, natural Low
- O TAAO TE AA0OAOU AATEO | 3DAAERU Number Medium

A.2.4.2 Power transformers

/4% AEADIA0 00ATORYO TAOD ATOROA £T GEEO ¥icruic AOA OOAA EF AVTEOTAGEIT 08 Tsi0ETOA j0TDOEAAGL ATA
TTOET0A D>A0 00DDIU £10 ALCs AIARGOEA I YOTO: 30AOAA BT ><A0 10ATOEND 1AOO AOA ATOROAA £T Yicigiu A0 N AETOAETAAIA
EOATS 3T TAETEIO WAOETT ET Yécttic AAT AA OATAOATO £x OOAE EOA O AOA 0T AA OOAEAAD OT T TOA AAOAFIAA OATEAAFIEOU AAOA
collection.

Table A.59 — Type classification — Power transformers

Equipment class — Level 6 Equipment type
Description Code |Description Code
Power transformers PT  |Oil immersed OoT

$0U DT

Circuit
breaker
Transformer
unit
Miscellaneous Monitoring
system
X L. :)\d
Circuit oundary
breaker

Figure A.20 — Boundary definition — Power transformers
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Table A.60 — Equipment Subdivision — Power transformers

Equipment unit Power transformers 2

Subunit Transformer unit Monitoring system Miscellaneous
Maintainable items 0il "*OAETIU OAIAU Bushing insulators

Tank Level indicator Terminal blocks

Windings Thermometer Connectors

Fan Relief valve Wiring

Core 00A0000A 0AIAU Grounding

Expansion tank Current transformers Junction box

Radiator Silica-gel device

Tap changer Dampers

Neutral impedance Penetrator b

Outer tank b Neutral grounding resistors

(NGRs)

a &T0 TITZ00A0AA ANGED TATO AIAOOAG TTOA OAOEAGETTO AAO=<AAT FOANOATAU ATTOAOOAOO DT> A0 00ATOETO TAOOI ATA 63%
electric motors.
b Subsea application
€ ik A OOAOM D<A 00ATORYD TAD IVAAGAA T OEA ORARRA A0 DAOD TE %0 TAT) AIAGO (30R0M AIARGOAAI BT><A0
AEOOOEAGOETTO §OAA Tocspsuq EO A TAFTOAFTAAIA EOATS 10 DAOO Tk 030A0AA AIAAGOEAAT DT ><A0 AFOOOFAGOET TS OEAOA ATOIA 00APZOD
and/or step-down transformers that are located topsides/onshore, and these would be same as the equipment class Power
transformer in Table A.60.

Table A.61 — Equipment-specific data — Power transformers

Name Description Unit or Code list Priority
&OANOATAU 2A0AA FOANOATAU Hertz Low
O0E TAQU OTIOACA | Rated voltage Kilovolts High
3AATTAAOU OTIOACA |Rated voltage Kilovolts High
Voltage additional | 2A0AA OTIOACA 0AOOEAOU TO FO00EA0 <ETAETCO | Kilovolts High
windings
Power - design Rated power Kilovolt-amperes High
Power factor Cos 3 Number Low
YENEAEATAU WENEAEATAU FAAOTO §s) Number = 1 Medium
Degree of protection | Protection class in accordance with IEC 60529 | Code as in IEC 60529:2001, Clause 4 | Low
Thermal class desig- | Thermal class in accordance with IEC 60085 |Y, A, E, B, F, H, 200, 220, 250 Medium
nation
Temperature rise  |In accordance with [EC 60076-2 Degrees Celsius Low
Transformer cooling | 4UDA ET ARATOAATAA <EOE )U# @rimyelg Code asinIEC 60076-2:1993, Clause 3 | High
Number of phases |1-phase or 3-phase Number High
Level of insulation |Insulation in accordance with IEC 60076-3 |Kilovolts High
Three-phase trans-|4UDA ATA AT TAETAOETT TEATTTAAGETTO JOAAGTO| Code as recommended in IEC 60076~ | High
former connection |groups) as star, delta, etc. in accordance with|1:2000, Annex D

IEC 60076-1
40DA Tk AOU 00ATO- [3DAAEFU £ OEA <ETAETCO AOA ATAADOOIAOAA ET|Encapsulated/not encapsulated  |Medium
former winding solid insulation. Cast resin is an example of

solid insulation.
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A.2.4.3 Switchgear

Switchgear have a wide application offshore and onshore for the distribution and protection of high

ATA T OTIOACA DT><A0 OUOOA T 08 4EA AIAOOENEAAOETT ETAIOAAC ATOE EECE OTIOACA jep+6Q ATA T OTI0ACA
(<1KV) applications. High voltage boards can be air insulated or gas insulated, as shown in Table A.62.
It should be noted that low voltage switchgear also includes distribution boards.

Single phase, three phase and direct current applications are included in the scope.

Table A.62 — Type classification —Switchgear

Equipment class - Level 6 Equipment type
Description Code |Description Code
Switchgear SG Low voltage LV

Oil and vacuum insulated ov

High voltage air insulated HA

High voltage gas insulated HG

‘| MAIN POWER CONTROL MISCELLANEOUS | |
3 CIRCUITS PROTECTION AND :
; MONITORING :
S S IR e S——— | S——— :
El Remote
supply instr,

Figure A.21 — Boundary definition — Switchgear
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Table A.63 — Equipment Subdivision — Switchgear

IS0 14224:2016(E)

Equipment unit Switchgear

Subunit Main power circuits Control protection and monitoring Miscellaneous
Maintainable Circuit breaker a Metering b Interface cabinet
items Cable termination OO0TOAAGETT OAIAU ATA ETOAOITAE ¢ Cooling

Current transformers

Voltage transformers

Miniature circuit breakers (MCB)

Disconnectors Communication interface
Earthing switch Terminal blocks and connectors
Motor starters (contactor) |PLC
Actuatord Sensor ¢
Busbar 8 Valve

Piping

Wiring

Enclosure f (cabinet)

a  Includes internals, such as closing coil, trip coil, position sensor, spring etc.

b Includes voltmeters and ammeters.

¢ 4EAETOAOITAE WAU AEOEAQ AA ETAIOAAA A0 OTEO><AOAET OEA DOTOAROETT OATAU TO A0 ATTOATOETTAT OAIAU TIGEA:
d  Actuator for energising the mechanism for release of the circuit breaker.

e &I0 CAO ETOOIAOAA 0x<E0AECAAO FANOED TATO 0UPA (=i OATOTO xtii AA DOTOEAAA £10 TTTEOTOETC OEA TOAOZDOAOOOOEUAA

chamber.

f Theracking mechanism is part of Enclosure. The cables into and out of the enclosure is not considered as part of the scope.

& Busbarinsulators are a part of the busbar.

Table A.64 — Equipment-specific data — Switchgear

Name Description Unit or code list Priority
3UO0A T ADDIEAACETT | Description of the switchboard application [#TT00TT OUO0A T 0ARAOU OUOOA T Medium

(services supplied)
2A0AA OUOOA T OTI0- | Expected operation voltage Volts, AC or DC High
age
Rated busbar cur-|—Agt TO T ATTOETOTO0IU AG00ATO A0 ODAAENEAA | Amperes High
rent conditions
Rated short time|The rms value of the short circuit current|Kilo Amperes (kA) Low
withstand current | which the switchgear shall withstand during

OEA OPAAENEAA OE T
Rated duration of|The interval of time in which the switchgear|Seconds Low
short circuit OEAIT x<EOEOOATA OPAAENEAA OETO00 0F TA < EOE-

stand current
Utilization of ca-| . T0 FAI TDAOAGETCTAAOLCT AADAAEOU P High
DAAEOU
2A0AA EOANOATAU | - 10 TAI TDAOAGETT F0ANOATAU Hertz High
Number of circuits | Number of outgoing connections Number Medium
Degree of protection | Environmental protection for the cabinet IP rating Low
Hazardous area|EEX hazardous area rating according to|3DAAEEU Medium
rating IEC 60079
Switches/Breaker|Switches/Breaker rating (A) 3DAAERU Low
rating

105
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A.2.4.4 Frequency converters

1 GAOSAAIA 3DAMA SO:0A SUOOATO §63B3G TO LALOODARIA 3DMA SOIOA SUGCATO §13830 0 ETOATAMA
OT BOTOEAR B> A0 0T ATARGOEA TTOTO§0 OOAE OEAD OEA ODAAA 0 0TONOA Te OEA TTG10§00 TAU AA OAOGAAS
&OANOATAU #TTOAO0A00H AIOT ETT=T A0 6AOEAAIA &OANOATAU $O0E0A 3UGOA T $6&$301 AOA ADDIEAAAIA £T0 1#
AIAAOOEA TT0TO08 4EA 6353 AAT ATTORO0 TF A FOANOATAU ATTOAO0AQ EF E0 £0 AT 1# 0UDA 63$3¢

6333 EAOA KTTOAMOARIA ADDIERAOEIT £T OEA TE] ATA CAO ETAOOOOU OATGETC AOT T OEA O TDIA ODARA ATTOOTI T
A (61# 0UCOA T 0T 0EA OPAAA ATTO0TT T# A 00AOAA DO TP ET A 0OAOAA BOTAAGOETC OUGOA '8

. T0A OEAO OEA ANOED T ATO AIAGO 0&0ANOATAU ATTOA00A006 0 0EOC OAIAOAA 0T 0EA ANGED TATO AIAOOAQ 0%IAAOOEA
10700 31 scicirf 00T><A0 00ATORTO AOOS jOAE 1icstic( 030A0AA AIARGOEAAT BT ><A0 ACO00EAOGEITO 41 icigiug
ATA 0%IAA00EAAT 00A TAQGEAIA DO TD06 1 6o AAOAOEAAA AIOA<EAOA ET 0EEO ) TOAOTAOETTAI 30ATAAOAS &10
ETx<AOAO £0 A TACTOAETAAIA FOAT £10 0EA ANOED TATO AIAGO 030A0AA AIAROOEAAT BT><A0 AFOOOFAQOETTO JOAR
A.2.6.5).

Table A.65 — Type classification — Frequency converters

Equipment Class - Level 6 Equipment type
Description Code |Description Code
&OANOATAU FC Low voltage LV
converters
High voltage HV

AEA NECOOA AAIT> OET>0 A OUBEAAT ATTNEGOOAGETT £T0 A 6AOEAAIA 3DAAA $OEOA 3U00A I8 4EA ANOED TATO AIAGO
&OANOATAU ATTOA00AOO £O CEOAT ET Figure A.22. Figure A.22 0 OETT 0T £1I0000A0A ET>x 0EA &0ANOATAU
ATTOAO0A00 N0 £T 0EA 63$3 ATA 0EA AADATAATAEAO 1T TOEAO AT TDTTATOOM IEEA ANOED TATO AIAGOAD OT=A0
transformers (see A.2.4.2) and Electric motors (see A.2.2.4).
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Figure A.22 — Typical VSDS configuration with frequency converters
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Figure A.23 — Boundary definition — Frequency converters
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Table A.66 — Equipment Subdivision — Frequency converters

Equipment Frequency converters
unit
Subunit Input stage DC bus Output stage |Control and|Coolingsystem|Miscellaneous
monitoring
Maintainable| 2AA0ENEAOO Capacitors Inverter Monitoringa |Heatexchanger|Heaters
items Protective de-|Inductors /00p00 TEI0A00 | Control unit  |Filter %TAITOO0A NEg-
vices . . 000A0 ATA neo-
Charging cir-|Power cell Internal power |Motor tines
Internal circuit|cuits AL . §
: 30bbIU Piping N )
breaker or dis- Excitation cir-
Brake choppers S .
connector Communication |Pump cuits
(A0 TTTEAfioAo | Internal circuit Cards Seals *UPAO ATTOAR-
breaker or dis- tor :
Commutating|connector Instruments Valves :
reactor : o
Switch fuses Wiring Enclosure cool-
}nput Ctrans- Fuses Miniature circuit| '8 fans
ormer -
breakers/fuses |De-ioniser b
Isolation switch |Louver

a  3pAAEEU OUPA TEET000O TATOTOATON0 AOOOATON OTIOACAT DT <A 0DAAAN ATTOAROTO FAAAAAAES :
b &T0OT TAEECE OTIOACA OTE00 j%NOED TATO0UPA E (60 0EAOA xEil AR AAZETTEOAA AITOAA < AOAQ TTTD FT0 ATTIETCH < EEAE < TOIA

consist of piping and motor, but also a de-ioniser unit.
¢ AEAETRO0 00ATORTO WAQ O ETOEAA OEA ROANOATAU ATTOAOOAO §£T A 63%3 ATTNECOOAOETT ATA £0 AeecAOATO AOT T ATIO TAI DT>A0
00ATOFTO WA AGO WAU 0011 ATOT O0A ANOED TATO ATAGO 00T ><A0 00ATOETO T A6 JOAA Table A.60) if further sub-division is needed.

Table A.67 — Equipment-specific data — Frequency converters

Name Description Unit or code list Priority
Corresponding|Equipment unit (electric motor) which the|Tag Medium
driven unit &OANOATAU #1TOACOAC EO ATTTAAOAA 01
3U00A T EAATOENEAA-|3U00A T EAATOENEAAOETT TO TARD Number High
tion
6T10ACA 0UPA Design characteristic AC,DC High
4UPA Tr AT T TO0A-| Describe as per code list Self-commutated, line/load commutated | Low
tion
Application Where applied Compressor application, subsea, down- | High
ETIArDOTAAOO AOETIETCh GOEIEOU
30DPIU OTIOACA 30DPIU OTIOACA Volts Low
Power - design SAOECTTOAOAA DT ><A0 TE OEA OUOOA T Kilowatts (kW), Megawatts (MW),|High
MegaVoltAmpere (MVA)
Utilization of ca-| . T0 TAI TDAOAGETCTAACECT AADAAROU =) Medium
DAAEOU
Operating frequen-| . T0 AT OATCA Tt 100900 £0ANOATAU Hertz Low
AU 0ATCA
#TTOAOOAO OUPA $/:\Q/:\OE£\AO XEAOLEAOOEA OMOEI'IEAO POTOEAAODT=A0 | One, two or four quadrant Medium
AARE £T0T OEA 060DDIU 0UO0A |
Incoming trans-|Describes the input connection, whether a|Step up, step down, isolating, phase|Medium
former connections | transformer is used and its design intent shifting
Output conditioning | Describes the output connection, wheth-|/00D00 NEI0AO 00AD OB 00ATOFTO TAOO |Medium
er output conditioning is used or a step up
transformer
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Table A.67 (continued)

Name Description Unit or code list Priority
#TTIETCOUOOA T AA-|What cooling mechanisms are used for the|Liquid cooling, air forced cooling.|High
sign VSDS, transformers, braking resistors and|(Indicate most dominant since there

enclosures in practice often is a combination of

the two)

Hazardous area|EEX Hazardous arearatingin according with | 3DAABEU High
rating IEC 60079
Ingress protection |Ingress protection rating in according with | 3DAABU Medium
rating IEC 60529

A.2.5 Safety and control
A.2.5.1 Fire and gas detectors

Table A.68 — Type classification — Fire and gas detectors

Equipment class — Level 6 Equipment type
Description Code |Description | Code
Fire and gas detectors FG |Fire detection (FGA)

Smoke/Combustion BS
Heat BH
Flame BF
Manual pushbutton BM
Others BA
Gas detection (FGB)

CUAOTAAOATT AB
Toxic gases AS
Others AO

NOTE: Failure mode code FG is splitinto FGA and FGB. See also Table B.9.
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Figure A.24 — Boundary definition — Fire and gas detectors

A.2.5.1.1 Boundary definitions for fire and gas detectors

&EAIA ETDO0 AAOEAAO OOAE AO MEOA ATA CAO AAOAAGTOO AOA OOOATIU ATTTAAOAA 0T A nEOA ATA CAO ATTOOTI
TTCEA OTE j#, 50 <EFAE £O0 T10 ETAIOAAA ET OEA ATOTAAOU T NEOA ATA CAO AAOAAOTOO jOAA &ECOOA T pwls
—TTEOTOETCTETOAORAAA OTEO0 TAU AA OO0AA AAO<AAT AAOAAOTO ATA #,50 ATA 0EEO EO PAOO Tk OEA NEOA ATA
gas detectors. The purpose of these units is, among others, to monitor the detectors, their interface
ATTTAAOETTO ATA AAAIAOY ATAIUOETC OEA ETAT TETC AAOA AU AEEfAOATO AICTOROE TO ATA ETEOEAOETC £ADI0 TO
AIAO T OECTAIOS 4EA AAGEA DOETAEDIA TF AAOA AT T TOTEAAOETT AAO<AAT NEAIA ANOED TATO ATA OOAE ETOAORAAA
0U00A T O AAT AA AAOAATT TOI0EDIAGETC ATA OANOATOFAI DTTIETC TF AAOAS

Table A.69 — Equipment subdivision — Fire and gas detectors

Equipment unit Fire and gas detectors
Subunit Sensor Interface unit 2 Miscellaneous
Maintainable items Cabling Cabinet Others
Cover Control card

Detector (incl. head and | $EODIAU
associated electronics)

Mounting socket

a 10 ADPIEAAATA £10 ATi nEOA ATA CAO OATOTOO
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Table A.70 — Equipment-specific data — Fire and gas detectors

Name Description | Unit or code list Priority

Functional characteristics
Location on installation| Where installed SOEIT NITT0N <ATIEAAAN DOTAROO AO@EIEAOUN WOA |High
BOTAAOGETG: DT>xA0 OTAOACETT] OVFIEO ATTHON
OTT T AOZEIFAOU OTT T IEOETC NOAOOAD

Environment Exposure Severe, moderate, low, unknown a High

Item characteristics

Sensing principle 4UPA Fire: High
lonization, optical, IR, UV, IR/UY, rate rise,
0AOA AT T ot nEgAA OA TDih £OOEAIA DIOCH AA TAOAN
multisensor (optical/heat)

Gas:

#AOAIUOEAT ATAAOOTAEA T EAAT DETOTAIAOOTAEA TEAAID
photoelectric beam, IR, UV, acoustic, camera,
aspirating, optical beam, solid state

Detector communica-|4UDA #TTOATOENTAIN AAAOAGOAAIA §TTAZ><AUQ 0 TAOO| Medium

tion JOx<1Z><AUQ

Fault tolerance b Response at failure Yes/No Medium

Self-test feature Degree of self-testing No self-test, automatic loop test, built-in test, | Medium
combined

4UDA Tk %@ DOTOAAGETT | %@DITOENT AIACOETEAAGETT AAOACTOU | Ex(d), Ex(e), Ex(i), none Low

e.g. Ex(d), Ex(e) ¢
a %TOEOTT TATO AIAOOENEAAET T
3A0A0A T10 ATAITOAA ATATTO TOOATTON EAAGEIU AgDTOAA jOEAGAGETTH EAAOY AOO0H OAIO

—TAAOAOA DA00IU ATAITOAA ATATTO TTAA0AOAIU AoDTOAA JOEAOAGETTH EAAR AOO OATON) TAOOOATIU OATOEIAOAAY
, T ATAITOAA ATATTO ETATTON TETTO AgDTOO0A JOEAOAGETTH EAAG AGO0 OAIOY) TAAEATEAATIU OATOEIAOAAS

b SAOCT AOAA TT AAZATAOCIOAA DOTACDIA £0 AT TRAGCAIA (08 EAEIZ0AGA DECTTOTBEL: 1 OAGAGUZETO000 TATOAA OUGGA T
IDAOAOETC ET OTTO TAINU ATAOCEUAAG TTAA AAT AA AAGECTAA 0T FAEIZOARA TT 1100 5 DT> A0 TO OECTAIT
c See IEC 60079 (all parts).

A.2.5.2 Inputdevices

Input devices are, in general, sensors that convert process parameters into an electrical signal that can

AA TTTEOTOAAS 4UPEAAT TAET AAOACTORAC T ETDO0 AAOEAAG AOA OEA FTTTT<ETCY

— transmitter: ~ converts process parameter, e.g. pressure, into proportional electrical signals,
OUPEAATIU T T 1 0T ¢t 11 101 6 0T prt 6 jOAA Yue# omoyplcq)

— Fl‘“arl{sd\g\cq{:\, __ converts process parameters, e.g. pressure, into proportional electrical signals,
OUBEAATIU OTA TRIENEAA TO0DOM

2 OxB0AE{  ATTOA000 BOTAAGO DAOA T AOAOOH AsCe DOAOOOOAN OUDEAATID ETOT TTITEE AIAAOOEAAT OECTAIOS

Table A.71 — Type classification — Input devices

Equipment class — Level 6 Equipment type
Description Code |Description Code
Input devices IP Pressure PS
Level LS
Temperature TS
Flow FS
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Table A.71 (continued)

IS0 14224:2016(E)

Equipment class — Level 6 Equipment type
Description Code |Description Code
Speed SP
Vibration VI
Displacement DI
TTAIUOAO AN
Weight WE
Corrosion (6(0)
Limit switch LP
On/off (pushbutton) PB
Others oT
Power supply
Conditioning =
Output
Process in Sensin Process out
— = elemen% Dt——

N\

boundary

/4% AEE0 ATOTAAOU A0AXETC ATAO TT0 ADDIU £T0 0<E0AEAO ATA DOOEAGOOTTO8

Figure A.25 — Boundary definition — Input devices
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Table A.72 — Equipment subdivision — Input devices

Equipment unit Input devices
Subunit Sensor and electronics Miscellaneous
Maintainable items | Sensing element Cabling
Conditioning (electronics) Piping
Others

Table A.73 — Equipment-specific data — Input devices

Name Description |Unit or code list Priority
Functional characteristics
Location on installation | Where installed SOET MG < ATIEAAAT DOTAAOC) AOGEIEAOU | High
mud processing, power generation,
OOEIEQUNATTOOITOT T HhAO@EIEAQUOTT BN
living quarter
Application Where applied O0TAAGO ATTOOTINA TAOCATAU OEQOAT><Th| High
process shutdown, pressure reduc-
OETTh AUDAOON ATT><AT><Th I THEOTOENCh
combined
Fluid/gas corrosiveness/ | #1A00t0 A0 AGDIAETAA ET FTT0TT0A 2 Benign, moderate, severe Medium
erosiveness
Item characteristics
#AOACTOU —AET AADACTOU Transmitter, transducer, switch,|High
pushbutton
Sensing principle 1DDIEAAAIA FT0 DOAOOOOA OATOTOO TTIU | Bonded strain, semiconductor, strain, | High
piezoelectric, electromechanical, ca-
pacitance, reluctance, oscillating wire
1DDIEAAAIA £10 TAOAT OATOTOO TTIU Differential-pressure cell, capacitance, | High
conductive, displacement, diaphragm,
sonic, gg:cjggl,lmicrowave, radio fre-
NOATAU TOAIAAD
1DDILAAAIA £10 0A TDAOAOOOA OATOT00 TTIU| Resistance temperature detector (PT), | High
0EAQ TTATOPIAN AABETIAOU
1DPIEAAAIA FTO NTT>< OATOTOO TTIU Displacement, differential head|High
(closed conduit/pipe, open channel),
OAITAEOU TAOO
)TOA00 AAAEOETTAI 0UDAO A0 OAIAOATO §AsCs | 4T AA AAIETAA AU O0A0 A0 0ANOEOAA  |High
speed, vibration)
Sensor ypg‘izgt’lgkout of Y| At least k out of the total number, Y, of |k E 0xx” (integer) Low
111U AO OAIAOATQQ sensors shall provide signal to initiate|, ~ s~
ATTOOTITOAZAQU AROETT: k and ¥ shall be| & U0 (integen)
ATOAOAANEE TT OTOETCHIAAGA AIATES
Fault tolerance Response at failure Yes/No High
Detector communication | 4UDA #TTOATOENTAI AAAOAOOAAIR FITAZ=AUG [ Medium
0 T A00 §0>< 1Z><AUq
Self-test feature Degree of self-testing No self-test, automatic loop test,|High
built-in test, combined
4UDA TE DOTOAAGETT %@DITOETT ATAQOENEAACETT AAOACTOUN Ex(d), Ex(e), Ex(i), None Low
e.g. Ex(d), Ex(e) b
a ATECT JAIAAT NIOEAOH AsCs AEGH < AOACH TEOOTCATCS
—TAAOAOAIU ATOOTOEOATAOTOEOA FIEITCAC TT0 AANETAA AO OAOAOAR OAA < AOACH TARAOETTATIU DAOCEATAGGS
3AOA0AIU ATOOTOEOATAOTOEOA ¥OTOO CAOTTEN JEECE (2S), high CO, ATTOATON EECE OATA ATTOATOY
b See IEC 60079 (all parts).
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A.2.5.3 Control logic units

Table A.74 — Type classification — Control logic units

Equipment class — Level 6 Equipment type
Description Code |Description Code
Control logic units CL Programmable logic control- LC

ler (PLC)

Computer PC
Distributed control unit DC
2AIAU RL
Solid state SS
Single-loop controller SL
Programmable automation PA
controller (PAC)

Signal Signal
in out
A
Input cards Output cards
Analog | Digital Analog | Digital
Logic solver
A A

System bus
Power s_upply Miscellaneous
unit
Mains/power distribution boundary
Figure A.26 — Boundary definition — Control logic units
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Table A.75 — Equipment subdivision — Control logic units

Equipment Control logic units
unit
Subunit Analog Digital Analog Digital Logic System Power Miscella-
input input output output solver bus supply neous
cards cards cards cards
Maintaina- |Inputcard |Inputcard |[Output Output Central No subdi- [No subdi- |Galvanic
ble items card card processor |vision vision barriers
Connec- Connec- unit (CPU)
tion unit  |tionunit |Connec- Connec- Others
(X-wiring) |tion unit [tion unit |Random
(X-wiring) |(X-wiring) |access
ofiA)  |omiAy | TATTOU
(RAM)
Watchdog/
diagnostic
Software
Table A.76 — Equipment-specific data — Control logic units
Name Description Unit or code list Priority
Application - control logic |Where used Centralized, distributed, man-machine | Medium

interface

#,50AAOTAATAUATTIECOOAGETT | 3DAAERU £F OEAOA AOA OAAOTAATO#1T- | Yes/No Low
trol logic units (CLUs) installed
Self-test feature Degree of self-testing No self-test, automatic-loop test, built- | High
in test, combined
Fault tolerance Response at failure Yes/No High

A.2.5.4 Valves

/4%

AEA OAIOAQ AROAOEAAA £T OEA OAGTTT TU AIAOOENEAAGETT CEOAT ET Table A.77 AT T10 ADPIU £T0 OAIOAQ OOAA

£10 0DAIEIEh 0BOIOAA T BODBITOAO IEEA OOAOAA OAIOAD ATA OAIOAO OOAA £T AT>TETIA AT NBIACEIT: 4EACA DAIOAD AOA
ATOAOAA ET 0EA OPAAENEA 00AZAIAOOAO ET Annex A TT 0EE0 0UPA Tk ANOED TATO: ZAIIEAAA ATA 87 TAO 00AAO JA0UQ AOAN
however, considered as topside valves.

Table A.77 — Type classification — Valves

Equipment class — Level 6 Equipment type
Description Code |Description Code
Valves VA Ball BA

Gate GA
Globe GL
O00A0NIU BP
Plug PG
Needle NE
Check CH
Diaphragm DI
-/4%p OLII0 OAIOAO AOA TIOTAIIU TITZ0ACCAA ATEDTTATOO0 O0AA £T0 OAIZOACOIAOETTS 036
OTIATTEA OAIORO AOA TTOWAIIU A OGAZOAG Tk A OAIOA OAC OORA £10 All %3$T03%: 10FAEZAGEAGCD
AO T OAIOAQ AOA ODAAENEA OAIOAQ OOAA Ex NOEAE OAOD TTOA E0 0ANOEOAA AsCt ()003 EOTAOET Qs 2AIEAL
OAIOAO AOATTO TAIIU 036 OAIOAOS
/4% <_BAIOAO 7 A ODAAETER 0UDA TTO ARTETAA £T 0E20 CAATA OETOTA AA ATARA A0 / ( j/0EA0CY
=<E0E A ATT TATO OPAAERUETC 0UPA AAOAOEDOETTS %@A TDIA) #1AREZ TO %IAGOT TAOZOUPA $SAIOCA
valves).
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Table A.77 (continued)
Equipment class — Level 6 Equipment type

Description Code |Description Code
Flapper FL
—OI0EPIA TOENEAA MO
4E0AAZ=<AU WA
PSV-conventional SC
PSV-conventional with bellow SB
PSV-pilot operated SP
PSV-vacuum relief SV
Plug and cage PC
External sleeve ES
Disc DI
VEEAT NI < AF
Pinch PI
Others OH

_/4%p OFT0 OAIOAO AOA TTOTAIIU TITHACCAA ATTDTTATO0 O0AA FT0 OAIEZOACOIAOETTY 036

GITATIEA 0AIOAO AOA TTO TAIID A COAIIAG 1< A DAIOA GAG GOAA €10 All 387031 TOBEZAGEAOD)

AO TP OAI0A0 AOA OPAAENEA OAIOAC OOAA EF NOEAE OAODTTOA £0 OANOEOAA JA4CH ()003 FOTAOETT(S 2A1As

OAIOAO AOATTO TAIIU 036 OATOAGS

. /4% ¢ GAIOAO Tr A ODAAENEA 0UDA TTO AANETAA £T 0EEO 0AAIA OETOIA AA ATAAA A0 / ( §/0EAON]

=<E0E A ATT TATO OPAAERUETC 0UPA AAOAOEPOETTS %@A TDIA) #IAAEZ TO %IAOOT TAOZOUPA $SAIOCA

valves).

Copyright International Org@izL§onc;Q;n9arazéilL rights reserved 117
Provided by IHS under license with various National Standards Bodies Licensee=University of Alberta/5966844001, User=dfgfgsfadf, dfgdfgdfg

No reproduction or networking permitted without license from IHS Not for Resale, 10/06/2016 22:31:11 MDT



ISO 14224:2016(E)
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Figure A.27 — Boundary definition — Valves
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Table A.78 — Equipment subdivision — Valves

Equipment unit Valves
Subunit Valves Actuator 2 Control and monitoring 2| Miscellaneous
Maintainable items |GAIOA ATAU Diaphragm Wiring Accumulator
Bonnet Spring Indicator Others
&IATCAETET00 Case Instrument, general
Seatrings Piston Instrument, position
Packing/stem seal |Stem Monitoring
Seals Seals/gaskets Solenoid valve
Closure member Electrical motorb  |Pilot valve ¢
Stem Gear Quick exhaust dump valve
Travel stop YTOAOTAI BT><A0 00DDIU
Limit switch
a Not applicable for all valve categories.
b %IARQOEAZ T TOTO AROOAGTO TTIUS
c 1PPIEAAAIA £10 EUAOAQOIEATDTAO T AOEAATIU AAOOAGAA OAIOAGS

Table A.79 — Equipment-specific data — Valves

Name Description Unit or code list Priority

Main function | —AET FOTAOETTAI AAGACTOU Flow control, on/off, non-return, Pressure relief, | High
10000 TATO TO EUAOAOIEA ATTOOTI

Application | 3DAAEEU EOTAOETT ET OEA DOTAAGD 1110100 82 T A0 00AAQ ATT<AT> Th AUDAOOIETEAAET T | High

X-over, Deluge, ESD, ESD/PSD, PSD, HIPPS, swab,
wing, relief, control, choke

Where mount- | Equipment on which the valve is installed | ZAIIEAAAR 87 T A0 00AR) < ATIEAAANIT = IETAI <ATIEAAA | High
ed FTEAAGETT IETAN DO TP 000AETAT CATAOAOTCH OAPAOAO TN
heat exchanger, vessel, header, electric motor,
diesel motor, turboexpander, drilling, pipeline,
1 OA DOTAAGG OOEIEOUR TEOETC NOAOOAG AEO ETIAG OEOAD

Size Internal diameter Millimetres (inches) Medium

Fluid handled | —AET MOEA TTIU 0il, gas, condensate, freshwater, steam, sea water, | High

AOOAA TEI TEIU =< AOAINIAOA CAGh £OAT CAGH < AOACTCIU-

ATIh TAOEATTIN TEOOTCATI AEA TEAAIO EUAOTAAOATT

combined, gas/oil, gas/condensate, oil/water, gas/
TET<AOAG . = ,h,0"h, . =h 0I000UA AdAs

Fluid temper- | /7DAOAOETC 0A TDAOAOOOA TAETNIOEA | Degrees Celsius Medium

ature

Fluid corro-|#IA00EEU A0 OETTET OEALITOTIOA2  |Benign, moderate, severe Medium
siveness/ ero-
siveness

Flowing pres-|Normal operating pressure (inlet) Pascal (bar) Medium
sure

[

*ATECT JAIAAT NIOEAOH AsCs AEGT < AOACH TEOOTCAT(S
—TAROAOAIU ATOOTOEOATAOTOEOA FIEITCAD TTO AANETAA AO OAOAOAN 0AA < AOAG TARACETTATIU DAQOEAIACY
Severe corrosive/erosive [sour gas/oil (high H»S), high CO, ATTOATO EECE OATA ATTOATOY

b 00f TAOU AROOAGETT DOETAEDIA]
p  OETCIAZAROETG E AROOAGETT £TOAA AU CAO §AE0Q TO EUAOAOITEA MOEA £10 AFOEA0 TRATETC TO ATTOETC OEA OAIOA]
G ATOAIAZAROETC E AROOAGETT ETOAA AU CAO JAEOQ O EUAOAQIEA NOEA £10 ATOE TDATETC ATA ATTOETC OEA OAIOAY
o AAOOAOETT AU IETATDOTAAGO DOAOOOOA T0 AAOACETT AU COAGEOU E TT AROOAGETT ADAOQ £0T T DTOOEAIA AAAEOD AAGOAOETTE
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class

00ATAAOA §AsCs FT0 OAIOAO AT TBIUETC
with API Spec 6D, see ISO 5208:2015)

Table A.79 (continued)
Name Description Unit or code list Priority
Shut-off pres-|Maximum differential pressure when |Pascal (bar) Low
sure valve closed (design)
For PSVs: set-point opening pressure
Valve material | 4UDA Carbon steel (CS), stainless steel (SST), duplex, |High
AITTU 0UDAN AT TDTOL0AT OEOATEO T
Stem sealing |4UPA 300METC AToh AOPIAZH IED OAATY Z20ETC High
Seat design  |4UDA TF OAA0 AAGECT Soft seated, metal-to-metal seated Medium
Actuation|Actuator operating principle 3ETCIAZARGETCH ATOAIAZAAGET G AROOAGETT AU IETAT | Medium
principle b POTAAOO BOAGOOOAN AROOAGETT AU GOAQEOU
Actuation -|4UDA TE AROOAOETT £TOAA %IAR00EAATN EUAOAOTEAT DTAO TAOEAN TAAEATEAAT | High
opening (spring), manual, combinations, none
Actuation -|4UDA TE AROOAOETT £TOAA %IARO0EAATN EUAOAOTEAT DTAO TAOEAN TAAEATEAAT | Medium
closing (spring), manual, combinations, none
Manufactur-|Name of actuator manufacturer 3DAARRU Low
er - actuator
Manufactur-|Name of pilot-valve manufacturer  |3DAAEFU Low
er - pilotvalve
Manufactur-|{Name of solenoid-valve manufacturer | 3DAAEEU Low
er - solenoid
valve
Pilot-valve| .0 TAAOATAATTIECOOAOETT jADDIEAAAIA|3DAAEEUN ACs p p o7 ¢ FE OETCIA o7 BEITO OAIOAGH Low
ATTNECOOAGETT [FT10 DEITOZTDAOAOAA OAIOAD TTIUQ ¢ p TIo jE ATOAIA t7o BEIT0 OAIOAQ
Fail-safe prin-|Fail-safe principle Energized, de-energized Low
ciple pilotvalve
Solenoid-valve | 0 1A ATAKTTTECOOATETT jAOBIERAAIA|30AREALE ACi p o Tc JE GFTCIA oTc BEITD OAIOAR | Low
ATTNECOOAOETT [£T0 OTIATTEAZIDAOAOAA OAIOAO TTIU] | ¢ p To §E ATOAIA To BEITO OAIOA]
Fail-safe prin-|Fail-safe principle Energized, de-energized Low
ciple solenoid
valve
Valve fail-safe | Fail-safe position Fail-open, Fail-close, Fail-as-is High
position
40t T 0UDA 4UDA jAPPIEAAAIA £T0 ATTOOTT OAIGAO TTIUQ | Noise reduction, anti-cavitation, multi-stage, |High
single-stage
Valve leakage | 3DAAEEU AMATOAETC 0T APPIEAAAIA OARAOATAA | 1SO 5208:2015, Annex A, Table 4 High

Q N O

—TAROAOAIU ATOOTOEOATAOTOEOA FTEITCAC TTO AATETAA AO OAOAOAN 0AA < AOAG TARAGETTATIU PAQOEAIACH
Severe corrosive/erosive [sour gas/oil (high H2S), high CO2 ATTOATON EECE OATA ATTOATOY
b 00E TAOU AAOOAOETT DOETAEDIA]
OETCIAZAROETC E AAOOAOETT £T0AA AU CAO §AEOQ TO EUAOAQIEA NIOEA £T0 AEOEAC TRATETC TO AITOETC 0EA OAIOA)
ATOAIAZAAGETC E AROOACETT £T0AA AU GAO JAEOQ O EUAOADIEA NIOEA £10 ATOE TDATETC ATA ATTOETG 0EA OATOA
AROOAGETT AU IETATDOTAAOO DOAGOOOA TO AAOOAOETT AU COAGEOU E TT AROOAJETT ADAQ) £0T T DTOOFAIA AAAEOD AROOAJETTS

A.2.5.5 Nozzles
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Table A.80 — Type classification — Nozzles

Equipment class — Level 6 Equipment type
Description Code |Description Code
Nozzles NO Deluge DN

Sprinkler SR
Water mist WM
Gaseous GA
Mounting
Nozzle
boundary

Figure A.28 — Boundary definition — Nozzles

Table A.81 — Equipment subdivision — Nozzles

Equipment unit Nozzles

Subunit Nozzle Mounting assembly |Miscellaneous

Maintainable items |Fusible bulb Mounting connector |Others
-TUUIA ATAU xt0E|Seals
internals
Nozzle head
Protective coating
Screen
Solder
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Table A.82 — Equipment-specific data — Nozzles

Name Description Unit or code list Priority
Application |Where in the process applied Deluge, sprinkler High
Hazards pro-|4UBA T& BOTGARPIT SANRGCERAI o OB TET CIURTI (i GAGEUROTORT CAGHigh
tection IOAOEAATOON TAOEAT 117 AT T AGOOFAIAC OAAETAAGEOEOUn
toxic gas, toxic liquid
Location on|Where located in the plant Airinlet, compressor, diesel engine, drilling, electric | High
plant motor, FW inlet, gas-metering, generator, header,
heat exchanger, living qt, mud-processing, pigging
O0AGETTHBEDAIETAIDO I DI OADAOAITON 000AETAn OQEIEOUn
O0AOOAIR <AITEAAAL < ATIEAAA NIT><IETAN <ATIEAAA
ETEAROETT IETAT 82 TAO 00AA
Nozzle mate- |3DAAEEU Brass, chrome-plated, electrode-less nickel-plated, | High
rial lead-coated, stainless steel
Nozzle length |3DAAEFU Millimetres High
Nozzle width |3DAAEEU Millimetres High
I~r,1Asta_1_l‘l\ation How installed Concealed, horizontal sidewall, pendent, recessed, | Low
AAOGACTOU upright, vertical sidewall
Fluid han-|—AETNOA TTIU Potable water, sea water, Inergen, CO> Medium
dled - nozzles
Fluid corro-|#IA00EfU AO OET<TET OEAFTTOTIOA2  |Benign, moderate, severe Medium
siveness/ ero-
siveness
Discharge tem- | At operating condition Degrees Celsius Low
perature
Flowing pres- | 3DAAEEU Pascal (bar) Medium
sure
Flow rate 3DAAERU Litres per minute Medium
Shut-off pres-|Maximum differential pressure when |Pascal (bar) Low
sure valve closed (design)
&10 OAtAOU DOAOOO0AZOAIEAE OAIOAG] 0ACZ
point opening pressure
Fluid temper- |3DAAREU Degrees Celsius Low
ature
Connection|3DAAEEU Millimetres (inches) High
size
AUPA TETTUUIA| 3DAAEEU "TI0AA NIATCAI AIA TDAA NIATCAI 0A0A><AA) <AIARA | Medium
end
3DDAU ATCIA  |3DAAERU Degrees Medium
3D0AUOUDA  |3PAAERU Droplets, mist Medium
Actuation 3DAAEEU Fusible bulb, solder, external Medium
Nozzle screen |Whether or not installed Yes/No Low
a " ATECT FAIAAT NIOEAGH AsCs AECH < AOAG TEQOTCAT(
L TAROAOAIU ATOOTOEOATAOTOEOA FIEITGA TTO AATETAA AO OAOAOAT OAA = AOAGT TRAAGETTAINU DAOOERIAGG
Severe corrosive/erosive [sour gas/oil (high H2S), high COz AUTOATON EECE OATA ATTOATOY

A.2.5.6 Lifeboats

The lifeboats addresses lifeboats mounted on offshore oil & gas facilities, and also drilling rigs. Note
that lifeboats, in Arctic areas, are not addressed in this International Standard.

AEA AROFTC OMAETERAT ANGED TATO xE0EET 0AIZDOTDAIIAA EUDAOAAOEA TEEAATAGD (0 TI0 ATOROAA AU 0EE0
YTOAOTAGETTAT 30ATAAOAN AQ0 AU . /23/+ Spnmicrpus
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- TOA OEAQ OEAOA AOA 0T 0UDAD Tk &0AA £AIT IEEAATAO0) AOTD TO OEEA

Power

Table A.83 — Type classification — Lifeboats

Equipment class - Level 6 Equipment type
Description Code |Description Code
Lifeboats LB Free fall FF

Davit launched DL
Boundary
Main structure Launch/
release system
Propulsion Miscellaneous
.| Control and
monitoring

Figure A.29 — Boundary definition — Lifeboats
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Table A.84 — Equipment subdivision — Lifeboats

Equipment Lifeboats
unit
Subunit Main structure |Propulsion Control and Launch/ Miscellaneous
monitoring Release a
Maintainable |Hull Engine Air regulator Davitstructure |Communication
items Innerliner Gear box/ Control panel d Davit winch/gear/ OUOOAIO o
o : motor %IAAGOEAAT OUOOA T
Superstructure |transmission Lifeboat release incl. lich d
hook Davit wire tnel. s ts an
Seat/Seat belts Propeller shaft navigation
Lifting/Release|Propeller Lifeboat release| Davit winch HPU Deluge pump/ pip-
panel . .
hook attachment . Davit control panel |ing/nozzles
Tanksb reeringnome | CUAONOOASER ETOAO-| x40 0UOOAT 8| 120 AUIETARD
30AROETC OUOOAT | TTAE OUOOAT e o
Doors/Hatches | z33st45 ¢ Limit switches f | Shackles A0OAOU AEAOCAD
Hang-off wires Bilge pump
Skid arrangement h |% TAOCATAU ANOED-
ment i

d  This is control panel onboard the lifeboat.

e AEE0 ADDIEAO TTIU £T0 SAOE0 IAOTAEAA TEEAATAOCH
£ ETE) OxEOAE E0 DEUOEAATIU TTAAOAA A0 DAD Tk 0EA TAOTAETOAIAAOA OUCOA T TT OEA ETO0 FAAETEOUS
g (UAOAOIEA OUOOA T ETAIOAAQ AUIETAAOGS

¢ 7AOROZEAO EO OATAT T ET OOA £10 IEFAATAO0 AOO EO T TOA TTO WAI £T0 WATZTOAOATAOA ATANO §—/""(t

h Added to cover Free Fall lifeboat that use a skid that will not give a drop straight down.
i % TAOCATAU ANOED TATO ETAIOAAG NE0OO AEAN < ADAQ ATA FTTAS

a  AEAOA TAETOAETAAIA EOA WO AOA TTAAOAA TT OEA ETO0 £AAEIE0U AsCH DIAOKTO T ATA &03/08 - TOA OEA) OT TA TE OEAGA BOATO AT TT0

ADDIU £10 Al 0UDAO TF 1EFAATAQ jOAE Table A.8308 4E£0 OUOOA T AIOT ATOACO OEA OAATOAOU Tk 0EA TAOTAEAA TEEAATAN

b Tanks include fuel and water tanks and other bulkheads, of various material (e.g. GRP).

Table A.85 — Equipment-specific data — Lifeboats

Name Description Unit or code list Priority
Automatic release Automaticrelease of lifeboat|No, Yes Medium
release hook
"*OAAOEETC AFO AADAAFOU "OAAOEETC AFO AADAAFOU Minutes Medium
"OAAOEETC AFO OUGOA T "OAAOEETC AFO OUO0A Te No, Yes High
OROOTTTAI AADAAEOU OROOTTTAI AADAAFOU §ATOTOQ |Each High
3DOETEIA0 OUOOA T 3DOETEIA0 OUO0A T e No, Yes High
Nautical speed rated Rated nautical speed Knots Medium
Free-fall lifeboat installation height| Height above sea level M High

A.2.6 Subsea

A.2.6.1 Subsea production control
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Table A.86 — Type classification — Subsea production control

Subsea distribution
module

Subsea control
module(s)

Lines to subsea valve actuators

Sensors

Equipment class — Level 6 Equipment type
Description Code |Description Code
Subsea production control CS | $FOAA) EUAOAOIEA DH

$EOAAD ATAROOTZEUAQAQIEA EH
—O10EpIAGAA AIAAOOTZEUAOAQIEA MX
SEOAOAOA DEITO EUAOAQIEA PH
3ANOATOEAT BETTOAA EUAOADIEA SH
ARIA T AOOEA EUAOAQIEA TH
Master control Electrical/ Hydraulic- Chemical-
station power unit power unit injection unit
| | | |
|
Topside $ $
il il
Subsea Static Dynamic
umbilical umbilical
 — =

N\

boundary

Figure A.30 — Boundary definition — Subsea production control

Copyright International Org@izL§onc;Q;néerzéilL I"ightS reserved

Provided by IHS under license with various National Standards Bodies
No reproduction or networking permitted without license from IHS

Licensee=University of Alberta/5966844001, User=dfgfgsfgdf, dfgdfgdfg
Not for Resale, 10/06/2016 22:31:11 MDT

125



ISO 14224:2016(E)

Table A.87 — Equipment subdivision — Subsea production control

Equipment Subsea production control
unit
Subunit Chemical |Dynamic Static Electric- |Hydrau- Master Subsea con- |Subsea Sensors 2
Injection [umbilical |umbilical power lic-power |control trol module f |distr.
(topside) unit (top- |unit (top- | (topside) module b, f
side) side)
Maintaina- |Nobreak- |[Bendre- Bend restric- |No break- |No break- |[No break- |Accumulator |[Accumula- |[Flow
ble items down strictor tor down down down subsea tor subsea Leak
ea
"OTUATAU | CUAOAQIEAT Module base | 30A0AA AU-
device chemical line plate pass panel Level
CUADAOIEAT | LV power/ #EATEAAIETE Chemical Position
lc_hemical signal line coupling EIEATODIEIC | combined
ine
Fibre-optic Fibre-optic Fibre-optic |Pressure and
J/I-tube seal |line i connectord |connectord |temperature
LV power/ |Sheath/ Filter Fibre-optic Pressure
signal line [armour CUAGAOIER [OTPADI Temperature
Fibre-optic |Subseah um- coupling Hose Sand
line bilical-ter- s
mination LV power/ CUAQAOIEAT | yibration
Sheath/ unit (SUTU) signal con- c_hemlcal
armour nector ¢ line
. Topside um- s
Stabilizer bilical-ter- S;lbstea _ (UAOiA_OIEA
I mination electronic coupling
Tenswn_ nit (TUTU) module € o
and motion- |U Piping
compen- Directional
sation Control Valve |LVpower/
equilibrium (DCV) signal con-
nector ¢
Topside um- WIS g
bilical-ter- L,V polwer/
mination signa’
unit (TUTU) H0 DA
Subsea
cabling
IWIS &
a Sensors inside the subunit Subsea control module (SCM) should not be mixed with those external at other subsea equipment.
b 1 3545 AAT AA T AERFAOATO 0UDA AsCs 541 §5 TAEIEAAT 4A0 TETAGETT 100ATAIUQ T0 54 ( §5 TAEIEAAT 4A0 TETAOETT (AAAQ AADATAETC TT OFAZET DEEITOTDEW
€ .6 D=AOTOICTAL ATTTAINOO) T 31— 10 30A0M ARGIGEAOIEYT. TTAOIA] 38— AAT FTAIORA BATAGOADTOO) EEAE xTOIA AA T PATAGOATTO GUBA( ,6
DT><A0TOECTAI DATAOOANT0N 4EA 0,6 DT<AOTOECTAI ATTTAAITO00 AOA OEQO , T 6TIOACA TAOAI jOP 0T pE6Q 4EAOA ATTTAROTOO AAT AA <A0 TO A0U TAOAY
d SEROAZTDOEA ATTTAAOTO0 AAT ETAIOAA DATAOOAOTO0 ET 3# — T0 3$—f < EFAE xTOIA AA DATAG0AITO 0UDAO E &EAOAZTDOEA DATAO0AITO08
¢ AEAOAOMWIAROOAAL TTAOIA 3% —QETOSAR 3%~ AAT ETAIOAA BATACOADTOO) xESAE TOIA A T DATAGOASTO OUDAE IARGOEAAI JET0000 EATOTORCTAI 10 /iEAAI
DATA0AITO08 OT=<A0 00DDIU EATAIAA AQ DAOO TE 3% —¢ . TOA AIOT OEAQ ET AAAROETT 01 DATAO0AITO0N A 3% — ATTOAETO TOEAQ AIAAGOTTEA ATA TAAEATEAAI AT TDTTATO0S
f OATAOOAOTO xEFAE £0 AATETAA AO 0A DAO TATATO ATTTAAOENT OEOTOCE A AOIEEAAAS TECE(D AA EAATOENEAA AQ A OADAOAOA TAETOAETAAIA EOAT ET OTTA AAOA
collection and/or estimation.
g Intelligent Well Interface Standard (IWIS) card(s) can be located inside SCM as a separate canister, or as part of SEM, or as a separate external
module to SCM.
h AEAATTTAAGETT AAOxAAT AUTA T EA ATA 00AOEA AATIAA A 3545 AAT ATOT AA A 0OATOEOETT ENETOS
i $O00ETC AAOA ATTIAROETT DOAACOETT 0 OANOEOAA 0T ATOOOA OOMNEAEATO ETETO TAGENT £0 AADOOOAA ATAAIETC ALeiAOATORAOETT AAOxAAT FAEIO0AO AREAAOETC OETCIA
NEAOA ATA FAEIO0AC ALEAROETC TOIOEDIA NEAOAGTAOTAIA TENEAOAGH

Table A.88 — Equipment-specific data — Subsea production control

Name Description Unit or code list Priority

7 K1 EARTOENEAAQETT TO TAAQ | Operator description Number or name High

Application Where used HIPPS, manifold, SSIV, pump, wellhead, | Medium
X-mas tree, multi-purpose

AUDA T ATTOOTI NOEA — Oil-based, water-based Medium

AUDA TEATTOOTI OUOOAT — Closed, open Medium

2RAOTAATAU — Yes/no Medium
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Table A.88 (continued)
Name Description Unit or code list Priority
Manufacturer 3DAARRU Free text High
—TAAI 0UPA 3DAAERU Free text Low
Multilateral wells — Yes/no Low

A.2.6.2 Subsea wellhead and X-mas trees
/4% 1DDIFAO TTIU £10 §<A0q 30A0AA 87 T AQ 00AAG: 4EA §A0UQ 300FAAA 87 T AQ 00AA EO AAOAOEAAA ET 1icixixs

Table A.89 — Type classification — Subsea wellhead and X-mas trees

Equipment class — Level 6 Equipment type
Description Code |Description Code
Subsea Wellhead and X-mas| WC |Vertical VX
trees Horizontal HX
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Subsea control

system/pod a
A
| | Baseplate |
Tree cap \
|
+ Chemicalinjection/isolation valves
ASM XPSV Choke valve
3 XoV (Choke module)
ﬁ W\ <
@ e — Flowline or manifold
2 \ [/ isolation valve
) AWV Xmas tree flowline connection /
AMV PMV (Flowline mandrel)
] I N—
dl
Flowbase l
| | VCM or other connection
Subsea tubin
hanger g Tree/wellhead
| | connector
Subsea
wellhead
O U |
SCssv \
boundary
ASVIPSV: Annulus/Production swab valve
AMV/PMV: Annulus/Production master valve
AWV/PWV: Annulus/Production wing valve
XoV: Crossover valve
SCSSV:  Surface-controlled subsurface safety valve
Key
a  3ATOTO0 WTOTOAA TT OEA 30A0AA 8z TAG 00AAN AGD ATOAOAA AU OOAGTE) OATOTO ET Table A.87.
Figure A.31 — Boundary definition — Subsea wellhead and X-mas trees
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Table A.90 — Equipment subdivision — Subsea wellhead and X-mas trees

Equipment unit Subsea wellhead and X-mas trees
Subunit Subsea wellhead | Subsea Tubing hanger |Flowbase Flow control Vertical con-
X-mas tree module 2 nection module
(VeM)
Maintainable items | Permanent guide |#EA T EAAT ETEs ATO- |#EA TEAAT ET6 ATO- | Frame #EATEAAI ETE ATO- | VCM connector
:;s'e (PGB) - pling plmg ___ ___ |Hub/mandrel ¢ pling Valve and actuator
baSIeD(!IE)ég;J COEAA | Flowspool (UAOAOIEAAIODIEIC Valve, check Connector ATTOOTI OUGOAT AT -
Piping (hard pipe) |LV/power signal . Flow loop pensation
Conductor housing | connector d Val.ve, processiso- .
High pressure cap lation Frame Swivel
g et (oA iADEAIA BiD-| a4y & 8" | GAIOAi GOFIEDU £0T- | Hoses Funnel guide
housing) ng). Tubing-hangeriso-| CUAOAGIER AYTTAROTO | ROV-panel override
Casing hangers Debris cap lation plug Piping OUOOA
Annulus seal as-| Tree-guide frame Valve. check ROV panel
semblies (pack-|connector ’
offs) Valve, choke
Internalisolation cap
Valve, control
Internal tree-cap
valve
Internal tree-cap
plug
Tree cap b
Valve, check
Valve, choke
Valve, control
Valve, other
Valve, process iso-
lation
GAIOAI OOETEQU EOTTAOETT
Valve, workover
a This can also be designated as choke module.
b 4EA 00AA AADH < EEAE £O AAIA 0T AA 0ADIAAAA ETAADATAATOIUK AAT AIOT AA ATTOSAAOAA AQ A OOAOTED T4 0EA 82 1 A0 00AA
c 4EE0 AAT ATOT AR AROECTAOAA AO NTT<IETA TATAOAT A0 ><All AO AA ATTOEAROAA A0 A 0OAGTEO T OEA 82 T A0 00AAY
d * ATAOAT AAOAEOTTAQ0 > EOE 0AODAAD 0T OATOTO0 ATA ETOAOFARA AAO><AAT 00AETC EATCAO ATA AT<TETIA ATTOOTT OUOOA T8
Table A.91 — Equipment-specific data — Subsea wellhead and X-mas trees
Name Description Unit or code list Priority
7 KT EARTOENEAAOETT TO T-| Operator description Number or name High
ber
Install/retrieve guide |Guideline/guideline-less, diver-as-|Guideline, guideline-less High
0£00AA ATA AEOAOZIAGO TAUZAX AU
7 A1 0UDA OOTAOAGETTH ETEAAGETT OOTAOCAGETTH ETEAAGETT High
O0TOAAOETT OUPA Over-trawlable, trawl-catching, etc.|40AxIZAAOAEETCH 00AxIZAANIAAGETCE TITA  |High
Water depth — Metres High
Design pressure Pressure rating of Wellhead and|Pascal (bar) High
X-mas tree
TOOENEAEAT T < Al AUDA T AQOENEAEAT T£80 £T OEA x<All Gas lift, ESP, PCP, none High
Number of connections |Number of lines connected to the | Number Low
tree block
a - AGOOAT FAIAAT NIGEAG < EOE TT ATOOTOEOA AReAROOQ
3xAA) ¥ T TAROAOAIU ATOOTOEOATAOTOROA FIEITCAD T10 AAETAA A0 0AOAOAT 0Ax OAA < AOACH TAAAOETTAT DAOOEAIAN]YS
3T00 a0AGAOAIU ATOOTOEOATAOTOEOA ¢0TO0 CAOTTEN §EECE (2S), high CO20 EECE OATA ATTOATOnS
129
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Table A.91 (continued)

ETEAROETT =<A0AO

Name Description Unit or code list Priority

Control principle SANETAO 0EA ATTOOTI DOETAEDIA £10|— Low
X-mas tree functions and actuators

Piggable 3DAARRU ££ DECCAAIA TO TT0 Yes/no Low

Size of tree Dimensions and mass Metres, kilograms Low

—OAIETAGOODATOETT 0UO- | SATETA = EAGEAOA §OAIETAOOOBATGEIT | Yes/no Low

tem OUOOA T AgEO0O

Multilateral well SAETA Yes/no Low

ZAI T 0AOA 2ADOROATOADEOA ATl 11T OAGA 1BOT- | 3DAREED Medium
AOAGETT TO ETEAAGETTQ

&IOFA DOTAOAAATETEAAOAA | —AET NIOEA TTIUG TEI CACT ATTAATOAOA! | /€1 CAG ATTAATOAOARETEAROETT =< AOAD TET ATA | High

gas, gas and condensate, oil/gas/ water,
CO2, gas and water, produced water

Fluid corrosiveness

Neutral, sweet, sour

High

Fluid erosiveness

%OTOFOATAOO T& OEA < ATl MOEA

Benign, clean, moderate, severe, unknown

Medium

Valve application

X-mas tree valve function

Annulus master (AMV), Annulus swab
§136( ' TTOI00 <ETC §17 601 TEARETT <ETC
)7 601 TEAAGETT TAOCOAC §)— 61 ) TEAAGETT
swab (ISV), Production master (PMV),
Production swab, Production wing (PWV),

High

Valve design class

4UDA T 82 T A0 00AA OAIOA ARGECT

Crossover (X0V)

*ATlh **000A0NTUn SEADEOAC Th $TOAIA Ag-
panding gate, Flapper, Gate, Needle, Piston,
Ram, Swing

High

Valve actuation #1A00EED CUAQAQIEA %IAAOOEAAT —ATOAI Medium
Asphaltenes 3pAAERU Yes/no Low
Scale formation 3DAAEEU Yes/no Low
Wax formation 3DAAEEU Yes/no Low
CUAOAOA FTO TAOETT 3DAAERU Yes/no Low
Sand production 3DAAERU Yes/no Low

a - AO00AT FAIAAT MOEAQ ><EOE T ATOOTOEOA AREAAGOQ

3xAA) ¢ T TAAOAOAIU ATOOTOEOATAOTOROA FIEITCAD TTO AATETAA A0 0AGAOAR 0Ax 0AA < AOAC TAAACETTAI DAOOEAIAGqYS
3100 a0AOAOAIU ATOOTOEOATAOTOEOA ¢0TO0 CAOTTEN JEECE (2S), high CO2i EECE OATA ATTOATOYnS

A.2.6.3 Risers

_TOA 0EAQ OEA ANGED TATO AIAGO $0U G0AA 00RO JA1GH £T0 AOU ><All AT TRIACETT 06040 OAZAAAE x<EAT 4,00 ATA
SPAR’s) riser are listed as a separate equipment class in Table A.41 AO0 £0 T10 ATOAOAA AU 0EA ANOED TATO

class Risersin A.2.6.3.

Table A.92 — Type classification — Risers

Equipment class — Level 6 Equipment type
Description Code |Description Code
Risers PR  |Rigid RI

Flexible FL
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Surface ESD valve

Riser element

I

i :
¢ |
i |
! I
: Connector Accessories i
| | . |
I Pipe (riser tensioning joint) 2 Protection :
! ©

! —— E . |
i Pipe (riser element) E Heating system !
I [ i
I

I Connector :
I

i :
: |
: I
: Riser base I
SSIN geaeym— +____________________ s e

Subsea pipelines, subsea flowlines, \
subsea manifolds, etc. Boundary

Figure A.32 — Boundary definition — Risers

Table A.93 — Equipment subdivision — Risers

Equipment Risers
unit

Subunit Riser Riser base Heating system | Protection Accessories

Maintainable | Connector Gas lift Topside part |Anode Bend restrictor

ftems Insulation  |Structure Subsea part  |Coating - exter-|""OTUATAU AAQEAA

Pipe Valve, process nal ]J/1-tube seal
IS,O‘I?U?HN o Stabilizing and guiding equipment
6AT0AN OOEIEOU : . :
. . Tension- and motion-compensation
isolation .
equipment

Table A.94 — Equipment-specific data — Risers

Name Description Unit or code list Priority
7 AEARTOETEAAGETT TO TAAO | Operator description Number or name High
Application 7 EA)OUPA TEDIAGETO T &E@AARNTTAOETCh AOTU Medium
Riser length — Metres High
Working pressure — Pascal (bar) Medium
a - AOGOAT JAIAAT MOEAQ < EOE TT ATOOTOEOA ArkAAGGGS

3<AR0 ¥ TTAAOAOAIU ATOOTOEOATAOTOEOA FIEITCAC T10 AANETAA AO OAOAOAT 0A> OAA =< AOACH TARAOETTAT DAOOEATAOQS

b - T0A OEA0 A0 A0 )3/T42 pgruwignpat atgst 33)6 AAT AA AHOEAO AT AAOOAGAA OAIOA jAsct OA T TOATU ATTOOTTIAA 0OAOAA
0AIOAQ 10 TTTZAA0OAOAA OAIOA Ascs 0OAOAA AEAAE OAIOAG: 4EA ATTOOTI OUGOA T £10 OEA 0OAOAA 0EOAQ AAOA OAIOAG <EiT AA ATOAOAA
AU ANOED TATO ATAOO 030A0AA BOTAOAOETT ATTOOTIO AsCs AUTA TEA O TAEIEAAT ATA 00AOAA ATTOOTI TTAOQIAI PIOO (TDOEAAG ATTOOTI
equipment (see A.2.6.1).
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Table A.94 (continued)

Name Description Unit or code list Priority
Coating External and internal 3DAAERU Low
Corrosion inhibitor — Yes/no Low
Temperature Design value Degrees Celsius Low
Manufacturer 3pAAEEU — High
Gas lift If installed or not Yes/no Low
Pipe diameter — Millimetres Medium
Pipe material 3DAAREU Steel, composite, titanium, clad/lined  |Medium
Protection, corrosion  |3DAAEEU Active, passive Medium
Protection, mechanical |3DAAEEU I-tube, J-tube, riser shaft penetration Medium
2E0A0 TAUTOO 3DAAEEU &OAA EATGETCh , AUU 30 TAUU < AOAN PIEATO| Medium

wave, steep S, steep wave
Wall thickness 3DAAREU Millimetres Low
Fluid conducted —AET MOEA TTIU TE CAO ATTAATOAAN /€1h CAOH ATTAATOAOAN ETEAROETT =<AOAQ TEI |High

ETEARQETT =<A0AO and gas, gas and condensate, oil/gas/

water, COp, gas and water, produced water
Fluid corrosiveness #IAOOEEU AO OET<T ET ATT0TT0A a Neutral, sweet, sour High
Asphaltenes 3DAAREU Yes/no Low
Scale formation 3pAAERU Yes/no Low
Wax formation 3pAAEEU Yes/no Low
CUAOAOA £T0 TAUETT 3DAAEEU Yes/no Low
Sand production 3DAAREU Yes/no Low
Valve application Riser base valve function Pipeline isolation, SSIV b, HIPPS High
Valve design class 4UDA T& 0E0A0 AAOA OAIOA AACECT 3EAAZATOOU AATTH 0TDZATOOU AATTh ATOAIA|High

expanding gate (DEG), slab gate, wedge

gate, check
a - AGOOAT FAIAAT NIGEAG < EOE TT ATOOTOFOA AcrAROOQ

3xAA) ¥ T TAAOAOAIU ATOOTOEOATAOTOROA FIEITCAO TT0 AAIETAA AO 0AOA0AR 0Ax 0AA < AOAGH TAAACETTAI DAOOEAIAGQYS
3100 a0AOAOAIU ATOOTOEOATAOTOEOA ¥0TO0 CAOTTEN JEECE (2S), high COi EECE OATA ATTOATOYN

b . TOA 0EA0 A0 PA0 )3/T42 pctuwicpon ottt 33)6 AAT AA ALOEAO AT AAOOAGAA OATOA jAscs OA T TOAIU ATTOOTIIAA OOAOAA
010k 10 TYTIARDOABA OAIOA it OCAGAA AEAAE OAIOKE 4EA ATTO0TI OUOOA 0 GEA 0020RA GEGKO AAOA OAIORO x£ll Ak ATOAOAA
AU ANOED TATO ATAGO 030A0AA DOTAOAGETT ATTO0TIo Asce AUTA WEA O TAFIEAAT ATA 0OAOAA ATTOOTT T TAOIAN BIOO (TPOEAAG ATTOOT]
equipment (see A.2.6.1).

A.2.6.4 Subseapumps

Table A.95 — Type classification — Subsea pumps

Equipment class — Level 6 Equipment type
Description Code |Description Code
Subsea pumps SP Centrifugal CE
Reciprocating RE
2T0A0U RO
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A
A 4
Connector/ Il ]
coupling niet Outlet
connector connector
Driver (hydraulic,
electric motor) Pump unit
Control and Miscellaneous Barrier fluid
monitoring equipment
Connector/
couplin
A A p g A A
v v v
Remote Power
instrumentation

Figure A.33 — Boundary definition — Subsea pumps
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Table A.96 — Equipment subdivision — Subsea pumps

Equipment unit Subsea pumps a
Subunit Pump Electric motor |Barrier fluid b¢ |Control and Miscellaneous
monitoring
Maintainable Bearing, radial Bearing, radial Accumulator Cable Connector
items Bearing, thrust  |Bearing, thrust | CUAOAQIFA ATOPIETC |Junction box Cooling/heat-
Casing Casing Cooling Leak sensor ng
. Piping
Connector Connector Filter Level sensor
STETR R SR . N . O Y g Pulsation
#UIETAAQ IETAO Control unit Lubrication oil 0T>=A0 00PPIU d
amper
Impeller Impeller Piping Pressure sensor 000CA GUOOA T
Piping Rotor Lubrication oil Power/signal
Piston Seal pump incl. driver |coupler
Seal Stator Reservoir Speed sensor
Shaft Support Valve, check Temperature
. sensor
Structure protect Subsea electrical
P penetrator Vibration sensor
Structure, support Valve, other
Mechanical land-
ing interface
Valve, control
Valve, process
isolation
Valve, other
a Note that the subsea pump includes the driving unit (electric motor) as opposed to the pumps located topsides or
onshore (See A.2.2.6). The subsea pump does not include power transmission to the (subunit) electrical motor, as this will
AA ATOAOAA AU OEA ANOED ITATO AIAOO 030A0AA AIAAOOEAAT DT =<A0 AE000EAGOET Tat )0 OETOIA AIGT AA TT0AA 0EA) 0EA ANGED TATO AIAGO
030A0AA BO TD06 ATAO TTOETAIOAA 030A TAOOEAIA DO TD06 ITAAOAA £T A OAATITTO AALOOTTH
b AEA AAOOEAQ MOEA ANOED TATO EAO £T00 TAET EOTAOETTO
2 RAROOEA EOTIAGETT FAEATAAOOEA BOTDAOOEAGY)
? 1OAOEAAOETT T8 ARAQETCO ATA 0AAID
? AAEIEOU 0T 00ATODT00 A< AU EAAN
? AAEIEOU 0T 00ATODT00 DAOOEAIAC 0T DTOOEAIA NEIOAC OUGOA T 08
¢ AEA TACTOASTAAIA ©OAR 0 AOA BOE T AGEIU TTAAOAA OTBOSAACH AGO OT A AIGT OOAOAA JAICE EUAOAOIER ATOBIETCO ET ADOEAD
ATA 150 T ACIEAAIGAEA AAOOERO TIOEA £0 ACOOGEAODAA £OT I OTBOEARD 710 £01 1 TTOETOA] O 0EA GOAOAA BO D OFA AAOOEAD TIOEA IETAO
xEEAE AOA £10EAA 00ADER O WAEIEAA JATA BTOOFAIU AUTA IEA O TAIEAAIQ ATA BTOCEAIU OFA EUAOAOIEA EO TDA0GS 4E£0 ANOED FATO £0
ARTETAA A0 0OAOTEO ATA T AETOAETAAIA £0A 10 xE0EET OEA ARGED KATO AIAGO 030AOAA BOTAOAGELT ATTOOTI0 §3AA ¥cipipts SADATAC]
1T OEA TEAIA ET£0A0000A000A > EAOA OEA 0OAOAA BO TD 0 TTAAOAA] OBAOA O T AEIEAAT0 AAT AIOAAAU AA ANTETAAS 4EA HATO TAU AA
ETAIOAAA AO DAO) T 0EA TOAOAT] AAOOEAOTIOEA ALGGOEAOOETT ATA OO0 ARAAA AO W AETOAETAAIA E0A F 0 £1 0EA GOAOTE 0"*AOOEAO TIOEAG
0T ATOOOA POAAEOA OATEAARIEOD AAOA ATTAROETTTAGOE W AOETTS 3AA ATOT OF TEIAQ EOOOAD OACAOAETC ATAAGOEA DT> A0 0OPPIU ET 0EA TTOA
(a) above.
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Table A.97 — Equipment-specific data — Subsea pumps

Name Description Unit or code list Priority
7 A EARTOETEAAGETT TO TAAQ | Operator description Number or name High
Discharge pressure - de- — Pascal (barg.) High
sign
Suction pressure - design — Pascal (barg.) Medium
Pump driver 4UDPA Tk AOEOAO %IAAQOEA W TOTO 000AETAT EUAOAOIEA TTOTO [High
Power - design Driver power Kilowatt High
Speed Design value Revolutions per minute Low
Number of stages — Number Low
Pump coupling — &EGAAN NTAGEAIAN EUAOADITEA Low
Manufacturer 3DAAREU 3DAAERU High
—TAAI 0UPA 3DAAEEU 3DAAEEU Low
Pump design Design characteristic Axial, radial, composite, diaphragm, plunger, | High
piston, screw, vane, gear, lobe
Application - pump Where applied "TTO0AG ETEAAOET T AAOEOA ATTIETC Medium
Fluid handled —AET NIOEA TT104 TER CAC ATTAATOAOAY| /€17 CAGh ATTAATOAOAN ETEAROETT =< AOAGH TE1 | High
ETEAROETT =<A0AD and gas, gas and condensate, oil/gas/
water, COy, gas and water, produced water,
cooling medium
Fluid corrosiveness #IAOOEEU AO OETTET ETTOTT0A 2 Neutral, sweet, sour High
2AAEAT ARAOETC OUDA 3pAAEEU Magnetic, roller, sliding Low
4E0000 AAAOETC 0UPA 3DAAEEU Magnetic, roller, sliding Low
Shaft orientation 3DAAEEU Horizontal, vertical Low
3EAL0 0AAT OUDA 3DAAEEU $OU GIATAR TAAUOETOEN TAAEATEAATH TEIh| Low
packed combined
40ATO NEOOETT OUDA 3DAAEEU Direct, gear, integral Low
a - AGOOAT FAIAAT NIOEAG < EOE TT ATOOTOROA AREAROOQ

3 AR0 ¥ TTAAOAOAIU ATOOTOEOATAOTOEOA FIEITCAO T10 AANETAA AO OAOAOAT 0A OAA =< AOACH TARAOETTAT DAOOEATAOQYS

A.2.6.5 Subsea electrical power distribution

%IAAOOEAAT DT><A0 AFOOOEADOETT OUOOA T OPAAENEAAIIU AgAIOAAD OOAOAA ATTOOTT OUOOAT DT><A0 AFOO0EADOETTS
Electrical power distribution is_dedicated for distribution to subsea processing equipment (e.g.
FOIGETTT> B0 TD07 >A0A0 ETEARCEIT DO TB0F ATA AT TBOAOGTO0] x<EOE BT ><A0 OANOZOA TATOO ET OATCA — 7
AEA AIAAOOEA DT>A0 0T ATTOOTT ATA ET0000 T ATOAGETT £0 DA T8 OEA ANOED TATO AIAGO 030A0AA BOTADAGETT
control” - see A.2.6.1.

)£ 0EA ATAAGOER BT ><A0 AT TAQ ALCAANIL 50T T TTOETOM GEA 00AQTE) G30A02A BT>A0 MAIAG ET Ticigry x<£il ADBIU
ATA <TOIA AA Ot TEIAQ A0 00AOTE) 030A0EA DT=<A0 AAAIAG ET AT ANOED TATO AIAQO 030A TAOETA BT=<A0 AAAIAG
AAAIA £ AT TEZOETOR NTTAGETC EAREIOLG: 4EA OTDGEAAD D1><A0 ALCOOZACUEN T ANOED TATO >l €1 0EA £10 TAQ AOA
ARTTAAOAA TTOETOAS 4EA ANOED TATO AIAOO 030A T AOETA DT><A0 AAAIAG EO TT0 AOOOATOIU ETAIOAAAET OEE0 AT TA®S
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Table A.98 — Type classification — Subsea electrical power distribution

Equipment class — Level 6 Equipment type

Description Code |Description Code

Subsea electrical power| EP |Single consumer without| SU
distribution subsea step- down

Single consumer withsub-| SD
sea step- down

Multiple consumer MC

Topside power distribution

Topside frequency Topside breakers Topside transformer
converter

Static power cable

Dynamic power cable

Subsea power distribution
Subsea power Subsea switchgear Subsea power
connector transformer
Control and Subsea power Subsea frequency
monitoring jumper converter
Subsea UPS Subsea penetrator

Figure A.34 — Boundary definition — Subsea electrical power distribution
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Table A.99 — Equipment subdivision — Subsea electrical power distribution

Equipment Subsea electrical power distribution
unit
Subunit Topside power distribu- | Dynamic power cable 2 Static power cable b Subsea power distribution

tion equipment

equipment]

Maintainable items

(No subdivision) !

Topside cable termination
unit

Tension & motion compen-
sation equipment

Bend restrictor
*OTUATAU AROEAA
J/I-tube seal
Stabilizer ¢

Subsea cable termination
unit

—EAIETAETETO
Sheath/armour
HV power line

Fibre-optic line ©

HV power line
Fibre-optic line ©
&AROTOU ETETO
/EEOETOAETETO
Sheath/armour

Subsea cable termina-
tion unit

Topside cable termina-
tion unith

Onshore cable termina-
tion unit

Bend restrictor

—GAIETAEIET)

Subsea power connector
Subsea switchgear €

Subsea power transformer 8
Subsea penetrator f

30A0AA FOANOATAU ATTOAOOAO d
30A0AA DT=AQEO TRAOE
Subsea UPS i

Control and monitoring m

a 3t TEIAO AT TDTTATO0 A0 £10 0EA 00AOTE) SUTA TtA O WALIEAAT £10 0EA ANOED TATO ATAGO 30A0AA DOTAOAGETT ATTO0TIS

b Similar components as for the Static umbilical Subunit for equipment class Subsea production control equipment class.

¢ Anchor clamp/anchorage is part of the stabilizer.

e The maintainable item Switchgear will also include parts subsea protective devices.

f 30A0AA DATAO0AITO0 AOA AEDEAO ATARQOEAAI § ,6 BT <AGTOEC TAIQH ATAAOOEAAT § (6 T0 NEAOAZTDOEA DATAO0AOTO0! 4EE0 TAAAQ 0T AA 0ANIAROAA £10

ANOED TATO OPAAENEA AAOATT TAETOAETAAIAEOA T 1AOATS

g Note the difference between subsea transformer as maintainable item (Level 8) and topsides Power transformer

(Equipment class - level 6, as given in A.2.4.2).

h 1PDIEAQ Ef OOAOAA 00AGEA DT> A0 AAATA OEAZAARE OT NEGAA ETOOATIAGETTS

i 4EE0 —) TAU AA CEOAT £O00EAQ ODAAEAT AROAETAA AGOATOETT ET OAIEAAEIEOU AAOA ATTIAAOETT 10 AGOE WAGETT AU OOETC 1 TTA® Yigitip 503

contactor is for example not included as a maintainable item, as this would require also other components like current transformer,

OTI0AGA QOATOETO A0 0EAQ AOA DAOO TE 1AOCAC OTEOO 1EEA A 00AOAA FOANOATAU ATTOAOOAC T0 A OxEORECAAQ

14EA 0TDOEAA DT><A0 ALO0OEACOETT ANOED TATO §6 £0 T10 £000EA0 0OAAEOEAAA AQ £0 ><ETT AA ATOAOAA AU TOEA0 ANOED TATO ATAOOAO AANETAA ET 0EEO
YTOAOTAGETTAI 30ATAAOAS )0 OETOIA AA TT0AA OEA) ANOED T ATO ATAOOAO &QOANOATAU ATTOA00A0 j0TDOEAAC 7 OA%S ¥ 8ciTitqo ATA OT>A0 00ATOFTO TAO
JOTPOEAAOZ 0AR ¥icsticq AOA OOAE ANGED TATO o0t OEA ATTIECOOAGETT 15 DT> A0 00ATOETO TA0 AADATAO TT ££ OOAOAA DT A0 00ATOETO TAOEQ OOAA
subsea. Equipment class Switchgea0 j><EEAE < TOIA ETAIOAA (TDOEAAO DOTOAAGEOA AAOEAAQ EO ATOT DAOC TE OOAE ANOED TATO jop ) T AAAEOETTH 0AAA-
OEOA AT TDATOAOETT ANOED TATO x<El1 AgE00 <EAT ITTC 00AOAA DT>A0 AAAIA 0T TEFOETOA EAREIEOU TO DT>A0 AFOAAOIU £0T T OETOAS

m The control and monitoring associated with subsea electric power distribution equipment is included in the subunit. This comes in

addition to the local control and monitoring for e.g. subsea pumps - see A.2.6.4.

 4EA SOAOM BT><A0 ATTTAOTO 20 0 TAGE TAO AATIA OEA (6 ATTTAROTO! ATARAT AR AOU T0 <AD IADA: . TOA GEAS GEA AIMOOEIAL 1,6 BT ADTOZC-
TAIQI ATA TEAOAZIDOEA ATTTAAOT00 OOAA FT0 30A0AA 0T A0 $EO0OEACOETT AOA ATOAOAA AU OEAOA WAETOAETAAIA EOA WO ET 30A0TE) 030A0AA AEOOOEAD-

OFTT WTAQIAG ET OEA OAGTTT WU £10 ANOED TATO AIAOO 030A0AA DOTAGAGETT ATTO0TIG ET Table A.87.

o $OOETC AAOA ATTIAAOETT DOAAEGETT £O OANOEOAA 0T ATOOOA OOENEAEATO ETATO WAOETT E0 AADOOOAA ATAAIETC AEteAOATOFAGETT AAD<AAT FAEIO0A0

4 T0A OAGAOAETC OEATAOAI ¢ AAGAETCS 1 00AORA FOAROATAU ATTOAOGAO ETAIOARO 00ACAA BATAQOACIOS ATA AT ATTOAET ATTOAAOTO0! (T AGA
DOAREOETT TAAAG 0T AA AAAID <EOE ET OOA £10 OATEAAEIEOU AAOA ATTIAAGETT T0 AGOE T AOETTS 30A0AA FOANOATAU ATTOAOOA0 AAT AA TE 0UDA 0D0A00O0A

AEEAROETC OETCIA MEAOA ATA FAEIOOAO AEEARGETC TOI0EDIA NEAOAGTAOTAIA TE NEAOAGS
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Table A.100 — Equipment-specific data — Subsea electrical power distribution

Name Description Unit or code list Priority
Transmission voltagea [0 -9,999 kv High
Transmission power 0-99,999 kVA High
AC/DC AC Codes High
DC
AC/DC
Transmission distance |0 -999 km High
Number of power 0-99 # High
consumers
AUDATEDT<A0ATTOO TA0O| 4UPA TE DT ><A0 ATTOO TAD Subsea pump, subsea compressor, subsea | High
heater, subsea cooler

a  Voltage is given in steps, as per IEC 60038:2009 (see below).

— LV<1kV

— MV 1to35kV

— HV 35to 230kV

— EHV above 230kV

AEA ETOAOTAOEITAI Tl O CAO ETA0000U TAU OOA AcerAOATO AANETEOETT x<EOE OAODAAD 0T %@00A (ECE 6TI0ACA j% (6 (ECE 6TI10ACA
(HV), Medium Voltage (MV) and Low Voltage (LV). Reference to IEC versus IEEE/ANSI needs to be considered here to know

Ag OTI0ACA OATCA £10 (6 A0 OEAU TAU AAAAOA TOEUAA AFEFAOATOIUS &0 TOEAO OEAT 11 OTIOACA §,60 EsAs € p+6 OPAAFAT TAOETTAI
AIAROOEAAT OACOTAOETTO =< £11 ADDIU AOA 0T (3% OAAGTTOS

A.2.6.6 Subsea pressure vessels

Table A.101 — Type classification — Subsea pressure vessels

Equipment class - Level 6 Equipment type

Description Code |Description Code

Subsea pressure SV Coalescer CA

vessels HUATTTA cy
(UAOTAVAITTA HY
Scrubber SB
Separator SE
Slug catcher SC
Surge drum SD
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| |
I |
| 2 N |
| / N\ |
P f \ 1!
HEH <] s/l
1k <[ EXTERNAL INTERNAL J—E)-{J 2 :—
| Inlet valye \ /l Qutiet valve 3 |
| \ |
L \} ___________ / :
CONTROL AND MONITCRING : :
SYSTEM 7
MISCEL- /
(Control System and Electrical | v |
power distribution equipment | LANCOUS }‘(\ DR |
classes) | LN :
I
| |
[ I
Power Remoats
Instrumentation
——————— Boundary
Figure A.35 — Boundary definition — Subsea pressure vessels
Table A.102 — Equipment subdivision — Subsea pressure vessels
Equipment Subsea pressure vessels
unit
Subunit External items Internal items Control and monitor-|Miscellaneous
ing¢
Maintainable items |Protective structure |Coalescer plates Sensors 2 Others
Support structure " ARMIA DIA0AO Valve, control
Insulation 40AU0
Connector Vanes
"TAUT3EAI Pads
Piping b Demister
Valve, check Diverter
Valve, processisolation | Grid plate
BAIOAT OOEIEOU EOTIAGETT | Heat coil
Valve, other 3ATAZ00AD OUOOA T
Distributor

2 30AOAA OATOT00 > TOIA AIOT AR KTOAOA £1 0EA 36AGE) G3ATA1006 £10 ANO FAT) A1400 630A0AA DOTAGKIEIT ATTCOTIo j3A
Table A.870s 30AE OATOTO xTOIA ETAIOAA 0—OIODEAOA TA0AO0G: 0/€1 ET A0A0S OATOTO! 0 7A0A0 ET TEls OATOTO ATA G&IOFA TAOAI
OATOT008 3AA AIOT 1ictusg ) TDO) AAOEARG < EfAE AAOAOEAA A ODAAENEA ANOED TATO AIACGI AGO E0 TAATO £10 TITZ00A0AA ADDIEAAOETTON
b Hard pipe.

¢ #T00T] ATA TTTEOTOETC £10 030A0AA BOAOGOOA OAOOATS 11 AA 0 TEIAG AGD O TAxEAD ASesAOKTO 0T T OTBOCAACTITOETOA
000A0000A OAG0AID JOAA Table A.390j ,6 DT>AOTOLCTAI £0 TDAO ATA ,6 DT>ATOLCTAI ATTTAAOTO <E11 AA ATAITCOA 0T ><E0ETC ATA
PERETCH AGO £0 ATOAOAA AU 0EA 0OAOTE) 030A0AA AFOOOEAGOETT T TAOIAS §3AA Table A.87).
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Table A.103 — Equipment-specific data — Subsea pressure vessels

Name Description Unit or code list Priority
Equipment application |Where used Oil processing, Condensate processing, |High

" A0 JOAZGETEAROETT A0 DOTAAOOETCH = AO

00AA0 TAT0N 7 A0AO jOAZEETEAAGETTH , ENOEATCAD

separation, Liquid/Gas/Solid separation
Retrievable 2R00EAGAAEIEOU Tk OEA OOAOAA DOAD- | Yes/No High

sure vessel

Fluid erosiveness #IAOOEEU AO OETT Clean, benign , moderate, severe High
Fluid corrosiveness #IAOOEEU AO OET<T Neutral, Sweet, Sour High
Fluid(s) —AET MOEA Gas/oil/water, gas/oil, gas/condensate, oil/ | High

> AOAGH TEIU >< AOAGH =< AOAOTCIUATTH TAOEATT

chemicals
Liquid/gas boosting Yes/No Medium
Pressure - operating  |3PAARU Pascal (bar) Medium
Design pressure 3DAAEEU Pascal (bar) High
Design temperature 3DAAREU Degrees Celsius High
Temperature - operating | 3DAAEFU Degrees Celsius Medium
Retention time 3DAAEEU Minutes Medium
Design throughput 3pAAEEU Sm3/d Medium
Size - diameter External Metres Medium
Size - length External Metres Medium
Orientation 3DAAEEY Horizontal, vertical, spherical Medium
"TAU TAGAOEAI 3pAAEEU 0UPA TO ATAA Free text Low
Sand production 3pAAREU Yes/No Low
Emulsi?ons 3DAAEEU Yes/No Low
CUAOAGA £T0 TAOETT 3DAAERU Yes/No Low
Wax formation 3DAAREU Yes/No Low
Scale formation 3pAAEEU Yes/No Low
Asphaltenes 3pAARRU Yes/No Low

0TROEAAOTTTOETOA 000A0000A GAOOAT §3AA Table A.40) due to that the pressure vessel is located at the seabed.

A.2.6.7 Subsea pipelines

30A0AA DEDAIETA 00ATODTOOAOETT OUOOA T ATOAOO]

2 AgbT00 DEDAIETA OUOOA T 0 AAO<AAT OOAOAA x<Ail FAAEIEOEAD jOAGDTO0 WATEETIAGQ ATA TTOETOA 0A0 TETAIN

2 AoDTOODEDAIETA OUCOA IO AA)<AAT TEEOETOA DOTAAOOETC £AAEIEOEA0 ATA TOEAQ TEEOETOA DOTAROOETCTAZDT00
FAAETEOEAO §OOAOAA ETOOAZTEAIA DEPAIETANY)

2 AgbT00 BEDAIETA OUOOA T 0 AAO<AAT THEOETOA FAAEIEOEAO ATA TTOETOA 0A0 TETAIN

2 ETOAOATTOETATOAI AgbT00 DEDAIETAON AAO<AAT TTOETOA 0AC TETAI ATA ATTOEAC TTOETOA 0A0 TETAIY
2 A@PT00 IETAO 0T THOETOA TENITAAETC OUGOA I 08
AEATTOETOA DAQOO Tk A 00AOAA DEDAIETA £0 ATOAOAA AU 0EEO ANOED TATO AIAGO 030A0AA BEDAIETAGM ATA OAIOAD
would be located subsea and/or onshore.
AEA ETZTEAIA TTTIETAQ < E0E AiGt ><All TTT><i ETEAAGEIT GAO 1O ETEAAOETT >A0AGG AAO>AAT 0DAOAA All0 ATA
THEOETOA DOTAAOOETC FAAEIEOEAGN TO TTOT 0AZDTO0 TATEFIIAN AOA ATOAOAA AU OEA ANGED TATO AIAGO 030A0AA

MT><IETA0
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Table A.104 — Type classification — Subsea pipelines

IS0 14224:2016(E)

Equipment class - Level 6

Equipment type

Description

Code

Description

Code

Subsea pipelines

SL

Flexible

FL

Rigid

RI

Riser

Pipe

Pipe

Pipe spool

Safety joint

Heating
system

Connector

Control valve

Subsea
isolation
station (SIS)

Protective structure

Protective structure

Onshore

isolation

Process isolation valve

Process isolation valve

station (OIS)

Check valve

Check valve

Choke valve

Choke valve

Support structure

Support structure

Receiving facility

Figure A.36 — Boundary definition — Subsea pipelines
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Table A.105 — Equipment subdivision — Subsea pipelines

Equipment Subsea pipelines
unit
Subunit Pipe Heating system a Subsea Isolation Onshore Isolation
Station (SIS) b Station (OIS) b

Maintainable|Coating external Subsea part Structure - protective |Structure - protective

items Connector Topsides part Structure - support Structure - support
Sealine Valve, processisolation ¢ | Valve f, process isolation
3ARROU ETETO GAIOAN OOEIEOU EOTIAGETT | 6AIOAN OOEIEOU EOTIAOETT
Flexible pipe spool Valve, check Valve, check
Rigid pipe spool Valve, control Valve, control
Valve, process isolation d Pig station € Pig station €

a AEA EAAGETC OUOOA T <TOIA TTO TAIIU T10 ADDIU £T0 ITTC AFO0ATAA DEDAIETA J000TEIETAQ 00ATODTO0 OUOOA T 08

)T CATAOAT EAAGETC OUOOA T £0 OOAA ET ETZNEAIA NIT=IETAC £10 TITZDOTAAGOAA < ATl NI <

b /TOETOA EOTIAGETT OUGOA T §/)30 £0 OEA TATARATT OAIOA 0AOETT =< EAOA OEA OOAOAA BEDAIETA ATAC ETOT 0EA

onshore terminal. It will contain onshore process isolation valves that acts as important barriers. The subsea
isolation station applies if there are subsea isolation valve(s) along the subsea pipeline routing. The SIS is a
00AOAA TATEETIA 0000A000A §A4Ct 0, %— Z OEPAIETA % TA —TAOIAQ =<EOE A OACETO0 OUDA Tk OAIOAC AADATAETC TT 0EA
PEDAIETA ETE0AO0000A000As 4EA OATOA ARCECT ATAOO x<ElT OUDEAATIU OAOU £10 0EAOA OATOAGS

c )EOEA OATOA £0 A 30A0AA EOTIAGETT OAIOA §33)6(1 0EA 06AIOA AT TDTTATO ADPIEAAOETTo TAAAO 0T AA 0A0 0T
SSIV. SSIV is addressed in ISO 14723:2009, see also 3.6.4 in ISO/TR 12489:2013. It is sometimes called SIV. It is
A ODAAENEA OUDA TE DOTAAGO EOTIAGETT OATOAS

d  )EO0EAOOAGAA DEDAIETA EAO A 4ZATTTAAOETTH OEE0 ><£11 TTO TAIIU ATTOAETO OAIOAG: 4EA OAIOA AAOECT ATAGO
1 AU OAOUS
e AEA DEDAIETA > £11 TT0 TATIU AA 00AEAAQ OT DECGETCH ATA OEA AOOTAEAOAA BEC TAOTAEAC ATA BEC 0AAAEOAO

(includes various components) will be located in either end of the pipeline, e.g. subsea, topsides or onshore. The
DEC O0AOETT TAU AIOT AADAQD Tk OEA 30A0TE) 02£0A0 AAOAG T OEA %NOED TATO AIAGO 0204008

£ GAIOAO EAOA A EAU AACORAQ EOTACGETT ET ANOED TATO AIAG0 030A0AA BEDAIETAO ATA AOA TACTOAETAAIA EOATO

< EOEET A OOAQTEDS )0 £0 ET><AOA0 DTOOFAIA 0T OOA ANOED TATO AIAGO 06AI0A00 ¥ dcsustq 8 AAOA ATTIARGENT ET TTOA
AADOE £10 AOU OAIOAG £0 TAAAAAS

Table A.106 — Equipment-specific data — Subsea pipelines

Name Description Unit or code list Priority
Application #IAOOFEU Subsea to onshore High
30A0AA ETOOAZIEAIA

Offshore facilities to onshore
Intercontinental export pipelines
%@DT00 IETAQ 0T TENITAAETC

4UDA #IAOOERU OO0TAOCAGETTH ETEAAGETT

Maximum water depth 3DAAEEU Metres Medium
Pipeline length - Metres High
Pipeline diameter Nominal outer diameter (OD) |Millimetre Medium
Fluid conducted - 0il, gas, condensate, oil and gas, gas | High

and condensate, oil/gas/water, CO»
a  _T0A 0EAD A0 PAO0 )3/T42 pgrywicnpat atpit 33)6 AAT AA AREAQ AT AROOAOAA OATOA jAsCs OA T TOAIU ATTOOTIIAA 0OAOAA

OAIOAGTO TTTZAROOAOAA, OAIOA JAICH 00AOAA AEAAE OAIOAGS 4EA ATTOOT OUOCAT £10 OEA 00AOAA BEDAIETA OAIOA =Ell AA ATOAOAA
AU ANOED TATO ATAGO 030A0AA BOTAOROETT ATTOOTIG Ascs O0AGEA O TAEIEAAT ATA 00AOAA ATTOOTT TTAGIAN PIOO 0TDOEAAG ATTOOTI
equipment (see A.2.6.1).
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Table A.106 (continued)

Name Description Unit or code list Priority
Pipeline buried 3DAAERU EF DAOO TO ATOEOA BEDAIETA | Yes/No High
is buried.
Number of T-connections 3DAAREU Number Medium
(AAGETC OUOOAT i Yes/No High
Fluid corrosiveness #1A00ERU Clean High
Benign
Moderate
Severe
Fluid erosiveness #1AOOREU Clean Medium
Benign
Moderate
Severe
Pressure - design Design pressure Pascal (bar) High
Pressure - operating Operating pressure Pascal (bar) Medium
Temperature - design Design temperature Degrees Celsius Medium
Valve application Pipeline valve function Pipeline isolation High
SSIva
Valve design class 4UDA TE DEDAIETA OAIOA ARGECT | 3EAAZATOOU AATTGTDZATOOU AATIHATOAIA | High
expanding gate (DEG), slab gate,
wedge gate, check
Valve actuation #IAO0EEU (UAOAOIEAT %IAAOOEAATN —ATOAI High
Valve location 3DAARRU TTAAGETT TEDEDAIETA OAIOAQ | Subsea, topside, landfall/ onshore |High
Valve fail-safe position Fail-safe-position Fail-open, Fail-close, Fail-as-is High
a _TOA 0EAOD A0 DAO )3/T42 pctywicpal olpit 33)6 AAT AA ADOEAQ AT AAOOAOAA OAIOA jAscs OA TTOAIU ATTOOTIIAA 0OAOAA
OAIOAQ T0 TTTZAROOAOAA OAIOA jAsCs 00AOAA AEAAE OAIOAGS 4EA ATTOOTI OUGOA T £10 OEA 0OAOAA BEDAIETA OAIOAO <E11 AA ATOAOAA
AU ANOED TATO AIAGO 030A0AA DOTAOROETT ATTOOTIS Ascs 00AOEA O TAEIEAAT ATA 00AOAA ATTO0TI TTAOIAN DIOO OTPOEAAG ATTOOTI
equipment (see A.2.6.1).

A.2.6.8 Subsea valve issues

In this International Standard, it is distinguished between the valves used on subsea equipment and

the topside valves, such as used on Surface wellheads and X-mas trees. The collection of RM data for

0EA 00A0AA OAIOAG OETOIA OANIAAO OEA AEAOAADAOEOOEAO 1% OEA OAIOAG AAOAA TT OEA OTZAATIAA OAIOA AAGECT

AIA0O §EsAs OUDA Tk OATOA) ATOOAORTTAC 0T ANOED TATO OUPA ET Table A.77) and the valve application (i.e. the

function of the valve). Examples of subsea valve applications are given below:

2 &ITXIETA EOTIAGETT] 30A0AA OATOAD <EEAE EOTIAOAQ ETNEAIA NTT><IETA OUOOA Wh A 4Cs A OAIOA TTAAOAA TT A
PLEM or a T-connection.

2 —ATETIAEOTIAOETT 30A0AA OATOA TTAAOAA TT A DOTAOACETTTETEAROETT TATEATIA ATA <EEAE EAQ A AAOOEAO
function, e.g. a branch valve or a header valve.

2 OEPAIETA EOTIAGETTY GAIOAD < EFAE EOTIAOAD OEA DEDAIETA 00ATOPTOOACETT OUOOA Th ATA OAIOAO ATOIA AA
located subsea or onshore.

2 ()003i 3AA AANETEOETT £T)3/742 pywignpal atgio
2 33)6{ 3AA AARETEOETT £T)3/742 pcTywicmpo olpits
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A.2.7 Well completion

BAIOA0 OOAA TT xAll ATTDIAOETT ANOED TATO AOA ATTORAROAA A0 ODAAENEA OAIOAQ =<EOEET OEA 0AGITITU
examples shown in this equipment class. Valves used on surface wellhead and X-mas trees are
considered as topside valves (see A.2.5.4).

A.2.7.1 Item categories

7RI ATTPIAOETT ANOED TATO ET OEE0 ATTOA@O OAfA00 0T ANOED TATO AAITx x<AIIEAAA TAOAIS 111 TAETO
completion equipment items are included, from tubing hanger at the top end to equipment at the bottom
of the well.

AEA FTTIT<ETC 00AOTEOO AOA AANETAA £T0 =<ATIZAT TDIACETT ANOED TATO(
a) Casing

The casing subunit is included to store information on individual casing string maintainable items and
associated casing failures. The casing maintainable items represent full lengths of individual casing
sections and do not represent individual items threaded into the casing string. Sealing elements that
AOA ARGECTAA 0T OAAT TEE ACAETO0 IAAEAGA Ti EUAOTAAOATTO AAO=<AAT OEA OAOETOO0 OAROETTO 1% AAGETC 000ETC
(casing pack-offs) are not included. Also included in the casing subunit are maintainable items which
AOA OAQ ETOEAA OEA =< ATIATOA 0T EOTIAOA OEA ><ATIATOA £0T T DTOATOEAI IAAEACAC TE ATl AMIOATO0 ATA < EfAE
ATOA0 0EA ATOEOA < ATIATOAs #AOETC AgOAOTAI AR TATO ATA T0 TOEAO T AORQEAT < EfAE £0 0A0 AAGETC A@OAOTAINU 0T
EOTIAOA ACAETO0 NI Tk ><All AtnIOATOOTETO TAOETT NIOEAQ E0 ATOT ATTOEAAOAA AQ AAGETC TAETOAETAAIA E0A T 08
b) Completion string

#1 TOIAETT 000TC TACTOACTAAIA H0ATO A0A AIETAR AQ AT 0240 AOK ATl ETOACOA BAOCO T OEA ATTAK
§0000ETCoq OOAA £10 DOTAOAOETT 10 ETEAAGETT T ><All AeniOATO0s 4EA 000ETC O AGEID AU OAOAX<ETC OTCAOEAD A
OAOEAOU Tk ANOED TATO 0OAOTENS

c) Insert

The insert subunit consists of maintainable items which can be attached (set) inside the completion
O00ETGs ¥ OUDEAAT AgA TDIA £0 OEA AT TAETAOETT T A TTAE ATA x<t0AIETAZOA00EAOAAIA AT TETIA OAtAOU OAIOA
OAQ ETOEAA A OAEAOU OAIOA TEDDIAY

d) Downhole power/control/monitoring

The downhole control/power/monitoring subunit consists of maintainable items which are used to
provide power, control or monitoring functions to maintainable item(s) which are categorized under
other well completion subunit(s).

A.2.7.2 Equipment specifications
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Table A.107 — Equipment subdivision — Downhole well completion

Equipment Downhole well completion
unit
Subunit Casing Completion string Insert Downhole power/
control/monitoring
Maintainable|Casing Tubing hanger Gas liftvalve (GLV) ¢ |Electric-connector,
ltems Cement Tubing $OT 10,6 downhole gauge
Casing hanger Flow coupling WR-SCSSV 2 Electric-connector, tub-
ing hanger
Liner TEE~C?SVa o WR ?rldge;p{ug _____|Downhole controlmodule
Liner hanger YTTOI00 OARROU OAIOA | #EA TEAATETEAROETT OAIOA

Liner hanger/packer

Permanent bridge plug

Sliding sleeve

YINTT < ATTO0TT AAOEAA
Electrical submersible
pump b
(UAOAQIEAAT OC
pump
Sidepocket mandrel
)YINIT>< ATTO0TI OAIGA
3AAT AGOATAIU

Permanent gauge

1 AOOEAIA

Production packer
Downbhole packer/hanger

Autonomous control de-
vice (AICD)

Nipple for wireline SCSSV
Fracturing sleeve

Fracturing plug

(UAOAQIEA ATTOOTT IETA
Wellhead penetrator
Hanger penetrator
Packer penetrator
Power cable

Signal/instrument cable

a  AEE0 ANOED TATO E0 AIOT AARETAA A0 A OADAOAOA ANOED TATO AIAGO 0% (360 7 OAA Ticixpus
b 4EE0 ANOED TATO £0 AIOT AANETAA A0 A 0ADAOAOA ANOED TATO AIAGO 0%306 7 0AA Tichxipt
¢ Noterelation to ISO 16530-1:—, Annex S.

Table A.108 — Equipment-specific data — Downhole well completion

Name Description Unit or code list |Priority

Manufacturer 2 3DAAERU Text High

Model name 2 Give unique item model designation 3pAAERU High

Manufacturers part num-|00TOEAA EAATOENEAD < EEAE OTENOAIU EAATOENEAD | Text/numeric High

bera equipment with identical design attributes

Serial number 2 O0TOEAA OAOEAT TO TAAO < EFAE OTENOAIU EAATOETEAD | Text High/medium
equipment (on a per equipment basis)

Nominal size 3DAAEED TT TETAT OFUA §0EUA ATAOOQ TE ANOED TATO [mm or feet Medium

Length 00TOEAA TATCOE £T0 ATU 00AQIAO ANOED TATO | Meters or feet High

a  —ATOFAROOOAO DAOO TO TAAOD ATA OAROEAT TO TARO OANIAAG ET TT1OA AAOAET OEA OTENOA ANOED TATO EAATOENEAAOETT TO TAAD

mentioned in Table 5. Manufacturer and model name are also included in Table 5.
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Table A.108 (continued)

Name Description Unit or code list |Priority

Setting Depth Provide setting depth as measured depth (MD) | Meters or feet High
ATA000A OAOOEAAT AADOE §4 650 OATAGEOA 0T 0T0OAOU
EAIIU AOOEETC §2+'"q £10 All ANOED TATO x<£0E A
well barrier element function

—A0AT 0UDA 3DAAEEU TAOAT 0UDA OOAA £10 ANOED TATOI0 N> | 3DAAEEU Medium
exposed parts

%IA00T T A0 0UDA 3DAAEEU AIAGOT TAO 0UDA OAIAOATO ANOED TATOI0 | 3DAAEEU Medium
with packer/sealing element

Working pressure Maximum designed working pressure Bar or psi High

Working temperature |Maximum designed working pressure Degrees Cor F High

a  —ATORAROOOAO DAOO TO TAAD ATA 0AOEAT TO TAAD OANIAAD ET TTOA AAOAET OEA OTENOA ANOED TATO EAATOENEAAOETT TO TAAD
mentioned in Table 5. Manufacturer and model name are also included in Table 5.
1T AgA TDIATE AAOA ATTIAAGETT £10 T A0 <FOE AOOTAFAOAA AAOA NEATA AATETEOETTO ATA OACEOOOACETT AIGAOTAOEOAD

A.2.7.3 Shale gas and shale oil completion

Table A.107 contains general completion equipment. This equipment is also applicable for shale gas/oil
completions.

A.2.7.4 SAGD completion

EvaliJation Protocol (TWCCEP) in ISO/PAS 12835:2013.

A275 Downhole safety valves (DHSV)
AEED iC')A‘IOA £0 AGAEIAAIAET 0T TAET 0UDAGY
AQ  00AETCZOAOOEAOAAIAETO0ATIAA AO AT ETOACOAT DAOO TE OEA OOAETCTAT I DIAGETT 000ETC

b) wireline-retrievable run on wireline toolstring for installation inside the tubing/completion string,

0AQ ET A AAAEAAOAA TATAETC TEPRIATDOTNEIAS
1T AgA T DIA Tt AAA ATITARGETT £T0 TAQ =< E0E AOOTAEAOAA AAOA NEATA AANETEOETTO ATA 0AGEOOOAGETT AIGAOTAOE0A0
EO OET<T ETO ST=TETIA 0ARAOU OAIOAD AAIT x<8

Table A.109 — Tubing-retrievable, surface-controlled subsurface safety valve (TR-SCSSV)

Item: Tubing safety valve (TR) Category: String item Priority

Name Description Unit or code list

Model Give unique item model|Characters High
designation

Part number (operator) — — Medium

Part number (manuf.) — — High

Manufacturer — Vil TAETO WEInEAIA ANOED TATO TATOFAROO0AOO High

Effective length ,ATCOE TAAOPEAA AUOEAROA T ET | Metres High
the string, exclusive of pin/box

Copyright IrJerﬂ:xQnal Organization for Standardization © IS0 2016 - All rightS reserved

Provided by IHS under license with various National Standards Bodies Licensee=University of Alberta/5966844001, User=dfgfgsfgdf, dfgdfgdfg
No reproduction or networking permitted without license from IHS Not for Resale, 10/06/2016 22:31:11 MDT



IS0 14224:2016(E)

Table A.109 (continued)

Item: Tubing safety valve (TR)

Category: String item

Name

Description

Unit or code list

Priority

BAIOA 0UDA

Tubing-retrievable
Tubing-retrievable with wireline-retrievable brain
Other

Unknown

Medium

Closure principle

Ball

Flapper (conventional)
Flapper (curved)
Poppet

Other

Unknown

Medium

GAIOA ATTNECOOAMETT

Single valve (s.v.)

3ETCIA OAIOA x<EOE ETOA00 AADAAEIEOU < EOEET OAIOA
Single valve with separate nipple/control line for
insert valves

5PPA0 OAIOA ET 0ET100 AAAEOD OATAA T ATTAADO

, T><A0 OAIOA £T 0ET06 AAMAEOD 0ATAAT ATTAARO
5PPA0 OAIOA ET 0ATIAG AAREOD OATAAT ATTAARO

, T><A0 OAIOA £T 0ATIAG AAREOD OATAA T ATTAAD(
5DPA0 OAIOA ET EUAGEA 0ATAA T ATTAARD

Low

Equalizing feature

With equalizing feature
Without equalizing feature

Unknown

Low

Nominal size

High

Maximum OD

Medium

Minimum ID

Medium

Pressure rating

Low

Rod

Concentric

Rod and concentric
Other

Unknown

High

Number of pistons

Total number of pistons in
valve.

Numeric

Low

Number of control lines

Total number of control lines
attached to valve

Numeric

Low
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Table A.109 (continued)

Item: Tubing safety valve (TR) Category: String item Priority
Name Description Unit or code list
SRATTAAOU ATTOOTT IETA — Not installed Low
function Balance line
Permanent lockout
4ATDTO0AOU ITAETO0
Normal operation
Other
Unknown
3AAT ATTNECOOAOETT ATA | $AOAOEAA ATTNECOOAJETT ATA [#EAOAROAQ NEATA Low
0UPA TAOROEATO OOAA ET AUTATEA
and static seals
Material spec. for Material used for the most|Code list of metallic materials High
— closure device |CE0AT OAIOA DAGG: (3AA0) EAOA
means seat for closure device.
—  seat
2 NIT><00AATREOOTT
Control principle — (UAOAQIEA Medium
(UAOAQIEA <EOE TEOOTCAT AEAOCA A0 AAAZTT
power source
(UAOAQIER <EOE AATATAATETA £10 AARD OAGOETC
Electromagnetic with downhole power source
Solenoid-operated with electric cable
Other
Unknown
Remarks — #EAOAROAQ NEATA Low
Table A.110 — Wireline-retrievable (WR) type DHSV/WR-SCSSV
Item: Downhole safety valve (WR) Category: Inserted item Priority
Name Description Unit or code list
Model a Give unique item model|Characters (25) High
designation
Part number (operator) — — Medium
Part number (manuf.) 2 — — High
Manufacturer a — Vil TAETO TEINEAIA ANGED TATO TATOEAA000A00 High
Length — Metres High
Closure principle — Ball Medium
Flapper (conventional)
Flapper (curved)
Poppet
Other
Unknown

a  —ATORAAOOOAO DAOO TO TAAD ATA 0AOEAT TO TAAD OAMIAAD ET TTOA AAOARI OEA OTENOA ANOED TATO EAATOENEAAOETT TO TAAD
mention in Table 5. Manufacturer and model name is also included in Table 5.
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Table A.110 (continued)

Item: Downhole safety valve (WR) Category: Inserted item Priority
Name Description Unit or code list
GAI0A ATTNECOOAGETT — Single valve (s.v) Low
3ETCIA OAIOA < EOE ETOA00 AADAAEIEOU < EOEET OATOA
Single v. with sep. nipple/contr.l. for insert v.
50DA0 OAIOA ET OET00 AAAEOD OATAAT ATTAADO
, Tx<A0 OAIOA ET OE100 AAREOD 0ATAAT ATTAADD
5DDA0 OAIOA ET 0ATIAG AAAEOD 0ATAAT ATTAADD
, Tx<A0 OAIOA £T 0ATIAG AAREGD 0ATAAT ATTAADO
50DA0 OAIOA ET EUAOEA 0ATAA T ATTAARO
Equalizing feature — With equalizing feature Low
Without equalizing feature
Unknown
Nominal Size — — High
Maximum OD — — Medium
Minimum ID — — Medium
Pressure rating — — Low
OEO0TT 0UPA — Rod High
Concentric
Rod and concentric
Other
Unknown
Number of pistons Total number of pistons in|Number Low
valve
Number of control lines | Total number of control lines | Number Low
attached to valve
|SARTTAAOU ATTOOTI — Not installed Low
- |line function Balance line
Permanent lockout
AR TPTOAOU ITAETO0
Normal operation
Other
Unknown
3AAT ATTNECOOAOETT |SACAOEAA ATTNECOOAOLTT ATA [#EAOAAOAC NEAIA Low
ATA 0UDA T AOAOEATO OOAA ET AUTATEA
and static seals

a  —ATORAROOOAO PAOO TO TAAO ATA OAOEAT TO TAAO OANIAAD ET WTOA AAOAET OEA OTENOA ANOED TATO EAATOREAAOEIT TOTAAD
mention in Table 5. Manufacturer and model name is also included in Table 5.

Copyright International Org@izL§onc;Q;n9arazéilL I'ightS reserved

Provided by IHS under license with various National Standards Bodies
No reproduction or networking permitted without license from IHS

Licensee=University of Alberta/5966844001, User=dfgfgsfgdf, dfgdfgdfg
Not for Resale, 10/06/2016 22:31:11 MDT

149



ISO 14224:2016(E)

Table A.110 (continued)

Item: Downhole safety valve (WR) Category: Inserted item Priority
Name Description Unit or code list
Material spec. for — Code list of metallic materials High
— closure device
— seat
2 NIT><00AATREOOTT
Control principle — (UAOAQIEA Medium
(UAOAQIER x<EOE TEOOTCAT AEAOCA A0 ARAZTT DT=A0
source
(UAOAQIEA < EOE AATATAA IETA £10 AAAD OAOOETC
Electromagnetic with downhole power source
Solenoid-operated with electric cable
Other
Unknown
Remarks — #EAOAAOAQ NEAIA Low
a  —ATOFAROOOAD PAOD TO TAAD ATA 0AOEAT TO TAAC OAMIARD ET TTOA AAOAET OEA OTENOA ANGED TATO EAATOENEAAOETT TO TAAO
mention in Table 5. Manufacturer and model name is also included in Table 5.

A.2.7.6 Electrical submersible pumps

7 A1 AADTTUAA DO TH0 ATOFOIAA 0%IAA00EAAT 00A T A0OEAIA BO TD06 §%30q AAT EAOA ALEFAOATO ADPIEAAOETTO

AQ TTOETOA <Al

AQ  OTDOEAAQ ATl JAOU 00AA AT TRIAGETTQ)

Aq  0OAOAA <Al jOOAOAA =< All AT TDIAGETTQ)

AQ  ORANTTTO j#AEOOTTH AsCs OAANTTTO ATTOOETC DO TH()

AQ  ETOEUTTOAI DO TD 0UOOA T § 0301 %30 O0AA 0T £0INET A DO TP EOTACETT 0TDOLAAOTTTOETOAY

All above applications are addressed in ISO 15551-1:2015, except HPS, which is addressed in API RP 118.
CUBOACIER 0A T AOCEAIA DO 100 (300 &0 ATIDEAD 0UDA T 0O T0 THAAGAA AT TETIA 00¢ TAOEL £10 00A0M)
ACD £0 TT0 ATOAORAET 0E£0 ) TOAOTAGET TAI 30ATAAOAS , EEA 0A] O0TCOAOOEOA #AOE0U 00 10 00U AOA ITAADAA
AT=TETIAT A0 TTIU £T TTOETOA ADDIEAAJETTO ATA £0 TT0 ATOAOAA ET 0E£0 )TOAOTAOETTAI 30ATAAOAS 3TTA
further technical details are given in ISO 15136-1:2009.

4EA OAATTITO %30 £0A T q£0 T DOFTAGDIA O¢ TE1AO OT A GOAGAA DO T AAGOSARA £T ANCED TATS A14G0 30A0MA
PO IP0 §ET Véchpsrdi ACOEOEO OAAT T TATAAA 0T OOA OEEO Yocsygp FT0 2 — AAOA ATTIAROETT £10 0EA OAANITTO %3008

The classical or conventional installation is illustrated in Figure A.37 where the ESP unit is run on the

00AETC O00ETC ATA E0 OOA TAOCAA ET Al niOEAGs 4EA AIAAOOEA OOA TAOOEAIA TTOTO £O A0 OEA ATOOT T 1% 0EA
OTEO ATAEO ATTIAA AU OEA ><ATI000AA T DAOOETC AU E00 DAOE TA0AG )0 £0 ATTTAAOAA OT OEA OAAT OAAOETT: /T 0TD
T OEA OAAT OAAGETT A DO ITD ETOAEA 10 CAO OADAOAOTOTEATAIAQ £0 0E00AOAA > EEAE ATTT><0 ><All MOEAO 01 ATOAO
the centrifugal pump and, at the same time, can remove/handle free gas from the wellstream.

— 1070 0T><A0 £0 00ATO TEO0AA 0T 0EA 00A TAOOEAIA TT0T0 AU AIA TRETC A OPAAEATIU ATTO000A0AA OEOAAZDEAOA
ESP electric power cable to the production tubing. This cable needs to be of rugged construction to
DOAOATO TAAEATEAAI AA TAGAN ATA AAIA 0T OAOAET E00 DEUGEAAT ATA AIAAGOEAAT DOTDAOOEAO < EAT AGDTOAA 0T
hot liquids and gasses in oil wells.
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Table A.111 — Type classification — Electrical submersible pumps

IS0 14224:2016(E)

Equipment class — Level 6 Equipment type

Description Code |Description Code

Electrical submersible| ESP |Centrifugal CE

pumps 210400 RO

Alternative current AC
o e e e i e R e e e R e e S e e AN RS N A i =
! !
! !
! !
I I
i Main cabie ;
| 1 Wellhead
I Cablespiice [ '_]: £
1 D ) — I Electrical
i Tulsing hangsr ! connector
| penetator |
| Motor leas sxtension I 1
| [MLE) I
I I
It : Adjustable
| Ej Matar Pothead | speed drive
I |
. !
i i
I i
I 1
[ |
| |
i 4 i
| ESP gauge Motor Motor seal Pump Gas handler I Tubing-
: intake/ gas [/pump : » Wellhead
I separator 1 Flow line
1 |
I A |
| .'
| |
| |
i i
R S SN S e | P \‘ =
Weil stream Boundary

production rate and in outside diameters from around 3 inches up to 12 inches.

vrr 00¢ T# 1820 T0 ANOEOAIATO EETAOEA ATAOCU AAT AA AOAAOAA AU AT %308
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Table A.112 — Equipment subdivision — Electrical submersible pumps

Equipment Electrical submersible pumps
unit
Subunit ESP cable ESP motor ESP pump ESP pump intake 2| ESP seal
Maintainable|Main power cable |Base Base Base Bag chamber
items Motor lead exten-|Coupling Coupling Coupling Base
sion Filter Diffusers Diffusers Coupling
Packer penetrator Head Head/Discharge |Discharge ports/|Head
Pigtail Housing Housing screens Housing
Pothead connector |, Impellers Head , ARUOETOE AEA TARD
Splice O-ring O-rings Housing Mechanical seals
:/g:llhead penetra- Rotor Bearing Screens [mpellers _ 0il
Rotors Shaft [nducer section O-ring
Shaft Shaft supportbear- Intake pots/screens Relief valve
Stator ings O-rings Shaft
Thrust bearing Snap rings Radial bearings Thrust bearing
Varnish Thrust washers S_eparation sec-
tion/rotor
Down hole sensor Shaft
Shaft supportbear-
ings
Snaps rings
Thrust washers
a  ESP pump intake includes gas separator and gas handler.

Table A.113 — Equipment-specific data — Electrical submersible pumps

Name Description Unit or code list Priority
7 ATEAATOENEAAOETT TO TAAO | Operator description Number or name High
—TAAT 0UDA 3DAAEEU 3DAAEEU Low
ESP Application AUDA T ADPIEAAJETT Onshore well High

4TDOEAAD =< All §A0U 00AA AT TRIAGETTQ

Subsea well (subsea well completion)

SAANITTO J#AE00TTQ

CTOEUTTOAT DO TD OUOOA T §(03(
Fluid corrosiveness Neutral, Sweet, Sour 3DAAEEU High
Fluid handled —AET NIOEA TTI04 TER CAG ATTAATOAORN | /E1h CAGH ATTAATOAOAN ETEAROETT < AOA T8l |High

ETEAROETT =<A0AD and gas, gas and condensate, oil/gas/

water, COp, gas and water, produced water
Shaft power rating All, where applicable Horse power HP High
Shaft coupling rating All, where applicable Horse power HP High
—AGETOT NiT= AADAAEOU |Bolt on discharge head Blpd Medium
rating
Pressure rating Bolt on discharge head Psi High
Design performance curves | Pump and gas handler Pump curve Low
Z <A0ROTTIU
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Table A.113 (continued)

Name Description Unit or code list Priority
Maximum GVF rating Pump and gas handler =] Medium
Pump stage thrust Pump and gas handler Pounds, lbs High
Housing pressure rating |[Pump and gas handler Psi High
—AGETOT NiTx AADAAEOU | Bolt on intake Blpd Low
rating

Design performance curve | Mechanical gas separator Performance Curve Low
6110 TAATTOOAACETT AADAAR)U | Seal chamber section Litres High
Operation deviation limits|Seal chamber section 3DAAREU ¢TO TAOEA OAIOAY High
Thrust load bearing ca-|Seal chamber section Pounds, 1bs High
DAAROU

Minimum operating speed | Seal chamber section 2A0TOOEITOPAO TETO0AI0P T T0 &OANOATAU | Low
for thrust bearing

-O TAAO ATA 0AOAOEOU TE|Seal chamber section 3DAAERU High
POA0OOOA AUAIAD

Horsepower requirement |Seal chamber section HP High
Motor performance pa-|Motor Performance curve High
rameters

Motor voltage for mini-|Motor Amps High
mum current

Motor winding tempera-|Motor Degrees Celsius High
ture rise

Motor operating internal|Motor Degrees Celsius High
temperature limits

Locked rotor current,|Motor Amps High
torque and power factor

Voltage rating Power cable and MLE Volt High
Temperature rating Power cable and MLE Degrees Celsius High
1 TDAAEOU ATAENEAEATOO Power cable and MLE 3DAAREU ¢TO TAOEA OAIOAY High
Conductor Size Power cable and MLE Millimetres High
Acceptable minimum bend- | Power cable and MLE Metres High
ing rating

Voltage rating Pothead Volt High
Temperature rating Pothead Degrees Celsius High
1 TDAAEOU ATAENEAEATOO Pothead Amps High
Differential pressure per-|Pothead Psi High
formance

4EAO T Al AUAIETC DAOKTO- |Pothead N/A High
mance

A.2.7.7 Surface wellhead and X-mas trees

The surface X-mas tree could have different applications:
2 8ITAOO0AATTA4,0103012 DIAGKION

2 8ZTA000AATT AntgAA TEEOETOA PIAGETO T

2 87TAO0OAA TT AT TTOETOA FAAEIEOLS

Note that control and monitoring is part of the surface X-mas trees, but not a part of subsea X-mas trees
(see A.2.6.2).
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4EE0 ANOED TATO AIACO ATAO TT0 ATOAO TTOETOA x<AIIEAAAQ <E0E DO TD EAAEC ETOOATIAA A0 OEAU AT T10 O0A
X-mas trees.

4EA ANOED TATO AIAGO GAIOAC jOAA Tocsusth TAU AA OOAA 0T ATTIAAD TTOA AAOAEIAA AAOA TT OARAOU ATA
production critical valves in the X-mas tree.

Table A.114 — Type classification — Surface wellhead and X-mas trees

Equipment class - Level 6 Equipment type
Description Code |Description Code
Surface wellhead WD Vertical VE
and X-mas trees Horizontal HO

¢ > X-mas tree
Remote
instrumentation : T
< Control and _
.| monitoring Tubing hangar
Actuation T
L—' Wellhead
A
Well

Figure A.38 — Boundary definition — Surface wellhead and X-mas trees
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Table A.115 — Equipment subdivision — Surface wellhead and X-mas trees

Equipment Surface wellhead and X-mas trees
unit

Subunit Wellhead Tubing hanger X-mas tree d. g Control and monitoring

Maintainable |Annulus seal assem- |#EATEAAI ETEAROETT Tree caps Control panel £

items blies (Pack-offs) coupling | aOMATIIROMIT<IETAO | (UAGAOIEA E10000 TATO
Casing hangers (UAQAOQIEA AIODIEIC Tree/wellhead con- tubing
Conductor housing (termination in control | nector Electric instrument

line block) tubing

Control line exit block/ 82 A0 00AATNIT<IETA

AEATEAAT ETE ATTAE Power/signal coupler |connection (interface |Pressure indicator
N ms ag s =g p e i f

Wellhead housing wbis TEARO §0R0 TETAOEIT | POIND

in control line block) |Valve, check

Pressure transmitters

Limit switch

A0AETCZEATCAO ATAU | Valve, choke ¢

Tubing-hanger isola- |Valve, process isola-
tion plug tiona €

Tubing hanger seals | GAIOAN QOEIEOU EOTIAGETT
b, h

Temperature sensors

Back pressure valve
Valve, other

Tubing head spool i
a Process isolation valves will include Master valves (LMV & UMV), Production wing valve (PWV), Swab
valve (SV), Annulus valve(s) and Kill valve (KV).
b S0EIEOU EOTIAGETT OAIOAQ < E11 ETAIOAA #EA TEAAT ETEAROETTTEOTIAGETT OAIOAGS
¢ gI00O0FARA 87 TAO 00M AETEAO < TOIA TH0 TI0 TAIIU AR DAD TE 0EA 87 TAO 00A 4E00 00AE TAFTOAETARIA
EOAT OETOIA AA 00AADAA ET AAAEOETTH A0 DAOD Tk OEA %NOED TATO AIAGO 06AI0A0M
d Different annulus valves and these will have a function for each annulus, e.g. annulus A (between tub-
ing and production casing) has most requirements.
e AEAOA AOATTO TATIU 0T TAGOAC OAIOAGH < EAOATE TTAEO TTO TAIIU TATOAIU TPAOAOAA ATA TTA £0 AROOAGTO
operated. There could also be two actuated valves.
f AEA AT=TO00AA T AAQOAOU IE WEOEQ OEA MATCA ATTTAAOEIT TTOEAO7 &
g GAIOAO EAOA A EAU AAOOEAO FOTAOETT ET A 87 TAQ 00AAT ATA £0 0EQO 7 ET 0A TA ><AU A0 ANOED TATO AIA0O 030A-

sea X-mas tree” (see A.2.6.2) - maintainable items within a subunit. It is however possible to use equipment

AIAGO 06AIOAG § 1 4csuteq EF AAOA ATTIAAGETT ET T TOA AADOE £10 000FAAA OAIOAQ £O TAAAAAS

h AEE0 ETAIOAAC AEA TEAATTEUAOAOITEA OATOA A0AS
i If tubing head spool is a separate maintainable item.
E Control panel includes control valves.

Table A.116 — Equipment-specific data — Surface wellhead and X-mas trees

Name Description Unit or code list Priority

7 A EARTOENEAAGETT TT 7 AT EAATOENEAAOETT TT Z TDAOAOTO | 3DAAEEU High
description

Well function Function of the well OOTAOAOENTH ETEAAOET T AEOPTOAI High

Design pressure Pressure rating of Wellhead and|Pascal (bar) High
X-mas tree

TOOENEAEAT TEE0 < Al AUDA Tk AQOENEAFAT TR0 ET OEA <All | Gas lift, ESP, PCP, none High

_T0Api 4EA OUPA T AROOAOETT £10 OEA OAIAOATO OAIOAO OETOIA AA AROAOEAAA OOETC OEA ANOED TATO ODAAENEA AAOAN AO F10

equipment class Valves, see Table A.79.

.TOA gt &T0 AOOENEAEAT TE£0h ANGED TATO AIAGO %30 xEil DOTOEAA ETAIO WAOETTS &10 CAO 1E£0h ANOED TATO AIACO ST=TETIA xAll

completion will provide information, see A.2.7.
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Table A.116 (continued)

Name

Description

Unit or code list

Priority

—OAIETAOOODATOETT OUOOA T

SANETA <EAOEA0 A TOAIETA OUOOA T
suspension exists

Yes/no

Low

AUPA TE <Al AUDA Tk OFAZAAAE OTIOOETT Offshore, SPAR, TLP, Onshore, I, HPHT, | High
SAGD, Shale gas, Shale oil

7 AIEAAANTT<ETC DOAOOOOA | Representative operational well-|Psi Low
EAAA NIT><ETC DOAOOOOA

7NIEAAA NIT=ETC 0ATDA)- | Representative operational well-| Degrees Celsius Low

ature EAAA NIT><ETC 0A TDAOAIOOA

7RI 0AOA 2ADOAOATOAGEOA = ATINTT>< 0AOA §DOT- | 3DAAERU Medium
AOROETT TOETEAAOETT(

&IOEA DOTAOAAA T ETEAAOAA | &IOEA DOTAOAAA T ETEAAOAA Air, chemicals, condensate, crude oil, | High

MAOA CAGH FOAOE < AOACH £OAT CAGH CAON

as+condensate, gas+oil:gas+oil+water,
AT TAETAA EUAOTAAOATTON TAOEATTI
TEOOTCATA WEIN TEIC>< AOAG TEIU < AOAGH OAA
water, treaded sea water, steam, un-
ETT><Th <AJAOTCIUATI

Control principle

SANETAO OEA ATTO0TT DOETAEDIA £10
X-mas tree (valve) functions and
actuators

Note 1

High

Fluid corrosiveness

Fluid corrosiveness

Benign, clean, moderate, severe, unknown

Medium

Fluid erosiveness

%0TOEOATAOO T& OEA <Al NOEA

Benign, clean, moderate, severe, unknown

Medium

Valve application

X-mas tree valve function

Swab (SV), Production wing (PWV),
Kill (KV), Upper master (UMV), Lower
master (LMV), Annulus (AV)

High

Valve design class

4UDA Tk OAIOA ARGECT

" Allh **000A0TUN SEAPEOAC Th STOAIA Ag-
panding gate, Flapper, Gate, Needle,
Piston, Ram, Swing

High

completion will provide information, see A.2.7.

-T0Ap{ 4EA 0UPA TF AROOAGETT £T0 OEA OAIAOATO OAIOAO OETOIA AA AROROEAAA OOETC OEA ANOED TATO ODAAENEA AAOAT A0 £T0
equipment class Valves, see Table A.79.

A.2.7.8 Production/injection data

Operational data that should be collected for well-completion equipment are listed in Table A.117. The
AAOA AOA =< ATIZODAAENEA ATA DOTOEAA A CATAOFA OARAOATAA 0T 0EA < TOEETC ATOEOTT TATO £10 Al ANOED TATO £1

0EA ><All§ 4EA DOTAOAOET TTETEAAGETT AAOA OETOIA AA ATTIAAGAATT A TTTOEIU AAGEOH

Table A.117 — Production/injection operational data

Data

Description

Unit or code list

Year

Month

Wellhead pressure

Flowing wellhead pressure

Pascal (bar)

Wellhead temperature

4ATDAOAOOOA A < ATIEAAA OTARONIT=ETC ATTALEITO

Degrees Celsius

SAEIU N CAG

2ApOACATOAOEOA AAEIUNTT= Tk CAO

30ATAAOA AOAEA TA00ACDAO AAU

SAEIUNIT>A TE

2ADOAOATOAOEOA AAETU MIT>< TE TEI

30ATAAOA AOAEA TA00A0 DAO AAU

SAEIU NTT <) ATTAATOAOA

2APOAOATOAOEOA AAEIU N> Te ATTAATOAGA

30ATAAOA AOAEA TA00A0 DAO AAU

SAEIU NTT<f =< AOAO

2ADOAOATOAGEOA AAEIU NIT > TE <AOAD

30ATAAOA AOAEA TA00A0 DAO AAU

a "OATODAO TAQOEA OTTTA £0 OEA ANGEOAIATO TE DA0OO DAO WENETT §0B T A OTE0 0EA £0 AAPOARAOAA AU )3/8
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Table A.117 (continued)

Data Description Unit or code list

H3S concentration 2APOAOATOAGEOA AAETU ATTAATOOAOETT TE (28 Mole percent or grams per met-
ric tonne a

CO3 concentration 2APOAOATOAGEOA AAETU ATTAATOOAOETT TE #/; Mole percent or grams per met-
ric tonne a

Remarks Other information considered relevant —

a "0ATODAO TAOOEA OTTTA £0 OEA ANOEOAIATO T4 DA00O DAO TENIETT §BD T A OTEO OEAQ E0 AADOAAAOAA AU )3/8

A.2.7.9 Failure and maintenance data

agA oA TATATIID ETOVAIAR ALY WBIAGETT ANOi® FATY (9 TIOWAID 00T 0T sAllo0ks 00AGKTIEOA
OADIARA TATO TAU AA DAOETO TAA £10 01 TA 000ETG £0A T 07 00AE AO x E0ATETAZOA00EAOAAIAN O00FAAAZATTOO TTIAA

00A000FAAA OARAOU OATOAO §3#3368

T 0AOA AAORCH HATO TAD AA OADAEOAR AT>TETIA: 4E£0 OUDERATIU AAT AR OEA AAOR xE0E RAGETCZ 10 00AETGZ
0A0OEAOAAIAN 000FAAAZATTOOTTIAA OOAOO0RAAA OARAOU OATOAC §3#336(8

) A AT TETIA 0ADAD AROEYT ARDOATIU GORAMARO ET ORODGETG 0EA FOTAOEIT T AT AT 0620 AAT A DABTO0AA
AU EAATOEEUETC OEA FAEIO0A OAATOA £10 OEA HOAT OEAQ ETEOEAIIU @AEI“A_AS §A_D“AIAEI(; 1 IEOAJ AAO)-\(;IOUhOI;A
item-failure record can be assessed as described in Table 8§ 4EA AT<TETIA OADAEO AAGETT £0 OADTO0AA AU
changing the remedial action code and giving the remedial action date. Should a failure occur on the
OA TAEOA T A0 ATAOAC O0ACAN A TAx FAEIO0A OAATOA OETOIA AA ATOAOAA A0 AAOAOEAAA DOAGETO0Il

Information on downhole testing of valves should be collected, as this provides valuable information
concerning interpretation of downhole failure trends.

A.2.8 Drilling
A.2.8.1 Top drives

Table A.118 — Type classification — Top drives

Equipment class — Level 6 Equipment type
Description Code |Description Code
Top drives TD | CUAOAQIEAATIU AOEOAT HD
%IAROOEAATIU AOEOAT ED
Copyright International Org@izL§onch;n9arEzéiu rights reserved 157
Provided by IHS under license with various National Standards Bodies Licensee=University of Alberta/5966844001, User=dfgfgsfadf, dfgdfgdfg

No reproduction or networking permitted without license from IHS Not for Resale, 10/06/2016 22:31:11 MDT



ISO 14224:2016(E)

Power

Rotary
swivel

Drivers Gear

Pipe handler Lubrication Control and

assembly system monitoring Miscellaneous

‘, N\

boundary
Coolant Power ~ Remote
instrumentation

Figure A.39 — Boundary definition — Top drives

1 0TD AOEOA j£0ANOATOIU AIOT OARROOAA 0T A0 A DT=A0 0x<EOAIQ EO A BEAAA T ANGED TATO 0EAD 0AOOAO OEA
following functions:

?

?

?

?

OTOAGETG OEA AOEIT 000ETC §£10 TAOIU OTAAQOAEAT AU OEA 0TOAOU 0AAIAY)

DOTOEAETC A ATTAGE £10 AOEIIETC TOA §£10 TAOIU OTAA0OAEAT AU OEA 0TOAOU O=EOAI)
REORTTTAAOETCTATTTAAGETC DEDA 610 TAGIU OTAROOAEAT AU OEA 01T OTOCETAAEY

ATVGETG ET OEA A0l BEDA AU AT ETOAGOAORA EATIU OAIOA 10 TAGIU GTARGOAEAT A OEA EATIU OAIOA €T
ATTTAAGETT ><£0E 0EA 0TOAOU 0AAIAQ)

IEEOETCTTT><AOETC AOETT 000ETC AU OOA TE OOATAAOA AIAOAOTO §£10 TAOIU OTAROOAEAT AU OEA ETTE AU OOETC
same kind of elevator).

4TD A0EOA0 TAD AR AOEAO ATAROOERATIO O EUAOAGTERATID AOEOAT )£ OEAU AOA EUACAGTERATID ACEOATS OAOAOAI
EUAOAQIEA TTOTO0 AOA TTO TAIIU O0AAS

Elevator links and elevators are not regarded as a part of the top drive (standard drilling equipment).
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Table A.119 — Equipment subdivision — Top drives
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Equipment Top drives
unit
Subunit Drivers Gear Rotaryswiv-|Pipe-han-|Lubrication|Control and | Miscellaneous
el dler assem- monitoring
bly
Maintainable |Electric Bearings |Gooseneck |Link hanger |Oil tank Control = OEAA ATTIU
ftems drlver Packing/ Packing/ g;ilﬁatlltlc’)[rs Heaters panel frame
(UAOAOIEA  |seals seals Control Internal blow-
dri . Coolers
rver Coupling to |Axial, radial Pipe-han- ... |Electric 9}1£‘p\rq\(e‘:p/§e,rs
Radial, driver and thrust ?ilcil; pmoostlc-)r fnu(l)rzloprwnh and/or FEAIIU OAIOAX
thrustand C . bearing EUAOAOIEA | Counter-bal-
. oupling to . :
axial bear- : . Swivel cou- |Valves solenoid ance com-
. swivel Swivel hous- | ;. .
ing : pling . cabinet pensator/
Pini ing Filters
fnions . Torque . Service ljgagi/&s'aver
Gearwheels Swivel stem wrench Lube oil loops OUOOA T
Manifolds
Junction
box
Sensor
Solenoid
valves
Check
valves
Other
valves
Table A.120 — Equipment-specific data — Top drives
Name Description Unit or code list Priority
AUDA Tk AOEOAO 3DAAREU 0UPA %IAAOOEAN EUAOADIEA High
Number of drives 3DAAREU TO TAAD Number High
JADPIEAAAIA FT0 EUAOAOIEA AOEOA0 TTIUQ
(UAOAQTEA DT=A0 OANOEOA TATO0 Pressure Pascal (bar) High
JADPIEAAAIA FT0 EUAOAOIEA AOEOA0 TTIUQ Flow rate Litres per minute
—W0T0AMACTOU 3DAREED 0UDA YTAGROSTT OUTAEOTTTOO0  |High
JAPPIEAAAIA FT0 AIAROOEA AOEOAO TTIUQ
o4IAAOOEAA] 0OBPIU OANOEOA TATO0 Voltage Volt High
JAPPIEAAAIA FT0 AIAROOEA AOEOAO TTIUQ Current Ampere
Rated power Max. output Kilowatt High
Normal operating power Power Kilowatt High
Speed Max. speed Revolutions per minute  |High
Normal speed Revolutions per minute
Torque Max. torque Newton-metre High
At normal speed Newton-metre
At max. speed Newton-metre
Pressure utilities CUAOAQIEA POAGOOOA Pascal (bar) Low
Air pressure Pascal (bar)
Flow utilities (UAOAQIFA T = Litres per minute Low
TEONIT< Litres per minute
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Table A.120 (continued)

Name Description Unit or code list Priority

2R00AA0AAIA ATTIU FOATA 3DAAREU Yes/no Low

—OA BOAOOOOA AADAAFOU Pressure Pascal (bar) Low

Inside BOP design pressure Pressure Pascal (bar) Low

4T0NOA =< OATAE AADAAFOU Diameter Millimetres Low
Torque Newton-metre

%IAOAGTO IETE EATCAQ AADAAFOU #ADAAEOU Kilogram High

A.2.8.2 Subsea blowout preventers (BOP)

AEAOA AOA 0T TAET 0UDAC Tr ATT><TO0 DOAOATOAOO OOAA £10 AOEIETC TDAOAGETTO]

2 00AGAA **/00 AOA OOAA £TO AOETIETC £OT T A NTTAOETC OTEQ OEEO **/0 £O NEGAA 0T OEA OAANITTO <ATIEAAAN

2 000fAAA '* /00 AOA OOAA £T0 TATA TPAOAGETTO 10 £10 0000A000A0 0EAD AOA NEGAA G OEA OAANITTOS

)T DOETAEDIAN A 000FAAA **/0 £O OF TEIAO 01 A 0OAOAA **/0h ATA £0 AROAOEAAA OADAOAGAIU ET ¥égiutat 4EA TAET
differences are related to the control of the BOP functions and that the surface BOP, in general, has

variation in the riser angle.

)T ABAEOETT A 0OAOAA **/0 EAO A MAGEAIA ETETO AO OEA 0TP) ATTTAAGETC 0T OEA AOETIETC OEOAC §10 AT TRIAGETT
riser), allowing variation in the riser angle

)T TI0 TAI ACEIIETC TDAOAGETTON OEA ACETIETCZTIOEA DOAOOOOA £0 EECEAO OEAT OEA 0AGAOOTED DOAGOOOAS 4EED

POAOATOO AT OTATTOOTTIAA ETNIO@ Tk £10 TAOEIT NIOEAC 0T 0EA < All ATOAS

{07 OEATH OT ATTOA ET OEA >AIATOA €T TOAAO OT AEOAGIAOA AOHIIETC TIOEA = £0E A EECEAD ARTGEOU OF OACAET 0EA
EUAOTOO0AOEA ATTOOTT TE OEA x<Alls

The BOP can also be used for other purposes, such as testing casing, testing leak-off pressure, squeeze
cement, etc.

AEA AGATDIA TF 30A0AA /0 OAGTTT TU GEOAT ET Figure A.40 relates to subsea-mounted BOPs used for

drilling.
Table A.121 — Type classification — Subsea blowout preventers (BOP)
Equipment class — Level 6 Equipment type
Description Code |Description Code
Subsea blowout preventers BO  |OFITOAA EUAOAQIEA PH
—Ol0:DIAGAA AIAAOOTZEUAOAOIEA|  MX
Copyright IrJeerQnal Organization for Standardization © ISO 2016 - AH rights reserved
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Surface Surface control unit Control panels
Pod selector Hydraulic power unit
Mux reels and Accumulator bank
umbilicals
Subsea Hydraulic supply and Electrical power supply
Pilot signals, yellow Pilot signals, blue pod,
pod, multiplexed or multiplexed or
hydraulic pilot hydraulic pilot
Redundant control ||+ Redundant control
pod, yellow S pod, blue
A\ 4 A\ 4

[ Accumulators }

BOP functions BOP functions

BOP units Primary control Backup control
Choke-and-kill valves Choke-and-Kkill lines
Hydraulic connectors Flexible joint
Preventers, valves and lines

Figure A.40 — Boundary definition — Subsea blowout preventers (BOP)

subdivision below):

Aq TTATOO0xT ATTOIAC DOAOATOA00 OEA) OAAT AOTOTA ATU 00AOIAC ET OEA ><Alln

b) three to six ram preventers that, depending on dressing, can seal around various pipes in the well,
OEAAC DEDA ATA OAAT AT ATBOU ETIAY

c¢) Two (2) connectors, one connecting the BOP to the Wellhead, called the Wellhead connector, and
the LMRP connector connecting the LMRP to the BOP and making it possible to disconnect the
,—20F0TT 0EA /00

d) four to ten choke-and-kill valves that can be operated in order that the contained pressure in the
"'/0 AAT AA TAOAOOAAI DOAOOOOEUAA NIOEA AEOACTAOAA TOO Tk OEA Al ATA BOAGOOOEUAA NIOEA O TDAA E1
the well.
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Table A.122 — Equipment subdivision — Subsea blowout preventers (BOP)

Equipment unit Subsea blowout preventers (BOP)
Subunit Preventers, valves|Hydraulicconnectors | Flexible joint Primary control Backup control b
and lines
Maintainable items |Annular preventers: | LMRP connectors |Flexible joint: Subsea: Subsea:
R and wellhead con- . .

TAU nectors: Flexible element Control Pod Solenoid valves
Flanges “TAU Housing Pilot valves Pilot valves
Packing element Locking mechanism Flanges Shuttle valves Shuttle valves
(CUAOAQIEA DEOOTT Piston(s) Wear ring Accumulators Accumulators
Seals Main-bore seal ring Anodes Pressure regulator Subsea control unit

\ TR
Ram preventers: Seals Bolting vaives " AGOAOU
R Solenoid valves
TAU Transducers
Check val
Locking device eckvalves Surface:
Other valves i
Flanges L Surface control unit
(UAQOAOIEAATTOOTI
Ram block NOEA Transducers
Ram seals Seals ROV operated a:
Shear blade El-equipment/SEM Hot stab
Piston/operator Instrumentation Shuttle valves
Seals jhact HTI?IDOAOOOOA Valves, ROV operated
sensors hut-off
Choke-and-kill - shuto
valves: Piping/Hoses ROV intervention
Actuator (UAOAGIER AOTAIA)  |Panel

o (pilotlines and main
= AOA ATAU 00PPIUq
Seals bonnet Multiplex cables
Choke-and-kill lines: 2£CEA EUAOAOIEA 00D-

Riser-attached line BIVIETA

Couplers/ Connectors Surface:

Seals Control panels
Hose/Pipe Surface control unit

C o Electrical power
Rigid pipe 00PPIU p
Gooseneck hose 0T A0 60PPIU

"*AD0AOU AAREDD §503(
Push button
Instrumentation (e.g.
pressure) sensor,
readout)

(UAOAQIEA BT =<A0 OTED
Control Pod

Pod reels

Pod selector valve

a Se’é API/Std 53 with respect to ROV backup.
b 1GOTOEAAN SAAA TAT OUOOA T 2/6 ATA ARTOO0EA ATTO0TT OUOOA T 80 ATOAOAA £T 0E£0 0

AOTE0 AADATAETC 1T OEA 00A0AA ** 70 ARGECTS

Table A.123 — Equipment-specific data — Subsea blowout preventers (BOP)

Namé Description Unit or code list Priority
2EC 0UPA 3DAAEEU Semi-submersible, Drill ship, Jack- |Medium
up, etc.
Rig mooring 3pAAERU DP, Anchored Medium
BOP manufacturer/supplier 3DAAEEU Free text High
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Table A.123 (continued)

Name Description Unit or code list Priority

Dimension 3DAARRU JETTAQ AFA TAOAQQ Millimetres (inches) Medium

Size Height and mass Millimetres (inches), kilograms  |Low
(tons)

Pressure rating 3DAAREU Pascal (pounds per square inch) |High

Installed location/ recorded 3pAAREU Foot (metres) Medium

water depth

Ram preventers - manufacturer | 3DAAEFU 3pAAREU High

(and model)

Ram preventers, pressure rating | 3DAAEFU Pascal (pounds per square inch) |High

-O TAAO TENEGAA DEDA 0AT O 3pAAREU Number Medium

-OTARO TeNIAZEAIA DEDA OATO  [3DAAEEU Number Medium

Number of blind rams 3DAAEEU Number Medium

Number of blind shear rams 3pAAERU Number Medium

Number of casing shear rams | 3DAAEEU Number Medium

Annular preventers - manufac- |3DAAEU 3pAARRU High

turer (and model)

Annular preventers, pressure | 3DAAEEU Pascal (pounds per square inch) |High

rating

Number of annular preventers |3DAAEEU Number Medium

LMRP connector - manufactur- |3DAAEEU 3DAAERU High

er and model

LMRP connector pressure rating | 3DAAHEU Pascal (pounds per square inch) |Medium

Wellhead connector - manufac- |3DAAFEU 3pAAERU High

turer (and model)

Wellhead connector pressure  |3DAAEEU Pascal (pounds per square inch) |Medium

rating

Number of wellhead connections | 3DAAEEU (TOAI TO TAAO TEOETAO | Number Medium

the BOP has been run and (re-)
latched to the wellhead during
surveillance period

Choke-and-kill valve - manufac- | 3DAAEEU 3DAAEEU Medium
turer (and model)

Number of choke-and-kill valves | 3DAAEEU Number Medium
AUDA TF ATTOOTI NOEA 3pAAERU Oil-based, water-based High
A0DA T8 ATTOOTI OUGOA T 3DAAREU —O10EDIAGAAN BEITO EUAOAQIEA TOEAO |High
Make and version of control 3DAAREU 3DAAERU High
OUOOAT

3AATTAAQU ATTOOTI OUGOA T 3DAAREU 3DAAEEU Medium

A.2.8.3 Surface blowout preventers (BOP)

AEA AROED TATO AIAGO 0300ARA AIT>T00 DOROATOR00 §/005 AOA OBAAETER £10 TATA TDAOAGEITO To £10
subsea, Hence parts of the example shown for subsea blowout preventers is also applicable to surface
AIT><T00 DOAOATOAOON AgAAR( £10 ODAAENEA OOAOAA TAETOAETAAIA tOA WO T1E00AA £T Ychyscs

In principle, a surface BOP is similar to a subsea BOP. The main differences are related to the control of
the BOP functions and that the surface BOP, in general, has fewer functions than the subsea BOP.
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4EA TACT SOTAGEVT £ 0EA 30064AA /0 £ 0T ATTOA £T OEA  AATOA €T T0AAO 0T AEOROIAGA AOFIETG 110G <0 A
EECEAO AATOROU 0T OACAET OEA EUAOTO0AOEA ATTOOTT T£ OEA x<Alls 4EA 3008AAA ** /0 AAT AIOT AA GOAA £10 TOEAO
purposes, such as testing casing, testing leak-off pressure, squeeze cement, etc.

AER AoA TDIA Tk 300FAAA **/0 OAGTTT TU CEOAT ET Figure A.41 relates to surface-mounted BOPs used for
drilling.

Table A.124 — Type classification — Surface blowout preventers (BOP)

Equipment class — Level 6 Equipment type
Description Code |Description Code
Surface blowout preventers BT  |OFITOAA EUAOAQIEA PH
—OI0tDIAGAA AIAAGOTZEVAOAOIEA|  MX
Surface control unit Hydraulic control unit Accumulator bank
Alternative 1 Alternative 2
(Surface)
Pilot signal Hydraulic supply
\4
Control pod Hydraulic supply for
BOP functions

v

Hydraulic supply
for BOP functions

BOP units

Ram preventers
Annular preventer
Choke-and-kill valves
Connectors

Figure A.41 — Boundary definition — Surface blowout preventers (BOP)

1 300EARA /0 OUBEAAIIU ATTOE000 Tk OEA ETIIT=ETC TAET ATTDTTATO0 FAIOT OAAIA TT ANOED TATO

subdivision below):

AQ TTAT0 0T ATTOIA0 DOAOATOA00 0EA) OAAT AOTOTA ATU 0OAOIAQ ET 0EA <Alln

b) three to six ram preventers that, depending on dressing, can seal around various pipes in the well,
OEAAC DEDA ATA OAAT AT ATBOU ETIAY

A A TAET ATTTAAOTO OEAO ATTTAAOO OEA " /0 0T 0EA <AIIEAAA)
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Table A.125 — Equipment subdivision — Surface blowout preventers (BOP)

Equipment unit

Surface blowout preventers (BOP)

Flanges

Packing element
CUAOAQIEA DECOTT
Seals

Ram preventers:
"TAU

Locking device
Flanges

Ram block bonnet
Ram seals

Shear blade
Piston/operator
Seals
Choke-and-kill valves:
Actuator

" AOA ATAU

Seals bonnet
Gooseneck hose
Choke-and-Kill lines:
Connectors

Seals

Hose/Pipe

Rigid pipe

Locking mechanism
Piston(s)
Main-bore seal ring

Seals

Subunit Preventers, valves|Connectors Primary control
and lines

Maintainable items|Annular preventer: |Connectors: Surface controls:
"TAU "TAU Control Pod

Pilot valves

Pressure regulator valves
Solenoid valves

Check valves

Other valves

CUAOAQIEA ATTOOTT NOEA
Seals

El-equipment/SEM

)T0000 TATOAGETT JAsCHniT =<y
pressure sensors)
Piping/Hoses

CUAOAQIEA AOTAIAC §BEITO
IETAO ATA TAET 00PPIUQ
Multiplex cables
(CUAOAQIEA 00DDIU IETA
Control panels

Surface control unit
%IAAQOEAAT DT >A0 00PBIU
01>A0 00PPIU

"*AOOAOU AAAEOP $503(
Push button

Instrumentation (e.g. pres-
sure sensor, readout)

CUAOADIEA DT < A0 OTED

Table A.126 — Equipment-specific data — Surface blowout preventers (BOP)

Name Description Unit or code list Priority
)YTOOATIAGETT 0UPA 3DAAREU 3ATEz00A TAOOEAIAN EAAEZOPN 4 , 0| Medium
onshore, other
Mooring 3DAAEEY DP, anchored, no Medium
BOP manufacturer/supplier 3DAAEEU Free text High
Dimension 3DAAREU JETTAO AEA TAOAN Millimetres (inches) Medium
Size Height and mass Millimetres (inches), kilograms (tons) | Low
Pressure rating 3DAAREU Pascal (pounds per square inch) |High
Installed location/ recorded|3DAAEFU Foot (metres) Medium
water depth
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Table A.126 (continued)

Name Description Unit or code list Priority
Ram preventers - manufacturer | 3DAAEEU 3DAAERU High
(and model)
Ram preventers, pressure rating| 3DAAEEU Pascal (pounds per square inch) |High
Number of ram preventers 3DAAERU Number Medium
Annular preventers - manufac- | 3DAAEEU 3pAAERU High
turer (and model)
Annular preventers, pressure|3DAAHU Pascal (pounds per square inch) |High
rating
Number of annular preventers |3DAAEEU Number Medium
Wellhead connector - manufac- | 3DAAEEU 3pAAERU High
turer (and model)
Wellhead connector pressure rating | 3DAAEEU Pascal (pounds per square inch) |Medium
Number of wellhead connections|3DAAEEU 0TOAT TO TAAO Tk 0f TAO| Number Medium

the BOP has been run and (re-)

latched to the wellhead during

surveillance period
Choke-and-kill valve - manufac-|3DAAEEU 3pAAERU Medium
turer (and model)
Number of choke-and-kill valves| 3DAAEEU Number Medium
AUDA TEATTOOTI MOEA 3DAAERU Oil-based, water-based High
AUDA TR ATTO0TI OUOOA T 3DAAERD —O10ERIAGAAN BEITO EUAOAQIEAN TOEAO | High
—AEAATA OROOETT TEATTOOTT OUGOA T | 3DAAEFU 3DAAERU High
SAATTAAOU ATTO0TT OUOOA T 3DAAEEU 3DAAEEU Medium

A.2.9 Well intervention

A.2.9.1 Surface well control equipment

Surface well control equipment is relevant for the following well interventions:

2 ATEIAA 0OAETCN
2 x<tOAIETAY

— snubbing.

AEA DOETAEDIAD £10 AAOA ATTIAAGETT ATA AGAEATCA AANETAA ET OEE0 )TOAOTAGETTAI 30ATAAOA AAT AIOT AA

applied for such equipment.

Note that the Surface well control equipment is all topsides or onshore located equipment. In case
subsea well intervention takes place (where e.g. surface tree is covered in Table A.128), there will be
interfaces on top of this surface tree, and this equipment class in this section provides further details.

Note that subsea and surface BOPs are listed in A.2.8.2 and A.2.8.3.

4EA £1VTTxETC OEOAA AROSD TATO RIAOORO AOA FATIEVTAR OADAOAOAID £ Table A4, but due to similarities
OEAU AOA AT I ACTAA £T OE20 OAAOETT] ATA AROED T ATO 0UBA AAQOSTEAACET T £1 OEA OARIA AAIT>< OETOIA EAOAETOA
AA OOAA ET OAIEAAEIEOU AAOA ATTIAAOETT £10 00AE OO0RAAA =< ATl ATTO0TT ANOED TATO]

2 ATEIAA 00AETCHO00RAAA ATl ATTOOTT ANOED TATON

2 x<EOAIETAN 000RAAA > ATl ATTO0TT ANOED TATON

— snubbing, surface well control equipment.

Copyright IrJeQxQnal Organization for Standardization
Provided by IHS under license with various National Standards Bodies
No reproduction or networking permitted without license from IHS

© ISO 2016 - All rights reserved

Licensee=University of Alberta/5966844001, User=dfgfgsfgdf, dfgdfgdfg
Not for Resale, 10/06/2016 22:31:11 MDT




Table A.127 — Type classification - Surface well control equipment (for well intervention)

IS0 14224:2016(E)

and monitoring

Well intervention
BOP with
contingency
functions (shearing
rams, sealing rams)

T

Temporary
connections and L Lateral isolation
high pressure valves
extensions

Surface X-mas tree /
flow tree

Equipment class — Level 6 Equipment type
Description Code |Description Code
Surface well control equipment (for well intervention)| WC |Coiled tubing w1
Snubbing w2
Wireline w3
Dynamic pressure
seal (stuffing box,
grease tubes,
stripper rubber,
stripper rams, etc.)
T Power, control

Figure A.42 — Boundary definition - Surface well control equipment (for well intervention)

Copyright Internatii:nal Org@izL§onc;Q;néerzéilL I"ightS reserved

Provided by IHS under license with various National Standards Bodies
No reproduction or networking permitted without license from IHS

Not for Resale, 10/06/2016 22:31:11 MDT

Licensee=University of Alberta/5966844001, User=dfgfgsfgdf, dfgdfgdfg

167



ISO 14224:2016(E)

Table A.128 — Equipment subdivision - Surface well control equipment (for well intervention)

Equipment Surface well control equipment (for well intervention)
unit

Subunit Temporary Well Inter- Dynamic Lateral isola- |Control and
connection and |vention BOP |pressure tion valve monitoring
high pressure seal
extension

Maintainable |Sealing surface  |2AT AOOATAIU |Sealing ele-|Valve, process|Prime mover

ftems Sealing element |Sealing element ment isolation Solenoid control

(UAQAQIEA AEO- | 6ATOAT OOEIEOU|valve

Shearing ele-| . isolation

ment Pilot controlled

valve
Hand actuator
Accumulator

Electronics mod-
ule

CUAOAQIEA ATO-
pling

LV power/signal
connector

Relief valve
Shuttle valve
Filter

Pump
(UAOAOIEA NOEA
tank

Table A.129 — Equipment-specific data — Surface well control equipment (for well

intervention)
Name Description Unit or code list Priority
Manufacturer 3pAAEEU Text High
STE0 EARTOENEAAOETT Manufacturer model/part/se-|Number or name High
rial number
Unit function Functional description of unit |Text High
5Tt0 0UPA AUDA Tk OTEO §OA Th CAOA OAIOAN Text High
ball valve, etc.)
Size Nominal size (bore) Millimetres (inches) High
AUPA Tk ATTTAAGETTO 3DAAEEU Text
WIAGOT TAO 0UDA 3DAREEU ATAGOT TAO 0UBA £10 ANOED- | Texct High
TATO =<EOE AUTATEA ATA 00AOEA
sealing elements.
Pressure rating Working pressure rating Pascal (bar, psi) High
Pressure exposure Operational pressures encoun-|Pascal (bar, psi) High
tered
Fluid exposure —AET NIOEAO TTIU 0il, gas, condensate, brine, CO2, H2S High
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A.2.9.2 Subsea well intervention

2AIEAAETEOU AAOA ATTIAAGETT £T0 (30A0AA <Al ETOAOOATOETT: AU AA DAOFTO TAA TT 0EOAA TTAAC Tr TRAOAGETTH
xEEAE TAU EAOA OIECEOIU AesrA0ATO 0AGTTT TU £10 T A00s 4EAOA AOA]

AQ OROAOIAGD Al ETOROOATOEIT §2, 7)1

AQ  TPAT ><A0AQ ETOAOOATOETT

c) Thru-BOP/Drilling riser intervention.

RLWI for executing subsea wireline operations is comparable to the wireline operations done using
surface well control equipment as described in A.2.9.1.

4EF0 ) TOAOTAOETTAI 30ATAAOA DOAOATO0 ANOED T ATO ODAAENEA AAOA £10 AQ TRAT < AOAO ETOAOOATOETTH ATA OEEO £O
thus assigned the equipment class OI, see below.

Other intervention tools %EP??FU?E as part of this International Standard such as running tools for
N> ATTO0TT FTAOIA: 3#— ATA OAIOA 0A00EAOAIQ TT 0EA 00AOAA BOTAQAGETT FAAEIEOU AOA TT0 ATOAOAA £T OEEO
OA@ITY TUN OAA ANOED TATO ATACO 030A0AA ETOAOOATOET TR

Table A.130 — Type classification — Subsea well intervention: Open water intervention

Equipment class — Level 6 Equipment type
Description Code |Description Code
Open water intervention 0l Well completion wC

Well intervention - opensea| WI
(tree mode)

Full workover (tree mode) WO
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— Topside Control &
Rig interface: pn[un]-:nring
- Tanswon frams - Agcumilstors
- Elevator El
- EZEMs
-WL [ CT o= - Solenaid vaives
- Filat cortmal
Valves
- Preszure
SFT egulators
SFT process - s
isolation valve
Annulus
]
Chemical —_— Lubrication valve

mjection I
=

WO niser
Process isolation EDP
valve
r X
EDP connector [ ]
[

1
Subsea Control &
= T s Monitoring:
Hility isolation valve - R0
J LR - SEM=
Shear (/ seal) valve TR
- Bofenoid valves
LRP connecior R ': :— == - Filat control valves
| | - Et
| | =
| XMT |
| |
I = = | I

p(  ST00AA IETAO ETAAAOA ANOED TATO T10 ETAIOAAAS )T AAAROETTH TTOA OEA0 TTIU OT TA DAQO Tk OEA OFC
interface is included in this equipment class (see Table A.131), whilst other parts are covered in
equipment class Surface well control equipment (A.2.9.1).

cq 4EA nECOOA EO £T0 ENOOO0ACETT TTIU ATA ATAO T10 ATOAO All ATTDTTATO0 1E00AA ET OEA ANOED TATO
subdivision table.

o .TOTAIIUOEA O0TAACO )OTIAGETT OAIOA O AATT= 0EA %%$0 ATTTAAGTO ATA OEA TAET ATOA OAIOA AATOA OEA
EDP connector is called Retainer Valve.

T 3A0AOAT 0UDAG Tt ATTOOTI OUGOAT ATTREGOOAGENTO AOA AOAEIAAIA 1T OEA TAOEAQ: AiGs AROARD EUAOADIERS
ATAROOT EUAOADIEAS
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5) EDP/WCP Process isolation valves could for instance be PIV, RV or XOV. Note that process isolation

OAIOAO TAU OANGEOA 01 AGGS

@ 3EAAQ $70AAIQ OAIOA EO OUDEAATIU A OEAAO JOAAIQ 0A T8

X0 ChAOA ATE TETACEIT £ O0OAIIU DAOEIO TAA OEOTOCE AIAOAOTO ATA (1 AGCOA TTCENT AT TDATOAGID 10
EAAOA AT TDATOAOAA AOATAS 3IEAE ETETO DTOROENT ATA EOTACETT OEAIT AA ATAOENEAAY

8) Note that Table A.4 EAQ 0SORIETC ATA AV TDIAGETT 060400 AO AT ANGED TATO AIAGG 0EAD < TOIA ATOAO 0EA
workover riser.

a AEA 7TOETOAD #TTO0T] 3UOGAT §7./#30 £0 AGEAOATY ATA OETOIA SEAOACTOA AR ATAIUOAA OABAOADAILY
4EL0 £0 ATTA AU OEA ET0OTAOAGERT e 0>T TAx 0OAOTEH0! 14TBOEAA ATTOOT O TTTEOTOETC) ATA 130A0AA
ATTOOTT O WITENOETCH > ESAE AOA Al><AUO AOOTAEAOAA > H0E OEA >All ETOAOOATOENT OAGITI TEAO ATA.
OETOIA T10 AR ATTEOOAA = £0E OEA 030A0AA DOTAGAOTT ATTO0TIo ANOED TATO ATAGOS |

pri( 3ARAOU ETETO §ANGED TATO AIAOO 30A0AA BEDAIETAG) ATA 300400 ETETO §ANGED TATO ATAGO $0U 00AA 0E0A0GY
RAT AA AterAOATO (0T T 7/ OAZAOU 7 000A00 ETET00
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Table A.131 — Equipment subdivision — Subsea well intervention: Open water intervention

Valve, shear

Connector

Bleed-off valve

Heave elimi-
nator

3IEAE ETETO

Swivel

Equipment Subsea well intervention: Open water intervention
unit
Subunit Well control |Emergency |WO riser Rig interface |Topside Subsea
package disconnect a control & control and
(WCP) package (at monitoring P |monitoring b
the top of
WCP)
Maintainable |Valve, process |Retainer valve | 7/ 000A00 EIET0| Tension frame |Solenoid con- |Solenoid con-
items isolation 64104 606100 |7/ 0MAOU  |Elevator inter- | O Valve jtrolvalve
6AI0AI O0EIEOU  |isolation EIENO face Pilot control |Pilot control
isolation |5 nnector TOFIT EIETD valve valve

Accumulator
- topside
(UAOAQIEA
coupling

Master con-
trol station
(topside)

Pressure reg-
ulator

WOCS Pump
incl. driver

LV power/ sig-
nal connector

Shutdown
panel

Filter

Reels

000CA 0UOOAT
UPS

Valve, relief

Accumulator
- subsea

(UAOAQIEA
coupling
WO Umbilical

Subsea elec-
tronic module

LV power/ sig-
nal connector

Filter
Valve, relief
Valve, shuttle

Subsea pow-
ered pump
(UAOAQIEA MOEA
subsea tanks

a  See also equipment class Surface well control equipment in A.2.9.1.

b7 /#3 0AEAO 0A TDTOAOU ATTOOTT §£0T T T10 WAl 30A0AA BOTAOAGEIT ATTOOTT 7 OAA Vicipspq T6 0OAOAA 87T A 00AA AQOETC
subsea intervention. WOCS takes over permanent control of SPS (e.g. for subsea X-mas trees).

Table A.132 — Equipment-specific data — Subsea well intervention: Open water intervention

Name Description Unit or code list Priority
2£C 0UPA 3DAAEEU Semi-submersible, drill ship, etc. Medium
#1001 OUOOAT 2 ) TOAOOATOETT ATTOOTT OUGOA T $EOARD EUAOADIEA Medium

$E0AA) ATAAOOT EUAOAOIEA
—O10tpIAGAA AIAAOOT EUAOADIEA

a  4EE0£0 A OOAOA) ATA ANOEOATATO 0T ANOED TATO 0UDA AIAOOENEAAETT £T Table A.87 for Subsea production control

A.2.10 Marine

A.2.10.1 Jacking and fixation

*AREZOD OTEOO OOAA ET OEA TE ATA GAO ETA0000U AAT AA AEOEAAA ETOT 0> T TAET COTODOI AOETIETC EAAEZOPO ATA

0A0OEAA EAAEZODOS
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SOETETC EAAEZODO AOA TAETIU OOAA £T0]

2 AGDITOAOETT ACEIIETCY

2 DOTAOAOENT AOETIETCA AT TDIAGETT ATA ><All ETOAOOATOENT TT 00AOAA 0A TDIAGA)

— production drilling, completion and well intervention on wellhead platform.

3A00EAA EAAEZODO AOA TAETIU O0AA £10¢

2 AATT TTAAGETT
2 EAAOU IE£01
2 CATOAAETEAAT 0000AU0S

IS0 14224:2016(E)

Table A.133 — Type classification — Jacking and fixation

Equipment class - Level 6 Equipment type
Description Code |Description Code
*AREETC ATANEQAOETT JF Open-truss legs TL

Columnar legs CL

hhhhhhh -
I |
| |
| i |
Jacking unit
| 6 Fixation |
| and motor |
I |
| |
! |
| Hull-mounted |
| Leg structure |
I structure |
| |
| |
—_—l |
rowe ' Cantrol anc Miscellaneous |
Remote ——+—» monitoring |
instrumentation |
| [
B e e e i S . T il i S e |

Raw water
piping/
handling

system

Hull

Figure A.44 — Boundary definition — Jacking and fixation
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Table A.134 — Equipment subdivision — Jacking and fixation

Equipment Jacking and fixation
unit
Subunit Jacking unit |Fixation Leg structure |Hull-mounted |Controland |Miscellaneous
structure monitoring
Maintainable | , TAA OEEFO OUO- | Clamping unit |Chord Jacking support|Actuating device | HPU
items tem Bracing structure Control unit Others
Motor Spud can Leg guides Internal power
Gear Box 00DbbIU
Rack
Pinion SAOOETC OUOOA T Monitoring
Variable fre- Corrosion pro- Sensor
NOATAU AGEOA . P
tection Valve
Brake — ~OAACETG OUOOA T Wiring
" ORAGETC OUGOA T L
Piping
Seals

Table A.135 — Equipment-specific data — Jacking and fixation

Name Description Unit or code list Priority
Application #1AOOEEU Exploration drilling High

Production drilling/completion on subsea
template

Well intervention on subsea template

Production drilling/completion on well-
head platform

Well intervention on wellhead platform

3A00EAA EAAEZOD £10 * ATOAAETEAAT 0000AU0

(TIAETC AADAREOU OO00EOA 3000E0AT ETIAETC AADAAEOU | Tonnes Medium
*AREETC ITAA ATAOCATAU % TAOCATAU FAREETC ITAA | Tonnes Low
Jacking load rated 2A0AA FAREETC TTAA Tonnes Medium
Output torque Gear box output torque N/m Medium
Pinions‘fcount Number of pinions Each Medium
Power éperating Power - operating Kilowatts, KW Medium
Speed hoist - max load Hoist speed at max load Metres per second, m/s Medium
Speed hoist - no load Hoist speed at no load Metres per second, m/s Low
Speed input shaft Speed _input_shaft Revolutions per minute ,rpm Low
Speed output shaft Speed_output_shaft Revolutions per minute ,rpm Low
Torque brake Brake torque N/m Low
*AREETC FOA TA OUDA *AREETC FOA TA OUDA &EGAARMTTAGETC Medium

A.2.11 Utilities

No examples are included in Annex A.

/4% S0EIE0EAQ AAT ETAIOAA ATUOEETC FOT T OETCIA ANOED TATO OTE0O jAscs DO TDOQ 0T TTOA AT IDIAg ACOATAIEAD
(packages).

Copyright IrJerZ\é%naI Organization for Standardization © ISO 2016 - All rightS reserved

Provided by IHS under license with various National Standards Bodies Licensee=University of Alberta/5966844001, User=dfgfgsfgdf, dfgdfgdfg
No reproduction or networking permitted without license from IHS Not for Resale, 10/06/2016 22:31:11 MDT



IS0 14224:2016(E)

%81—-0,%3  &FOA x<A0A0 OUOOA T (61#1 EUAOAQIEA BT ><A0 0OPDIUH AOAS

SADATASTC 1T 0A ABBISIACETT) AAGA AAT AR ATTIAROAA T OETCIAZOTES IAOAT ATA OEA OAISAREIENU A0OE T ADAA
AU RATRGIAQETC OEA OTOAI OAIEAAEIEOU £10 OEA OOLIEOU AGOA FAIU: 1I0AOTAOROAILE AAOA AAT AA ATIIAROAA £10 OEA
AT TDIAOA OOFIEOU OUGOAT A0 A <ETIAs )0 £0 TAAAGOAOU 0T ACOAAIEOE OEA OA@TTT WEA AATETEOETT AATETAA T0
adapted to the selected alternative.

A.2.12 Auxiliaries

No examples are included in Annex A.
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Annex B
(normative)

Interpretation and notation of failure and maintenance
parameters

B.1 Failure interpretation

When planning to collect data (see 7.1.2 and B.2.6), be aware that a failure can occur in one of a number

of failure modes, e.g. complete loss of function, function degradation below an acceptable limit or an

E TDAORAAOETT £ OEA 00A0A TO ATTAFOETT TF AT EOAT JETAEDEATO FAEIO0AQ OEAQ EO TEEAIU 0T 0AOOI0 ET A FOTAGETTAI

failure if not corrected.

10T AR A=< A0A OEA) £0 AAT AA O0AROT 0T TAEA A ALOOETAOETT AAO><AAT OEA ATIAAOETT T¢ AAOA £10 OAIEAAEIEOU

POODTOAO ATA FT0 AGAFIAAEIEOU DOODTOAO A0 FTTIT =04

A0 €10 ONTEAALIU POODTOO}£0 0 ITAETIL GEA ETGOETOZ eAFI0OAO T OEA ANGED TATO OTED 0EAD AOA T ETOAOACY
c1hy BEUOAAT EAEIO0A0 OFAD TARCO T OEA ANOED TATO AAETC ATTOEAROAA ATA OEAD TTO TATIU OANOZ0A 0T TA
OAOOTOAGETT JATOOAAOEOA WAFTOATATAAQ OEAD £0 £0 TAAAGOAOU 0T OAATOAS

AQ &T0 OEA £O11 1££A0E TA 00TOU Tk ANGED TATO! £0 £0 TAAA00A0U 0T 0ARTOA ATl AROOAT DOAOATOROA WAETOATATAA
ARGETTOET A AU OF TEIA0 0T 0EAQ £10 OEA ATOOAAOEOA TAETOATATAAY

Aq  &T0 AOAEIAARIEOU BOODTOA All #AEIO0AG 0EA0 EAOA AAOOAA OT TA ANOED TATO TOOACA OETOIA AA OARTOAAAS
This can include stoppages due to operational limits being exceeded (e.g. real trips) where no
PEUOGEAAT FAEIOOA Tk 0EA ANOED TATO TAAO00AAS

d) Even if no failures are experienced within the surveillance time, it is possible to estimate the
FAEIO0A 0AOA AU BOTPAOIU AATOTOAA AAOA JOAA #0toQs (ATAAN OAATOAETC OEA OAIEAAFIEOU EEOOTOU TAU AIOT
be useful for equipment in periods with no failures.

Table B.1 CEOA0 OT TA COEAATAA T 0EEO E000A AU AEOOETCOEOEETC ARO><AAT AAGA ATTIAROAA AO OAIEAAEIEOU AAOA

ATA AAAEOETTAT AAOA ATTIAROAA AO AOAFTAAEIEOU AAOAS

Annex F, and ISO/TR 12489:2013 and [EC 61508:2010 also give guidance on what to consider as a failure

10 0ARAOU ANOED WATO: 30AE AANETEOENT AAT AA OATAOAA 0T FOTAOETTAT 11000 OAAOAAA AADAREOU TO TDAOAGETT

outside prescribed limits.

The full description of a failure might not be possible before a corrective action is carried out. In

OT TA AAOAO JTAEDEATO £AEIO0AQGH OEA ATOOAAGEOA AROEIT TAU AAIEAAGAAIU AA AAZAQOAA 3AiCH TDDTOOOTEO

T AETOATATAAQ )T OEFO AAOAN £0 AAT AA TAAAGOAOU O OAATOA ATOE OEA AAOA TE FAEIO0A AROAROETT ATA OEA AAOA
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Table B.1 — Failure in relation to reliability and availability

Type of failure/maintenance to record Reliability Availtl;bll'
Failures that require some corrective maintenance action to be carried out (repair, Yes Yes
replacement)

Failure discovered during inspection, testing and/or preventive maintenance thatre-|  Yes Yes
NOEOAD OADAEC TO OADIAAA TATO TR OUBEAATIU TTTZ<AAQEOA 10 jOAATON ARAOETCONE TDATIAQGN ADAY

&AEIO0A Tk 0AEAOU AAOEAAQ TO ATTOOTTT TTTEOTOETC AAOEAAQ 0EAO TAAAGOE0AOR0 OEQOAT=T J00ED]|  Yes Yes
10 OAAOAGETT Tk OEA £0A T 0 AADAAEIEOU AATT> ODAAENEAA 1E TE0O

SEOOAT>T 00500 T2 OEAEOA T p<EAOEAD ADOT TADSAATIU 10 TATOAIIU ATTOOTIAAQAGA ST AGBACTAI| o Yes
ATTAEOETTO T0 TRAGAOETC AOOTO0 < EAOA TT DEUOEAAT FAEIO0A ATTAFOETT T£OEA E0A T 0 OAGAAIAA

&AEI00A TR OEA ANOED TATO AAOOAA AU AgOAOTAI E TDAAQ JAICS TAAE TEDT A0 00DDIU 0000A000AI No Yes
impact, etc.)

Periodic replacement of consumables and normal wear parts No No
—ET10 DIATTAA TAETOATATAA 0AOOEAAGH OOAE AQ AAEO00 T ATOON IOAOEAAOETTH AIAATETCH TEI No Yes
OAPIAAA TATOA NEI0AQ OADIAAA TATO 1O AIAATETCH DAETOETCh AOAY

Testing and inspections No Yes
0/ TZAA TATAG AROEOAOETTO Yes Yes
Preventive or planned maintenance 2 Yes (No) Yes
—TAENEAAGETTON TAx <TOER OPCOAAAQ b No Yes/No
a 41 CAO OEA FOII 166AGE A E£OGTOU Tk OEA ANOED TATG: 0EA AROOAI DOAGATOEOA TAETOATATAA OETOIA AA OARTOAAA: &10
OAARTOAETC FAEIOOAC TTIU 0EEO AAT AA OEEDDAAS

b —TAENEAAGETTO AOA TTO TATIU TT0 A DAOO T TAETOATATAA AGO A0A £OANOATOIU ATTA AU TAETOATATAA DAOOTTTAIS

B.2 Failure and maintenance data notations

-B.2.1 General

~)T TOARO OT TE WE) AAOAAAOA OfUA ATA TAEA £0 AAGERD 0T ATAIUOA OEA AAOAN £0 £0 OAAT T TATAAA 0EAD ATAAA

CETETO TAOETT AA OOAA <EAOAGAO ADDIEAAAIAS 1 AOAxAAAE < EOE ATAAC £O 0EA0 DTOATOFAITU OOAROT ETATO TAJETT
can be lost and that selecting inappropriate codes can lead to non-informative information. The
AOAETAAEIEOU T8 OTT TATU ATAAQ AAT AA ATTEOOETC ATA OEA ATAAO AAT TOAOIADN < EEIA 01T FAx ATAAO TECED
T10 0ONEAFATOIU AAOAOEAA OEA AOAA TTAEO AF WETC 0T ATOAG ¥ OTENEAA AATETEOETT ATA ETOAOPOAOAJETT TF ATAAO
EO TAAAOOAOU £10 TAOAETETC EECEIU OAIEAAIA ETATO TAOETTS
)T All AAOAGH £0 £0 OAAT T TATAAA 01 0OPPIA TAT0 0EA ATAETC x<£0E OT TA AAAROETTAT F0AAZ0AGO AADAAEIEOU ET
TO0AAQ 0T £ TDOTOA ETOAOPOAGAGETT T£ OETCIA AOATO0N ATOE £10 NOAIEOU DOODTOAC AAETOA OEA AAOA AOA ATOAOAA
ETOT OEA AAOAAAOA ATA £1T0 0OAOANOATO AROAEIAA ATAIUOEO Tk OETCIA 0AATOAD §A4Cs EAEIOOA AOATOOG
Annex B.2 presents a method of coding that has been found to be useful when collecting RM data within
0EA DAOOTIAC T ATA TAOOOAT CAO ETAOO00UK ATA OETOIA AA ANOATIU APPIEAAAIA FT0 OF T EIAC ANOED TATO AIAOOAQ
ET 0EA DAOOTAEA TEAAT ETAGO00W &10 OT TA OPAAENEA ANOED TATO ATATTO OPAAENEA OOAGH OOPPIA TATOAOU ATAAD
TAU AA OOAA
Establish a method of reporting failure (see 7.1.2) that records the time and date of failure together
with details of the failure mode (see B.2.6), the failure mechanism (see B.2.2) and the failure cause
FOTTO AAGOAQ JOAA *8c8ots 110Th OAATOA OEA AAGAAOETT TAOETA jOAA "'iqsTq ATA OEA TAETOATATAA AAQEOEOU jOAA
""$gsus 50A 0EA ATAAO CEOAT ET OEA 0AAIAD < EAOAOAQ DOAAGEAAAIA ATA AAAFETTAI £0AA 0A0 < EAOA TAAAGOAOW

Take care to distinguish between failure mechanism and failure mode.

Failure modes are presented in Tables B.6 to B.14 for those equipment examples included in Annex A as
shown in Table A.4. Table B.15 summarises all the failure modes.
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Sl‘lbdi‘v‘is.i.op c_g‘deks‘ for fgi}gyg Imeghqnilsmrrls‘ ap_(_i_. fgilure Vc,aAu"se;:s_,_g.\g.,numbers 1.1, 1.2, etc., should be
DOAFAOOAA AAFTOA OEA CATAOAT AAOACTOU FAEIOOA ATAAN AdCs pi ATA OT TT jOAA Tables B.2. and B.3).

(Tx FAEIO0A TTAAN FAFIOOA TAAEATEOT ATA FAFIOOA AACOA AOA OAIAOAA 0T AEEEAOATO OAGTTT NU T1AOAIO £0
shown in Table 3.

B.2.2 Failure mechanism

4EAFAEIO0A TAREATEO T €0 0EA DEUGERATIAEA T EAAT 0 TOEAD BOTAACO TO AT TAETACEIT T BOTAAOOAO OEAS IAAAQ
0T OEA EAFIOOAS )0 £0 AT AOGOOEAGOA Tk OEA EAEIOOA AOATO OEAD AAT AA AAAOAAA OAAETEAATIU AsCs OEA APDAOATON
observed cause of the failure. The failure mechanism’s root cause(s) is/are coded whenever this
EREIO DACELT EO AOAEIAAIAHj! OADAOAOA NEATA £10 OEEO £O OAAT T TATARAET OEEO)IOAOIAOEI 1Al 30ATAAOAY

4EA KTARO TT FAEI00A TAREATEOT AOA AAOEAATIU OATAOAA OT TTA Tk OEA FNTIT<ETC TAETO AAOACTORAO Tk
FAEIO0A OUDAG]

AQ  TAREATERAT FAEIO0AGY

Aq  TAOROEAT EAEIOOA)

Aq ET0000 TATOAGETT FAEIOOAON

AQ ATAROOERAT EAEIOOA)

A AgOROTAI ETNIOATAA

f) miscellaneous.

recommended as shown in Table B.2§ )& 0EAOA £0 TWO0 OOANEAEATO ETATO WAOETT 0T APPIU ATAAO A) 0EEO
OOAIAOATN OEAT ATAAO TT OEA TAET IAOAI A TE00AA AATOA TAU AA O0AAS 4EE0 E TDIEAQ OEA) AROAOEDOEOA ATAAO
FI0 TAAEATEAAL FAEIOOAGH TO TAROAA piph pich AOAG OETOIA AA DOARROOAA 0T OEA CATAOAT AAGACTOU FAEIO0A
code, 1.0, and so on (see Table B.2).

AEA FAFIOOA TAAEATEOT OETOIA TTO TAIIU AA OAIAOAA 0T A TT=<A0 ETAATO00A 1A0AT J0OAOTE) TO TAETOACTAAIAZ
item level). In practical terms, the failure mechanism represents a failure mode at maintainable item level.

Care should be taken to distinguish between failure mechanism and failure mode.

%81—-0,% )0 £0 OAATOAAA OEAO A OAIOA 00AO0AA TAAEETC EUAOTAAOATTO 0T 0EA ATOEOTT TATO AGO TT £O00EAQ AAGOAD
are recorded. Here, the failure mode should be coded ELP (external leak of process medium) and the failure
mechanism coded unknown (6.4), not leakage (1.1).

EAFI00A TAREATEOT EO AIOT OAIAOAA OT OEA £AEIO0A AAGOA §0AA ""ticioq) OEA T1A00A0 AE TAA A0 OAGAAIETC OEA
OTARQIUETC 0110 AAQOA Tk OEA FAEIOOAY

3t@ AADACTORAO Tk FAEIO0A TAAEATEO T AOA EAATOENEAA £T Table B.2, together with subdivisions and related
codes to be used in data bases.
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Table B.2 — Failure mechanism

Failure mechanism Subdivision of the failure |Description of the failure mechanism
mechanism
Code |[Notation Code |Notation
number number
1 Mechanical failure 1.0 General A failure related to some mechanical defect but where
no further details are known
1.1 Leakage External and internal leakage, either liquids or gases:
Ifthe failure mode at equipment unitlevel is coded as
OIAAEACA A TTOAAAQOAIIU TOEATOAA FAEIOOA TAREATEOT
should be used wherever possible.
1.2 |Vibration Abnormal vibration: If the failure mode at equipment
IAOAT £0 00EAOAQET ol < EEAE E0 A T TOA AAGOATIU TOEATOAA
failure mechanism, the failure cause (root cause) should
be recorded wherever possible.
1.3 |Clearan ce /|&AI00A AAOOAA AU EAQIOU AIAAOATAA TO AIECT TATO
alignment failure
1.4  |Deformation SEOOTOOET T ARTAETCH AGAEIETCH AATOETCA UEATAETCAOEOETE-
ing, blistering, creeping, etc.
1.5 Looseness Disconnection, loose items
1.6  |[Sticking 30EAEETCh OAEUOOAT EA T WETG AOA 0T 0AAOTTO TOEAC OEAT
deformation or clearance/alignment failures
2 Material failure 2.0  |General A failure related to a material defect but no further
details known
2.1 |Cavitation Relevant for equipment such as pumps and valves
2.2 |Corrosion 111 0UDAC TE ATOOTOETTI ATOE =< A0 FAIAAOOTAEA NEAAIQATA
AOU JAEA TEAAIQ
2.3 Erosion Erosive wear
24 |Wear Abrasive and adhesive wear, e.g. scoring, galling,
OAOHNETCA FOAGOETC
2.5 Breakage Fracture, breach, crack
2.6 |Fatigue If the cause of breakage can be traced to fatigue, this
code should be used.
2.7 |Overheating Material damage due to overheating/burning
2.8 Burst Item burst, blown, exploded, imploded, etc.
3 Instrument failure| 3.0 |General Failure related to instrumentation but no details known
3.1 |Control failure - ThT0 £AGI0UA OACOIAGETT
32 |No signal/|Nosignal/indication/alarm when expected
indication/alarm
3.3 |&AQI0U OECTAIT|Signal/indication/alarm is wrong in relation to actual
indication/alarm |process. Can be spurious, intermittent, oscillating,
AOAEOOAQU
3.4 | /00 TEAAEGO0 TATO | Calibration error, parameter drift
3.5 |Software error  |&AOI0UN TO TUT ATTOOTIZ TTTEOTOETCTTDAOAGETT AOA 0T
software error
36 |Common cause;|3A0AOA ET0000 TATO AN 0 FABAA G TOIATATOOIU Aici
Common mode fail-| OAAO TAATONEOA ATA CAO AROAAGTOON ATOT FAEI00AQ OATAOAA
ure to a common cause.
a  4EA AAOA ARNGEOAD OETOIA EOACA < EfAE £0 OEA TT00 £ TDTOOATO FAGIO0A TAAEATEO I AROAODOTO B WTOA OEAT TTA Age00h ATA
00U 0T AOTEA 0EA io ATA @it ATAAG
b (O TATA0OTO0 AOA TT0 OATIAAOAA ET OEA FAEIOOA TAREATEO IO AQD AOA ATTOEAROAA AQ DAOD T OEA FAEIOOA AAOOAG
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Table B.2 (continued)

Failure mechanism Subdivision of the failure |Description of the failure mechanism
mechanism
Code |Notation Code |[Notation
number number
4 |Electrical failure 4.0 |General &AEIGOA0 OATAOAA 0T 0EA 00DDIU ATA 00ATO WEOCENT TEAIAA-

trical power, but where no further details are known

4.1 |Shortcircuiting |Short circuit

4.2 |Open circuit Disconnection, interruption, broken wire/cable
4.3 |No power/voltage |—EOOETC TO ETOOENEAEATO ATAROOEAAT DT A0 00DPIU

4.4 |&AOIOUDT=AOTOTIO- | &AOIOU AIAAOOEAAT DT>A0 00DDI AsCs TOAOOTIOACA
age

4.5 Earth/isolation fault | Earth fault, low electrical resistance

5 |%gOAOTAI ETNIOATAA| 5.0 |General &AFI00A AAOOAA AU OT T A AGOROTAT AOATO0 T0 0OACOATAAD
1000cAA OEA ATOTAAOU AGO TT £000EAC AROAEIO ADAETT =T
5.1 |Blockage/plugged |Flow restricted/blocked due to fouling, contamination,
EAETCHNTT =< AOOOOATAA EUAOAOAG AOAS

5.2 |Contamination  |#TT0A FETAOAA NOEATCAOTOO0RAAAN AsCs IOAOFAAOETT TEI
contaminated, gas-detector head contaminated

53 |Miscellaneous ex-|&TOAECT TAEAROOE £ R DARGOE ATOEOTT TATOAI ENTIOATAA
OAOTAI ETNIOATAAD  |£OT T TALCEATOOETC OUOOATO

6 Miscellaneous a b 6.0 General Failure mechanism that does not fall into one of the
categories listed above

6.1 |No cause found Failure investigated but cause not revealed or too

uncertain

6.2 |Combined causes |Several causes: Ifthere is one predominant cause this
should be coded.

6.3 |Other No code applicable: Use free text.

6.4 |Unknown No information available

a  4EA AAOA ARNOEOAD OETOIA EOACA < EfAE £0 OEA TT00 £ TDTOOATO FAEIO0A TAAEATEO I AROAOEDOTO £ WTOA OEAT TTA AgE00h ATA
00U 0T AOTEA 0EA gio ATA @it ATAAGH
b (O TAT AOOT00 AOA TT0 OANIAAOAA ET OEA FAEIGOA TAAREATEO IO AGO AOA ATTOFAAOAA AQ DAOO T OEA FAFIOOA AAOOAG

B.2.3 Failure cause

B.2.3.1 General

AEA TAEAROEOA T8 OEAOA AAOA £O 0T EARTOERU OEA ETEOEAGETC AOATO j00TT0 AAOOAGGQ ET 0EA OANOATAA 1AAAETC 0P
0T A FAEIOOA Tk AT ANOED TATO E0A T4 &FOA AAOACTOEAO T FAFIOOA AAOOA AOA EAATOMNEAA ET Table B.3 together
with sub divisions and related codes to be used in databases.

AEA FAEIOOA AAOOAG AOA ATAOOENEAA ET OEA ETTTT=<ETC AAGACTOEAG]

p(  AAGECTZOAIAOAA AAOOAY

cQ  FAAOEAADETTTETOOATIAOETTZOAIAOAA AADOADY

o FAEIO0AQ OATAOAA 0T TRAOAOETTY TAETOATATAAY

T( FAEIO0AC OAIAOAA 0T TATACATATOY

5) miscellaneous.

As for failure mechanism, the failure cause can be recorded at two levels depending on how much
ETETO WAOETT £0 AOAFIAAIAS )E OEA ETETO WAQETT £O OAAOAAN TTIU A ATAQOA ATAQOENEAAQET Th EsAs ATAROD phghot TAIA
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5, can be possible, while a more detailed subdivision code number can be recorded if more information
is available.

&AEIO0A AAOOAO AOA ATT TTTIU TT0 ETIT ET AADOE <EAT OEA FAEI00A £0 TAOAOOAA ATAN ET TOAAO 0T 0AGAAI
0EA 0110 AAOOA Tt A FAEIOOA A OPAAENEA OTT0 AAOOA ATATUOEO AAT AA O0AROIs 4EE0 EO ET DAOGEAOTAQ OATAOATO £T0
failures of a more complex nature and where the failure is important to avoid due to its consequences.
%@A TDIAQ AOA FAEIO0AO ><EOE OAOETOO OARAOU ATATTO ATOEOTT TATOAI ATTOANOATAAGH AATTO W AIIU EECE FAEIO0A
rates compared to the average and failures with a high repair cost.

Due care is required so as not to confuse failure mechanism (describing the apparent, observed cause of

FAEI00AQ < EOE FAEIO0A AAOOA FAROAOEAETC OEA OTAAOIUETCG 10 001100 AAOOA TE A FAEIO0AGS

Table B.3 — Failure causes

Code |Notation Subdivision [Subdivision of|Description of the failure cause
number code the failure cause
number
T [Designrelated| 10 [General YTARRRGAGK ANGED TATD ARCECT T0 ATTIECOORGETT
JOEABAOEUA OARETITIOU ATTIECOOAGEY T IDAOAREIEOU
1 AETOAETAARIEOU AOA(Qh AOO TT £O00EAC AROAEIO ETT T
1.1 ) TBOTPAO AADAREOD |  TAAANOAOA Af T ATOFTTETCTAADAAEOU
1.2 Improper material | Improper material selection

2 Fabrication/ 2.0 General Failure related to fabrication or installation, but no
installation-relat- further details known
ed causes 2.1 Fabrication failure [ Manufacturing or processing failure

2.2 Installation failure |) TOOATIAOETT T0 AOOA T AIU £AEIO0A §A00A TAIU AROAD
maintenance not included)

3 Failure related 3.0 General Failure related to operation/use or maintenance of
to operation/ the equipment but no further details known
maintenance 3.1 Off-design service | Off-design or unintended service conditions, e.g.

compressor operation outside envelope, pressure
AATOA ODAAENEAAGETTH A0A¢
3.2 Operating error |Human error: Mistake, misuse, negligence, oversights,
etc. during operation (e.g. due to human fatigue)
3.3 Maintenance error | Human error: Mistake, misuse, negligence, oversights,
etc. during maintenance (e.g. due to human fatigue)
3.4 Expected wear|&AFIO0A AAOOAA AU x<AAOQ ATA 0AAD 0AOOTOETC FOTT
and tear normal operation of the equipment unit

4 Failure related to 4.0 General Failure related to managementissues, but no further

management details known
41 Documentation|Human error: Failure related to procedures, spec-
error ENEAAQETTON AOA<ETCON OADTOOETCH AOAS §AsCs AOA 01
human fatigue)
4.2 Managementerror | &SAFIO0A OAIAOAA 0T DIATTETCH TOCATEUAGETTh NOAIEOU
assurance, etc.
a  AEA AAOA AANGEOAO OETOIA EOACA < EEAE £0 OEA TT00 E TDTOOATO AAGOA £ TTOA OEAT TTA AgE00 ATA 00U 0T AOTEA 0EA usu ATA
5.6 codes.
b See further information in B.2.3.2 and also F.3.2.
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Table B.3 (continued)

Code |Notation Subdivision [Subdivision of|Description of the failure cause
number code the failure cause
number
5 Miscellaneous 2 5.0 Miscellaneous -|Causes that do not fall into one of the categories
general listed above
5.1 No cause found |&AEIO0A ETOA00ECAOAA AGO TT ODAAENEA AAOOA ETOTA
5.2 Common cause |Common cause/mode b
5.3 Combined causes | 3A0A0AT AAOOA) AOA AAOETC OF T OIOATATOOIU ) TTA AAGOA
is predominant, this cause should be highlighted
5.4 Other unit/ cas-|&AHIO0A AAOOAA AU OEA FAEIOOA TE ATTOEAC ANOED TATO
cading failure unit, subunit or maintainable item (cascading failure)
5.5 Other - TTATE 0EA AATOA ATAAO APDItAGs 3DAAEEU AAGOA AO
free text
5.6 Unknown No information available related to the failure cause
a  AEA AADA AANOEOAO OETOIA FOACA =< EEAE £ OEA W00 £ TDTOOATO AAGOA EF W TOA OEAT TTA AgEOOh ATA 00U 0T AOTEA OEA vsu ATA
5.6 codes.
b See further information in B.2.3.2 and also F.3.2.

B.2.3.2 Common cause failures

#ITUIT AAOOA FAEIGOAO AOA AIOAAAU AATETAA ET TOEAO O0ATAAOAG OOAE A0 )%# gpumyicmpr ATA
ISO/TR 12489:2013. RM data collection shall take such failures into account. How to deal with common
AAQOA FAEIO0A0 AADATAC TT 0EA OAGTTT TU IAGAI jOAR Figure 3) where the collection is done and the level on
which the common cause failures occur. If a common cause failure occurs on the same level as the data
ATTAROETT T0 ATU 1AOAT AATOA OEA FAFIOOA OETOIA AA OACEOOAOAA FT0 AAAE ETAEOFAOAT EOA TS (T><AGAN TTIU
one of the items should be selected where the actual failure cause is described. This item should be the
16000 10 K100 OAOROATU AGcAROA) £ 0EE0 £0 BTOOEAIA 0T EARTOEELS /0EAO<E0K OEZ0 HOAT £0 OAIAAOAA OATAT T
&T0 All 0EA TOEAO RAFIAA £0A T 07 OEA £AFIOOA AAOOA OETOIA AA TAAATIAA < EOE OAT T T 1T AAOOAG

&T0 AGA TDIAN EF A FAFIOOA TT A 00AOAA O TAFIEAAT 0AOAAIO OEAO ATl ATOAO EAGA AAAT <OTTCIU ATTNECOOAA
(design error), and data is collected on maintainable item level, in this case the individual umbilical
lines, the following procedure is recommended: Record one failure for each of the umbilical lines,
X EEAE QUDEAATIU ATTOE00 e DY><AOTOECTAI IETA0 ATA EUAOAOTEATAEA R ERAI IETAGS &0 TTIU TTA T2 0EAOA) 0ART0A
OEA EAEIOOA AAGOA A0 OARGECT AQOTO &10 All OEA TOEAQG! OARTOA OEA EAEIOOA AOOA A0 ORT T ITT AACOAG: /1
0TDOEAA ANGED TATO OTEO0H AT T TTT AAOOA FAFIO0AO AAT 0UBEAATIU TAAGO £T0 AOEOAGTAOEOAT OTEOR TO DAOATIAI
)E OEAOA £0 WTOA OEAT TTA £AEIOOA TT ATU T1AOAT AAIT< OEA OTED <EAOA AAOA 0 ATIAAOAAL TTIU TTA FAEIGOA
shall be recorded. However, the record shall indicate that several units on a lower hierarchical level
EAOR ARAT AEeAOAAS ) ATTOA TETAOAA IOAOEAAGEIT 1E] AAOOAO AA TACA TT OAOAOAI 00AOTEO0! OEAOA £0 TTIU TTA
FAEIOOA 0T AA OAATOAAA TT OEA ANOGED TATO OTE)s 4EA OOAOTED FAEIAAT OEATT ALOEAO AA TAAATIAA 00AOAOATG TO
show a list of all affected subunits.

Y TAG TAG OAA TETGIU 0 TOIATATOO £AcI00A0 AOA AOOATID AVTOANOATAAG s ARAE TOEAD 1AATOACTG 01
)3/742 pctywicrpol otcipt 0EE0 E0 T10 A AT T TTT AAOOA FAEIO0As #TTOANOATOIUH TTIU OEA NE000 §ETEORAOETCQ
failure shall be recorded. An example of this is malfunctioning of the lube oil pump and subsequent
ARAQETC FAEIOOA AGA 0T TOAOEAAGETCH )T OEEO AAOAT OEA FAEIOOA OEAIT TTIU AA OAATOAAA TT OEA 10AOEAACETT
subunit.

3AAAIOT ETATO TAOETT ET &dot ><E0E OAODAA) OT AT T T UT AADOA FAFIO0AO ATA OATAGETTO 0T OUOOA T AQEA FAEIO0ACS
B.2.4 Detection method

AEE0 £0 OEA TAOETA T0 AROEOEOU AU <EFAE A FAEIOOA £0 AFOATOAOAAS 4EE0 ETFTO TAOENT £O OFOAIIU £ TDTO0ATO

x<EAT AOAIOAOETC OEA AgeAAQ Tk WAETOATATAR! AsCs 0T AEOOETCOEOE AAO><AAT FAEIOOAO AtOATOAOAA AU A DIATTAA
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ARGETT JETODACENTH 0— TAFTOATATAAQ 10 AU AEATAA JAAOOAI TAOROOAOETTY . ETA RAGAGTORAO T AROAROETT
1 AOETAO AOA EAATOENEAA ET Table B.4, together with related codes to be used in the databases.

Table B.4 — Detection method

Number

Notation a

Description

Activity

1

Periodic mainte-
nance

Failure discovered during preventive service, replacement or
overhaul of an item when executing the preventive maintenance
programme

2 [Functional testing | &AE100A AGKTORORA AU ARGEORGETG AT ETOKTALR FOTACEIT ATA
AT TRAOETC OEA OAOBTTOA ACACTON A BOAAATETA 00ATAAOA! 4E£0
EO TTA OUDEAAT TAOETA £10 AROAAOETC EEAAAT FAEIO0AG
3 Inspection Failure discovered during planned inspection, e.g. visual in-|Scheduled activities
spection, non-destructive testing
4 |Periodic condition| Failures revealed during a planned, scheduled condition
monitoringb | FTTEOTOETC 12 A DOAAATETAA EAEIGOA TTAA) AOEAD TATOAIIU 10
AQOT W AOEAATIUA AsCs 0EAO T TCOADEUN OFAQAOETT WAAQOOETCA TEI
ATAIUOEO1 OA I DIEIC
5 Pressure testing ¢ |Failure observed during pressure testing
6 Continuous condi-|Failures revealed during a continuous condition monitoring of
tion monitoringb | A DOAAANETAA FAEIO0A TTAA Continuous moni-
7  |Production inter-|&AEI00A AEOATOAOAA AU DOTAOAGETT OPOAGH OAACAGETTH AOAS toring
ference
8  |Casual observation| Casual observation during routine or casual operator checks,
T AETIU AU OATOAO §TTEOANO WATINO W TEAVIAAEACAI ADDAAOATAAN AOAY
9 Corrective mainte-|Failure observed during corrective maintenance
nance Casual occurrences
10 |Ondemand Failure discovered during an on-demand attempt to activate
AT ANOED TATO OTEO jAsCH OARAOU OAIOA FAEIO OT ATTOATT %3$20ECTAIN
fail to start a gas turbine on demand, etc.)
11 Other Other observation method and/or combination of several methods | Other

a

b

C

3DAAENEA TTOAOENT £10 NEOA ATA CAO AAOAAOTOON POTAAGO OATOTOO ATA ATTOOTI TTCEA OTEOO] 4EA ATAAO AATOA OETOIA AA
interpreted as follows:

functional test periodic functional testing

AAGOAT TAGAOOAGETT
DAOETAEA #—

MEATA TAGAOOAOETT
AATTO T AT 00A0A ALOATOAOAA AU ATTOOTT OTT T DAOOTTTAI §T1 £AOI0 ATTOTAEAGETT

continuous CM fault annunciation in control room (audible and/or visible alarm)

H#TTALENT TTTEOTOETC £ WDIEAO O0A Tk ODAAENEA ANOED TATO ATATTO AICTOR0E WO 0T WTTE0T0 OEA ATTAEOETT 1k 0EA ANOED TATO

o

2)

o0 PAOETAER #—{ DAOETAER ATTAGEIT WVTENOETC ETAIOARG OMETHNOAG 0OAE AG OEAD WYCOAPEU TEZIETA OFAOAGETT
T AAOGOETCH TEI ATAIUOAGH AAIEAGAOETT AEAAEQ ATA OA TPIETCN
_2)  continuous CM: continuous instrumental surveillance of process parameters and equipment condition, e.g.
0A TPAOAOOOAT DOAGOOOA! NI <t 20—1 0T AROAA) AATTO T Al TRAOAGETC ATTARETTOS
¢ 0AGOOOA OAOGETC ATA FOTAGETTAI AGOETC AOA 0T AEE£AOATO 0UBAG Tk 0A000 £0E AtzeROATO BOOBTOAG 6T OAGAAI AGOROTAI 10
ETOAOTATIAAEACAN AD ATOT OANIAAOAA ET Y TTAQ &8

x<EOE OAODAAD 0T DOAAANETAA FAEIO0A T TAAO FTTOA OEA0 00A006 ATA OFTODAAGETTo AOA OADAOAOA ATAAGG #TTAROETT WU TEOTOETC j#—Q
can be further divided into:

B.2.5 Maintenance activity

4xAIOA AAOACTOEAD Tr TAETOATATAA AAOEOEOU AOA EAATOENEAA ET Table B.5 together with related codes to be
used in databases for both corrective maintenance and preventive maintenance.
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Table B.5 — Maintenance activity

Code |Activity Description Examples Usea
Number
1 Replace 2ADIAAA TATO Tk OEA €A AU A TAx T0 0A-| Replacement of a worn-out bearing  |C, P
FOOAEOEAAEOA T TEOEA OA TAQUDA ATA TAEA
2 Repair Manual maintenance action performed to|Repack, weld, plug, reconnect, re-|C
restore an item to its original appearance | make, etc.
or state
3 —TAEEU D Replace, renew or change the item, or a|)TO0AIT A TEI0AQ <E0E O TAIIAO TAOE A¢-|C, P
part of it, with an item/part of a different|ameter, replace a lubrication oil pump
0UDAN TAEAN TAOAOEAT TO AAOECT x<EOE ATTOEAO 0UDAT OAATTNECOOACETT AOAS
4 1AEDO0 "OETCETC ATU TOZTRZO0TIAOATAA ATTAEETT |Align, set and reset, calibrate, balance|C, P
into tolerance
5 2AnEd —ETT0 OADAEOTOAOOFAETC AAQEOEOU OT AOETC |Polish, clean, grind, paint, coat, lube,|C, P
back an item to an acceptable appearance, | oil change, etc.
internal and external
6 Checkc The cause of the failure is investigated, Restart, resetting, no maintenance|C
but no maintenance action performed, or |AAOETTH AOA§ OAQOEAQTAQIU OAIAOATO £10
action is deferred. Able to regain function |FOTAOETTAI £AEI00ACH AsCe NEOA ATA CAO
AU OF TDIA AROETTOR AsCe 0A00A00 10 0AOAOOETCS| detectors, subsea equipment
7  |Service OAOETAEA 0AOOEAA OAOEQ] - TO TAIIU TT AE0- | e.g. cleaning, replenishment of consum- | P
mantling of the item AAIAGY AAEOO0 TATO0 ATA AAIEAOAETTO
8  |Test Periodic test of function or performance |&OTAOETT 0A00 T& CAO AAAAGTCh AAAOOAAU | P
0AG0 TENTT> TAOAO
9 Inspection |Periodic inspection/check: a careful scru- 111 0UDAO Tk CATAOAT AEAAES ) TAIOAA P
OEIU'I/E,AI@AINAAOQEAA 100 x<EOE 10 <EOETO0 | minor servicing as part of the inspec-
A0 TATOIETCATTO TAIIU AU OOA TF OATOAO  |tion task
10  |Overhaul  |—AET0 TOAOEAQI Comprehensive inspection/overhaul |C, P
><0E AQOATOOA ALOAGOA T AIU ATAODIARA-
T ATO TEEOA T 0 AO OPAAENEAA TO OANOEOAA
11  |Combination|Several of the above activities are included | )£ TTA AROEOE0U AT TETAOACH 0EE0 TAU|C, P
AIOAOTAOEOAIU AA OAATOAAA
12 |Other —AETOATATAA AROEOEOU TOEAOQ OEAT OPAAE-|e.g. protection activities C,P
NEAA AATOA
a #i OOAA OUBEAATIU ET ATOOAAGEOA W AETOATATAA) Of OOAA OUDEAATIU ET DOAOATOEOA TAETOATATAAS
b AANTEOTIOANETAA RO A TACTOATATAARADAGIOL AODE0 TORT DAGFID A AU DAOGTTO MOAETAA T GEA FAFTORTATAA
AfOAEDIETAC — TAENEAAOETT 01 A WAETO AgOATO AAT EACAETNIOATAA TT OEA TDAOAOETT ATA OAIEAAEIEOU Te AT ANOED TATO OTES
¢ O#EAAEO ETAIOAAQ OEA ATOE <EAOA A FAEIO0A AAOOA =< A0 OAOAAIAA AGO T AETOATATAA AROETT =< A0 ATTOEAAOAA AEOEAD TT0
TARAGOAOU TO TTO DTOOEAIA 0T AAOOU TOO ATA < EAOA TT FAEIO0A AAQOA AtOAO T 00ATAAC ATOIA AR ETOTAS

&10 ATOOAAOEOA TAETOATATAAN OEEO ETFIO WAOETT AAOAOEAAO OEA OUPA T OAOOTOAOETT AAOETT OEA0 x<AQ
DAOETO TAA: )T CATAOAIN OEA POAAT TETATO OAOOTOACETT AAQEOEOU OETOIA AA ATARA <EAT OAOAOAT AAGEOEOEAO
AOA ETOTIOAAS 4EA ATAA AAGACTOFAC 00ADAEOG 00ADIAAAG OTOAOEAQIS ATA 0 T TAEEUG OETOIA EAOA A POETOEOU
OAIAGEOA 0T OEA ATAA AAOGACTOEAO 00ANE00 ATA OAAEOC00 =<EAT A ATTAETAOLTT Tk OEA 0x<T AAOACTOEAO AOA
ETOTIOAA 3Ascs OADAEO ATTOEOOETC T# 00ADAEOO ATA 00ANENG OETOIA AA ATAAA AQ 00APAE0GGE )& 0EAOA AOA OAGAOAI
OADAEO AROEOEOEAD ETOTIOAAN TITA T <EFAE £0 DOAAT TETATON OEA ATAA OAT TAETAAG TAU AA O0AAS

0—TAERU6 TAATO A TTAENEAAOETT Tk 0EA TOECETAT ANOED TATO OTED =<EAOA OEA TOECETAI AROECT EAO ARAT
AIOAOAA T0 OEA EOAT ET NOAOOETT OADIAAAA <EOE TTA Tk A ALEfAOATO OUDAT TAEAS )k OEA W TAFNEAAGETT EO Tk
OECTENEAATO AEAOAAOAGH £0 £0 TT0 ATTOFAAOAA A0 A TAETOATATAA AAGETTH AGO TAU AA AAQOEAA TOO0 AU TO ET ATZ
TDAOAGETT <EOEN OEA WAETOATATAA 00ARss ¥ 00ADAF0G EO WAATO 0T AA AT AROETT 0T ATOOAA A OETCIA FAEIOOA TO
A EAx EAEIO0AGH TTO TATIU T1Z060As 0/0A0EAOIG TAATO A AT TDOAEATOEOA OAPAED TF OAOAOAT FAEIOOACH TO TTA
T AETO FAEIO0A OANOEOETC AGOATOROA < TOEN TO AT TDIAOA OAROOAEOE TATO Tf AT ANOED TATO 00AQTE0S AUBDEAATIUR
such maintenance is undertaken in a workshop.
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)£ OEA AT ToIAOA ANGED TATY OTES £40 AMAT OABIARAA x(0E A T ATATTO TTACTEM TTAI £ 20 OAR T TATAMA
0T 0AxETA 0EA 08 TA BAOA TAOAOO §A4CH TRAOAGETC OF WAQ £10 OEE0 OTE0s 4EE0 ATAQ TT0 ADDIU ££ 0EA ANOED TATO
€10 DOAOKTOLOA FASTOATATAA!GER0 ETENO WAVETT AAGAGEAAO OEA GUBA T DOAOKTOSOA ARGEYT AAETC DAOETD TA
)T CATAOAT 0EA 1100 BOART FETAT0. TAETOATATAA AREOR0U OETOIA AA ATAAA >EAT OAOAOAI AAGEOROEO AOA
TOTIOAAY )¢ 0EAOA £0 TI BOAAT K ETATO OAGE! ACACT OE£0 OETOIA AA ATARA A0 ORT TACTAAD ATA ARAKEITA
ETETO WAOENT TT 0EA OAOETOO0 AAGEOEOEAO 1E00AA ET A F0AAZOAGO NEAIA £ BOTOEAAAG

-/4%  AEAOA TAETOATATAA ATAAO AT TT0i A0 00AE OANIAAQ OEA AEiAAGEOATAGO Tk OEA WAETOATATAA AAGETT AO OT
OAOOTOETC OEA ATTAEOETT T8 OEA EOA T §AsCH OCTTAZAOZTA 0 T0 0AAAZAOZTTAS ATTAROETTQ

B.2.6 Failure modes

equipment, however, it is recommended to also record failure modes on lower levels in ths%\eiuipmeint

ECAOAOAEU §A4CH 0 W AETOAETAAIAZEOA 1o 1AOAIQs 4EA FAEIO0A TTAAQ AAT AA AADACTORUAA ETOT 0EOAA OUDAG]

AQ AROEOAA EOTAOETT £O TTO TAOAETAA §A6Cs FAEIOOA 0T 00A0G]) |

AQ  ODAAENEAA EOTAGETT 100 10 TOOOEAA ARAADOAA TDAOAOETTAI It T £00 jAsCs 0DOOETO0 00TBI EECE TOODO]

c) failure indication is observed but there is no immediate and critical impact on the equipment-unit
FOTAOETT +0EAOA AOA OUDEAAIIU TTTZAOROEAAT FAEIO0AO OATAGAA OT OT WA AACOAAAOETT T0 ETAEDEATO £ACI0
ATTAROETT #A6Cs ETEOEAT ><AAOY

See also Table 3i ATATI0A OT TA T2 0EA £AEIO0A TTAAO TAU APBIU TT TOEAQ IAGAI

Failure modes are presented in Tables B.6 to B.14 £10 AME TAET ANOED TATO AAOACTOU OET>T £1 Table A.4.

Table B.15 DOAOATO0 A 00 T WAOU T% All £AEIO0A W TAAGs 2AAT T TATAAA £AEIO0A TTAAQ AOA POAOATOAA £10

AAAE TAET ANOED TATO AAGACTOU §OAA ATOT 100 Tk ANGED TATO DOAOATOAA ET Table A.4):

2 OTOAGETC AT TAOOOETT ATCETAGH AT TDOAGOTOON AIAAOOEA CATAOAGTOON CAO 000AE TAGH AOAW

2 TAAEATEAAI jA0ATAG EAAO AGAEATCAOO! EAAOACO ATA ATEIA00 DOAOOOOA OAOOAIG 00TOACA OATEC! DEDETCH AOAK)

2 AIAROOEAAT JOTETOAOODOAAIA DT A0 00DDIU DT>A0 0ATOFTO TA0GH FOANOATAU ATTOAO0AOOH AOA)

2 OARAOU ATA ATTOOTT §nE0A ATA CAO AAOAAGTOO! ETDO0 AROEAAGH ATTOOTT TTCEA OTEOO OATOAGH TTUUIAG ADAW)

2 00AOAA JOOAOAA DOTAOAOETT ATTO0TIh 0OAOAA <ATIEAAA ATA 87T A0 00AAG 0E0A00H 0OAOAA BO T DO AGAW)

2 <Al AT TDIAGETT jOO0FAAA <ATIEAAA ATA 87 T A0 00AAGI AT TETTA OAAOU OAIOAGH AIAAQOEAAT OOA TAOOEAIA
DO TB0 AbA)

2 AOEIIETC JOOA0AA ATT=TO0 DOAOATOACO §'* /00 000FAAA AIT>T00 DOAOATOANO §* /0 61D AOEOACH AOAY

— well intervention (surface well control equipment, subsea well intervention: open water
ETOAOOATOETTH ADAN

> TAOETA JACS EAREETC ATA NEGAOETTYY

In the following Tables B.6 to B4 Tx¢T¢ GEA OMT T TATAAA FAE00A TTAAG 0EA ATARD OET=T ADBIU 01

ANOED TATO AIAQOAO T AOEAA x{0E 0885 4EA BOTDTTOAA ARAOAOEACAA ATAA £10 OEA FAEIOOA TTAAO AOA CGEORT T

OEA 5000 ATIO N T 1% 0EA OAAIAGY AEA EAFIOOA. T TAA OTOEAOS 0 0OTETT> T6 AOA TAMARA £T AAOA #AEICOA TTAAD

AT T10 ADPIUS ) TATU FAEIO0AO =<E0E GTOEAOG AOA OAATOAAAR OEEO AAT TAOAC AOAAOA A AAQEO £T0 A TAx FAEIO0A

mode to come in these tables.
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_TOA OEAD 6T TA ApA TDIAO ADBIU 0T TTIU 01 TA 1% 0EA ANGED TATO AIAGOAO T 0EA 0AAIA OEAU ADDAAGS 3AA AIGT
Table 37 ATA TI0A 0T TA T£ OEA FAEI00A TTAAD TAU ADDIU TT TOEAC 1AOAIG
NOTE The failure mode codes in Tables B.6 to B.15 are issued as part of Annex B, but are also shown in an

Excel document that is available at http://standards.iso.org/iso/14224. This facilitates the use and application of
OEAOA ATAAO AU OEA OOA0O TE OEZ0 YTOAOTAOETTAI 30ATAAOAS 3T TA 15 0EA 0AATAG EAOA TTOAO OEA) AOA TT0 OET=T T OEA

Excel document.
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Table B.13 — Well intervention — Failure modes

IS0 14224:2016(E)

Equipment Class Code WC (0)
Description Examples Surface Subsea
well
. well .
Fail- inter-
control .
ure equip- vention:
mode ment (for Open
code . water
well inter- |,
. interven-
vention) .
tion
BRD Breakdown B}l:galggio'v\{g,_ serious dap}qg‘e (,sleizure, breakage), X X
ATATTO TAETO DOTAAOO NIOEA IAAE
CSF Control / Signal failure - T T0 FAQIOU TTTEOTOETC TO OACOIAOETTH FAEIGOA 0T X X
transmit or receive command or data, failure to
actuate function
DOP  |$SAIAUAA TDAOACETT Opening/closing time below spec. X X
ELP  |External leakage - process | 7ZAll NOFAQ X X
medium
ELU  |%@0AOTAIIAAEACA Z OOFIEOU | CUAOAQIEA TEIN IOAOEAAOETT TEIN ATTIATON TOAT X X
medium water, etc.
ERO Erratic output Oscillating or instable operation X X
FCO Failure to connect Failure to connect connector X X
FCU Failure to cut Shear cut valve unable to cut equipment X X
FTC Failure to close on demand |Doesn’t close on demand X X
FTD Failure to disconnect Failure to disconnect connector X X
FTF Failure to function on Failure to respond on signal/activation (e.g. fail- X X
demand ure to shear)
FTO Failure to open on demand |Doesn’t open on demand X X
FWR |Failure while running Unable to run equipment or tools X
HIO  |High output /00p00 0TONOA AATOA OPAAENEAAGETTO X
ILP Internal leakage - process |, AAEACA DOTAAO0 WAAED I ATTOA NETAOETC OOEIEOU X X
medium TAARO Th , AAEACA ETOAOTAIIU T£ DOTAAOO NIOEAD
ILU YTOAOTAT IAAEAGA 7 O0EIEOU |, AAEACA ETOAOTAIIU T£ QOETEOU NTOEALH , TOO T# X X
medium lubrication
LCP Leakage in closed position |Leakage through a valve (e.g. ram-valve) in closed X X
position
LOO  |Low output /00000 0TONOA AATT> OPAAENEAAOETTO X
OTH Other Failure modes not covered above X X
PLU Plugged choked Choke or Kkill line plugged X X
POW  |)TOOMNEAEATO DT><A0 LARE TETOOTT 1< DT=A0 00DDIU X X
PTF Power/signal transmis- Power/signal transmission failure X
sion failure
SET Failure to set/retrieve Failed set/retrieve operations X
SPO Spurious operation Unexpected operation X X
STU Stuck Tools becoming stuck in the BOP or X-mas Tree X X
UNK  |Unknown ATT IEO0IA ETETO TAGETT 0T AANETA A FAEIO0A TTAA X X
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ISO 14224:2016(E)

Table B.14 — Marine equipment — Failure modes

Equipment Class Code JF
Failure|Description Examples Jacking
mode and fix-
code ation
AIR Abnormal instrument |&AIOA ATAQ Th FAQI0U ET0000 TATO ETAFAAGETT X
reading
BRD  |Breakdown ~ORAEAT T 0AOET00 AA T AGA JOAEUOOA: AORAEAGAG ATATTO T AETO X
POTAAOO NIOEA TAAE
DOP  [SAIAUAA TRAOCADETT Opening/closing time below spec. X
ELU  |Externalleakage- | UAOAGIE Tl IOAOERACETT TER AAOGEAD TEl ATTIATO! xAOAGT ADRY X
OOEIE0U TAAROT
FRO Failure to rotate Failure to rotate X
FTF Failure to function on |Doesn’t start or open on demand or failure to respond on signal/ X
demand activation
FTL Failure to lock/unlock |Doesn’t lock or unlock when demanded X
HIO High output /00D00 0TONOA AATOA OPAAENEAAGETTO TO TOAOOPAAATTO0DO) AATOA X
acceptance
IHT YTOORNEAEATO EAAD Cooling/heating below acceptance and/or heat transfer too low X
transfer
INL Internal leakage , AAEACA ETOAOTAIIU DOTAAGO TO OOEIEOU NOEAG X
LBP , I TE100PDIUDOAO- |, T>< TET 00PDIU DOAOOO0A X
sure
LOO Low output SAIEOAOUTTODOOTITONOATDAOETO T ATAA AAIT = AAAADOATAA X
NOI Noise Abnormal or excessive noise X
OHE Overheating Machine parts, exhaust, cooling water, etc. X
OTH Other Failure mode(s) not covered above X
PDE Parameter deviation |Monitored parameter exceeding limits, e.g. High/Low alarm X
PLU Plugged/ choked &IT> OAOOOEACETT AGA 0T ATTOA NETAOETT TAEAROOH <Ag A0AS X
POW  |)TOOHNEAEATO DT=AQ ,ARE TETOOTT 1> DT><A0 00DDIU X
PTF Power/signal trans-  |Power/signal transmission failure X
mission failure
SER Minor in-service Loose items, discoloration, dirt X
problems
SPO Spurious operation False alarm, premature closure/stop, unexpected operation/fails to X
operate as demanded
STD 3000A000AT AANEAEATAU | —AOAOEAT AA TACAO JAOAREQH =< AAGH FOAROO0AN ATOOTOETTH AAAAUQ X
UNK  |Unknown ATT IE00TA ETETO TAGETT 01 AANETA A FAEIO0A TTAA X
UST Spurious stop Unexpected shutdown X
VIB Vibration Abnormal/excessive vibration X

Table B.15 — Overview — Failure modes

Failure Failure mode description On-demand
mode code type failure
AIR Abnormal instrument reading
BRD Breakdown
CLW Control-line-to-well communication
CSF Control / signal failure
a  3RAAIOT FTTOTTOA CET 4AAIA &3p =<EOE OAOPAAD 0T 0ARAOU ANGED TATOS
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IS0 14224:2016(E)

Table B.15 (continued)

Failure Failure mode description On-demand
mode code type failure
DOP SAIAUAA TDAOAGETT X
ELF External leakage - fuel
ELP External leakage - process medium
ELU %@0A0TAI TAAEACA 7 OOEIEOU TAAEO T
ERO Erratic output
FCO Failure to connect X
FCU Failure to cut X
FLP &AEIOOA ET IECEOTETC DOTOAAGETT OUOOA T
FOF &AOI0U T00DO0 £OANOATAU
FOV &AOI0U TO0POO OTIOACA
FRO Failure to rotate
FTC Failure to close on demand X
FTD Failure to disconnect X
FTF Failure to function on demand X
FTI Failure to function as intended X
FTL Failure to lock/unlock X
FTO Failure to open on demand X
FTR Failure to regulate X
FTS Failure to start on demand X
FWR Failure while running
HIO High output
HTF Heating failure
IHT ) TOOENEAEATO EAA 00ATORAD
ILP Internal leakage - process medium
ILU YTOAOTAI IAAEACA 7 OOFIEOU TAARO T
INLa Internal leakage
LBP , > Tt 00pBIU DOAGOOOA
LCP Leakage in closed position
LOA Load drop
LOB , 100 TE AOTUATAU
LOO Low output
MOF Mooring failure
NOI Noise
NOO No output
OHE Overheating
OTH Other
PCL Premature closure
PDE Parameter deviation
PLU Plugged/ choked
POD Loss of functions on both pods X
POW YTOORMEAEATO DT><A0
PTF Power/signal transmission failure
a  3ARAIOT FTTOTTOA G ET 4AAIA &8p < EOE OAODAAQ 0T OARAOU ANOED TATO8
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Table B.15 (continued)

Failure Failure mode description On-demand
mode code type failure
SBU Sludge build-up
SER Minor in-service problems
SET Failure to set/retrieve X
SHH Spurious high alarm level
SLL Spurious low alarm level
SLP Slippage
SPO Spurious operation
STD 3000A000A1 AATEAEATAU
STP Failure to stop on demand X
STU Stuck
UBU Global buckling
UNK Unknown
UST Spurious stop
VIB Vibration
VLO 6A0U 1T TO0DOO
WCL Well-to-control-line communication
a  BAAAIOT FTTOTTOA CET 4AAIA &3p =<EOE OAODAAD 0T 0ARAOU ANGED TATOS
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Annex C
(informative)

Guide to interpretation and calculation of derived reliability and
maintenance parameters

C.1 Interpretation rules for commonly used failure and maintenance parameters

C.1.1 General

AETOCE 0E0 )TOROTAOETTAI 30ATAAOA ATAO TT0 ATOAO AAOA ATAIUOO ET OEA AOTAA OATOAI 00 ATTA

CTAIOAR0 OV WA OART T FATARA ETOAOBOROACEIT 00180 ATA AAGEA AAIAGIAGCTT £10WOIAQ ATT NTTID O0AA

<EAT ATAIUOETC OAIEAAEIOU ATA TAETOATATAA AAOAS &10 A T TOA ETZAABOE AOOAO B ATO Té OEE0 OOAEARCH = A

OART T WATA 0AGOATTEO T 0EA 0OAAAD ATA OT TA Te 0EA OOATAAOA) IE00AA ET OEA “EAIETCOADEU A0 OEA ATA T

0EEO ) TOAOTAOETTAT 30ATAAOA: &10 0EA NOAIENEAAOETT Tk TAx OAAETTTTCU 0ARAC AIGT 0T 0AGOATTEO TT AgbAD

FOACA TATOON AsCh #TTEA jpwwc(

)T AAAEOETT OT OEA AANETEOETTO GEOAT ET #IA00A of 1 TTA® # CEOAC 0T WA ETOAODOAOAGETT 001A0 £TOATT TTTIU

O0AA 0AO T0 ATATOTOAOAA ET AAOA ATTIAAOETT ATA DOTEAAOGS

)3/742 pgrywignpo ATAO AIOT DOTOEAA OOAOT ETETO T AGETT OACAOAETG OAOETOO0 OAIEAALIEOU ATA TAETOATATAA

DAOA TAOAOO £10 OOA ET OAIFAAEIEOU T TAAIIETC ATA AAIAOIAOETTS

C.1.2 Redundancy

2AAOTAATAU TAU AA APPIEAA AQ FTTTT (g

AQ. DACCEOA AT OOATAAUL _ OMOTAATAU xEAOAET DACO TE0EA TAATOETODAOFI) TETC AOANOIOAA FOTAGEIT
EO TAAAAA 0T TDAOAOAR < EEIA OEA OA T AETETC DA00§OQ TF OEA TAATO AOA ETTDAOAGOA OTOH TAAAAA

Aq  AAOEOA FET0Q 00ATAAU|  OAAOTAATAU ~EAOAET All TAATO £10 DAOKTO TETC A OANOEOAA FOTACEIT ACA
ETOATAAA 0T TDAOAGA OF TOI0ATATOOIUN

jg Teghh  OMOTAATAU <EA0A A BAOO Tz 0EA OAOTAATO TAATO 050 TT OBATAAUS ATA ATIGEAD BAO) £0
0AAOEOAG JA0A TDIA| 0EOAA TAATON TTA AAOEOA TTAET ET0 00ATAAU TTAET ATIA O0ATAAUG

%81—0,%p 2AAOTAATAU AAT AA AgDOAGOAA A0 A NOATOFOAOEOA TAAOOO0AN OFUs ANOED TATO OAAOTAATAU FAROTO §%28&08

%81—-0,%¢ o OTE00 0t TAO um b CEOAO AT %2& Tk psus

F3AR AIOT AANETEOETT T6 OAAOTAATAU ET #1AO0A o ATA ALOOETAOETT AAO=<AAT OET00 ATA 0ATIAG 00ATAAU 0A0000

00D 0F TATAT<T 0f TAG ET sopdp

AOOE T AOAO Tk AOAEIAAEIEOU §><EAOA 0EAOA FAEIOOAC AOA TT0 ATOTOAAG

C.1.3 On-demand data

#A4C8 00A00 DOTAAAEIEOU TE AT A TAOCATAU CATAOAOTOG - TOA AIOT OEA AANETEOETTO £T0 OFAEIOOA TT AA TATAG jOAA

otom( ATA 0fAEIOOA AOA 0T AA TATAG jOAA asqu(s )T OEA AOOE TAGETT A AFOOETAGETT OETOIA AA TAAA AAO<AATY

Aq gAAAE@QAQ TAROO0AA AAFTOA AA TATA TAAD00 jOTAAOAAOAA FAFIOOAC OTOET OAGAAIAA AU 0AAT TO DAOETAFA 0A00
TATAQ)
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b) failures occurring when demand occurs (due to demand itself).

—ATU #1008 TTARD JOA YTTAB " AOA OOAE 6AGI00AO) ATA AOIA A AGEAD (DA AGD SAEO0A TAREATEO T

ATAETC TAU ATAAIA 0T AcrrA0 ARO<AAT 0A6 ATA 0Ad jOAA AIOT #iattQs 4AAIA *spu OET ><0 FAEIO0A TTAAO <EFAE

are on-demand related.

&O00EAC W TOAT £10 01 WA ANOED TATO! ATTIAAOAA OAIEAAEIEOU AAOA AOA AIGT OOAA 0T AOCE TAOA OEA FAEIO0A 0AOA AQ

TO TARO TE AATATAO OETOIA AA 0AATOAARAS 4T 0UPAC TE AATATAC OETOIA AA ETAIOAAA §2A% 4AAIA vy

Aq 0A0D ARGEOAOSTT Tz OEA E0AT TWO WAIIU ATTA AO DAGO Tt DOAOATOEOR WAETOATATAA JA0Cs EOTAOETT 0AGO Te A
NEOA ATA CAO AAOAAOTOQ)

b) automatic, or manual, activation of an on-demand function during operation (e.g. closure of an
ESD valve).

&0 ONEAREIED) AAGA ATIIARGETT <EAOA 0ORE AR TATA OATAOAA EAEIOORD AOA O AA OMTORAAS 0 € TOTODAT:

0T AATETA TT0A OPAAENEAATIU OEA DEUOEAAT AEAOAROAQEOOEAC TF OEA AA TATAOQ £10 0EA OPAAENEA ANOED TATO OEAD

such data collection will cover.

For spt\fig equipment classes, like e.g. Piping, Heat exchangers, Risers, Filters and strainers, Power cables

ATA 0A0 TETAOETTO1 0EA 0AO I AA TATAR £0 TT0 TAATETCEOIS

&10 OTOAGETC ARGED TATO ATA 0T TA TOEAO ANOED TATO AIAGOAO IEEA #TTOAUTO0 ATA AIAOAOTO0 ATA (AAOAO

ATA ATEIAOON AA TATA E0 ETOAOPOAOAA AO 00A00ZODS 4EOC0N 00TPDETC 0EA ANOED TATON TO ATU AAEOO0 TATO < EEI00

running, like the speed of a VSD motor, is not to be interpreted as a demand.

&10 OTTA TAAEATEAAT ANOED TATO 1EEA #0ATAO , TAAETC AOT O ATA 7ETAEAO AATATA £0 AARETAA AU OEA

operation itself for which it is made.

€10 0410 ATOE ToATETe ATA AIVEETG 2 KIOTIAR 40 A MAEATA oAGAONIAO 1 024 ORIOk AT THO TAID

AITOAA TO TT0 TAIIU TDATS &10 ATTO0TI ATA AETEA OAIOAON ATU AAEOO0 W ATO £0 OACAOAAA AD A AA TATA

&10 OAtAOU ATA ATT00TI ANOED WATO 10 TOEAQ ANOED TATO T10 TAIIU ET 00ATAZAU TTARI AATATA £0 AANETAA AQ

AEA DOTAAALIEOU TF FAEIOOA TT AATATA £0 AAIAOIAOAA A0 0EA AGROAGA FOAAGETT Tk OF WA OPATO ET OEA FAEIAA

state, as shown in C.6.2.

C.1.4 Independent failures

—100 T 0EA AAOA DOTAAAEIEOOEA AAIAGTAGEITO ATA 1100 Te OEA TTAAIO O0AA ET OEA OAIEAAEIEOU NEAIA AOA
OATAOATO TTIU £10 ETAADATAATO AOATOO8

4>T AOATOO0! 1 ATA " AOA ETAADATAATO £ OEA TAAGOOATAA TE 1 E0 ETAADATAATO 12 OEAD TE **¢ —AOEA T AQEAAIIU
OPAAEETCI OEA0 TAATO 0EAQ OEA ATTAEOETTAI DOTAAAEIEOU Tk TAAOOOATAA Tk ** CEOAT OEA TAAGOOATAA 1k 1 P(B
s 101 £0 Ot TDIU ANOAI 0T P(B).

AEROAFTOAN AU OOETC OEA AATETEOETT T ATTAFOETTAI DOTAAAFIEOU]

P(B | A) =P(AnB) /P(A)=P(B) (€.1)
This implies that:
P(AmB):P(A)-P(B) (C.2)

ATA OEAU AOA OAEA 0T AA 00TAEAOQEAATIU ETAADATAATOS

Independent failures are, of course, a particular case of independent events.
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C.1.5 Dependent failures

When the occurrence of one event depends of the occurrence of one or several other events, these
events are said to be dependent.

P(AmB);tP(A)-P(B) (C.3)

Therefore, when the dependencies are not taken under consideration, the results are underestimated.

the concepts of common cause failure and common mode failure have been introduced.

#1 TDTTATO0 OEAO #AET AOA OT A OEAOAA AAOOA TTOTAIIU £AEl ET OEA OATA FOTACETTAI TTAAY 4EA 0AOT
common mode is, therefore, sometimes used. It is, however, not considered to be a precise term for
communicating the characteristics that describe a common cause failure.

C.1.6 Common cause failure (CCF)

3AA AANETEOETT ET ous - TOA OEA AEOOETAOETT AAO=<AAT OEA OUPA TE AT TTT AAOOA FAEIO0ACH < EEAE AAOOAIIU

ATT 1T AAOOA FAEIO0AO =< EFAE TTIU TAEA OEA £0A 10 OTAOAEIAAIA 3A¢G8 100 T DT=A0 00DDIUG )T OEA T1A00A0
case, the items have not to be repaired.

A common cause failure is the simultaneous or concomitant failure of several components due to the

0A T A AAQOAS 4EAOARTOAN AAAE OF T A OEA FAFIOOAC AOA TTO AT TDIAOAIU ETAADATAATO OEAOA £0 A DTOOFAEIFOU TH 1488
The CCF can be split into several categories:

AQ  FAEIOOA Tk OOEIEOEAO JATAAOOEAEOUN AT TDOAOOAA Ar0h AOAQ 10 AgOAOTAT ACCOAOOETTO JATOEOTT W ATOA NEOAN AOAA
AQ  ETOAOTAI FAEIO0AQ FAAGECT AOOTCH ETOOATIAOETT AOOTCh AAA OA) Tk AT TDTTATOO AGAK)

c) cascade failures (the failure of A leads to the failure of B, which leads to the failure of C, etc.).

YOATO IE00AA £T AQ AOA ATTOFAAOAA AO ##& TTIU £ OEA 1AOAT Tk ATAIUGEO £O T10 OORNEAEATO ET TOAAQ 0T EAATOEEU
AT O IE00AA ET AQ AOA TTOA AEENEAQI0 0T ATAIUOA] AgDAGEATAA DOTOAG 0EARO AgEOOATAA AG( OEAED AAGOAC ACA
CATAOAIIU TT0 EAATOENEAA OAOU AAGEIL

YOATO IE00AA ET Aq A0A CATAOATIU OATAGAA 0T 0EA DOTAAGO 00ATE ATA AAT AA AEENEAGI0 £10 0EA OATEAAEIEOU ATATUO0
0T EAATOEES

7 EAT OEA ATATUOEO £0 01T AEENEADI0 1O TT0 DTOOEAIAT A rzEAAGTO EO CATAOATIU ETOOTAOAAA 0T OPIE0 OEA AAGEA
failure rate, 1, of a component into an independent part, (1-fqp 3, and a CCF part, r p 3. This avoids an
OTOAAIEOOEA 0AOO10h AOO £O TTIU AT AGOE T AOA ET TOAAC 0T 0AEA E10T AAATOTO OEA AGEOOATAA Tr A DTOATORAT ##88
Refer to the shock model described in ISO/TR 12489:2013, Annex G.

ISO/TR 12489:2013, 5.4.2.

C.1.7 Common mode failures (CMF)

3AA ARTETEGENT £T ot

The notion of common mode failure, CMF, is often confused with the notion of CCF, although itis a little
AE) AEEEAOATO] A #—& TARO00 < EAT 0AOAOAT AT TDTTATOO0 £AE ET OEA OA TA <AU jOA TA TTAAG /F ATO00A 0EE0
can be due, in turn, to a CCF.
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C.1.8 Trips

SEOOAT>T T¢ TAREETAOU OBAOO 01 OEA GEODAGETT < EAT 0EA TAREETAOU £0 0EO0 AT T £0T T TH0 TAI TRAOAOETC

ATTAEETT 0T £011 00TD8 4<T 0UPAO T# OEQOAT =< T AgE(s

AQ 40D jOAA AANETEOETT £T oo

AQ  —ATOAI OEOOAT=Tq 4EA TAAEETAOU E0 00TPPAA AU AT ETOATAAA AAGETT T& OEA TDAOAOTO FITAATIU TOFOT T
the control room).

&10 01 TA ANOED TAT0h 0POOETO0 001D EO AANETAA A0 A FAEIOOA TTAA jsAs 5340 0AA 4AAIA *'ipuq OEA0 AAT AA

either a real trip or a spurious trip depending on cause.

C.1.9 Failure occurrence classification

)T ATTEOTAVEIT c0E OEAERDU ATAIUGES Acs &1} TTA AT T10 TARROOAEU EAOA GEA AMGAGO 10 TAAA

EI0 OOADZODEAAT OAIEAAEIEOU ARDA] ACO. AU EAOA 0T O0A ROATEOADZOA EOACA TATO! 4AAIA ##ip AU AA OOAA 01

AAOACTOEUA FAEIO0A TAAGOOATAACH < EEAE AAT 1A0A0 AOOETC WTOA ETZAAROE ATAIUOEO AA OAOETEAA =< EOE EEO0TOEA

OATEAAEIEOU AAOAY

Table C.1 — Failure occurrence classification (modified, IEC 60812:2006, Table 5)

Failure mode occurrence |Rating Frequency Probability
Remote: 1 S mimprt DAO OETOOATA EOAT O Spppms
&AEI00A 0 OTIEEAIU
Low: 2 0,1 per thousand items pppr-4
2AIAGEOAIU FA EAEIOOAD 3 0,5 per thousand items L p pr-4
Moderate: 4 1 per thousand items pppm3
Occasional failures 5 2 per thousand items Gppm3

6 5 per thousand items vppm-3
High: 7 10 per thousand items p p pr-2
Repeated failures 8 20 per thousand items Gpprm2
6A0U EECE(] 9 50 per thousand items v p pm-2
Failure is almost inevitable |10 I prrt DAO OETOOATA E0AT0 Ippprt

C.1.10 Failure consequence classification

2(0E 0 A ATT TTTIU OOAA 0ROT AAOAOEAETC A (0EPIAO T& DTOOEAIA AOATOON DTOOEAIA TOOAT TAO ATA OEA
AOOTAEAOAA OTAROOAETOEAQ TE OEA AOATOO ATA TOOAT T AO §£10 TTA AANETEOETTH OAA AiC8)3/ aprmmigrmads ¥ 0 DAOO
T A QUDEAAI OEOE AOOAQO T ATON EO AGOE T AOETC OEA IEEAIEETTA TE EAUAOATO0 AOATO0 0OEAQ AAT TAAQO ATA Tk OEA
ATTOANOATAAQ AgDAAOAA OT £TITT > FOT T OEA AOATO0s . TOA 0EA) OEAOA ATTOANOATAA £0 A OUGOA TEA BOTPAOOU
ATA 0EAO OEA ArtAAQ Tk A CEOAT FAEIOOA TTAA AAT AEATCA AARTOAETC 0T =AU £0E0 O0AA ><EOEET A OUOOA T4
Failure consequence ranking is an essential part of data applications used to assess the risk level
JOAA YTTAD $08 )0 £0h OEAOARTOAN OOAROT OT AIAOOERU OEA ATTOANOATAA Tk £AFIO0AO AO 0T TOAOAIT E TDAAG 1
ATAQOENERAOETT Tk FAEIOOA ATTOANOATAAGH =< E0E AIAGOAO OADOAOATOAA AU TO TAAQO ) 0T 86)h £0 EIO000AOAA ET
AAAIA #ps _ TOA OEAQ 0EEO ATAGOENEAAGETT £0 DOE TAOEIU ETOATAAA £10 AOOAOOETC 0EA ATTOANOATAAG T FAEIO0AC
0EAQ EAOA TAAGOOAAS &10 TTOA AAOAEIAA OAAT T TATAAOETTO TT OFOE AIAOOENEAAOETTH OAA OATAOATO 00ATAAOAGN
e.g. 1S0 17776:2000.

The recording of failure and maintenance impact data for failure events is addressed in Tables 6 and 8.
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Table C.2 — Failure-consequence classification

Consequences Category
Catastrophic Severe Moderate Minor
Failure that results in | 3400A ETEOOUEITAGD | —ETTOETEO0U EITAGD | AGOOEAT TETTO ETEO0L)
AAAOE TO OUOOA T 1100 10 TAETO OUOOAT 10 0UGOA T AATACA |EITTAOO 1O OUGOA T AATACA
damage
Safety [ Vv IX XIII
— Lossoflives |—  Serious per- |? YTEOOEAO ? YTEOOEAO TT0
—  Vital safe- OTTTAIETEOOU ng;(lg:ftmedlcal :fg;clrl;ll:ftmedlcal
0UZAOEOEAAT OUGOA T O — __ Potential for
inoperable 100 T OARAOU FOTA- — _Limited — _ Minor effect on
tions AgeAR0 TT 0ARAQU OAEAQU £OTAOETT
functions
Environmental |11 VI X X1V
—AETO DTTIOETT SECTENEAATO DTTIOOETT |Some pollution No, or negligible, pollu-
tion
Production I VII XI XV
Extensive stop in pro- |Production stop Production stop Production stop minor
duction/operation above acceptable below acceptable
limita limita
Operational 1Y VIII XII XVI
6ROV EECE TAFTOA- Maintenance cost Maintenance cost Low maintenance cost
nance cost above normal ac- at or below normal
ceptable 2 acceptable a
a )0 £0 TAAAGOAOU 0T AANETA AAAAROAAIA TE WE00 £10 AAAE ADDIEAAGETTS

C.1.11 Analysis of failures

&AEI00A0 0EAQ TAACO ATA OEAO AOA FOACAA OT AA ET OEA OTAAAABOAAIA AADACTOU ET 4AAIA #p OANOZOA OEAD
ODARENEA OADTOOETC ATA ATAIUOAO AA ATTA ET TOARQ 0T NETA TAAOGOAO OT BOROATO 0GAE FACIO0A (T 0AZ
TAROOOETC jAscs EWDOTOAA TAETOATATAAN ETODARGEITON WTALNEAAGETTON OADIAAA WATO0 A0k 3TTA OOA:OI
ATAIUOEAAT TAOETAO AOA 0O T TAOEUAA AAIT %
AL 2AIEAAEIEOU QUOOAT W TAMIIETC jAiCs —TTOA #AOIT Of ROIAGETTh —AOETO ATAIUOEOI OMIEAAEIEOU COT>(E
I TAAIETC AOAR £0 OART I TATAAA £10 All AOROEAAIZOAOOEAA ANOED TATO £10 OEA AT T DAOEOTT T¢ OAIEAAEIEOU
ET0 OAOETOO DOTDTOAA OUOOA T ATTNECOOAOETTO 0T DOTOEAAETDO0 0T ATTAADO OAIARGETT ET 0EA AAGATTD TATO
1 0EA AAGECT AAOEOS 3DAAENEAATIU
> OKTCEBE0U OBOACAD O EAATOEU OEA AT TOTTATO £AHI00AO T0 EO TAT A0SO 10 ATOE EAGETC 0EA
COAAOAQD £ T DAAO TT OUOOA T OAIEAAEIEOU JOEEO ETETO WAOETT AAT AA OOAA OT ¢ 1 DOTOA OEA OAIEAAEIEOU Tk
ETAEOEAOAT AT TDTTATO0 10 0T DOTOEAA A AAGED £10 TTAEEUETC 0EA OUOOA T ATTNECOOAGETT AGOETC OEA
POTEAA) DOTDTOAIQ:
2 AOAIOAJETT Tr TDACAJETTAI ETOPAAGETT ETOAOOAID OEAD EAOA AFOAAD £ TDAAD TT DOAAEAOAA OUOOA T
OAIEAAETEOUR

2 ROOAAIEOE TATO T OEA ATTOTO TE ETODAAGETT ATA 0A00ETC OANGEOAA £T0 AROOAET OUOOA T AIA TATO08
failure rates or total maintenance cost. Bad Actors’ can also be related to cost of lost production
ATA OTAAAADOAAIA TAOAT Tk OARROUS

Aq 2TT0zAAGOA ATAIUOEO EO OAAT T TATAAA ET OEA ENTIT=ETC AAOAG]
2 FAEIGOAO TE OAOACEOU 0UDAD ) 0T 6)))1
2 OUOOATO AATETAA A0 OAAA ARGTO06 AU OEA TRAOAOETC FAAEIEOU
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: 1A ATAIU0EON 00AE A0 7 AEAOTT ATAIUOEO! EO OAAT T TATAAA TT ANGED TATO 0UDAO EAGETC
1

El
T TTT TTAAFAEIGOAO =< EOE OAOAOEOU 1A0AI0 ) 0T 8))8

AQ WO TATO Ieckd
MEOA TO T TOA Al

/4% #1 1 11T AAOOAO TE EAEIO0A0 AAT AA ATAQGENEAA AD ETTIT 08

pq ) TEATCZ K TOOAIEQU EAEIO0AO § 7AEACIIZOEADA DAOA TAOAO 1 I” pimq AOA OOOATIU ETAGAAA AU AOAOTAI AL0AC T 00ATAAO
ATAAOA OUDERATIU AGA 0T DTTOETOOATIAOETTH OTIEAZOOAOA AIAA0OT TEA EAEIOOAGH T ATOFAROOOETC AARAAOGH TEOAOOA TAIU
or incorrect start-up procedures.

2) Random failures (r E pinq TT00 TEOAT 0A00I0 £0T T EO TAT AQOTO00 £TOAECTZTAEAAD FAEIO0AO TO AT TDOOACETTAI
A00TOO0 ET 0EA 7AEAQIT ATATUOEO §ACs AT TAETETC AAOA FOT T AEEFAOATO FAEIOOA WTAAON AT TAETETC AT T TUT FAEI00A
TTARQ FOT T ALEEROETC ANGED TATO 0UPACH A0AI 2ATAT T FAEIO0AG AOA AAOO AAAOAGOAA AU E TBOTOAA DOAAEAOEOAZ
maintenance programmes (more rigorous condition monitoring).

o %AOIU <AA0ZT00 £AEIO0AO jpim I 1 < 4,0) can occur in the normal design life of the equipment and most often
ETAIOAA T AUAIA FAGECOAT TTO0 AAAOETC FAEIOOAGH ATOOTOENT ATA AOTOETTS O0AOATOEOA WAETOATATAA OAOOIOETC
in repair or replacement of critical components can be cost effective. The period for overhaul is read off the
Weibull plot at the appropriate r life.

4) 0ld age wear-out failures (y I tinq TT00 TFOAT TAAO0 TO0OEAA 0EA T T AT AROECT 1E£As 4EA 00ARDAC OEA OTTDA § ),
0EA 0 WATIA0 OEA OAOEAOETT ET OEA OF TAC 0T FAEIOOA ATA OEA TT0A POAAEAOAAIA OEA 0A001008 4UDEAAI FAEIO0A TTAAO
x<EOE TIA ACA x<AAQ ETAIOAA 000A00 ATOOTOETTH AOTOETTh T AQAOEAT BOTPAOOU EO0OACH A0AS OOAOATOEOA TAETOATATAA
0T 0APIAAA DA00O OEAD DOTAOAA OECTENEAATO FAEIO0A0 AAT AA AT00 AcEAROEOAS 4EA DAOETA £10 TOAOEAQI £0 OAAA TEE OEA
Weibull plot at the appropriate r life.

C.1.12 Safety critical equipment
&T0 OTTA ANOED TATON IEEA OARAOUZAOFORAAT ANOED TATON TTOA ODAARTEA AATETEOEITO £10 A FAFIOOA ATA 00

consequences can be useful. Some recommendations on this are given in Annex F.

C.2 Availability

C.2.1 Normalized definition

3AA AANETEOETT ET oto

- TOA OEA AEOOETAOETT AAO><AAT OEA 0A0 TO AOAEIAALIEOU ATA OATEAAEIEOUN

2 AGAEIAAEIEOUG EOAT =TOEETC AO A GEOAT ETOOATO 1T TA00R0 x<EA) EAO EADPATAA AALTOAQ)

> OAIEAAEIEOU] EOA T < TOEETC ATTOETOTOOIU TOAO A < ETIA DAOETA Tk Of T Ag

o O/—'\ﬁAAE"IE’OUé AEAOAAOROEUAO A EOTAOETT OEAO AAT AA ETOA00ODOAA x<EOETO0 ATU DOTAIAT ATA 00AIEAALIEOUG A
function that cannot be interrupted over a whole period of time.

C.2.2:E Mathematics of availability

Y0 £ xHE OEA TAOEAWAOSRAI AANETEOETTO OEAD OEA OKOOAGEVT £ AIAGETEAAS YT eAAOh 0EAOA AOA OAGAOAI

1 AOEA T AOEAAT A@POAGOETTO £10 0AOAEIAAEIEOUS ATTAADOO

2 OTETO>EOA TO ETOOATOATATOO AOAEIAAEIEOU A(t)h £O OEA DOTAAAEIEOU OEAO AT EOAT £O ET A 00AGA 0T DAOETO T
a required function under given conditions at a given instant of time, assuming that the required
AGOAOTAT 0AOTOOAAO AOA DOTORAAAS 4EEO £0 0EA AATETEOETT CEOAT ET )%# gpunyicmpms 3AA AIOT )3/742
12489:2013, 3.1.12)

AEA ETOOATOATATOO AOAEIAALIEOUN A(¢), at time, ¢ £O GEOAT AU &10 TOIA j#st(
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A(t) = Ps(t) (C4)
where Ps(t0 £0 0EA DOTAAARIEOU OEAQ EOA T 3 EO ET A OB 00AOA A0 OF T A 08
2 —RAT AGAHAREIEOU £10 A GEORT TEOGENT jIOAO A GEOAT DAOETA 1% 0t TAG Amer 2), is the average of the
pointwise availabilities over the time period, from tj to tz: t1<<t<<tz$ 4EL0 t0 CEOAT TAOEA N AGEAATIU
AU &T0 TOIA j#0( JOAA AIOT)3/T42 pctywicnpoh alpipad]

)
1
Am(tl,tZ) = ﬁ J.A(t)dt (CS)
27"y
2 030AAAU 00A0AG 510 AOU TDOTOEAQ AOAETAAEIEOUN Aqgh EO OEA TE TEO TEOEA WAAT AOAEIAAEIEOU £10 A CEOAT TEOOETT
=< EAT OEA OE WA DAOETA CTAO 0T ETNETEOU A0 CEOAT AU &TOTOIA j#u(q jOAA AIOT )3/742 pcTywicrpol
3.1.17):

.1

Agg = Jim = A(t)de (C.6)

AEAOA AATETEOETTO OET > AIAAQID OEA AERFAOATAA AA)<AAT 0EA OACETOO0 0AOAEIAAEIEOEAGID ODAAETEAATIUY

AQ  F10 OEA DTETO><EOA AGAEIAAEIEOUN <A AOA ETOAOAGOAA TTIU ET OEA FARQ 0EAQ OEA EOA T <TOEO x<All <EAT £0 £0
required (no matter if it has failed at some previous moment, provided it has been repaired since
ATA EAO TT0 FAEIAA ACAETQ)

AQ K10 OEA TAAT AOAEIAAEIEOU <A AOA ETOAOAGOAA ET OEA OA T A1 AGD AGAOACAA TOAO A GEOAT DAOETA TF Ot T A
This corresponds to the ratio of the effective working time over the whole duration under interest.

- YOA OEAQ ET 1001 ACO T0 Alli T¢ 0EA AAOAGI AZ0AQ A AAQOACT CE Al OEA BTETOE0A AOALIAAEIEOU OARAEAO AT

AOU TDOTOEA OAIOA AATIAA 000AAAU 00A0A0 AOAETAAEIEOUN < EEAE EO ANOAI 0T OEA AATOA 000AAAU 00A0A AOAEIAAEIEOU G

%81-0,%  &10 A ¢ TDIA OADAEOARIA EOAT x<E0E TTIU 0T OAIEAREIZND DAOA TAGAO rEAEIO0A OAOA J31 OAA #100 ATA

repair rate (£Qvh 0EA DTETO=<EOA AOAEIAAEIEOU EO ANOAT 0T &10 TOIA j#x (g

A(::)=1—l+ u{l—exp[—(;tJru)t}} (C.7)
When ¢ CTAO 0T ETNETEOUN <A TAOAET OEA AOU TROTOEA OAIOAT AO GEOAT AU &10 TOIA j#y(i < EEAE 0 AIGT OEA
00AAAD 00A0A AOAETAAETEOU
_ M

A+u

(C.8)

as
AEEQ AOAEIAAEIEQU E0 OEA 00AAETEAATS TO OETOOETOEAG 10 OETEAOATO0 AOAEIAAEIEOU Te OEA EOAT jOAA ATOT #ctatcQ
C.2.3 Measures and estimates of mean availability data records

C.2.3.1 Mathematics of measures and estimates of mean availability data records

AEA ETOAOAO) TE OEA AOAEIACIESU ITAADG EOEFT OEA ABDIEMAGETT AOMO T 0820 YTOAOTAGEITAI S0ATAAOA £0
0EA QAIAOETTOEED AGEOOETC AAO><AAT AAOA ATIIAAOAA £T OEA NEAIA ATA OEA TAOEA TAQEAAT TAATETC T 0EA TAAT
AOAEIAAEIEOU TOAO A CEOAT DAOETAS

7 EXTSIATIETC O ATTIAD TAAGO00 ATA AOOE TAGAO I TAAT AOAAREIOU JOEA 0A0 T OROALIAALISLS 0 AMTETAA
ET #1A00A of OAA ATOT xgpsQh 0=<T 0UDAO Tk TAAT AGALIAALIEOU ATA OEA 0O T Tk 0EA 0T OETOIA AA ATTOFAAOAAS
AQ  /7DAOAOETTAT AOAEIAAEIEOUR A0 EO CEOAT AU &T0 TOIA j#Hw(g
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Ag=MUT / (MUT + MDT) (C9)

where
MUT  E0OEA TAAT Ob OF T AR AOOE T AOAA AU OCETC OEA AAOOAT OP 0f TA TAOAOOAA ET 0EA NEAIAN
MDT  EOOEA TAAT AT=T OF T Al AOOE T AOAA AU OOFTC 0EA AAOOAT OB ATA AT T 0 TAO TAGAOOAA ET 0EA NEAIAS
AQ )TOOETOFA AOAEIAAEIEOUN A1 EO CEOAT AU &T0 T OIA j#tpnqy
A;=MTTF / (MTTF + MTTRes) (C.10)

where
MTTRes  EOOEA WAAT OF WA OT 0AGGTOAOETTH AOOE TAOAA AU OOETC 0EA AAOEOA TAETOATATAA OF TAO TAOAOOAA
ET OEA NEAIAGN 0AA 4AAIA T ATA &ECO0A T
MTTF EO OEA WAAT Ot WA 0T FAEIO0AN AGOE T AOAA AU OOETC 0EA AAOOAI OP 08 TAO TAOAOOAA ET OEA NEAIAY
c) Mean elapsed time between failures, METBE, £0 CEOAT AU &10 TOIA j#tppQ
METBF = MTTF + MTTRes (Cay

x<EAOA —448 ATA —442R0 AOA A0 AANETAA AATOAS
C.2.3.2 Uses of measures and estimates of mean availability data records

4y and A, AOA Ti0 ARGEOAIATON AGRAD) = EAT —$4 0 ANOAI 6T —442A0 *ATAOAIIU A, is of interest to
OAIEAAFIEOU ATCETAAOOH < EEIA A, is of interest to maintenance people.

is in the up state.

"'A A< AOA OEAQ OETOCE —$4h <EfAE E0 TAAA Ti 0AOAOAT AATAUO FAAOAAGETTH EOTTAOETTH OPAOA DA0OO O0ATAZAUN
OADAEO AQOAOETTH OAZETO0AOA TATON AOAKH ATA —540 <EEAE £0 TTO TAIIU AITOA 0T 0EA —44&) 0EA TPAOAGETTAI
AOAEIAAEIEOU AADATAO TT OEA ATTAETAA AOPAROO Tk OEA OAIFAAEIEOU DAOETO TATAAN OEA TAETOATATAA
DAOETO T ATAAT OEA WAETOAETAAEIEOU DAOETO TATAA ATA 0EA TAETOATATAA 00PDT00 PAOETO TATAA: 4EAOALTOAN
0EEO EO T10 AT ET00ETOEA POTDAOOU Tk OEA EOAT £00AIE AGD A DOTPAOOU Tk 0EA EOA T ><EOEET OEA ATTO0AGO0 JOEA
xETIA ETO0ATIAGETTI DOTAAACOAGH TAETOATATAA DTIEAU AOAK) < EAOA £0 £0 OOAAS

SADATAETC 1T 0EA ET0A0A00 T¢ OEA OOAM TTIU A DAOO TF OEA AT>T 0E TA TAU AR ATTOEAAOAAS %@00A ARIAUO AOA
0T OANOEOAA AGOAOTAT OAOTOOAAD TOEAQ OEAT TAETOATATAA 0AOTOOAAD TAU AA AGRIOAAA EOT T 0EA AGOE TAGETT
in order to perform a more intrinsic estimation, such as given in Formula (C.12):

A7 =MTTF / (MTTF + MTTRes) (C.12)

which is an estimate of the theoretical formula given in Formula (C.13):

H
A = C.13
"= g (C.13)

)T 0EA OA TA =AU OEA 0F T A ODATO £10 DOAOATOEOA TAETOATATAA AAT AA ETAIOAAA 1O TIOET OEA AOAIOAGETTO8
4EA ATOA OFTCIA £10 TOIA £10 AOAIOAGETG 0EA 01 OIEAAAU DAOA TADADD) 3 and g0 TH0 GOREREATIY )o 0
TAAAGOAQU 0T AOAIOAOA 3 and t 0ADAOAOAIU AAOAA TT 0EA TAOAOOAA —44& 10 —540 FI0 0EA FAEIO0A 0AOAT ATA
the observed MTTRes (or MRT, a part of the MDT) for the repair rate.
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As the amount of data collected increases, the estimations become closer and closer to the true
T AOEA T AOEAAT OAIOAGs 4EA OTAAQOAETOEAC AAT AA TATACAA OEOTOCE AIAGOEAAT O0AOEO0EAAT ATAIUOAGS

)0 £0 NOEOA ATT TUT 07 AANETA OEA TDAOAGETTAT AGAEIAARIEOU AAOAA TT OEA AT><T OF T A OAIAOAA 0T OFA 0O T 1%
ATOE ATOOAAOEOA ATA POAOATOEOA WAETOATATAAS 4EA 0RO T O0AAETEAAT AOAETAAEIEOUA EO ATOT OT TAOE T A0 O0AA A0
AT ATOAOTAOEOA 0T OFTOOETOEA AOAFIAAFIEOUSG )T OEA TA00A0 AAOAN AT><T OF T A OAIAOAA 0T ATOOAAOEOA TAETOATATAA
TTIU OEAIT AA ETAIOAAA ET 0EA AAIAQIAOETTO8 4EA TDAOAGETTAI AOAEIAAEIEOU DAO UAADY Avig, and the technical

8760 (¢ +1tp)

AO’y 5760 (C14)
8760 —t. :
Ty = “e760 (C.15)
where
tc EO OEA O WA £T0 ATOOAAOEOA TAETOATATAA)
tp is the time for preventive maintenance.

C.3 Failure rate and failure frequency estimations

C.3.1 General

C.3.1.1 Mathematics for failure rate and failure frequency estimation

AEA 0RAFIOOA 0AOAG £O A ATAOOEAAT OAIEAAEIEOU DAOA TAOAC AATTOAA AU OEA =O0AAE 1A00AG 3 §IA TAAAG 4EA
FAFIOOA 0AOA O OT WAOE TAO IETEAA OT 0EA OAIEAARIEOU DAOA TAOAO OFAFIOOA FOANOATAUG §10 0AOAOACA FAEIO0A
FOANOATAUGG AATTOAA AU OEA 1A00A0 w ATA AIOT AATIAA OEA JAOAOACAQ OTATTAFOETTAI FAEIOOA ETOATOE0Us 3AA
AANETEOETTO TE OEA 0T 0A0 MO £T #1A00A o

AEA AOAOA(}A FAEIO0A FOANOATAU EO AT AOAOACA FOANOATAU w, of failure (i.e. a number of failures per unit of
OF WAQs )0 £0 AAOU 0T AATAGIAOA AT AGOE TAOTGh w h TF OEEO ROANOATAU FOT T EEOOTOFAAT 2 — AAOA AU AEOEAETC OEA
number of observed failures, ni Tk 0EA ATTOFAAOAA EOAT AU £00 AQ TOIAGEOA <TOEETC 0t TA TDAOAGEITAI
OF T AQ AOOETC 0EA OA TA DAOETA T£ OF T AY A CEOAT AU &T0 TOIA j#poQ]

w=n/ STTF, (C.16)
where
n £0 OEA TO TAAOC Tk TAOAOOAA FAEIO0AM
TTEF; is the ith time to fail (i.e. i0E AOOACETT Tk FOTAOETTETC TAOAOOAA FOT T OEA NEAIAG

NOTE1 wisa function of time ¢t ATA £0 AOU TDOTOEAATIU ADDOTAAEAD pT —448&8

In Formula (C.16), TTF; means the i0E 00t KA T £AEI6 §iiAt OEA ith duration of functioning) observed from
OEA NEATAG 3Th OEEO £0 AROOATIU OEA AQOE TAOTO TE pT —44& £10 A OADALOAAIA EOA T JAT TOTTATOTOUO0A 1Gp 4E£0 w

EO OOOATIU A FOTAGETT T OF WA ¢ AOO AOU TDOTOEAATIU E0 ADPOTAAEAD pT44&;.
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)T DOAAQEAAT OEA 0A0 T B44&; ET &T0 TOIA j#tipeQ E0 TEOAT 0ADIAAAA AU OEA (T0AT TDAOAGETTAI O TA Tk OEA OTE0O
ETOAOOECAOAAN OAA OEA AA TDIA AATT >

-/4%c_ &I0TOIA j#ipeq E0 000A TTIU ££ AT A@DTTATOEAT FAEIOOA AEOOOEAQOETT JATTOOATO EAUAOA 0AOA £10 OEA OUCOA T
E0 A0OO TAAY )T AAOA A AT TPTTATO ATAO TT0 EAOA ATTOOATO EAUAOA 0AOAN 0EA AOU THGTOEA OAOA £T0 OEA OUOOA T £0 T10
reached until after several changes of the component (renewal process). Such an interpretation means that the
number of failures over a (long) time period (0, ¢] 0TT 0EA AOROACAG 0 ANOAT 0T w p ¢ /0 TTOA CATAOAIIU] £ A
TO TAAO TEEOANO x<E0F OEA OAT E ATTOOATO AOGAOACA 0£AEIO0A FOANOATAUG w, are observed over a total operational

%81—-0,% 1T AGAOACA FAEIO0A £OANOATAU T o p pri-4 failures per hour means that on the average 30 failures
will occur during an operational period of 100 000 h. It is emphasized that we are talking here about repairable

OTE00h EeRs OTEOO 0EAQ AOA OADAEOAA £ T WAAEAOAIU AROAQ EAEIOOAS

In the above example, we state that in the long run the mean elapsed time between two failures of a unit
equals 1/w E o ooo Ei <EFAE £0 AIOT ANOAT 0T 0EA 00 T TF —44& ATA —442A0 JOAIEA TTIU £10 OAPAEOAAIA
items, and provided the item is as good as new after repair).

E€ OAIEA TTIU £T0 OADAFOAAIA EOA W0 )0 £0 E TDTOOATO T10 0T ATTEO0A 0EE0 44&; of 3 333 h with expected time
0T FAEIOOAS 3ETAA OEA AOROACA FAEIOOA FOANOATAU £0 AGOO TAA ATTO0ATON OEA DOTAAAEIEOU TE A FAEIOOA EO OEA
same from 0 h to 100 h, from 3 300 h to 3 400 h and from 9 900 h to 10 000 h.

AEA 0RO T OFAEIO0A 0A0AD §10 BAOAIU FAEIO0A 0AOAT OAA ASCt )3/742 pctywicmpad 0 OT TAOE TAO jAict ET 0Ag0
ATTE(Q O0AA OUTTTU TTO0IU <E0E OEA 0A0 T OEAUAOA 0AOAKG 110Th OEEO OAOA EO CATAOATIU A ROTAOETT Tk 0E Ad
t, (since the start of operation of the unit). Then, 3 (£)dt £0 0EA DOTAAAEIFOU 0EAQ OEA EOA T FAEI0 AAO<AAT
t and t + def DOTOFAAA E0 EAO AAAT <TOEETC All TOAQ ¥ O 4EEQ £FOTAGENTA 2 (¢Q) OEAT AANETAO OEA TEFAOE TA
AEO00EAOQETT & OEA OTEOO jEsAs OEA OOAQEOQEAAT AEOOOEAGOETT Tk OEA OF WA 0T nE000 £AEIO0As 4EE0 AFO00EACOETT AAT
AIOT AA A@DOAGOAA £T 0A0 10 TF OEA POTAAALIEOU F(t), that the item will fail before it has been operating a
time, t, as given in Formula (C.17):

F(t)=1-R(t) (€.17)
where R(t( £0 0EA DOTAAAEIEOU 0EA) OEA EOAT =il 0O00EOA A O T A DAOETAN ¢.
- AOROOEAIAGG! £0 AAT AR AATTTO00A0AA TAOEA TAOEAATIU 0EAQ <EAT OEA EAUAOA 0AOAN 3(2), is constant over
time, ¢ 0EAT OEA AOROACA £AEI00A F0ANOATAU jw) and failure rate (1), both have the same estimator as
CEOAT ET &10 TO1A0 j#ippq ATA j#ipx (8 )T 0EA) AAOAN <A AAT OOA OEA 0A0 T OFAEI00A 0AOAG <EOETO0 AAGOETC 0T
much confusion (but we still have two different interpretations).

The assumption that the failure rate (hazard rate) is constant (= 1) over the whole life of the concerned
EOAT TAATOOEA)OEA DOTAAAEIEOU T OEA EOA T 0T 0000EOA A DAOETA! th E0 CEOAT AU &T0 TOIAD jtippq ATA j#tpwdd
R(®) =exp(-lpt) (C.18)
Ft)=1-exp(dp?) (C.19)

In this case, 3=1/MTTF.

C.3.1.2 Uses of failure rate and failure frequency estimation

In the general situation, the hazard rate, }(¢0) T& 0EA £0A 110 IE6AGE WA £0 TEOAT AOOO TAA 0T OANIAAO 0EOAA
DAOETAQ] AAQIU FAEIO0ACH O0ALOI TEEA ATA =< AAOZTO0 FAEIO0AD JOAA &ECOOA #4p0s SOOETC OEA AAOIU FAEIOOA DACETAN
the 3(tQE0 T10 TAIIU AAROAAGETCH AGOETC OEA OOAROT IEFAEO EO WTOA T0 1A00 ATTOOATO ATA AOOETC 0EA x<AAQZTO0
period it is increasing, i.e. the curve, 1(t), has the so-called bathtub form (see Figure C.1).
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>

Failure-rate function

Time

Early-life failures Useful-life phase Wear-out phase

<
-

A
 J

Figure C.1 — Bathtub curve for hazard rate (“failure rate”) of a unit

)E AAOIU FAEIGOAG AOA 00AAOAA OADAOAGATU ATA OTE0O AOA 0AEAT TOO Tk OAOOEAA AAETOA 0EAU AOOEOA AD ><AAQZIO0N
the assumption of constant hazard rate can be reasonable. This estimator gives no information on the
form of the hazard-rate curve. Assuming that the hazard rate is constant, this is also an estimator for
the constant hazard rate. If a constant hazard rate is assumed where wear-out failures are present in the

EO OTOANIU WEOIAAAETCH - AGAOOEAIAOON A TTOA OTPEEOOFAAOAA 00AOEOOEAAT ATAIUCEO AAT AA DAOETO TAA 0T
determine If the hazard rate is decreasing, constant or increasing and to evaluate the parameters with
ATTOEAQ OAIEAAEIEOU TTAAI OOAE A0 7AEAQIT £T0 AT TDTTATO0 T0 0EA OT=<A0 1A> £10 0ADAEOAA OUOOA T 06

)T 0EA0 AAOAN £0 £O TAAROOAOU 0T OAEA ETOT ATTOFAROACETT OEA OAOETO0 AOOAGETTO Tk OEA 48808

The standard methods for estimation of a constant failure rate based on the observed number of
failures over a given time of operation are described in C.3.2 and C.3.3.

C.3.2 Estimation of failure rate

C.3.2.1 Maximum likelihood estimator of a constant failure rate

The maximum likelihood estimator, , of 3 £0 CEOAT AU &T0 T OIA j#icnqq

2=n (C.20)
T
where
n E0 OEA TO TAAQ Tk £AEIO0A0 TAOAOOAAN
Z is the aggregated time in service, measured either as surveillance time or operating time.

- T0A 0EAO OEEO ADDOTAAE £O OAIEA TTIU ET OEA £TIIT=ETC 0E00AOETTO]

2 AEATOTARD Tt AFIO0RO £10 A ODAREIEAA TO TARD Tk A TO x£0E OEA OA TA ATTOOATO EAGI00A 040K 3, are
available for a given aggregated time, z) £T 0AOOEAA

— Atleast one failure is observed (n 1 pq TOAO 0t T Ai z,
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YT ORIAGOEAAIG GOAORO0ERAT GEATOU OEA GTAAOOAETOU Te OA AO% TAOR TAU AA BOAOATOAR A0 A urt > ATTIEAATAA
interval with a lower limit, Lyower, and an upper limit, Lypper A0 CEOAT AU &T0 TOIAD j#icpq ATA jtticeah

0AODAAOEOAIU
1
Lower — 220’95;‘/ (C.21)
1
LUpper = ;Z 0,05;v (C.22)
where

Z T v is the upper 95th percentile of the ?2-distribution (chi-square) with & AACOAAD T¢ FOAAAT T

z Tihmul v is the lower 5th percentile of the ?2-distribution (chi-square) with ¢ degrees of freedom.
NOTE1 The chi-square distribution can be found in most textbooks on statistics or in e.g. SINTEF (2009).
/4%c¢  /0EAQ ATTNEAATAA It TE00 AAT AIOT AA OOAA AADATAETC TT ADDIFAAOETTS

EXAMPLE Assume that n = 6 failures have been observed during an aggregated time in service
Z = 10 000 hours. The failure rate estimate, , expressed as failures per hour as given in Formula (C.20), is
calculated as

2="_6.10"*
T

AEA wu b ATTNEAATAA ET0R00ATN £0T T &10 TOIAO j#tcpq ATA j#tcci £0 AAIAGIAOAA A

1, 0,95;2N, 1, 0,05;2(N+1) Y (R 0,95;12, !
21 20 000 20 000

- z 0,05;14} = (2,6-10*4, 11,8-10*4)
T

A
A
\J

>

1 2 3 4 5 6 7 8 9 10 11 12
Failure rate (failures per 104 hours)

Figilre C.2 — Estimate and 95 % confidence interval for the example calculation of the failure rate

C.3.2.2 Estimators and confidence intervals for a heterogeneous sample

Most of the time, a sample is constituted of items which come from different installations with different
operational and environmental. We are here dealing with heterogeneous data, corresponding to
different kind of equipment.

Such data are clustered into k classes, which are assumed to be homogeneous. So, a heterogeneous
sample is the combination of several more or less homogeneous samples.

some index i withi=1, -, kin the following. For the ith class, the following data is assumed available:
— the class size mj, which stands for the number of equipment in the ith class,
— the total number n;j of failures for all the equipment of the ith class,

2 OEA AO TOIAOAA TDAOAOETTAI OF T A z; for all the equipment of the ith class.
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In order the failure rate estimate ii to take into account the data of all classes (nj, ti(p S) S E JATATI0
110§, Q0 A “AUACEAT ABBOTARE £0 TAGG BOTETOA: 4EA OAOSACEIT T GEA FAEIOOA 0AOA ARD>AKT AA00AO
TAUAA TTAATIAA AU AOOO TETC OEAQ OEA FAEIO0A 0AOA E0 A OATAT T OAOEAAIA =< E0E 0T WA AEO0OEAQOETT GEOAT AU
ADOTAAAEIEOU AATOR0U ROTAOETT AJIGH

The mean failure rate is then:
0 = jx 7 (2)da (€.23)
And the variance is:

2

2= (/1—9)2 .7 (A)dA (C.24)

o —3

The following procedure is used to calculate the heterogeneous estimator 4:

a) Calculate m,S1,52, V, V*,tand V as follows:

_ Z i
m= = (C.25)
Zi:lT’
k
Sy =" (C.26)
i=1
k
2
S, =372, (C.27)
i=1
— 2
V= i—("" ) (C.28)
T. ' .
i=1 I
% =(V—(k—1)m)2—, (C.29)
Sl N SZ
1 “n
==3 -1, C.30
p= Z - (C.30)
i=1 1
k 2
~ 1 n,
V=—— L - , C.31
P Z[T u} (C.31)
=1\ 1
- b) Derive to compute E¢ and V¢:
Vi = max {V*,V} (C.32)
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k
- 1
E, = M .
B Yy 639
Z i=1 — V
i=1 ﬂ_’_ I} TI
Ti
c¢) Estimates for (4, a) are next derived through:
B =-t, (C.34)
Ve
a = pE, (C.35)
d) So, the global estimate for ii can be expressed as follows:
~a+n;
A =—= (C.36)
B+

Taking ¢ € { 2}hAI APPOTEE T AOA AOAAEARIEOU ETOAOOAT =<EOE TAOAT pz FT0 1 is

r 3 r 3
2 o l1-
q&+ni,ﬁ+ri [2]’(1&+ni,ﬁ+ri ( ZH

/0 ANGEOAIATOIU

q£+n1.,1/2 [2] ' q£+n,-71/2 (1 - %J
2([§+7:I.) 7 2(ﬁ+7i)

C.3.3 Estimation of failure rate with zero failures — Bayesian approach

C.3.3.1 General
/4% 4EA "AUAGEAT ADDOTAAE £ TT0 Al<AUO AAAADOAA AU OAFAOU AGOETOEOFAO §A4CH ET OEA TOAIAAQ NEATAQH
4EA A‘IAOOEAA‘I ADDO'I'AAE AAOZ\OEZ\AA AA’I’OA EAO AE’AEHE/?\O‘IOEAO xEAT OEA 'I'AOAOOAA TO I'AAO J: /EAE]OOAO EO UAOTS

=it (C.37)
2t
which, in the case with zero failures, reduces to Formula (C.38):
i=L (C.38)

2t

C.3.3.2 Constant confidence-level estimator
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The failure rate is estimated from Formula (C.39):

n+ 0,7
t

A= (C.39)

C.3.3.3 Advantages

The advantages of this estimator are the following:

2 E0 <TOEQ ET 0EA UAOT FAEIOOA AAOA

9 FOEO ET W TCATATOO £OT T A ATTNEAATAA TAOAT DTETO T OFAx()

— the estimator of the median value converge toward the maximum likelihood estimate when n
ETAOAAOAM

2 EOEO AAOU 0T OOAs

In addition caution should however be given to the use of the above mentioned estimators with respect

0T <EAOEAQ OEAU AOA OOAA £T0 ETAFOEAOAI FAEIO0A T TAAO T0 0TOAT £AEIO0A 0AOAT ETAIOAETC All FAEIO0A TTAAO

C.3.4 Failure as function of cycles rather than time

For some equipment, failure modes or in certain conditions, it is a more realistic model to regard the
DOTAAAEIEOU TE FAEIOOA AQ A EOTAOETT TE OEA TO TAAO T¢ TDAOAOETTO T0 AUAIACH OAOEAQ OEAT (F T A8 4EE0 TTAAI
OETOIA AA ATTOFAROAA =< EAT £0 £0 DOAOO TAA 0EA0 OEA TO TAAO TF TRAOACEITO £0 A TTOA IEEAIU ATTO0EAQOTO
0T FAEIO0A OEAT OEA AAGOAIT OF TAs &T0 ETOOATAAN A ATTTAAGTO £0 DOAOO TAAIU TOAE TTOA BOTTA 0T FAEIOOA!
B £0 £0 ATTTAAOAA ATA AEOATTTAAOAA OAOU FOANOATOIU OAOEAD OEAT ATTTAAOAA TTAA ATA 00AUETC OEAQ <AU
F10 TATU UAAOGS #1TTOANOATOIUH OEA OE TA £0 T10 OEA WAEWO FAAGTON AOO OAOEAO OEA TO TAAO Tr TRAOAGET T
)T OEE0 AAOAT ATl TF OEA POETAEDIAG ATA £10 TOIAO ET 0EA POAGETO0 0OAZAIAGOAG 00ETT ADPIU AgAADO OEAD OEA ¢’
AATTOETC OEA OF WA £0 OAPIAAAA AU AsCs A dch ARTTOETC 0EA TO TAAD & AUATAGS 2ACAOAETC OEA OOA T AUAIAD 10
ORIEAAEIEDD DOOBTOAG OAA AIGT Yok# @pupTZaicriopd

. TOA OEAQ £x OEA TO TAAO TF AUAIAO E0 APPOTQE TAOAIU ATTOOATO £T 0F WAl 0EE0 ATOAOTAOEOA TTAAI AAT AA
APPOTEE T AOCAA AU A DOTAAAEIEOU T FAEIO0A AO A FOTACETT Tk OEA O TA) AOD 0EEO £O 0AOAIU OEA AAOA <EAT
FAEIO0A OAOAC 510 AOAOACA £AEIOOA FOANOATAUQ AOA AAOAA TT AAOA ATIIAAGAA AAOTOO AEEEAOATO ETOOATIAGETTON
CATCOADEEAAI TTAAGETTO AOAs < EOE AEFFAOATO TDAOAGETC ATTAEOETTOS - 1OA AIOT 0EAD AT ANOED TATO AlAGO TAU
be split in terms of failure rate model for different failure mechanisms or causes, as the time-based
TTAAI TAU AA TT0A OAIAOATO £10 OT WA §Ascs ATOOTOETTQ ATA OEA AUAIAZAAOAA TTAAI TAU AA TT0A OAIAOATO
for others (e.g. wear).

7 EAT DAOETO TETC ATAIUOAO TT A EECEAC OA@TTT W EA $EFAOAOAEEAAIQ TAOAIN ET><AOAG TTA TAAAQ 0T AA AAOALOI
xEOE 0EA OOA TE 0EA AUAIAZAAOAA T TAAIS 4EA ETOOATIAGETTA DIATO T0 0UOOA T DAOLTO T ATAA 0 AAOO AgPOAGOAA
AU A Of TAZAAOAA TTAAIN OETAAE) EO TT0 TAATETCEOI 0T 0AIE AATO0 TO T AAQ T8 AUAIAG TF AT ATOROA ETO0ATIAGET TS
)T 0EE0 AAOAT OEA AUAIAZAAOAA T TAAIO OOAA £10 OT WA ANOED TATO 10 #AEI00A TTAAC TAAAQ 0T AA ATTOAC0AA 0T
A 0F TAZAAOAA TTAAIS 4E£0 O ATTA AU OEA O£ TDIAETOTOIA

MTTF = MCTF/ & (C.40)

where & £0 0EA AgDAROAA TO TAAO Tk AUAIAC DAO 0F TA OTEO: )0 £Oh ET><AOAG £ TDTOOATO 0T O0A 0EA TTAAITT
the right hand side of the formula, since it will respond to possible changes in the expected number of
AUAIAGS 3AA AIOT AATETEOENT T¢ TAAT TO TAAO T5 AUAIAO ET atuys

3ETAA (AUATAGG £0 OEA 00 ATE TTT 0AO T ET OEE0 OACAOAN £0 EAO AIOT AAAT OOAA EAOAS )0 AATH ET><A0AN AA
OAPIARRA AU OEA 0A0 Th (AA TATAG <EfAE (0 ACPIACTAA ET #ipiot 4EA ATIIAAOAA ETFTO TAGEIT TT AATATAC
can thus be used to calculate the MCTF, which can be interpreted as mean start-ups to failure, mean
AAGEOAGETTO 0T FAEIOOAN AOAH AADATAETC TT 0EA ANOED TATO: 4EA —AAT #UAIAC 4T FAEIOOA §—#48&Q 0 AATETAA
in 3.57.
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A relevant example can be found in ISO/TR 12489:2013, 3.2.13 (Example 2).

)0 OETOIA AA TTOAA 0EA0 OT WA FAEIGOA TTAAO AOA OAIAOAA 0T AATATAON IEEA Ascs 0&AEIOOA 0T 00AOGTOOTDT
open/close/connect/disconnect on demand”. Equipment classes where such failures modes are relevant
TAU AA ATTOEAAOAA AQ OOAEAAGD 0T ATAIUOAG < EOE AUAIA TO AATATA AAGAA TTAAION 0AOEAQ OEAT 0F TA AAGAA
models. However, the occurrence of the failure mode alone is not enough to determine which model is
AAGOAG 1 OAIOA FAEIO0A TAU EAOA AAAT OAATOAAA x<EOE OEA FAEIOOA TTAA 08AFIO0A 0T TOAT TT AATATAG )T
0EE0 AAOAN TTA DTOOEAEIEOU £ OEA EO FAEIAA OT TOAT AOA 0T AA TATAR ARAAGOA TRATETC 0EA OAIOA FOANGATOIU
ET 0EA DAQOD EAQ ETAOAAA COAAOAI »<AAO OTOEI £0 FAEIOs 1 TIOEAO DTOOEAEIEOU EO OEAQ E0 EAO TT0 AAAT TPATAA
FOANOATOIU ET OEA PAOO ATA ATOOTAAA TOAO 0E WA ET ATTOAA DTORETTS SDTT TPATETCH A ECAAAT FAEIOOA £0
detected.

AEROA 0T OAATAOETO AOA OAOU AERFAOATON AQD xEll OUDEAAIIU AA AATTOAA x<EOE OEA OATA GAFIGOA TTAA
and the same Detection method (on demand). The difference between failure on demand and due to

AATATA ET OE£0 AAOA £0 TTIU OAAT AU OEA ActtAOATO £AEIO0A TAAEATEO N 0n <EEAE AOA =<AAO ATA ATOOTOETT)
OAODAAOEOAILS SADATAETC TT =<EFAE E0 OEA AT TETATO FAEIO0A WAAEATEO T OEA OAIOA OAIEAAEIEOU £O AGDOACOAA
ET 0A0 WO Tk AROEAO 0F TA 10 TO WAAQ e AUAIAO £T 0EE0 AAOAS

)T CATAOAIN SOEITETCH 7AIl ATTDIACETT ATA 7All ETOAOOATOEIT ANOED TATO AOA AU TAOGOA TTOA AATATA
AADATAATO OEAT 0t 1A AADATAAT(8 /0EAO ANOED T ATO AIAGOAO ET 0EAQ AAGACTOU WAU ETAIOAA #0ATAGH , TAAETC
A0 T 0 7ETAEAC —E@A00 ATA DTOOEAIU BAIOA0 A0 TATOETTAA AATOAS

C.4 Maintainability

C.4.1 General

3AOA0AI TTO TAIEUAA AATETEOETTO W OEA ATTAADO Te 0 TAETOAETAACIEOUD AE00 ET THO TAIUAOTT ATAO TATHO

JOAA AIOT ott Q) OPAAENEAATIU

2 AAEIEOUh OTAAO CEOAT ATTAROETTON TE AT EOAT 0T AR TAFTOAFTAA ET T0 0AOOTOAA 0Th TOAO A GEOAT DACETA
of tilgq‘e;&a..s‘gg_t'g.yy'}_lgglev it is a.blﬁ to p,g.rf(lrm,\ilts function when the maintenance is achieved under
DOAOAOEAAA ATTALETTON DOTAAADOAO ATA TAAT o
TAFTOATATAA£0 AAEEAOAA AU DAOOTTTAI <E0E A ODAAENEAA TAOAT Tr OEETT ATA OOETC DOAOAOEAAA BOTAAAGOAD
and resources at all the prescribed levels of maintenance and repair.

C.4.2 Mathematical meaning

C.4.2.1 Maintainability concepts

AEAOA £0 A DOTAAAEIEOOEA OROOETT Tk 0 WAETOAETAAEIEOUGH OF WEIAO 0T 0EAQ £10 0EA ATTAADOO Tk OATEAAEIEOU ATA
AOAEIAAETEOU AO FTTIT =04

BOTAMEIE0U OEAD AT (OAT RAT AA OAOOTONA OT A ATTALOEVT x<©ECT A DOAGAOARA DAOEYA e 06 TA <EAT
T ACTOATATAA £0 DAOKTO TAA AU DAOOTTTAI EAGETC OPAAENEA OEEIT TAOAIO OOETC DOAOAOEAAA BOTAAAGOAG ATA
resources.

i.e. mean time to restoration (MTTRes) and mean overall repairing time (MRT).

C.4.2.2 Maintainability performance

AEL0 E0 A DOTAAAEIEOU TAOETA 0T TAAOOOA TAETOAETAAEIEOU DAOETO TATAAN ET AAARGETT OT TATU TOEAO

indicators.
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AEA TAETOAETAARIEOUh M (¢qh AAT AA AgBOACOAA AU &10 TOIA jttpQ
M(t)=P(RT <t) (C.41)

where

RT EO OEA AROEOA OF WA O OADAEO EOA T 30 £sA¢ OEA OF A £OT T £AEIO0A AAGAAGETT 0T OAOOTOAGETT
Pj24 St E0 OEA DOTAAAEIEOU OEAQ 24 £0 TAO0 OEAT O£ TA ¢.

Therefore, M(1 & 0EA A0 TOIAGOR ARGOOSACHETT EOTAOEIT j#8ad i GEA 240 TE AT 31 U ANTRAIT T OEA
CDFs, M(tQEO A T1 LZA/-\AOAAOEI(; FOTAGETT OAQUENIC £O1 R m 01 p AO ‘t_QAOEA,g O R m Ol EINENEOUS 4EAD 1AATO
ATU OADAEOAAIA EOA T £Q TEEAIU 0T AA OADAEOAA jOAOOTOAAQ BF <A =< AE0 ITTC ATTOCES

10 A POTDAOOU T OEA #S58i £ £0 DTOGEAIA G AZROAO M(eq AU OCETG OEA OEAUAOA OAGAG Tk OEA AEGOOFACOEITS
> EEAER ET 0E£0 AAOAN E0 OEA OTZAATIAA 00ADAEC 0AOAG ¢ (t).

7 EAT 00 0AOA 0 ATTOOATON <A TAOAET OEA AIAOOEAAT £TOTOIA £10 0EA TAETOACTAALIEOUN M(¢), given in
Formula (C.42):

M(t)=1-exp(-u-t) (C.42)
where t is the so-called repair rate, which is equivalent to the hazard rate and which is designated
MTTRes.

- TOA OEAG AADATAETC TT x<EA) <A AMOATIU < ATO 0T AOAIOAOAT OEA <ETIA AT><T 0t T A A DAOO T£E0 10 TTIU OEA
active maintenance time can be used as RT in Formula (C.41).

C.4.2.3 Repair rate

The repair rate, 1 &) A OAEAAEE0 DAOATAGAD 0EAD AITTx0 GEA AOAIOAGETT T OEA BOTAARAIEDU 0EA 0EA
E_Oé 1 t0 Q/E\DAEOAA <EOEET A AAOOAEI ARIAU AROAO EAOETC FAEIAA JOEEC £O OEA DOTAAAEIEOOEA OAOOETT Tk OEA
0 TAETOAETAAEIE0UG T OEA EOA TGP

AEE0 DAOA TAOAO DIAUO A OTIA £T0 OEA 42 J0E WA 0T 0ADAEOQ ATATTGTOO0 0T 0EAD T8 OEA EAEIOOA 0AOA £10 OEA 44&
(time to failure).

[ = Z’; ; _ ﬁ (C.43)
where
n E0 OEA TO TAAO Tk OADAEOON
RT; is the length of the ith repair
MRT is the mean overall repairing time.
Vi1 AAOA AAT AA ATTIAAOAA £OT T OEA NEAIAS
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AEE0 DAOA TAOAO AAT AA OOAA 0T AOAIOAGA OEA TAETOAETAAEIEOU Tk OEA E0AT OOETG AT AGDTTATORAI 1A AO
given in Formula (C.44):

M(t) =1- exp(—,u : t) (C.44)

More sophisticated probabilistic laws are often used for modelling repairs. In these cases, the repair
rate becomes a non-constant f(t) and the simple estimate in Formula (C.44) no longer applies. For
AgA TDIAEO E0 TAAAGOAQU 0T OAEA ETOT ATTOFAROAOETT OEA TATCOE £ OEA OAOETO0 24s in order to evaluate the
parameter of a log-normal law.

C.4.2.4 Measures and estimates

VT ETARAAOTO Tf OEA TAFTOAETAARIEOU DAOFIO TATAA 0 0EA —24 FTAAT TOAOAI OAPAEOETC Ot WAQ TE 0EA
concerned item. This MRT is the part of the mean down time (MDT) due to the repair itself. It can be
AOOE TAOAA 50T T 0EA 00 T T OEA TAOAOOAA 00E WAC 0T 0APAE0G §£0T 1 AAOA FAAAAAAEQ AFOEAAA AU OEA TO TAAO
of repairs, as given in Formula (C.45):

MR\Tzz

/4%  7EAT OEA ATAIUOEAAT £T0T Tk M(t) is known or has been chosen, a link can be made between the
DAOA TAOAOO Tr OEA AGDTTATOEAT 1A ATA OEA —240 AOOE T AOAA £0T T 0EA NEAIAS

RT,
i (C.45)
n

The estimation in the classical case, when Formula (C.44) holds and when {j 0EA OTZAATIAA 00APALO
0AOAIG EO ATTOOATONEO AAOUS 10 0EA AT TOTO T8 AAOA ATTIAAOAA ETAOAAOADN OEA AOOE TACETT AAAT TAQ AITOAO ATA
closer to the true mathematical values. The uncertainties can be managed through classical statistical
ATATUOAGS

&10 TT0A AT TDILAAOAA OADAE0 1A= 0 $A6Ct TTCZTTO WAIQH £0 £0 TAARGOAOU 0T OAEA ETOT ATTOEAAOAOETT OEA IATCOE
1% 0EA OAOETOO0 TAOAOOAA 4480 ATA 0T AT A 00AOEOOFAAT NEOOETCH

7 EAT DIATTETC 0T ATTIAA0 AAOA JOAA Ydpbch £0 £O TAAAOOAOU 0T ATTOEAAC OEA OAOETO0 WAOETAO Tk OAATOAETC
down times (see Table 4 in this International Standards, and also Figures 5 to 7 in ISO/TR 12489:2013)

and the appropriate parts of the down time to be included need to be chosen. Depending on what is
done, several parts of the down time can be included within the MRT.

C.4.3 Maintainability — Intrinsic and extrinsic factors

&10 AT TRAGEOTT BOOBTOACH £ £0 £ TDWO0ATO 0T FARTORU x<EAQ E0 ET0OETORA FTTIU OATAOAA OT 0EA €A Tq ATA

AGOOETORA JATTOAGOZARDATAATO ET OEA TAETOAETAAEIEOU Tk OETCIA E0A W06

2 )TO00ETOEA WAETOAETAARIEOU ATTOEAAOO TTIU OEA AOEIGZET AEAOAROAOEO0EA0 AAOECTAA 0T EAID OEA TAETOATATAA
of an item.

2 %@00ETOEA WAETOAETAAEIEOU ATTOEAAOO All OEAD EO ATTOAQGZAADATAATO] TTCEOOEAGh 00DDTO0N O0ACE
organisation, isolation, de-isolation.

(opi0FTOAo TACTOACTAAAEDY AEATCAO (0T T O4OA OT GRA xE6IA OFTGOFTORAG TAETOACTARIED ATAO Tit €0

OAIEAAEIEOU O0OAEAQH £0 £0 OAOU E TDTO0ATO 0T AA AAIA 0T ATAIUOA ATA TTAAI 0ADAOAGAIU 0EAGA 0T AANETEOEITO

17 0EA TAETOAETAARIEOU

&0 AT TRACEOTT POOBTOAD] €0 £0 OOFGI OF AA AAIA OF GARTOZRD OETOA SAA0T00 T TACTOACTAACED) 0640

OAIAGA TTIU 01 OEA EOAT E00AI AdCi IOAOEAAGETT TO AAOA T¢ ALOTATOIETCH = EEAE AAT AA AATIAA ETOOETOEA

TAETOAETAAEIEOUR ATA OETOA OATAOAA 0T £00 TTAAOETTH AsCs TTGEOOERGH 00D TO0N 0AOE TOCATEOAGETTH EOTTAGETTH AAZ

EOTAOETTh < EfAE AAT AA AATIAA A@OOETORA TAETOAETAARIEOU
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C.4.4 Procedure for compiling data records for maintainability

7EAT DIATTETG 0T ATIIAA0 TAAOOOAO ATA AOOE WAOAO TE FAEIO0A TWAETOAETAALIEOU jOAA yspscQi AETTOA
appropriate measures from C.5 for the information required.

C.5 “Mean time” interpretations

C.5.1 Principle

mean time between failures, mean time to failure, mean time to repair, mean up time, etc. Mean values
are a good approximation when limited data are available or when there is no clear trend in the data.
However, if there is a trend, as there often is, in maintenance data, e.g. increasin&hazard rate (wear-
T00q T0 ARAAGAACETC EAUAOA 0AOA §00OT EToq) TAAT OAIOAO AAT AA TEOIAAAETC ATA AAT 0AOOI0 ET ETATO0AAD
decisions.

C.5.2 Mean down time (MDT)

Mean down time is formulated as the mean time during which the item is in its down state. See
AATETEOETT TE AT=T 00A0A £T apus

4E£0 ETHIOAO ATl 0EA ANAUO ANOXART 0EA FAEI00A ATA 0EA OODTOAGETT T 0EA EOTAGEIT T 0EA ATTAAOTAA
FOA T AROAAOETTh OPAOA DA0OON TTCEOOEAGH O0ATAZAUN TAFTOATATAA DTIEAU AAGEOA TAFTOATATAA OET AN 0Az
instatement, etc.

This is not an intrinsic parameter, as it depends on the context within which the item is used.

GEAONETOR TTIU A GARIEA DAOD 5 0260 AT:xT 06 TARAT AA s ETOAORODOY AT ATAIUOS DAOSTO TETG A ONEAAEIN0
000AU jths —442A00 3AA AIOT &ECOOA T ET 0EE0 ) TOAOTAOETTAI 30ATAAOAN ATA AIGT &ECO0A v 0T X ET )3/742
12489:2013.

C.5.3 Mean elapsed time between failures (METBF)

3AA AAMETEOETT £T ators

C.5.3.1 Mathematics of METBF

The general expression for the mean elapsed time between failures, METBF, can be expressed as given
in Formula (C.46):

METBF = MUT + MDT (C.46)
where
MUT EO OEA TAAT OP OET A
MDT is the mean down time.

which, in simple cases, can be expressed as given in Formula (C.47):

METBF = MTTF + MTTRes (C.47)

where
MTTF £O OEA WAAT OE WA 0T £AEIO0A]
MTTRes is the mean time to restoration.
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Like the MDT, this is not an intrinsic parameter, but depends on the context within which the item is used.

C.5.3.2 Uses for METBF

METBFs are calculated and used for different purposes (for item and equipment, service, site, etc).
4EA 0E0ATO ATA OANOED TATO00 AOA Tk ETOAOAGD WAETIU OT OAIFAAEIEOU ATCETAACO ATA OEA TOEACO OT OEA
maintenance people.

C.5.4 Mean time to failure (MTTF)
3AA ARMETEOETT £T otogs

C.5.4.1 Mathematics of MTTF

This parameter, mean time to fail, MTTF, is linked to the failure rate, 31 T 0EA ATTAAOTAA HAT AU
Formula (C.48):

MTTF =1/ A (C.48)
where 1 £0 0EA FAEIO0A 0AOAN ATA £O OAIEA TTIU £1T0 ATTOOATO FAFIOOA 0AOADS
C5.4.2 Use of MTTF
2ECTOTOO0IU 0EE0 DAOA TAOAO ATTAAOTO TTIU 0EA nEO00 FAEIOOA Tk A TAx FOAT AAFTOA ATU TAFTOATATAA 0AGE

EAO AAAT DAOFTO TAAS )£ 0EA 0ADAEO £0 DAOFAAQN EsAs OEA OADAEOAA EOAT £0 0AO CTTA A0 TAxd —448& £0 AgAAOIU
the same as MUT.

Take care to understand this term and be aware that in practice, MTTF and MUT are often confused
JOAA ARRETEOETT 15 —540 3AA AIOT AARETEOENTO T4 £AEI00A FOANOATAU ATA FAEIO0A 0AOA T #1AC0A o < EEAE AOA
similar terms often used to describe the occurrence of failures.

/4% —44& £0 TIOTAIIU AGOTAEAOAA x<EOE OEA AOOO TDOETT TE AT AGDTTATOFAT ALOOOFAGOETT jAics A ATTOOATO
hazard ratg). MTTF is also used for other distributions as, for example, the normal distribution or the Weibull

METBF and MTTF. Further, it is a prerequisite that all the time is measured in the same time dimension (global or
local time).

C.5.5 Mean overall repairing time (MRT)
3AA AANETEOETTO Te OEA WAAT TOAOAIT OAPAEOETC 0E A §—24Q £T atops
C.5.5.1 Mathematics of MRT
This parameter, mean overall repairing time, MRT, is linked to the repair rate, {, of the concerned item
AU &10 TOIA T
MRT =1/ u (C.49)

Where { is the repair rate.

C.5.5.2 Uses of MRT

0EA <ETIA AT><T 0t T A8 )T 0EA0 AAOA 00ACOTOAOETTo AAT AA OOAA ETOOAAA Tk 00ADAEOG )T OEA CATAOAT AAOA)
ET><AOAG 0AT=T 0t T Ad 0 COAAOAO OEAT OAAOEOA TAETOATATAA Ot T Ags 3AA AIOT £T)3/742 pgruwignpat &CO0A
ul ATA atpiop §—AAT Ot TA 0T 0APAEO) —442() atptog § TAAT OE TA 1 0ACOTOAOEIT) —442A0) otptoo §TAAT
TOAOAIT OADAEOETC O TA) —24( ATA otptot § TAAT AAGEOA 0ADAEQ OF TA) — 1 24

Copyright Il%zaﬁ'nal Organization for Standardization © IS0 2016 - All FightS reserved

Provided by IHS under license with various National Standards Bodies Licensee=University of Alberta/5966844001, User=dfgfgsfgdf, dfgdfgdfg
No reproduction or networking permitted without license from IHS Not for Resale, 10/06/2016 22:31:11 MDT



IS0 14224:2016(E)

If preventive maintenance is also included in addition to the corrective maintenance (repair) dealt
with above, the mean time to maintain, MTTM, expressed in hours, can be calculated as given in
Formula (C.50):

[(tmc -MC)+(tmp -Mp)

MTTM = (C.50)
(MC + M )
p
where
tme £0 OEA 0T0AT AIADOAA ATOOAROEOA TAETOATATAA TO OADAEQ Of T A A@DOACOAA ET AAIATAAQ ETOO0N
tmp £O OEA GT0AT AIADOAA POAOATOEOA TAETOATATAA OF T Ay AgDOAGOAA ET AAIATAAQ ETO00]
M, £0 OEA 0T0AI TO TAAQ TE ATOOAAGEOA TAETOATATAA AROETTO JOAPAEOGQ)
M, is the total number of preventive maintenance actions.

C.5.6 Mean up time (MUT)

)£ 0ADAE0O AOA OPAOEAAGG EsAs OEA OADAEOAA EOAT 0 0AO CTTA A0 TAxio —AAT 0P 0ETA §—54( £0 AGAAGIU OEA
same as MTTEF. If repair is not perfect, or for equipment comprised of parts that have been repaired and
others that have never failed, MUT and MTTF are two different parameters (see also C.5.4).

C.5.7 Procedure for compiling data records for mean time

When planning to collect measures and estimates of mean time (see 7.1.2), choose appropriate measures
from C.5 for the information.

C.6 Testing for hidden failures in safety systems

C.6.1 General principles

AEAOA AOA 0><T AteeAOATO DOETAEDIAQ OEAQ AAT AA OOAA 0T AGOAAIEOE OEA TAAAGOAOU 0A00 ETOAOOAI £T0 A 0ARAQU
function with hidden failures:

2 OANOEOAA AOAEIAAEIEQU

AEE0 ADBOTAAE £0 AAOAA TT A OEOE ATAIUCEO £10 <EEAE OTTA AAOTIOOA OEOE AAAABOATAA AGEOACEA EAOA
ARAT ACOAAIEOEAAS %AAE OARAOU EOTAOETT TE A DIATOTOUOOA ITE0AT TE ANOED TATO £0 AITTAAOAA OAIEAAEIEOU
requirements based on this. This approach is in line with the standards IEC 61508:2010 (all parts) and
IEC 61511:2016 (all parts).

2 ATOAATANE) AOAFIAAEIEOU

STAK 0T TA AE0AO TOOATAAG) OEA ATTOANOATAA e A OASAOUZOUCOA T EAFIOOAET A EAUAOATOO 000AEIT AAT AA
OAAORAA 0T ARTTY N EA ATTOAROATARO TTILS )0 £0F OEAT! ADBOTBOEAOA 0 AGOAAIZOE OEA BOAOATOROA WAETOATATAA
DOTCOA T TA AU TDOE TEUETC OEA 0T0AT AT000 AU =< AECEETC OEA ATOO T& DOAOATOFOA TAETOATATAA ACAETO0 OEA
ATO0 TE 0AFAOUZOUGOA T FAEIO0A) 0AA )37/ puggaicnnmicnnp JAIT DA0OO

There is a need to collect data with regards to both failures occurred before the test (true hidden
FAEIO0AOT ATA OETOA FAEIO0AO TAAOOOETC AAAAOOA Tr 0EA 0A00 §A4Cs AUAIA FAEIO0AT EO TAT A0OTON O TAOAFIAAEIEOU
during test).

C.6.2 Required availability

4E£0 CEBOAGETT £0 AEAOMOAOEUAA AU AT 0BBAD I TED Lpppl 0EAD OEA AOAOACA BOTAAREIEU TE EEAAAT FAEI0OA
TAOAOOAA TT AATATA £0 T0 AlTT=<AA 0T AgAAAAs 4EA TAAAOOAOU 0A00 ETOAOOAIN z, to achieve this can be
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EIOTA AU OEA ADDOTQE TAOETT ET &10 TOIA j#upQs 4EL0 £10 TOIA AOOO TAO OEAD 0A00 EAOA TT1 AAGOE TATOAI
effects (gamma, r=0) and that MRT is negligible.

2L
PFD
T=— C.51
a (C.51)
where
Lprp £ 0EA ODPAO ARAABOAA TE TE0 £10 AOAOACA DOTAAAEIEOU TF FAEIOOA TT AATATA
1 is the failure rate for on-demand failures.

AEA AOAOAGA DOTAAAEIEOU TE FAEIO0A TT AA TATA AAT AA AAIACIAOAA £OT T &10 TOIA j#8uc(y
PDF,,, =xi+%+ﬁ (C.52)
where
r E0 OEA AUAIA FAEIO0A 0AOAN
Z £0 OEA 0AOO ETOAOOAI 0E T AY
t is the repair rate.

The optimal test interval zpt can then be calculated as:

Topt = /2y/(/1-ﬂ) (C.53)
3AR)3/742 pcywicnpo jAICH atpsppq £T0 FO00EAO AROAEIO TT AGAEIAAEIEOU AATAQTAOETTO8
C.6.3 Mathematics of cost-benefit availability
7 EAT A 004 0EA 040 T ATORAKTATE) AOAIAALIOUS A AOA ATTOAMOETC A 0AFAGU OUOSA T HAOGTENA A0 3), p
A0 AATETAA ET )%# ppumyicrpm jAIl DAOOOY 4EE0 TAATO OEA) 0EAOA AOA TI AAOTIO0A OANGEOA TATO0 = EOE
0AODAAG 0T OEA AGAFIAAEIEOU TE OEA OUOOA I8 30E1Th OEEO AAT AA AT ETDTO0ATO DOTOAAOEOA OUOOA T =<EOE 0AODAAD

to potential economic loss. An example is a vibration trip on a pump that is supposed to stop the pump if

GEA GEAOAGETT AGRARAD A ANTETAA 1AOAL: ¢ GEA GEROACETT 00ED 646101 0EA T AGAOGAI A WACA 01 0EA DO TD AAT AA
OECTENEAATOs 4EA ADDOTAAE 0T OOA ET OOAE A OFOOACETT £0 OT DAOETO T AT AATTT WEA TDOE WEUAOETT =<EAOA OEA
cost of testing is weighed against the expected cost related to failures.
—AOEATAOEAATIUN OEEO EAAA AAT AA ETOTOIAOAA AU OEA ADPOTOE TAOETT ET &T0OTOIA j#tutq £10 OTOAI
expected cost:
1 Cc

E(CT)zg/lﬁo-r-f-Tm (C.54)
where
E(Cr) E0 OEA (10AT A@DAAOAA ATO
o £0 OEA AOAOAGA FAEIOOA OAOA £10 FAEIOOA TTAA OFAET 0T TRAOAOAY
f £0 OEA ROANOATAU Tk AOATO0 =< EAT 0EA 0AEAOU OUCOA T £0 00PDTOAA 0T AA AAOEOAOAAN
%81—0,% &10 ATEOA AIAO T £E0 0EA £OANOATAU TE NEOAGS
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Cr £0 0EA AEfAOATAA ET AT00 AR =< AAT OEA ATTOANOATAAG Tk OEA EAUAOATO0 GEOOAOETT =< EAT 0EA 0ARAOU OUOOA T
< TOEO ATA <EAT £0 ATAO TT0 < TOEN

%81-0,%  &I0 AT ACOT T ACEA TEOAZADGETCOEOEETC OUQOA C is the difference in damage if the extinguishing

OUOOA T £0 ACOT T AGERATIU ARGEOAORA 10 TTO £T AAOA e A TEOAS )T TATU AAOACE £ 0 OANOOAA GT DAOFTO T A ATAOOA OFOE

ATAIUGEO OF AOOE WAOA € )T OEA AAOA T A EOAG £10 ENOOATAA! TTA £ FDTO0ATO AODARD OT AOAIOAGA £0 OEA POTAAAEIERU T

PATDIA AAETC DOAOATO 0T AFOATOAO OEA NEOA ATA AAETC AAIA 0T TATOAITIU AAOEOAOA OEA NEOA A@OETCOEOEETC ANOED T ATOGS

Cm £ 0EA AT00 Tk AAAE DOAOATOEOA TAETOATATAA AAOEOEOU 10 0AOO]

zZ is the test interval.

4EA AATTT TEA TOOE TAT 0A00 ETOAOOAT TAU AA FTOTA AU NETAETC 0EA AAOEOAOEOA Tk OEA 0TOAT A@DAROAA AT00

and setting it equal to zero as given in Formula (C.55):

T=\/2(:m/(/1fm-f-cf) (C.55)

where the parameters are the same as those for Formula (C.54).
AEARTO0 TE0EA OEODAT><T TEOEAETOOATIAOETT = EAT A SAHIO0A £0 AROMOAR AU A 0RO OETOIA AR AIGT ATTOEAROMAS
4EA AT00 TF OEOOAT=T AOA 01 0POOETOO FAEIOOA TAU AA AIOT ATTOEAAOAAS

C.6.4 Handling of uncertainty

4EA OTRAOVAETOU OAVADAA G 0EA DOAAGROAA ORIAARIIU ATA AOATAREEOD OAIONO OETOTA A AOROGONAI ATA
EE DTOOEAIAT NOATOENEAAY 4EA NOATOENEAAOETT TAU EAOA OEA £10T TE AT OTAAOOAETOU AFQOOFAGOETT £10
the expected value of the performance measure or a measure of the spread of this distribution (e.g.
standard deviation, prediction interval).

AEA TAET EAAOTO0 AAOQETC OAOEAACIEOU JATA EATAA QOTAEAOOEA OTAROGACTOU ET OEA BORAFAGEITCY OETOIA
AL EARTOTEAA ATA ALOROOOAAS 11O} £AROTO0 ATTOOSACOETC O OEA OTAAGDAETOU AO A OAODIO Té OEA xAU OEA
OATEAAEIEOU PAOFTO TATAA £0 TTAAIIAA OETOIA AA ATOAOAAN ETAIOAETC OAIAOATO AOOO TDOETTO TAAA Ak Ascs
Selvik and Aven, 2011).

) TDTO0ATAA ATA OATOE0EOE0U ATAIUOAD TAU AA AAOOEAA TOO 01 AAOAOEAA OEA OATOEOEOEOU Tk OEA ETDOO AAOA
used and the assumptions made.

For further guidance regarding numerical uncertainties handling, see ISO/TR 12489:2013, Annex O.

C.6.5 Testing during manufacturing or qualification testing

4A00ETC ACOETC. TATORAAOOOETC 10 NOAIETEAAOETT OAGOETG JOAIEAACIEOU 0AOGETC TO ARAAIAOAOAA 0AOGETGQ (Il
EAOA A TAAA FI0 OAOETO0 00AOECOEAAT ATATUOAGH £T0 Ascs AOOE TAOETC FAEIOOA 0AOAO §10 FAEIOOA FOANOATAUQ
[SO 20815:2008, Annex 1.9 and IEC 61164:2004 give further information.

C.7 Human error as an underlying contributor to equipment performance

(O TAT AAEAGETO0 EAO ATOE A DTOFOEOA ATA TACAOEOA ArtAA0 TT ANOED TATO DAOETO TATAAY 4EA OATAATAU
EOh ET><AQACH OT FTAGO TT OEA TACAGEOA AREARD ATA 0T AAIT £0 EO TAT A00T08 #1AO0A o 4R0 T 0 ATA AATETEOETTO
AATETAO ATOE AOOTO ATA EO TAT AOOTO jAR AiCs +E0<ATH pwwtq A0 A ALOAOADATAU OEA NE0O0 ET OAIAGETT 0T AT
TAEAA00 000A ATA TAAOOOAA ATTAEOETT ATA OEA OAATTA ET OAIAOETT 0T A EO TATO ETOATAAA AAEAGETO0 FATA
expected outcome) and actual behaviour (and actual outcome). However, throughout this document the
0A0 T 0A00T06 Alx<AUO ADDAACO ET AT TAETAOETT <E0E A TO TAAQ Tk xTOAO <EfAE AAAE CEOA TTOA OPAAETEAEOU
0T E00 TAATETCS 4EAOA AT TAETAOETTO ><E0E 0AOOTO0 ETAIOAA]

2 EOTAT joicch atogh 4AAIA *saf #ptprth #p()
2 ATTDOUTC jotccq)
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2 0TEO<AOA jotcch oty 4AAIA "¢
2 TPAOAETC josoxi 4AAIA **ipQ)

2 AAIEAQAOETT §4AAIA i

2 FAAOEAAOETT §4AAIA "*t0Q)

2 ETOOATIAGETT §4AAIA *iaf #ipteQ)
2 TAFTOATATAA §4AAIA "800

2 ATAO TATOAGETT §4AAIA *ioq)

2 TATACATATO §4AAIA "800

2 AROECT j'"schosch #iphoQ)

2 ATTOOTT ATA TTTEOTOETC j#psuq)
— computational (C.1.11).

In all these cases this could be a human error (e.g. management error, operating error, maintenance

AOOTO0q A0 ET 4AAIA *to T0 AOA 0T EO TAT A0OTO Ad AT OTARQIUETC AAGOA =<EAT 0EA A00TO £0 0EA ANOED TATO
FAEIO0A TAREATEON jAscs AAIEAOAGENT AOOTO ET 4AAIA *tcqs (O WAT A00TO A0 AT OTARQIUETC AAGOA Tk AT
ANOED TATO FAEIO0A AAT Al<AUO AA ATTOFAROAA AD A DTOOFAFIEOUS

The causes of human error itself can be numerous. See ISO/TR 12489:2013 for consideration of
(O TAT FAROTOO ET OATAGETT OT EO TAT FOTAOETTO 0AOEGH DAOKTO TATAAN 0UDAC TE AOOTO A00TO T TAAIIETC ATA
NOATOENEAACETT §3AACETT viv ATA YTTAZ Q¢ )3/742 pctywicnpo AAAIO DOE TAOLIU =<E0E OATATT EOTAT
AOOTO00 jOAA OEA FAEIO0A ATAGOENEAAOETT ET &ECOOA **sus
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Annex D
(informative)

Typical requirements for data

D.1 General

AEAOA AOA AGEAOKTD AOMAO s ADDIGAACETT T 2— AKOA ATA & &0 TABAGOAOU O ATTOARD MOAGIIU GEA
ATIAAGETT T AAOA jOA #1A00A x( O EAD OEA 0UBAO 1% AAOA AOA ATTORGOATD x 20 OEA ETOATAAA BOOBTOA! 4EA
0UDAQ TE ATAIUOAO ATTOEAROAA AOA TEO0AA ET 4AAIA Siph <EEAE AIOT 0AER00 O TOEAO OAAOATO ETOAOTAGEITAI
ATA ET1AO0000U OOATAAOAQS

Table D.1 — Areas of application and types of analyses

Areas of appli-| Type of analysis to be applied Abbreviation | Supported by | Reference
cation ISO 14224
3ARAOU 1p> 1OATOE0AOEOA OFOE ATAIUOED QRA Yes NORSOK Z-013
ISO 17776
IEC 31010
A2 — Risk-based inspection RBI Yes APIRP 580
1o~ 3ARAOUETOACOEOU TAGAI SIL Yes IEC 61508 (all parts)
IEC 61511 (all parts)
ISO/TR 12489
A4 — Environmental- and social-impact ESIA Yes ISO 14001
assessment
LCC/Optimiza-|"p~> ,ERA AUAIA ATOO0 LCC Yes IEC 60300-3-3
tion/Maintenance 1SO 15663 (all parts)
"¢ OOTAOAGETT AOAEIAAEIEOU PA Yes I1SO 20815
"o7 TOAEIAAEIEOU ATAIUGE AA Yes IS0 20815
"t 2KEAALEOUZAATOOAA TACTOATATAA RCM Yes IEC 60300-3-11
NORSOK Z-008
SAE JA1011
SAEJA1012
v~ 3DA0AZDA0IO ATATUOE SPA Yes IEC 60300-3-12
IEC 60300-3-14
B6 — ngll‘quelmode, effect and criti- FMECA Yes [EC 60812
AAIEOU ATAIUOEO
""x 2 30A0E00EAAT OATEAAETEOU AAOA ATATUCEO SDA Yes IEC 60300-3-1
IEC 60706-3
"o 3000A000AI OAIEAAEIEQU STR Yes I1SO 19900
NORSOK N-001
oz 2110 AAGOA ATAIUGEO RCA Yes IEC 62740
copn et B30 201G bl lghts reserved e 4 s s 229
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Table D.1 (continued)

Areas of appli-|Type of analysis to be applied Abbreviation | Supported by | Reference
cation 1SO 14224
General C1 — Manning-resource planning MRP Yes NORSOK Z-008

C2 — Six sigma ot 0A00IU 1SO 13053

#o2 &AOINZ00AA ATAIUOE FTA Yes IEC 61025

#t> —AOETO DOTAAOO ATAIUOEO MPA Yes IEC 61165

#02 OAQOE - AOETO —TTOA#AOIT ATAIUGEO PNA Yes IEC 62551

D.2 Business value of data collection

E0 0 TAAAOOAQU OT WAEA A 110 T¢ ARAEOETTOs —ATU T& 0EAOA AAAEOETTO AOA 00PPTO0AA AU OEA ATAIUOEO OUDAD
TE00AA ET 4AAIA $ips 4EAOA ARAFOETTO TTO TAIIU EAOA TAOCA ETDAAO TT 0EA POTEAA) AATTT TU ATA OARROU
ATA OEAU OETOIA AR AAGAA TT CTTA TTAAIO ATA EECE NOATEOU AAOA ET TOAAO 01 OAAAE OEA 0AAG00 AAAECETTO!
Examples of areas where such decisions are taken are shown in Clause 6.

D.3 Datarequirements

SOOETC AAOATTD FATY TE0EA OMITA AAEOETT 120820 \TOAOTAGETTAI SOATAAOA! A * 10 ATAIUOL A0 BAOETD Ak
OT OAORAT OEA OANOEOA TATOO £10 AADA ET OAOETO0 0UBAO Tt 21 —3 ATAIUOES AEA DAAIAO AATT> OET> A
00 T WAQU T¢ 0EA * 10 ATAIU0A0 EARTOSEUETC OEA OANOLOAA AADA 0T AA OARTOARA £10 AARE ATAINOR0 0UDAS 4EA
AAOA OANOEOA TAT00 EAOA AAAT DOETOROEUAA AU AAAE ATATUO0 OOETC OEA FTTIT><ETC OATOAG

AQ  TIO TAIIU TAAAAAN 0AOAA AD p ET 4AAIAO $ic 0T $i)

Aq  TAAAAA TROETTATIUN 0AOAA A0 ¢ ET 4AAITAD $ic 0T $ite

1 OEARMA 01> ETASAAGAO DAOA TADAD £10 > EEAE Ai0A AOA AIOAAAU ATOOMA £ 0620 YTOROTAOETTAT UATAKOAS
- TTZ0EAARA 0T=<0 ETAEAAOA DAOA T AOA0O EAATOENEAA AU OEA = 10ZATAIU0AO AD DTOOEAIA TAx DAOA TA0AO0 0T AA
included in future revisions of this International Standard.

3TTA OART T TATAAA BAOA TAOAQO jAiCH AOROACA FAEIO0A FOANOATAU 10 FACIO0A 0AOAQ AATTTO AA OARTOAAA
AEOAAOTU AOO AOA OANOEOAA 0T AA AATAOTAOAA EOT T TOEAO AAOAS 4EAOA EAOA AAAT 0A0 T AA OAAOEOAA OATEAAEIEOU
parameters” (see Annex C).

4AEA AAOA AIATATO0 ET 4AAIAO $ic ATA $it OETOIA AA OAAT ET ATTEOTAOETT <EOE AAOA AIATATO0 OET<T ET
Tables 5, 6 and 8.

D.4 Description of the analyses

; o~

1 00 T TAOU T& ATAIUOAO ATA OAIAOATO 00ATAAOAQ £ CEOAT ET )3/ qmypuigrmys
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D.5 Reliability data sources

2AIEAAETEOU AADA OTOO0AAC AAT AA T OAOETO0 OUDACH A ATACOENEAA ET 4AAIA $hus

Table D.5 — Classification of reliability data sources

Source of data

Description

1. Generic data

2AIEAAEIEOU AAOA ATOAOETC £A TEIEAC T OF W EIAO ANOED TATOS

Such generic data can be:

#1 TDO0AOEUAA AADAAAOA Tk AAOAN OUBEAATIU COTODAA ET AAQA 0AAIAC <EOE OAOAOAT ANGED TATO

attributes. The related historic data collection can be done according to published standards

0O0AIEOEAA AAOA EATAATTEQ jAsC 0EA /2%$ Y EATAATTEQ OT T AOE TA OF T DIENEAA OAOOETTO TEAT T -
uterised databases. The formats can depend on the publisher. Such data handbooks would

110 TAIIU AA EEO0TORA AAOAN EsAdh TDAOAGETC NEATA AGDACEATAAS

00AItOEAA AAOA EATAATTE AAOAA T AgbA0D EOACA TATON AGO TTO TT EEO0TOEA TDAOAOETC AAOA 10

OTAAOIUETC AAOAAAOAS

AEA AAOA AAT ADDIU £10 TTA ODAAENEA ETAGO00U T0 £0 AAT AA ATTIAAOAA £0T T OAOAOAT ETAOO00EACS

NOTE Some industrial initiatives can provide other data, (e.g., failures detected during test)

0EAO0 TECEO AA OOAEOT £T0 AGOAAIEOEETC OATEAAEIEOU AAOA ETDOO!

2. Operator/ com-
DATU ODAAENEA AAOA

2RERATIY AAOA T0 ORTEAEIDL ETACRAOTO0 AROMA T TRADATET TEAVA ADBAGEATAA Te A GETGIA AT -
DATUs 30AE AAOA AAT AA AGOAAIEOEAA AU TTA TDAOAOTOTTEI AT TDATU K0T |

e One or several of its installations,

e [ts own interpretation of different data sources,

£ +AU OAOFTO TATAA ) TAFAAGT00 §+0)q

OAIEAAEIEOU AAOAAAOAT TO DOOAIU T T AT TDATU AAOAS

. /4% ¢ AEA AAOA AAT AIOT AADAOO TF A AT TPATU AAOAAAOA OEAQ AT TDIEAC < EOE OEEO ETOAOTAGEITAI
standard.

. /4% o VTTAQ % AgA TDIENEAD +0)08 ‘
. /4% T AEA AOATO0 OAATOAAA ET A #——)3 OUOOA T AOA T10 0AIEAAEIEOU AAOAI AGO ATOTA AA OOAA OT
AGOAAIEOE OT T A OAIEAAEIEOU ETAEAAGTO0 ASCS +0) 8

3.Manufacturer

2AIEAAEIEOU AAOA DOTAOAAA AU A DAOOEAOIAO TATORAROO0AO AAOA £T0 A DAOOEAOIA0 DOTAOAG

data Such data can be based on:
F /DAOAGETC NEATA AgDACEATAA £OT T
0 The manufacturer himself. The data can be aligned or not with an international
standard.
T 4EAOO0A0O jAsce OPAAENEA TO CATAOEA AAOA TATOETTAA AATOA
e Component FMECA/ studies,
¢, AATOADIOU GAOGETC) Aics ARAAIAOADAA Iésh% 1A ORGIETCS ATA OAIARAIDU DAOOETC: AE£0 AT ABBIU
£10 TAx OMAETITTCU ANOED B ATO £10 < EEAE AGDAQEATAA AAOA TTO UAD AGEQ 30AE DOAZIDAOADETTAI
ARDA GETOIA 10 WATIU AA ATORIAA 1DOAZFDAOADE TAITOAG) OAIEAAEIEOU AAOAS AO DB TOAA O ARCOA
MEAIA TDAOAGETC AgDAOEATAAS 3AA ATOT )%# pppo i £10 00AOEO0EAAT 0A000 ATA AOOE TAGETT WAOE-
TAO £10 OATEAAEIEOU COT > OFS
T%@DA00EOACA TATO| %@DA00 EOACA TATO < TOIA ETOTIOA

£ = ATAOAT AAOEAA £OT T OARAOU OUOOA T ANOED T ATO AGDAGD

F 50A Tk 00A0E00EAAT AgDAO) ATAIUOEO TAOETAO #AsCe SAIDEE A0AQ 01 OOEIEOA A OAOEAOU Tk NOAIENEAA
OTO0AAD AG ETDO0 0T 0EA OAIEAAEIEOU ATAIUOED

JOAA OARAOATAAQ] OAT . TTOO=EEE Ad Alth pwwg ATA #TTEAN powc]

5.Human errordata

Various sources of human error data exist. ISO/TR 12489:2013, Annex H.2, gives some advice
about human error probabilities.
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)00 A ><AAETACO T OEA ETAO000U O0EAD OTT I1E00IA AOOATOETT £0 GEOAT 0 OEA NOAIEOU 1% 0EA ETDO0 AAOA! 4EAOALTOA)
OTAAOVAEETC 0EA ROAIEAAGETT 1 OAIEAREIEOU AAGA EVOTA £T ARDA OTOORAO £0 OROAI £10 OEA AOAAEIEOU T OEA
0AOOI00 ET OEOE AAAEOETT 1 AEEICS)3/ qrypuigrmyn T TAQ %h (;EO}-\O EO00EAQ AAOEAA TT OEEO NOAIENEAAGETT OTDEA
1. Generic data:

= ATAOEA AAOA AOA TEOAT §A00 T10 TAAAOOAOEIUGH OAA 4AAIA $.5 based on operational experience from a
TO TAAQ TRETOOATIAOETTO ATA ATO TAAO Te AT TDAOAAIA ANOED TATO 0UDAGH 0OAE AQ Ascoi A T A ARGAAGTOO K0T T
AEERROATO OATATO08 ) T 0OAE AAOA OEA CATAOEA AAOA OANIAAQ OT WA EETA TE AOAOACA AgbAAOAA NEAIA PAOFTO TATAA
10 0EA ANOED TATO 0UPA OTAAO ATTOEAROAGETTS

10 AAOIU DOTEAAQ 00ACAO CATAOEA AAOA EO TROAT OATAROAA AOA 0T TAAE TE AAOAEIAA ETETO T AOETT A0 All ANOED TATO
FAAOOOAG AAAEOETTO EAOA TT0 UAO AAAT TAAAs (T<A0A0 A0 TAOAD DOTEAA) 00ACAC TTA OETOIA DOARAOAAIU ADDIU
OAIEA APPIEAAGETT TO ANOED TATO ODAAENEA AAOA 7 £F < ATl ATAO TATOAA ATA ATTOFAAOAA OAIAOAT(S

b /DAOAGTOTAT TDATU OPAAENEA AAOA

1O0ETOROEAO OANOEOA OEA0 OEA AT TDATEAO EAAD ATTOOTT Tk 0EARO OARAOU AA0OEADO OEOTOCETO0 OEA ATOROA
1EEAAUAIA Tk AT ETOOATIAOETTS #1TOANOATOIU £0 £O TEOAT OANOEOAA £10 OEA TDAOAGTOO OT ATITAAQ ETOOATIAGETT
ODAAENEA FAEIOOA AAOA AOOETC TAETOATATAA ATA TPAOAOETTS SOOETC T TAENEAAOETT ATAIUOAO 00AE AAOA AOA
TE DAOOEAOCIAQ OAIAOATAA £T0 OEA DOODTOA Tr ATAO TATOETC 0EA DAOFTO T ATAA EEOOTOU TE CEOAT ANOED TATOS
(T<AOAG OETAA OEA 00AOEOOEAAT ATTNEAATAA ET AAOA £OTT TTIU TTA ETOOATIAOETT AAT TEOAT AA PTTO0 §10 All
DTOATOEAT FAEIOOA AOATOO AATTT0 EAOA TAAOOOAA 0T £AO AD OEA ETOOATIAOETTG) OAIEAAEIEOU ATAIUOAC AOA OAIAT T
based on such data alone. However, for some equipment where the number of installed units is high,

AsCeh NEOA ATA CAO AROAAGTOON E0 AAT AA OATAOATO OT APPIU ETOOATTAOENT OPAAENEA AAOA TTIUY

3. Manufacturer data

)i £0 TEOAT 00AOAA AU OEA ATAIUGD 0EAD 00PBICAA WATOEAMO00AD AADA AOA CECTETEAATIU 0AAOGA0D GEAT
AT TDAOAAIA CATAOEA AADA jéshd TT><A0 FAEIOOA 0AGAGS AEE0 AAT EAOA OAOROAI ORAOTTO! 0OAE A0 OAOUETG
ANOED TATO NOAIEOUN #AEIOOA TTAAD ETAIOAAA ATA OEA AATETEOETT Tr ANOED TATO ATOTAAORAGS 1TTOEAO
important_aspect, however, is that failures due to environmental stress, due to mal-operation,
ETOOATIAGETT FAEIO0ACR TAETOATATAA AOOTO00N AOAs EAOA FOANOATOIU AAAT AgAIOAAA FOTT OEA TATOFAAOO0AD
data. This is understandable since manufacturers are in the business of selling and does not want to
include failures that can be attributed to factors external to the equipment itself. Also, if the vendor
AEAOGAO £10 EAEIO0A ATAIUCEO 0EE0 £0 A AEGETAATOEOA 0F OAOOOT OEA EALIAA AT FTTATO0S I TIOEAD AOPAAD €0 OEA
EARD OEAD EAARARE FOT T 0EA TDAOAOTO0 OOETG OEA ANOED TATO AAT AA DTTO JAODAAEAIIU ARUTTA OEA < A00ATOU
DAGETAQ ATA ET 00AE AAOA € E0 AETEACIO £10 OEA T ATOEARO00AO 0T AOGAAIEOE A CTTA EAEIOOA 0AOA AOCE T A0AS
#TTOANOATOIUA DOETC AAOA £OT T TATOEARO00A00 AAT ETOTIOA T 1T>< EAEI00A 0AOAO ATA A0 0OAE TAAAO 0T AR
AAOAEOTIU ATTOEAAOAAS )0 0 0EAOARTOA AAGEOAAIA 0T AABRTTU OEA DOETAEDIAQ Tk OEE0 ) TOAOTAOENTAI 30ATAAOA 0T
000ATCOEAT 0EA NOAIEOU Tk OEA AAOA ATA OEA AT T TOTEAAOENT 1T OEAOA TAO0A0G

7EAT 00:T LATORAA000A0 AMOAJEA ONIEAAEEOU ATOETAR GETOTAOA AT AO 0T AAAFAEIO0RO ACATT ATTTARGEYT
AITAEACA < EFAE AOA TEOAT ETAIOAAA ET NEATA AgDAOEATAA AAOA ACO AGAIOARA FOT T TATORAROO0A0 AAOAY

0 %@DA00 EOACA TATO AAOA

AgbAOOi ATA OTAACOOATAO OEA. WAOETAQ AAETG OOAA ET OAIAACIEOU AADA AOOE TAOEITS AEEO ) TOAOTAOETTAI
30ATAAOA BOTOFAAD CTTA COtAATAA T OOAE T AG0AOON AOAT OETOCE TT0 All UDA Tt ANOED FATO 0 ATOAOAAS
)£ AGBA000 AOA OOAA £ ><TOIA AIOT AA AATATEAEAT O OTAAQOAEA ETAADATAATO 0AOEA>0 ATA AIOT AA ATTOAETO0
ET ET>x OAIEAARIEOU AAOA AOA AAETC ATT TOTEAAOAAT Ascoh TO TAAO TF TAOAOOAAIA AOATO0 £10 A CEOAT niAAD Tk
equipment units at an installation for a certain period of time would be more practical than estimating
failure rates in 10-6 DAO E008 3ADA0AOA TAOETAQ Agrd0 £10 AgbA0) AAOA ATAIUCEOS

5. Human error data

/AOAOOAJETTO TO TOEAQ ETATO TAGETT AAT AA OOAA 0T NOATOREU OEA FAFIAA EO TAT ETOA0AAOETTOY
2 CATAOEA AAOA §ITTEZOP 0AAIANY)
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2 ATIAROAA AAOA JAATAOTAOAA EO TAT AOOTO DOTAAAEIEOUQ OPAAENEA O 0EA 0ACEN
2 AOOE TACETT TAOETAO jAgDA0) EOAGA TATOY

— combination of the above.
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Annex E
(informative)

Key performance indicators (KPIs) and benchmarking

E.1 General

2AIEACIEDY ATA TACTOATATAA §2— AAOA AAT AA OAA ET0 AAOAITEETG ATA TATAGETC EAU DAOFTO T ATAA
ETAEAAOTO0 §+0)00 ATA £T0 AT TBEIETC ""ATAE TAOE ETATO TAOETTe 4EA TALAAOEOA Tk ATOE "ATAE TAOEETC ATA
KPIs is to assist in the management of business improvement. This Annex gives some examples of KPIs,

xEtAE AAT AA AgOATAAAN A0 AAATAA TAAAOOAOU OOETC OEA OAGITT TU AIAOOENEAAGETT £T &ECOOA ot 3T TA Tk
the principles described below are based on NPRA, 2002 and Hernu, 2000).

Benchmark Identify areas Develop KPIs Take
erformance for for Measure KPI corrective |
P improvement improvement action

Figure E.1 — Process for using KPIs and benchmarking for improving business performance
AEA DOTAAOO AADEROAA ET &ECOOA %tp £O A OF TDIENEAA OAOOETT TE ETx +0)0 AAT AA AROATTDAAY
+0)00E TO1A A ATCTAA 01 0EA TAGARDIOAO 15 0EA TOCATEUAGETT OGETC GEA T ATAGEOG) GEA TOCATEUALEIT 20 10AA
0T AATETA 0EA +0)0 ET <EAOAGAD =< AU AAOO ATTOOEAQOAO 0T 0EA E TDOTOAA DAOKTO T ATAA Tk 0EA TOCATEUAGETTS
Improvement is an essential ingredient of successful companies. Performance indicators and
AATAE TAOEETC AAT AA EECEIU ARcARQEOA ET EAATORRUETC ATA E TROTOETC AOAAD Tk COAAOAQD TEDTO0OTEOUS
For each of the activities in the process represented in Figure E.1 a brief description is given in the list
items a) to e).

a) Benchmark performance:

504 WARA T2 AATAE FAOEETC AKDAGY ARDRD RETAQEA DAGEYD TATAA Vi GEA TOATEUADEYT £T EAU AOAAG 4EA0A
AATAE TAOEO AAT OEAT AA OOAA £10 AT TDAOZOTTi COOATIU AGOAOTAI ACAETO0 TOCATEUAOETTO ET OEA OAT A TO
OF TEIAO ETAO000U TO ACAETO0 TOCATEUAGETTO ET ALEEAOATO ETAOO00EAD 0EA) EAOA OF TEIA0 AOOETAO0 DOTAAOOAGS
CiA0A TARGOOETG DAOSIO TATAA 040 4iE OEA AAGGAO BAGEYD TAOO ET ABAAD GOTO T EATE0EA OAIOA
1% AATAE TAOEETCS Y TAIUOAC OEAO AAT AA TAAA Tk ALkrAOATAAC T DIATO DOTNEIAN DOAAOEAAD ATA TOCATEUAJETT
(the causal factors) explaining these performance gaps are also invaluable knowledge for benchmarking
000AU DAOOEAEDAT008

AQ )AATOEEU AOAAC £TOE TDOTOA TATO]

~40AA T 0A ApGAOTAI AKTAE TAGEQ ATA GEA VAGAAOEOAO TE GEA TOCATEOAGETT) AOAD £10 ¢ TOTOA TAT) AAT
AA EARTOENEAAS 4EA AOAAC F10 £ TROTOA TATO AOA T10 TAAAOOAOEIU 0EA AOAAD < EAOA OEA DAOFTO TATAA £0 DTT0
against the other benchmarks, as the areas of poor performance might not correspond with the areas
0EAD AOA AOEOEAAT £T0 OEA AOCETAOO TAEAAOEOAGS

commitment and investment of the resources to be mobilized for the successful implementation of
A BAOITO K ATAAZ TDOTOA TATO DOTEAAY “ATAE FAOEETC AAT AR ATTAOROAA ETGEAA OEA AfTDATU x<EL]
OEA ETAOO00U 10 AAQTOO0 ETAGO00EAO §A0 TITC A0 OEA OATA AOOETAOO DOTAAGO £0 AAETC AAAIO =<E0EQ )T OEA
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ET0 TA0 AAOA) A DARCO T OEA AAGOS TAOX TOEETCZOUBA BOTAAGO EO AEEAACEOA ET DAOETO FATAA OBCOAAAG: S0A
T AATAE TAQEETC <EOEET AT ETAOO0OU AITT><0 A AT TDATU OT OARAIEAOAOA £00 DAOETO §ATAR DAOCACO ATA U
0AZAGA TETA OEA EOOOENEAACETT T& EEOOTORA DTIEAEAO ATA DOAROEAAD £T OEA 1ECEO TE OETOA Tk OEA AAOOAD ETAO000U
performers.

c) Develop KPIs for improvement

In the areas where improvement is desired, KPIs should be developed. Each KPI should have a targeted
DAOFTO TATAA 1AOAIS 4EA +0) ATA 0AOCAO OETOIAN <EAOA DTOOFAIAT AA ODAAENEAR TAAOOOAAIAN AAEEAOAAIA FA00
require stretch), realistic and time-based (i.e. can track performance improvement over time). The

OANOEOAA FT0 ATU ATOOAAQEOA AROETT 0T EAOA AT E TDAAO TT OEA PAOFTO TATAA 1AOATy 4EO0 TTA ATAO TT0 <AT0
0T TAAOOOA ATA ATAIUOA OEA DAOA TAOA0O <EAT 0EAOA £0 TT AEATCA £0TT TTA TAAGOOA TATO 0T 0EA TA0N
AO0 £0 £0 TAAAOOAQU 0T AAIATAA 0EE0 ACAETO0 T10 TAAGOOETC TEOAT ATTOCE! 0AOOIOETC ET OEA OE00AOETT OEAD
DAOA TA0A00 AAT AA TOO TE ATTOOTI £10 T1TC DAOETACS )T AAAROETTH £0 £0 TAAAOOAOU 0T ATTOEAAC OEA 08 T A1 AT00
ATA 0AOTOOAAO TAAAAA 0T AAGATTDN TAFTOAET ATA TATACA 0EA +0)0h A 0EEO AIOT AAOAO TETAO ETx TATU

robust KPIs can be used.

d) Measure KPI

for deviations.
e) Take corrective action

The causes for deviations should be addressed and corrective actions performed, and the process
OETOIA AA 0APAAOAA TATU OF TAGS

AEE0 YTTAQ ETAOOAO TT OEA OOA Tk +0)0 ATA "ATAE TAOEETC AU /DAOAJETC /OCATEOAOETTO AQD OEA OATA
POTAAGO AAT AIOT AA AATPOAAT AQ £0 ATATOOACAA 0T AAN AU 0EA < EAA0 00PDIU AEAETS &10 AgA TPIAT %NOED TATO
Manufacturers could adopt similar measures to report design and actual performance of their products,
ETDOTOETC ANOED TATO OAIAAGETT ATA EAIBETC 01 ATOO0A 0000AETAA BOTAOAGETT §10 OUOOA K AOAEIAAEIEOU ATA
% PAOETO TATAA TF OEA DOTAOAGETT FAAFIEOEAGS #TTORO0ATO AANETEOETTON ATOTAAOU AANETEOETTON ATA AAOA
NOAIFOU A0 AATETAA ET 0EEO 00ATAAOA AOA AOOATOEAT 0T £ TDOTOA AAOA ATTIAAGENT ET 0EE0 AOAAK

E.2 Alignment to business objectives

E.2.1 General

+0)0 AOA AIECTA 01 OEA TOCATEUADETTE0 TAZARDEOAD £10 OEA EAREIEDU §10 TDAOAGEYTOL ATA ¢ TDOTOA TATE0 AOA
EARTOEEAA ATA € TDIA TATOAA £T TOAAQ O AREEAOA OEA TOCATEUAGETTIO DIAT TAA TAEAAOEOACS 4EA AIECT TATO T
+0)0 0T OEA AGGETAG0 TAEAROEORO AAT AA OABOAOATOAA AQ OET>T ET &£GOOA %o
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Contribution

A
\

Plant KPIs

- i

Team objectives - - Equipment KPIs

L4 |

Individual objectives \ / Component KPIs

Figure E.2 — Alignment of KPIs to the business objectives

Area objectives

E.2.2 Differences between benchmarks and KPIs

AEA AtEEAOATAAO AAOxAAT AATAE TAOEO ATA +0)0 AOA OAOEAO 00AOIAs 4EA TAETO AtttAOATAA AAOxAAT A
KPI and a benchmark is related to the usage. In effect, a KPI is used for managing an improvement on
an ongoing basis and for determining the progress towards a predetermined target. A benchmark is
O0AA A0 A TTAZTER TO TT=<ZE0ANOATAU AGATO 0T AAOAC TETA OEA DOAOATO DAOKTO TATAA 1A0AI0 ACAET00 TOEAD
organizations involved in the same process.

AEA 0AAIA AAIT> DOTOEAAO AT TOAOOEA> Tk OEA WAETO AcrrAOATAAG

Table E.1 — KPIs versus benchmarking

Characteristic KPIs Benchmark

Purpose Track progress and effectiveness | ) AATOEEU CADO ET DOAOATO DAOFTO-
of management mance level

&OANOATAU Reasonable expectation of change | One-off/infrequent
occurring

Source of data YTOAOTAT OUOOAT O External sources

Level of control Immediate to short-term Longer-term

-O TAROTEETMOATAETC DAOA TAOAO0| One or few —ATU

1AAO0AAU Interested in trend Interested in absolute value

Targets 3A0N AAGAA TT TAEAAGEOAD No target

E.3 Using benchmarking

E.3.1 Benchmarking principles

Benchmarking helps determine the reference point and standard from which world-class performance

can be measured. The process of benchmarking can be broken down into three steps.

AQ %OAIOAOA ATA TAAOGOA UTOO T=T TDAOAGETT 10 OPAAENEA DOTAAOO 0T EAATOEEU <AAETAOOAGO ATA 000ATGOEO
using the data collected in accordance with Clauses 7, 8, and 9. Choose a set of KPIs (see Table E.3).
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HECT GEAR_OF OEA TOCATEDAGET IO TABRACEOAG £10 OEA EARLIENU §¥0 TDADACEFROR EARTOLEU A0ARD 10
£ TROTOA TATO) ATIIAA) ATA ATAIUOA OEA AAOA ATA £ TDIATATO £ TDOTOA TATO0 £T TOAAO 0T AAEEAOA OEA
TOCATEUAGENTIO DIATTAA TALARQEOAGH

Aq )TE0EAOA A ARTAE TAOEETC 000AU ATA ATAQ TATO DOTAAOOAO AU OARAOOETC 0T BAAO COTODO JOAA %oty OEA
AOA TTOA BOTAOAGEOA TO ARTEAEATO OEAT UTO008

Aq)ARTORRU AAGO DOAAOEAAO ATAE TDIATATO OEA T

E.3.2 General

"' ATAE TAOEETC £0 1100 O0ARO1 =<EAOA OEAOA £0 AT AGEOOETC 00AOFOOEAATIU OECTENEAATO OA TDIA DTPOIAGETTS )0
E0 TAAAOOAOU OEAQ OETOA ETAEOEAQAIO ETOTIOAA ET OEA AGAEATCA TE ETETO TAOETT OTAAOOOATA OEA ETEAOATO
IE TEOAOETTOE TDTOAA AU OEA AADA OEAU ATTIAA) ATA 0EA AAOAAAOA =< EAOA £0 0 00TOAAS &T0 AGA TDIAI AADATAETC
TT 0EA 0UDAN TTAAN ODAAAT TTOTOETC TAOETA) IOAOEAATO £10 W OTAOENTON ATTOA WETAOETT T1AOAION A0AS A CEOAT
AAAOETC AAT TA00 ATUEAOA FOTT py TTTOEO 0T tr UAAOO) OEAOAETOAN ETT<ETC OEA AOAOACA —448& T All
ARAQETCO £T A CEOAT DIATO <TOIA AA T& TTIU It Tt0AA OOA:OTTAGO O A OAIEAAEIEOU ATCETAAG &10 AT TDATU 14
=<ET £0 TDAOAOETC <FOE A —44& Tk py UAAOOH 0T APPOTAAE 0EA OAIEAAEIEOU TF AT TDATU ™ <ET £0 TDACAJETC
x<E0E A —44& Tk tr UAAOOH E0 £0 TAAAOOAOU 0EAQ OEAOA AA AT OTAAOIUETC ETT<IAACA TE All Tr OEA ALEfAOATAAD
in the design and operating conditions. The development of best practices cannot occur where there is
110 AIDAAAU A OTOTA ETT<IAACA Tk ATCETAAOETC DOETAEDIACY

1 F0ANOATO WEOOOA Tk AATAE TAOEETC £0 0T ATTOEAAC B0 WAOAIU A0 A OATOAAAOAR 0EAQ £O OT OAUK £T0 TTTEETC
backward to measure past success or failure, rather than as a map to guide forward progress to achieve
goals and continue improvement.

E.3.3 Taxonomy level

Benchmarking can occur at the plant, process-unit, equipment-class, subunit or maintainable-item level.
+AU DAOETO T ATAA ETAEAAGTOO £10 AAAE EEAOAOAEEAAT IAOAT §OAA &ECOOA o DOTOEAA AEsAOATO ETETO WAGETT: )EA
+0) 0A0 A0 TTA 0A@TTT TEA TAOAT EECEIECEND A <AAETAO0N OEAT 0EA TA@0 1T><A0 0AGTTT KU IAOAT Tk ETAEAAOTO0
OETOIA CEOA FOO0EAQ AATETEOENT ATA AIAOENEAAOETT O OEA AAOOAQ Tk 0EA <AAETAOCS *ATAE T AOEETC ETEOEAOEOAD
0EA0 OATE DIATO TO DOTAAOOZOTED PAOKTO TATAA TEOAT TITE A0 OATAOEOA TAOAIO Te OAIEAACIEOUN OOARMETCH
utilization and operating cost. KPIs for hierarchies at the level of equipment class and below include
DAOA TAOACO 0EAD POETAEDAIIU FTAQO TT OEA ETAEAATAA Tk FAEIOOA ATA 0APAEG 7 EAOA A 0AAOD DOAAGEAAG £T0 -
ATTOETOTOO E TDOTOA TATO TT A OTAACO OTE) AATH £10 AgA TDIAT ETOTIOA OEA £ TDIA TATOAGETT T4 OAILAALIEOUZ -
AATOOAA TAETOATATAANOEA AAOO DOAAOEAA AD A TT=<AQ EEAOAOAEU AAT AA OEAE TDIA TATOAGETT T¢ T TOA OECTOTO0 -
AROECT OPAAENEAAOETTOR AATATAA T0 COTOOETC OANOEOA TATOO ADAS :

E.3.4 Choice of benchmarks

+0)0 O0EA0 OTCAOEA0 AAT TAAOOOA TOAOAIL OAILAAEIEOU ATA TALTOATATAA AscAAOEOATAO0 ><EOEET OEEO

International Standard are the following:

Aq  ANOED TATOZAIAOO) OOAOTED ATA TAETOAETAAIAZZOAT TAAT OEWA 0T FAEIO0A j—448h OAA AATETEOEIT ET
#IAOOA o

Aq AOAEIAAEIEDD jORA AAMETEOETT ET #1AGOA o

Aq  ATOO T DOTAOAGETT ITO0AC AAGOAA AU OTOAIEAAEIEOU ATA AU TAETOATATAA ARQEOEOUN

AQ  AEOAAQ AT000 FIAATOO ATTOOARO0 ATA TAOAOEAIOQ TE TAETOATATAA <TOEN

Aq  AT000 Tt TACTOATATAA 0OPDTO0 00A%E ATA Te TAETOATATAA ATTOO TAAIAD)

f) ensure maintenance activities are executed according to plan.
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E.3.5 Alignment of benchmark and KPIs across peer groups

)0 EO E TDTO0ATO 0EAD All AATAE TAOEETC ATTO0EAGOTO0 00DDIU A AT TDIAOA 0A0 T& EAU DAOFTO T ATAA ETAEAAOTO0
(KPIs) that are tied to the same frame of reference. To do this, the more successful benchmarking
initiatives are the following.

2 )AATOEEU OETOA AIA TATO0 0EA0 T 100 AtEAA) OEA AT T TAOAEAT 0OAAAOD T# OEA AGOETAOOS
2 %UDITU CATAOEA 0AO WO £10 AAAE AIA TATO) OEA AAOAOEPOETTO TE ATOTAAORAO ATA OEA ATTIAAGETT Tk AAOA
should be chosen in accordance with this International Standard.

E.3.6 Benefits of benchmarking

"ATAE TAOEETC TAU AA O0AA 0T BOTOEAA ATTOETOTO0 £ TDOTOA TATO 0T EAU =< TOEZBOTAAQO AIA TATOO ¢ DIATO
T ACTOATATAA ATA OAIFAALIEOU ETAIOAETC

AL 000AOACUTIAARAOOELDN

b) maintenance work management,

c) predictive and preventive maintenance,

AQ ATTDO0AOtUAA TACTOATATAA TATACATATO ETETO TAOLTT OUOOA T O j#——)3Q

e) training,

f) materials management,

g) contractor management,

EQ  OAIEAAEIEOU £ TDOTOA TATON

EQ AT TDAOEOEOA OARETITICUTAATAE TAOEETCS

AITIARTIEAL ETAOO00U ANTAE TAGEETG e 0EA ONEAATH) ATA TACTOATATAA OTAGEIT EAO AMENTA AT
AOOATOEAT OTTT £10 DAOKTO TATAAZE TDOTOATATO DOTCOA T TAG: )0 EAO 0EA POt TAOU TAEARQOEOA TF DOTOEAETC
companies with useable comparative data that, at a level of detail that is actionable, helps them focus on
AOAAEAIA TEDTO0OTEOU 0AOCAGD 0T £ TDOTOA OEALO DAOKTO TATAAY

4T CAET AOMAGAAIEDU ATA ARRADOATAA) £ £0 TARAGOAQU EA) GEAOA TOBTOROTEDD 0AOGADD A ORAT AD OAAIEGEE
0EAQ £07 0EAU AOA OTAAOOOTTA AUk ATA AOAAFAIA 0Th OETOA OAODTTOFAIA £T0 AAEEAGETC OEA T4

neglecting others.

E.3.7 Selection of peer groups

E.3.7.1 General

The selection of the peer group against which a participating plant compares its performance data is
E TDT00ATOS )£ 0EE0 DAAOZCOTOD OAIRAOETT 0 < ATl T AAAI DAOOTTTAI ET OEA DIATO <£1l EAOA ATTNEAATAA 0EAQ £
EAQ OEA OA TA DAOLTO TATAA TEPTOOOTEOU A0 0EA AA0OAOZDAOETO TETC PIATOO £T 0EA COTODS &OOOEAQ T TOAN OOA
TF A OOEOAAIA TAOETA Tr ATAIUOEO T¢ DEUOEAAT AAQOAT EAAOTO0 TE DIATO AEAOAAOAOEOOEAD ATA TE TAETOATATAA
practices within the group provides explanations of variations in performance that have greater
OAIEAEO U8

When a plant’s performance is seen to be poor compared with its peer group, the gap can be due both to
AEEFROATAAC ET OEA DIATOI0 DEUGEAAT FAAOOOAD FAOAT =<EOEET OEA OA TA DARD COTORG ATA AIOT 0T AEEFAOATAAD ET
the practices and organization of the site. The characteristics of both categories of causal factor should
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be benchmarked using a suitable method of benchmarking, so that the relative weight of each can be
FOACAA ATA 0AAIEO0EA 0AOCAGD OAOS

E.3.7.2 Selection of peer groups

A peer group’s distinguishing factor is a feature of a plant that affects one or several aspects of
performance and is common and intrinsic to the group of plants and also that a plant cannot change in
the short/medium term.

4EA 0T DAAOZCOTOPD AFOOETCOROEETC FAAGTO0 OEAQ EAOA AAAT FTOTA T 100 OLCTENFAATOET 000AEAD TT OAIFAAEIEOU
and maintenance are

2 DOTAAOO (A WEIU§  £10 OAAGTTO 1% ANOED TATO 0UDAGI BOTAAOO OAGAOEOU FATOOTOEOEOUR GTBEAEOUR AOA ATA

TAETOATATAA AT T DIAGEOUI

2 CATCOAPEEA OACETTY FI0 OAAOTTO TE DOAOAFIETC TAATO0 ETOOIU ATOO0N A[
ATTOOAAGETC DOAAOEAAGH OARAOU ATA ATOEOTT T ATCZzDOTOAACETT TT0 W0 Al TAOAY TATACATAT
industrialization level of the region.

TAT0 ATA

U TA
10 AQI0O0A ATA

E.4 Examples of benchmarks and KPIs using RM data
AEAOA AOA A OAQEAOU 1% AATAE TAQEQ ATA +0)0 AOAEIAAIAS —AAOOOA TATO TE AT000 ATA FAEIO0A 0ADAQ BOTOEAAD

ETACAAOETTO TF 00ATAQ ET OFA ARcAAOEOATAOO TF TAFTOATATAA ATA OAIEAAEIEOU DOIQOA T TA08 +0)0 AAT AIOT AA
O0AA 0T CAOCA AT TOCATEUAGETTIO AAEAOATAA 0T BOTCOA T TAO ATA POTAAAGOAO AU OAATOAETC AT TDIFATAA
with preventive or predictive schedules.

. T OETCIA +0) POTOEARC OEA AT TDIAOA DEACOOA ATA £0 EOh OEAOAETOAT TAAAGOAOU 0T AANETA A AAOEAG TF +0)0
that together indicate progress and trends in the reliable operation of plant and equipment. Trends can
be shown over a period of time and can require some special attention to allow for periodical as well as
AAAO T O1AGEOA OADTOOETCH £10 AoA TDIA) 0140020 < TZUAA0O AGAOACAG ET 0EA T1A00A0 AAOAS

4AAIA %o CEOAO AgA TDIAO Tk +0)0 0EA) AAT AR AAOATTDAA TAEETC O0A T& 2— T0 TOEAQ OAILAAEIE0UZOAIAOAA
AAOAS &10 £O00EAQ ETETO WAGETT TT 0EA GTO0AA0 Tk OAIEAAEIEOU AAOAI 0AA )3/T42 pqtywigmpai patch 4AAIA T
/0EAOT TTOA +0)0 AAT AA O0AROT AADATAETC TT ETAO000U ATA APPIEAAGETTS )T 4AAIA %ioh OA/EAOAIA/-\ 0 TAAA
to the taxonomic levels in Table 2. These are suggestions and in some cases KPIs can be rolled up to
Level 3.

Table E.2 — Taxonomic levels

Main category | Taxonomic|Taxonomic hierarchy |Use/location
level
Use/location |1 )TAO000U AUDATE TAET ETAO000U
2 *O0ETAO0 AADACTOU 4UDA TF AOOETAGO TO DOTAAGOETC 000AA T
3 YTOOATIAGETT AAGACTOU | 4UDA TE FAAEIEOU
4 OIATOTOTE) AAOACTOU 4UPA TEDIATOTOTHO
5 SAAGETTTOUCOAT —AET OAROETTTOUOOA T Tk OEA PIATO
Equipment sub- |6 Equipment (class/unit) |Class of similar equipment units. Each equipment class
division contains similar pieces of equipment (e.g. compressors).
7 Subunit ¥ 00AOUOOA T TAAAGOAOU £100EA ANOED TATOOTEO T FOTAGETTE
8 Component/maintaina- | The group of parts of the equipment unit that are
ble item ATT ITTIU TAED 0AE|AA JOADAEOAATOAOOTOAAQAO A <ETIA
9 Parta A single piece of equipment
a 7 E£IA OEEO TAOAT WAU AA O0AOT ET OT TA AAOAGH £0 £0 ATTOEAAOAA TROETTAT ET 0EE0 ) TOAOTAOETTAT 30ATAAOAS
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Table E.3 — Examples of KPIs 2

shown over a
period of time

undertaken on a time basis
independent of failure.

Calculation based on total
time between repairs di-
OtAAA AU TO T AAD TE 0ADAE0O
TOAO A ODAAENEAA OF T A DAOETA
or to date.

For subsea equipment, one
TAU OATATA OEA +0) 0T
0—AAT 0f TA ARO=<AAT ETOAO-
ventions” (MTBI).

KPI Relevant Units Explanation and calculation | Purpose and Involved
taxonomic value personnel
levels b
1) METBF 6to8 Time (hours, Indicates the average time Indication of Equipment
Mean AAUON x)—\/—\EOh | between failure for compo- |increasing or de- |0OAEAAQZ I A-
elapsed time T TT0EON UAAOOQ |nents, equipment or units. AOAAGETC OAIEAAEIEOU | ter experts
between For different | SATETEIT T2 £4€100A £0 GEOAT | OF components, | (SMEs)
failures AIAGOAC TO 0UPAG in Clause 3l(igpe§a~l) and u?lit}) lant 2AIEAAEIEOU AT-
of equipment T TTAQ & JOARAOU ANOED TAT(G8 p gineers (REs)
Trends are Use of METBF implies that Middle man-
shown overa |down time/repair is included. agement (MM)
period of time Guidelines for calculating Inspection
METBF (and MTTF) are given
in Annex C.
2) MTTF 6to8 As above Is similar to METBF, but does |As above As above
Mean time not tak_e into account the Note that MTTF,
. down time/repair time. . o
to failure in principle,
METBEF is the sum of MTTRes |ATTAAQTO TT1U OEA
and MTTF. ME0O0 OF WA O FAEI-
. ure of a new item
MTTF equals the reciprocal AAETOA ATU T AETOA-
of the failure rate.
nance task has
been performed
3) MTBR 6to8 Time (hours, |Indicates the average time Indication of SMEs
Mean time AAUON x/—\/—\EOh | between repairs for compo- |increasing or de- REs
between I TTOEON UAAOOQ |nents, equipment or units.  [AOAACETC OAIEAAEIEOU
repairs For different | VIOETOCE A £A€100A 0UBERTI | OF ComPonents or -\ MM
AIAGOAD TO 0UPAD results in a repair, thisis aq laI;lt/unit Maintenance
of equipment | TT0 AiAUO 0EA AAOAs 2ADA00 | P I i
FAICS TAETO TOAOEAQIOQ AAT AA nspection
Trends are

monitoring

a  /OEAOT TTOA +0)0 AAT AA O0AROT ARDATAETC TT ETAGO00U ATA ADPIEAAOETTS
b See Table E.2.

¢ CM is sometimes used as an abbreviation for corrective maintenance, but in this document CM refers to Condition
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Table E.3 (continued)
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KPI Relevant Units Explanation and calculation | Purpose and Involved
taxonomic value personnel
levels b
4) Mean 6to8 {1E !'{-\,OO‘OA‘I,‘I‘L‘JIET The time taken to perform Indication of the ~ |SMEs
active repair ETO00 10 AAUGS  |the repair of a component,  |DOTAOAOEOE0U ATA REs
time (MART) For different ANOED TATON OUGOAT TOOTE)S  |work content of
AIAGORO T 0UPAG |)0 £0 TARRGOAOU 0EA) —124  |TePairactivities |Maintenance
of equipment |follows the timeline princi-
Trends are ples given in Figure 4, and
also ISO/TR 12489:2013,
shown over a Fi 5
. . igure 5to 7.
period of time
/TA TAUETO0TAOAA —$4
(Mean down time) if it is also
of interest to monitor the
DOADAOAGETT ATA AAIAU OF TAGH
but such a KPI is not explicit-
10 ETAIOAAA ET 0EE0 0AATAS
5) Mean 6to8 4E TAOOOAIIU ET | The time taken to prepare  |Indication of the  |SMEs
overall re- ET000 T0 AAUOS |and perform the repair of POTAOAEOEOU ATA REs
pairing time For different a component, equipment, work_ cont.er_ltlof
(MRT) KIAGOAG TO OUBAC OUGOA T 10 OTE08 repair activities Maintenance
of equipment  |)0£0 TAAAOOAOU 0EA) —24 FTi-
T lows the timeline principles
rends are : S
shownovera |8ivenin Figure 4, and glso
. . ISO/TR 12489:2013, Figure
period of time 5to7
/TA TAUETOOTAOAA —$4
(Mean down time) if it is also
of interest to monitor the
DOADAOAGETT ATA AAIAU OF TAOH
but such a KPI is not explicit-
10 ETAIOAAA ET 0E£0 0AATAS
6) Worst 6t09 List of equip-  |[#IAAQ AATETEOETT TF <EFAE Provides focus As above
actors ment FAEIO0A OUDAO AOA ATOAOAAED | £T0 QAIEAAEIEOU
List of List of frequent TAAAGOAOU JOAA TTTAD #0p manageme?t_?nd
FOANOATOIU failure modes | ,£00 T T 100 F0ANOATOIU FAEIAA Z%%J&gsz ; : ure
failed equip- ROMOATAUT: | cQuipment can also be gener- | "2 4 N
ment AOAA AU FOANOATAU Tk 0ADAE0GS | OOTAOAGTNOAIEQU

failure

List can also be used for

agement follow-up.

Restructure as to plant
impact.

development

a  /0EAOT TT0A +0)0 AAT AA O0ARO1 AADATAETC TT ETAG000U ATA APDIEAAGET TS
b See Table E.2.

¢ CM is sometimes used as an abbreviation for corrective maintenance, but in this document CM refers to Condition

monitoring
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Table E.3 (continued)

KPI Relevant Units Explanation and calculation | Purpose and Involved
taxonomic value personnel
levels b
7) Ao 6 P OETA -TOTAIUTT ANOED TATCZOTED |Shows trend in SME
Operational available for level. equipment avail- REs
the equip- corrective and MM
ment when all preventive mainte- .
. . Operations
maintenance nance is covered
(corrective and Input for produc- Maintenance
preventive) is . : .
included in the tion planning (see |Inspection
down time C.2.3)
8) At 6 P OETA -TOTANUTT ANOED TATOZOTE) |4EA EAUOAAETE-  [SMEs
, available for level. AAIZAOAEIAAETEOU
Technical operation of indicator REs
AOAEIAAEIEOU peratic
the equipment . MM
Shows trend in
then C(.)I'I‘;ef:- equipment availa- |Operations
TAVAA T 6 ACIEOU ENACOETCTT |
. ; ET00ETORA OAIEAAEIEQU | M1aIntenance
included in the .
down time (see C.2.3) Inspection
w( 3AFAOU 4106 P Tt 0ARAOU 41D 10A00EIA] s %TO00A All 3AfA0U | Asset Manager
critical e_le- critical _equip- AOARERA 1 TTOATI Criti(-:a.l Elements Operations
ments with ment with as- requiring assur-
assurance surance tasks ance tasks have Maintenance
tasks in in the CMMS. them assigned in
CMMS the CMMS.
10) Safe-  |4to6 P TEOIATTAA | 4TD 10A00EIA €wybs —AAGOOA OARAOU | Asset manager
0U AOEOEAAI Maintenance SARERR TTAS critical element .
element 7 /0 10 OARAOU AOAREAA —TTOEILY planned mainte- Operations
planned critical equip- nance work com- |Maintenance
maintenance ment outstand- pleted before last
compliance ing after the ADDOTOAA NETEOEAA
FTT0 AAUTTA last scheduled date
latest allow- NETEOE AAOAY
AAIA NETEOE
date)
pp( 3AAOU  [4to6 P TE #T00AAGE0A | 41D 10A00EIA Ewpbt —RAOOOA OAEAOU | Asset Manager
Critical Maintenance NARER R ETTAST critical element .
Element 7 /70 10 OARAOU AOMEAA TTTOEIV corrective main- |OPerations
Corrective critical equip- tenance work Maintenance
Maintenance ment outstand- completed before
compliance ing after the last approved
FT10 AAUTTA last scheduled NETEOEAA AADA
Latest NETEOE AAOAH
Allowable
Finish Date)
12) Preven- |4to6 b TE0T0AI Total PM work order (WO)  |Indication of SMEs
tive mainte- maintenance TATZETO00 AFOEAAA AU 0TOAT | amount of proac- RE
nance (PM) man-hours 7/ TATZETO000 AU ANOED- tive preventive s
man-hours spent on PM TATO AIAOOENEAAGETT TOOUPAGS | maintenance work |Operations
ratio (not including Mai
T TAEERAOEITOQ aintenance
a  /OEAOT TTOA +0)0 AAT AA O0AROT ARDATAETC TT ETAG000U ATA ADDIEAAGETTS
b See Table E.2.
¢ CM is sometimes used as an abbreviation for corrective maintenance, but in this document CM refers to Condition
monitoring
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Table E.3 (continued)
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KPI Relevant Units Explanation and calculation | Purpose and Involved
taxonomic value personnel
levels b
13) Cor- 4106 b TEOT0AI TAET-|Total corrective mainte- Indication of SMEs
rective tenance man- |nance WO man-hours divid- |amount of correc- REs
maintenance hours spent AA AU 0TOAT 7/ TATZETO00N tive maintenance
¢ man-hours on corrective  |AUANOED TATO AIAOOENEAAGETT | work Operations
ratio maintenance |10 0UDA} .
Maintenance
14) Overdue |4 to 6 Number of as- | Top Quartile: 0 per Plant/Unit |#EAAE 3AFAOU #0£0E- | Asset Manager
Assurance surance tasks NARER R ETTAST cal Elements work .
TO 3AEAU FID OAGADL A0 | 4OMEAA TTTOEL ordersarenot  |OPerations
Critical work ical equipment being rescheduled |Maintenance
orders on 0EA0 E0 AAUTTA without appro-
3ARAOU #0E0E- the Last Al- priate Technical
cal Elements lowable Finish approval.
without Date without
Technical Au- technical au-
OETOR0U §41Q thorisation.
approval
15) PMs 4t06 .OTAAOT0 b TE| Count of outstanding PM WOs | Indication of Operations
overdue PM WOs over- |AUANOED TATO AIAOOETEAAGETT | outstanding PM Mai
AOA AU AMOACTOU| TOAOA B T50T0AI0— 7708 |backlog aintenance
/TA TAU AIOT OAIARD TTIU OARA-
0UZAOEOEAAT ANOED TATO T0 BOT -
duction-critical equipment to
differentiate into groups.
16) Predic- |4 to 6 OTARTO P |SANETA <EEAE DOAAEA- Condition monitor-|SMEs
tive mainte- PdM data col- |tive-maintenance activities |ing management REs
nance (PdM) lection activi-  |0T ATOAO ETAEOEAQATIU TO Alls
complete ties completed For example, number of data Operations
Completion points, routes or equipment Maintenance
of predictive that have PAM NDT data I .
maintenance collection carried out divided nspection
(e.g. inspec- AU 0TOAT AAOA DTETO0 0TO0AO T0
tions, test- ANOED TATO0N TOAO A OPAAENEAA
ing, periodic period of time.
condition ) FEEAOAGETT ATAIUOEO AAOAS
8 thickness readings, infrared
scans, motor performance
ATAIUOEQG
17) Predic- |4to6 OTAAOTOP | SATETA < EfAE DOAAFAOEOA Indicates backlog |SMEs
tive mainte- overdue predic- |maintenance activities to TFOA— 0UPA T AA- RE
nance (PdM) tive mainte- ATOAG ETAEOFAQATIU T0 Alls tivities, e.g. NDT s
overdue nance (PdM) ATOTOTO B TE0A— _ $4 AAOA Operations
activities . ) .
points, routes or equipment Maintenance
that are outstanding over a .
OPAAENEAA OF T A DAOETA Tk 0E T As Inspection
18) Cor- 4t06 Number of Top Quartile < 6 man weeks. |Ensure number of |Asset Manager
recFive hours work AOMEAL TTTOEI hogrs of corre_ctive Operations
maintenance recorded for maintenance is
workload corrective under control. Maintenance
maintenance.

a  /0EAOT TTOA +0)0 AAT AA O0AR0T AADATAETC TT ETAGO00U ATA ADPIEAAGETTS

b See Table E.2.

¢ CM is sometimes used as an abbreviation for corrective maintenance, but in this document CM refers to Condition

monitoring
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Table E.3 (continued)

KPI Relevant Units Explanation and calculation | Purpose and Involved
taxonomic value personnel
levels b
19) Schedule |4 to 6 b T OAEAA- 41D 10A00FIA €wy b Increase compli-  |Asset Manager
compliance uled total JOAREAA TTTOEI ATAA <E0E <AAEIU Operations
maintenance schedule.
man-hours Maintenance
completed over
arolling three
month period.
20) Un- 4t0 6 b Tf TAFT- 41D 10A00FIA e Ensure work is Asset Manager
scheduled/ tenance SARER R ETTASI being scheduled .
NENZET <TOE man-hours A0AREAA TTTOEIL and the resulting Operations
consisting of plan adhered to.  |Maintenance
unscheduled/
MENT ET < TOE TOAO
arolling three
month period.
21) Turn- 4 4£ WA O00ATIU ET| )0 £0 TAAAO0AOU 0T ETAIOAA 00TZ | Maintenance Operations
around AAUQ down and start-up in connec- |planning .
duration tion with turnarounds S A e Maintenance
' — TAENEAACET T 1D-
Prolonged turnarounds due | portunities
0T TTAENEAAOETTO TAU AA Outage plannin
separated out in order not utage p 8
to disturb comparison with |Production plan-
UMAGZI[20AAQ OANOEOATATO0 | ning
F10 TAETO TAETOATATAAS
22) Time 4to05 Measured on |Time between turnarounds. |As above As above
between annual basis
turnarounds (number of
‘ 1 TTOEGH UAAOGY
23) Main- |4to 6 b ARFAOATAA | 41D 10A00FIA CTZ ubs Ensure historical |Asset Manager
tenance between NARER K ETTAST data is used in esti- .
estimating planned and ac- AOAAEAA TTTOEILS mating (durations) Operations
AAAQDAAU tual man-hours Maintenance
hours for planned and
: corrective WOs
24) Main-  |4to6 b ALEAOATAR | 4TD 10A00EIA CTZ ubbt Ensure historical |Asset Manager
tenance between NARER R ETRASIS data is used in es- .
estimating planned and AOMREAR TTTOEIL timating (costs) Operations
AAAOOAAU z actual costs for Maintenance
cost planned and
corrective WOs.
25) Repair |6 P T£0ADA00 | Number of WOs thatare | Indication of work |REs
rework ratio where rework | 0AxTOEAA AOEAARA AUOTOAT | NOAIEOU ATABOT- | .
is required fol- |number of WOs. AOAQEOEOU p
lowing repair |14 a0inEAR AU ANOED TATO 0UBAL Maintenance
—AU AA 0PIEO ETOT POAOATOEOA
and corrective maintenance.
a  /OEAOT TT0A +0)0 AAT AA 00A:01 AADATAETC TT ETAOO00U ATA APPIEAAGETTS
b See Table E.2.
¢ CM is sometimes used as an abbreviation for corrective maintenance, but in this document CM refers to Condition
monitoring
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Table E.3 (continued)

IS0 14224:2016(E)

KPI Relevant Units Explanation and calculation | Purpose and Involved
taxonomic value personnel
levels b
26_)\CM£/}IS\S 4t06 Time between |Top Quartile 24 hours. %T000A EEO0TOUED  |Maintenance
#11ME0 TAA work com- NARER R ALY written within a
to Technical pletion and AOMEAA TTTOEI reasonable time
Completion technical close from the end of the
time out of the work AAQEOEOU JOUBEAAILIU
order. with 72 hours).
27) Average |6to 8 4 T A O00ATIU £T| The time taken from when  |Repair manage-  |Maintenance
repair work- ET000 10 AAUO  |failed item is received at ~ |ment
OETD AUAIA OADAEO OETD OTOEI £0 £O OAAAU
time for use again
28) Generic [4to 6 b TF TAOROEAT  |4TD 10A00EIA I'pribs Ensure the Mate- |Asset Manager
materllal items 1ss.ued AOAERA TTTOEIU rial Catalogue is Operations
ordering that are iden- complete.
OFNEAA ET OEA Maintenance
CMMS.
29) Materi- |4to6 b Tf TAOAOFAIO | 41D 10A00EIA Ewubs 2AAGAA ARIAUO Asset Manager
als. a.chlevmg d.ell\./ered to AOARERA TTTOEIU to corrective Operations
original site in com- and preventive
Required on pliance with 3<AIOEAAOQ/-\A AU Maintenance
Site (RoS) the original OTAOQAEIAAEIEOU T1£
date required on materials.
site date.
30) Inven-  |4t0 6 P Tk TAOAOEAI0 | 41D 10A00EIA CTZ ubs %TOO0AATT ITTIU |Asset Manager
0TOU OAOOEAA required for | osie i3 FYTORIU used materials Operations
level maintenance for maintenance
OAGEOMEAA FOT T activities are held |Maintenance
stock. in stock to reduce
time waiting for
materials.
31) Total 4t06 Per plant, Total cost for both corrective |40ATA ATAIU0EO TOAO| Plant manage-
maintenance section or and preventive maintenance |a period of time ment
cost zcgil‘l/réfrél;r;trifgg including spare parts. Operations
: i=xx:v~ | Does not include costs relat- .
JAiCs ATTOATIU ed to down time with respect Maintenance
to lost production.
a  /OEAOT TTOA +0)0 AAT AA O0AR0T AADATAETC TT ETAGO00U ATA APPIEAAGETTS
b See Table E.2.
¢ CM is sometimes used as an abbreviation for corrective maintenance, but in this document CM refers to Condition
monitoring
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Table E.3 (continued)

tests and the corresponding
number of tests performed.

A0AAEAA ATTOATIL

This common in-

several countries.

KPI Relevant Units Explanation and calculation | Purpose and Involved
taxonomic value personnel
levels b
32) Mainte- |4 b Tf TAHT- 41D 10A00EIA evnbs Non-value added |Asset Manager
nance pro- tenance SARER R ETTASI time is recorded .
AOAOEOE%U man-hours AOMEAA TTTOEIU and there is a Operations
ATTOO TAA AU focus on reducing |Maintenance
non-productive or eliminating
activities, e.g. non-value added
awaiting mate- time.
rials, etc.
33) Costof |[4to6 #100 AU AEEFRO- | The cost of repair to equip- | Trend in repair As above
repairs per ent equipment | FAT0 A0 0APOAOATOAA AUOEA | cost over a period
work order 0UDAQ £T0 OACE- c'oi’tj cql_le;.c_t_e;i'i\a‘gaiqst'gqgi‘p- of time
ous geograph- | FA10 < 10E 10AA008 AUDEAATIUN || & s satnek AAcT o 7
ical locations, ~[£ STAIOAAD IAATOOJAT TDATU |JARTOTEALCEIT 1<
X . 1000 AAOTO0 AU
units or plants. |and/or contract), materials .
. . repair cost and/or
and equipment hire. Over- ARGED TATO 0UDA
head can also be included.
34) Failure |6 Ratio %NOED TATO 00AEAA0 0T 00AE | Average unavail- | 2ACOIAGTOU
fraction (see DTOATOEAT OARAOU AOEOFAAI AAFIEOU J0&SBAOCQ | Authorities
F.2.4,and FAEIO0AC AAT AA EAATOENEAA due to dangerous
also ISO/TR within a plant and moni- undetected fail- Asset manager
12489:2013, tored, and the ratio between |ures is established |Operations
3.2.4). 0EA TO TAAQ T OAFAOU AOEOEAAT  |AU OOETC 0AGO .
FAEIO0AO AAOAAOAA AU PAOETAEA |reports. Maintenance

monitoring

a  /OEAOT TT0A +0)0 AAT AA O0AROT ARDATAETC TT ETAG000U ATA ADPIEAAGETTS
b See Table E.2.

¢ CM is sometimes used as an abbreviation for corrective maintenance, but in this document CM refers to Condition
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Annex F
(informative)

Classification and definition of safety critical failures

F.1 General

The general principles described in IEC 61508:2010 (all parts) and IEC 61511:2016 (all parts) have been
£000EAO AAOAITDAA AU TAOETTAI ETEOAQE0AQ ETOT COEAAIETAO ATA ATAIUOETC TAOETAO £10 OOAET OEA DAOOTIAO T
ETACO00UN £10 AgA TDIAET J4EA _TOXACEAT /€1 ATA =A0 YOOTALAGETTH cripoQp

)3/7142 pcryuicrpa BOTOLAR) COLAATAA OT OAIEAAEIEOU. TTAATIETC ATA AAIAGIAGETT TE OAFAQU OUOOA TO ATA £0
AT AGOATOEAT ATAO TATO <EAT ANOED TATO OAIEAAFIEOU AAOA ATOAOAA AU 0EE0 O0ATAAOA EO OOAAS 1T TOAOOEA =
is given in F.2. |
10 DA Tk OEEO TOAOATI DOODTOAT A OAAT T TATAAA 1£00 Tr £AEIO0A AATETEOETTO £10 OT TA 0ARAOU OUOOA WO ATA -
components is given in Table F.1. :

F.2 Reliability modelling and calculation of safety systems

)3/742 pctywicrnpo DOTOEAAO COFAAIETAO 0T OAIEAAEIEOU ATCETAAQD < ET AAAT < EOE DOTAAAEIEO0EA ADDOTAAEAG) -
=< EEAED ET AGOTAEAOENT x<EOE NOAIEOAOEOA ATTOFAAOAOETTON AOA ETAOAAGETCIU OOAA 0T AAGECT OAIEAAIA 0ARAQU
OUGOA W08 4EE0 E0 ATATOOACAA AU OACOIAOETTO jAsCH 3%6%3/ ))) ALOAAGEOAN qrpgq TO <EAAIU OAATCTEUAA
00ATAAOAD §AiCs OEA 3), ADPOTAAE OAAT T TATAAA £10 OARAOU ET0000 TATOAA OUOOA T0 AU OEA Y# ppumyigrpn
mother standard and the sectorial derived standard like IEC 61511:2016 (all parts) which is focused on
DOTAAOO OUGOA T 0Qt 4EEO E TDIFAC OT TAA0 OAOETO0 POTAAAEIEOU OATAOAA OANGEOA T ATOON AOO 0EAOA DOTAAAEIEOOEA
TAJOAOO AOA AQOOATOIU OAOEAO AQEANIU ATAO TATOAA ET 00ATAAOAGH ATA TW0 OAOEORAAOTOEIU AAAQAQOAA
ET OAIFAAFIEOU OAGOATTEC: 4EAOARTOAN )3/742 pcrywicmpo AETO A0 AITOETC 0EE0 CAD AU AOGOAAIEOEETC A
OTOTA ODAAENEA DOTAAAEIEOOEA AAAECOTOTAN EAIDETC OEA OAIFAAEIEOU ATCETAA0O 0T POTPAOIU AAAT x<EOE OEA
POTAAAFIEOOEA T TAATIETC ATA AAIAGTAOETTO TF ATU 0UDA T£ 0ARAOU OUOOA T 0 jAICH %3%$h (ECE )TOACOEOU 00A00O0A
OOTOARGETT 3U00A Wh AOAWs 1 £0A0 CAOEAOETC OEA OATAOATO AANETEOETTO ATA OAEOETC OEA OUBDEAAT AEENEAOIOEAGH OEA
OAAETEAAT OADTO0 A@DIAETO ET AROAET ETx 0T OTIOA 0EA T4 )0 ATAIUOAO ET AROAFT ET> Of T DIENEAA £10 TOIAA AAT
AA AGOAATEOEAA FT0 OF TDIA OAFAOU 0UOOA 10 ATA ETx 0EA AT T T T O0ATAAOAEUAA TTAAIO 7 OAIFAAEIEOU ATTAE
diagrams (IEC 61078:2016), fault trees (IEC 61025:2006), Markovian approach (IEC 61165:2006) and
OA00F TAOO §)%# pcuupicriped 2 TAU AA O0AA 0T AAAT <EOE TTOA AT IDIAG OFOOAOETTOS —TOATOAM )3/742
12489:2013 develops in detail the approaches mentioned in the IEC 61508:2010, part 6, Annex B, for
3), OAIAOAA AAIAQIACETTOS )0 AIOT BOTORAAD COEAAIETAO AATO0 OEA TOIOEDIA OARAOU OUOOATO TATOETTAA £1
[EC 61511:2016 (all parts).

ITTAG 1 £1)3/742 pctywignpo DOTOEARO A 1800 T op 0U00A 10 x<E0E OARAOU FOTACETTI ATA AIOT 1000 OEA
asgpgiﬂt_e_g\ equipment plggggs in ,t\h'ii,l‘rl‘tlergla‘,c{qqa} ‘S,tkangard, which are of relevance for collection or
AGOE W AOETT T£ OAIFAAEIEOU AAOA < EAT ATAIUGETC 0OAE OUGOA T 08

TTAG 10 DOTOEAAD A AACGEIEAAOETT T ONARAIEDU AAGA GTO0RA0 £¥0 00A EAT ATAIUGETC 00AE 0UGOA T 1A00
OEA ATAOOENEAACETT O ATOT OOAROT F10 OATEAAEIEOU AAOA ATTIAAOETT ATA AGAEATCA ET CATAOATY
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F.3 Classification of failures of safety instrumented systems

F.3.1 General definitions

3ARAOU ) T0000 WATOAA 3U00A 10 §3)3Q AAT EAOA COAAOETTIOATAA TT A DIATOI0 OAFAOU ATA ETOACOE0UN ATA £AEIO0A
T4 OEAOA OUOOA T 0 £0h OEAOAMOA ARAID =<EOE ET A TT0A AAAEAAOAA ><AU OEAT £10 TOEAO ANOED TATO8 10 0EAOA
OUO0A 10 AOA EOANOATOIU OATO TATO6 ET T10 TAI O0A ATA AgDAROAA 01 EOTACENT <EAT AATIAA ODTTHE) £O T OEA
00 TTO0 £ TDTOOATAA 01 0AOAAT ATU EEAAAT FAEIQOA AAFTOA OEA FOTAOENT EO AATIAA ODTTY

&OO0EAM E0 EO ATOT & DOE T A ETOAOAGO 0T ETT > 0EA ATTOANOATAAC Tk A FAEIO0A T OEAOA OUOOA TO =<EOE OACAOA
0T E TDAAO TT OARAO LS

3T I/:\(;AAAOAI ATT TTTIUOOAA 0AO TOET OEEO AOAA AOA TEOOAA AATT > < EOE OARAOATAA 0T <EAQA OEA AANETEOETTO
can be found:

2 $ATCAOTOO FAFIO0A §OAA )3/T42 ptywignpot otcios 4EAOA FAFIOOAC E TDAAA A CEOAT OARAOU AAGETTS
2 3ARARAFIO0A J0AA)3/T42 pctywicpo asiuls 4EAOA FAEIO0AD FAOTOO A CEOAT OARAOU AAGETTS
2 . TZAREAAD FAEIO0AO AOA FAEIOOAC 0EA) EAGA TT E TDAA) TT OAFAOUS

2 _TTZETOOETOEAATIU RAEl OARA OUOOA TN OUOOATO =<EAOA OEA DOTAAAEIEOU TF AATCAOTOO #AEIO0AC EO TTO
negligible.

2 ) T TAALAOAIU OAGAAIAA FAEIO0AO §OAA )3/T42 pTywicnpal atgspn(s

2 (CAAAT FAEIOOAC JOAR )3 /T 42 pcuwignpa atippls 4EAOA EAEIO0AC TAU AA AROAAGAA AU AsCs DAOETAEA 0A0008
F.3.2 SIS failure mode classification in reliability data collection and analysis

)%# gpunicrpm JAT DAO0O] ETOOTAOAAQ A FAEIO0A ATAGOENEAAGETT OEAQ EO AAADOAA 0T 3)38 (AOA OEA FAEIOOAQ AOA
ME000 AEOEAAA ETOT OEA 0T AAGACTOEAQY

2 OATATT FAEIO0AC jOAA AIOT AANETEOETT ET otxwa)

2 OUOOA TAGEA FAEIOOAQ JOAA ATOT AATETEOETT ET otwri(p

The random failures of components are in IEC 61508:2010 further categorized into these failure
mode groups:

»  AATCAOTOO0 AAOAADAA §$0)

2 AATCAOTO0 OTAROMOR §$50

2 OAZR ARGAROAA J33

— s;élfe undetected (SU).

#1 IIAAOAA OAIEAAEIEOU AAOA TAU TT0 ATTOAET EFOOTOEA FAEIOOA T TAA AOAT00 x<EOEET All OEAOA £T00 AADACTOEAGN
ATA 0EE0 <£i1 0ANOEOA AAQOEIT ATA AOOO TBOETT ><EAT AQOAAIEOEETC FAEIO0A 0AOAQ £T0 OOAE OUAQT FAEIOOA
EEOOTOUG 4EA DEUCEAAT ANOED TATO AAEAGETO0 x<EOE OAODAAD 0T 0EA FAFIOOA TTAAO 0EA) APDIU 10 A AAOOAET
component is also vital to understand, to ensure proper allocation of failure data onto these four
categories, whereof some perhaps need to be zero.

7 EAT ATTIAAGETC OAIEAAEIEOU AAOA £10 3)31 0T 0TBEAC OETOIA AA A TDEAGLOAA]
— common cause failures (see C.1.6 and ISO/TR 12489:2013, 3.2.14)
2 0AG0 ETO0A00AI FDAOETAEAQ £10 EAATOEEUETC AATCAOTOO0 OTAAOAAOAA §$5( FAEIO0AD
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7 EAT A OARAOUTOAIEAAEIEOU 000AU EO DAOETO TAA A0 AROAOEAAA ET )%# gpumyicmpm AT DA0OOT £0 £0 £ TDTOOATO
0EAO OEA OAIAOATO FAEIO0A TTAAQ AOA AIAGOENEAA A0 $$1 $51 35 10 358 3AA AIOT 4AAIA v <E0E 0AODAAD 0T
AT ETETO TAGETT NEAIA 0T AlTT>< OOAE AAOA ATTIAAGETT TT A ODAAENEA ETO0ATIAGETTS 4AAIA *spu ETAEAAOAD AIOT
0EA AATATA O0AIAOAA FAEIOOA TTAAO ATOAOAA AU YTTAg ™ £10 OEA ANOED TATO AIAOOAO ATOAOAA OEAOAETS
AEE0 00PDT000 OEA ADDIAAAEIEOU TE OEEO ) TOAOTAGETTAI 30ATAAOA O OEA OPAAENEA ATAIUOAO A0 AAOAOEAAA ET
[EC 61508:2010 (all parts).

3TTA T¢ OEA ATIIAAGAA ATT KT AAQOA FAEIO0AO AAT AA OUOOA TAOEA EAEIO0AON ATA <TOIA 0EOO T10 AA
AAOACTOEUAA AO DAOO TEOEA OATAT T £AEIO0A TTAA COTODO $5T$$T35735 AATOAS #IAOOETEAAGETT TE OUGOA T AQGEA
FAEIO0A0 £ AIOT OANIAAOAA ET )3/742 pgrywignpaot &ECOO0A "sus 3AA AIOT "'sqiosq ET OEEO )TOAOTAGETTAI
Standard.

7 EAT OAATOAETC ATATTO ATAIUGETC £AEIOOAQ £10 3)30 £0 EO OAAT T TATAAA 0T ATTOOI0 )%# epumyigmpr AIl
parts), IEC 61511:2016 (all parts), ISO/TR 12489:2013, and additional national guidelines as deemed
relevant.

F.3.3 Downtime issues related to SIS reliability data collection and analysis

ST TA£600A0 A0A £ FOTOVATO £F OMEAREIEND AAOA ATTIARGEYT ATA ATAIUOZ0 T 330)3/142 pcryicrpol
&ECOOAD v 0T x DOTOEAA AANETEOETTO ATA COEAATAA TT OOAE TA00A0ON AOO OT TA ODAAENEA OATAOEQ AOA
given below.

14008 o ARTETAO OEA 00 10 0 TAAT YOROATI OABAROETC 0 A 2405 ONADAA D1 0EA OADAGDO Y £AEIG0A0 A£0AD
0EAU EAOA AAAT AAOAAOAAs 1 TTOEAO O0AA 0AO T £ O WAAT OE WA 0T OAGOTOAGENT j—442A000 =< EfAE ETAIOAAO
both the fault detection and the repair times.

JTATUAROAI —442A0E —8$4 C —24 4EA O F AAT FAOI0 AAORAOETT OE T AG §— 8540 T2 0EA AATCAOTO0 AAOAAOAA
FAEIO0AO jAscs AROAAOAA AU AFACTTOOFA 0A000Q 0 CATAOAIIU TACIECEAIA AT TDAOAA 0T OEA —241 ATA £ £0
reasonable to assume that MTTRes and MRT have the same numerical values for dangerous detected
failures.

F.4 Definition of failures for safety systems

F.4.1 General
2E0E TATACATATO Tr OAFAOU OUOOA T 0 ATAO AIOT 0ANOEOA ANOED T ATO OAIEAAFIEOU TATACA TATOATA AGOTAFAOAA

AAOA ATTARGETTs 4EA GOA AU TOAOAGICO TE GEA COATAAOR AATETIETTO CIOAT E1 4AATA &p x TOIA SARIEGAOA
ATTDAOEOTT ATA AATAE TAOEETC OT ATEATAA 0ARAOU 1AOAIO ET OEA ETAOO00U STAAORAOAA EAFIO0AO AOA
OUBEAATIU AATIAA 0ARAOU AOEOEAAT FAEIOOAQ £T0 OARAOU FOTAOETT ATA 00AE 0ADTOOETC POAAOEAAD AgE000 ETOTIOETC
regulator.

VARTOAETC 0T )3/742 pctywicrpot oscith 0EA AATCAOTO0 FAEIO0AO OEA) AFOAAIA A 3ARAOU )TO000 TATOAA
Function (SIF) are labelled 0AFA0U AOEOEAAT FAFIO0AO > EOE OACAOAD 0T 0EEO 3)8& 4EA OARAOU AOFOEAAT FAEIOOAC AAT
AR EARTOFMEAA < EOEET A DIATO ATA TTTEOTOAAN ATA OEA OAOET AAO><AAT 0EA TO TAAQ Tk OAFAOU AOEOEAAT FAEIO0AQ
AROAROAA AU DAOETAEA 0A000 ATA 0EA ATOOAOBTTAETC TO T AAQ T£ 0A000 DAOETO TAA JAT T TTTIU AANIAA O failure
fractiondq £0 AAETC OOAA FT0 0EA) DOODTOAS 4EF0 ETAFAAGTO £O OFA ETOOATOATATOO OTAOAFIAAFIEOU jOAA )3 /142
pcTywicnpol atpippd Ad 0EA OF TATE OEA 0A00h ATA E0 £0 A ATTOAOOAGEOA AOOE I AOA T 0EA AOAOACA OTAOAEIAAEIEOU
(PFDaye( §0AA )3/742 pctywicmpat atpiptds )0 E0 0EOO ETDTO0ATO TT0 0T WE@ OEA OFAEIO0A FOAROETTO x<EOE
TOEAQ OAIEAAETEOU 0A0 W00 OOAE AO Ascs OEA 0AQ I 00ARA FAEIOOA FOAROETTG §OAA YUt pumyZTicmprth odpipud
)T OEEO ATTOA@O0EO OETOIA AA TTOAA OEAG OEA 0A0 T 0AOEOEAATS EAO TTOOEA OA TA TAATETCET )3/742 pcTywicipo
and in this International Standard:
2 4EE0 )TOAOTAOETTAT 30ATAAOA] 4EA 0AO T OAOEOEAATS EO OATAOAA 0T OEA EAFIOOA £ TDAAO TE A FAEIO0A TT AT
ANOED TATO £OTAOETTH0q T0 TT 0EA PIATO jOAA otqus /T OEA ANOED TATO 1AOAT JOAGTTT TU 1A0AT of ATA
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AIOT OTAAOIUETC TAOAIQH 0AOEOEAATG EO TTA Tk OEA OEOAA FAEIOOA E TDAAD AIAOOAG JAOEOEAATN AACOAAAA ATA
incipient). Thus, this term here is related to the degree of the failure itself.
2 AEA TTTZAOROEAAT FAEIO0AO AOA OEA AACOAAAA C ETAEDEATO FAEIO0A0 AO AANETAA AU OEEC )TOAOTAGETTAI
Standard.
> )3/142 petyoicrpol 4EAGAO T GROEEAATD 0 OALAOAA 01 OEA A T EA EAH00A TT GEA OAeA0U EOTAOEIT
)0 AEAOAAOAQEUAG A FAEIOOA AT TDIAOAIU AFOAAIETC A OAFAOU ET0000 TATOAA FOTAOETTS
2 )T OEA ATT0A@O T EOTAOETTAI OARROUI OEA TTTZAOEOEAAT FAEIOOAQ AOA OETOA < EFAE AT T10 ACOAAIA OEA
related SIF.
Let us consider a SIF implementing two redundant equipment items A and B:

— _a_gqg\qding\pq"ghis lr’l\t_.er,rxlgt\ip_nql‘ St;aAr}(A:la}‘_d,l :che'dangerous failure of item A can be critical, degraded

10 ETAFDEATO ETAADATAATOIU T# OEA 00AOA TREOAT ™
2 ARKTOAETC 01)3/742 pgrywignpon 0EA AATCAOTOO FAEIO0A TEEOAT 1 EO AOEOEAAT TTIU &

— itis critical according to this International Standard and

2 AT ' AIDAAAU EAO EAA A AATCAOTOO AOEOEAAT FAEIOOA ABATOAETC 0T 0EE0 ) TOAOTAOETTAI 30ATAAOAS
Therefore, due to the above issues, the term critical and non-critical failures will thus require caution.
AEAATAIU00 TAAAQ 0T AAOAEOTIU ATTOEARD X EEAE FAEIOOA T TARO T0EA ANGED EATO AOA OATAOATO xEOE DACAOAD
01 OEA OAIEAREIEOU ATAIUOZ0 1£0EA OAGAQU EOTAOEVTS YT OEE0 AT T0AGO OEA OATAOATO £0A 10 < OEET OEA AROED TATO
ATOTAAOU TAAAGOAOU £10 0EA OARAOU FOTAOETT TAAAD 0T AA ATOAOAA jEsAs AAOAAOETTH AAAEOETT ATA AAGETTQ
F4.2 Recommended definitions

AER 100 AATT< DOTOEAAO OAAT T TATAAA AATETEOFTTO x<EAOA AIOT OAAETEAAT ATA TDAOAOETTAT AOEOAOFA £T0
failure modes are given. The applicable failure modes are shown as elsewhere listed in Table B.15.

Note that the Table F.1 contains failures revealed during testing. Note that Table 5 mentions operational
and test activation.
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Table F.1 — Recommended definitions of failures for some safety systems/components

(revealed during testing)

System/ Equipment class |Recommended failure definitions Applicable failure
component modes 3,68
1. Fire detection Fire and gas detec- |Detector
PRl L 5
JOTTEAINA TAIEAAMtors Fire and gas logic does not receive signal from
detector, when detector is tested. NOO, LOO, FTF
2. Fire detection Input devices b Manual call point
(manual call point) Fire and gas logic does not receive a signal from
the pushbutton when activated. NOO, LOO, FTF
3. Gas detection Fire and gas detec- |Detector (catalytic, optical point, H2S and Hy)
tors b . . . .
Fire and gas logic does not receive signal equiv-
alent to upper alarm limit when testing with
prescribed test gas. NOO, LOO, FTF
Detector (optical line)
Fire and gas logic does not receive signal equiv-
alent to upper alarm limit when testing with
DOAOAOEAAA 0AGO NETOACS NOO, LOO, FTF
Detector (acoustic)
Fire and gas logic does not receive signal
when tested. NOO, LOO, FTF
8 VAOEOATEOA BOT- | Valves b Deluge valve
tection (deluge) Deluge valve fails to open when tested. FTO, DOP
Nozzles Nozzle
—TOA OEAT o b TEOEA TTUUIAO AOA PIOGCAAT
choked.
Failures are reported per skid/loop. PLU
us YAOEOANEOA DOT- | Pumps b Function
ORAGET T JTEOATIEGED SEOMTEGEETC DO T FAEIO 01 00400 0BT OiCTAIE  [FTS
ing pump)
Capacity
8EOMTEGEOETC DO TD AAIEOA0 1AGG OEAT wn b T
AACECT AADAAEOUS LOO
@8 YAOEOA TEOA POT- | Valves b Function
tection (gaseous Release valve fails to open upon test.
agent /Inergen)
Valve does not open on signal or agent pressure/
IAOAT £0 AAIT> OPAAENEAA TETENO I8 FTO
X VAOEOATEOADOT- | Valves b Function
tection (water mist) Release valve fails to open upon test.
AEA QUOCAT BOAGOCOA OBOVOAA T OAIAAOA OAIOA
EQ T10 < EOEET ODAAENEAA OAIOA TO TTUUIA ATAO TTO
EOTAOETT DOTPAOIL FTO
gJAa TAOE0A ”,E%A DOT-  |&EOAZIECEQETC Function
OAACET I JNEOAZNECEQ- | equipment AR R B RTRA THA AR ATE MEAR AR A ADTT ARAR
ing foam) 7 AOAOTETA T ATAO T10 0AAAE NEOA AOAA OBTT 0A008 FTO, DOP, FTS
wh TAOEOATEOA BOT- | Valves The valve does not open on test.
tection (Sprinkler
valve) FTO
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Table F.1 (continued)

System/ Equipment class |Recommended failure definitions Applicable failure
component modes 2.¢.8
prtt TAOEOA NEOA BOT- | &EOAZNECEQETC The monitor does not operate/ oscillate, and/or

tection (Fire water |equipment ATAQ T10 ARIEOA0 =< AGAOTETA T 01 AANETAA 0AOCA

T TTE0T0 Z OATTOAIU area with expected amount

operating/ oscillat-

ing function) FTF

ppt YAOEOA MEOA BOT- | Valves The valve does not open on signal.

tection (Fire water

monitor valve

(actuated)) FTO

12. Depressuriza- |Valvesb Valve

’(cil(())\rxlvr‘i)a lves (blow- Valve fails to open upon signal or within speci-

MEAA OF WA IE W08 FTO, DOP
pos 01 OUOOA T 9% TAOCATAU AT - Loudspeaker announcement or sirens do not
(loudspeakers), munication sound, or signal light not activated in prescribed
sirens and signal area upon signal.
lights FTF
14. Blowout pre- Subsea BOP, Sur- Function
venters (BOP) face BOP Valve fails to close upon signal or within a spec-

ENEAA OF WA TE WEQ FTC, DOP

Leakage

YTOAOTA IAAEACA EECERO OEAT ODAETEAA OAIOA A0

ME000 0AG0S LCP
15. ESD (sectioning |Valves b Function
OAIOAO AAHE[AA A Valve fails to close upon signal or within a spec-
OAADUZACHOEATQ ENEAA OF WA IE E0s FTC, DOP

Leakage

YTOAOTAT IAAEAGA EECEAC OEAT OPAAENEAA OAIOAY LCP
16. ESD (well isola- |Subsea wellhead Function
tion) and X-mas tree. Valve fails to close upon signal or within a spec-

Surface Wellhead  |ENEAA OF WA T WEQ FTC, DOP
and X-mas tree b Leakage

)TOAOTAI IAAEACA EECEAQ OEAT OPAAETEAA OAIOA A

ME000 0AG08 LCP
17.ESD (downhole |DHSV b Function
OAEAOU OAIOAQ Valve fails to close upon signal or within a spec-

ENEAA OF WA TE W EQe FTC, DOP

Leakage f

YTOAOTAT IAAEAGA EECEAC OEAT OPAAENEAA OAIOAY LCP
pYs 1TTOI00 OAfAOU |Well completion  |Function
valve (ASV) Valve fails to close upon signal or within a spec-

ENEAA OF WA TE W E0e FTC, DOP

Leakage

YTOAOTAT IAAEAGA EECEAQ OEAT OPAAENEAA OAIOAS LCP
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Table F.1 (continued)

valve) d

System/ Equipment class |Recommended failure definitions Applicable failure
component modes 2.¢.8
19. Gas lift valves  |Well completion Function
h
(GLV) Valve fails to close upon signal or within a spec-
ENEAA OF WA TE WEQ FTC, DOP
Leakage
)T0AOTAT IAAEACA EECEAQ OEAT ODAAENEAA OAIOAs  |LCP
20. ESD (riser) Valves b Function
Valve fails to close upon signal or within a spec-
ENEAA OF WA TE WEQ FTC, DOP
Leakage
)YTOAOTAT IAAEAGA EECEAC OEAT OPAAENEAA OATOAS LCP
21.ESD (push Input devices b Function
button) . . .
The ESD logic does not receive a signal from the
push button when activated. NOO, LOO, FTF
22. ESD (electric Switchgear b The breaker does not open on demand ensuring
isolation/ISC) disconnection of electrical distribution boards
and/or main consumers (drives). FTO, FTF
cot 00TAROO OAFAOU | Valves b Function
(sectioning valves) Valve fails to close upon signal or within a spec-
ENEAA OE T Ad FTC, DOP, LCP
¢ 00TAAOO OARAOU  |Valves Function
|PsV) BAIOR FAEI0 T TOAT AD OEA TAGOA0 TE pot b TE 0RO
) pressure or at 5 MPa (50 bar) above set pressure.|FTO
25.PSD (Non-re-  |Valves The valve has a higher internal leakage rate
1000T OAIOAN OARAOU OEAT OEA OPAAENEAA AAAADOATAA AGEOROETT
;| critical, leakage) LCP
{26.PSD (HIPPS  |Valves b BAIOA ATAO TT0 T TOA GV DOAATETAA OAZA DTGROETT
:|valve, function) I'T OECTAI x<EOEET OEA OPAAENEAA DAO TEOOAAGETA  |FTO, FTC, DOP
127.PSD (HIPPS Valves b Valve has a higher internal leakage rate than the

ODAAENEAA ARAADOATAA AOEOAOETT

LCP, DOP

28. Input devices
(pressure, temper-
AOOOA! TAOATA NTT <
etc.)

Input devices b

Function

Sensor does not give AEnal or gives erroneous
OECTAT JAGAAAAETC DOAAATETAA AAAADOA TAA TE TE0OGS

NOO, ERO, LOO, HIO

cwh % TAOCATAU Electric genera- Function
Tx<Ad iA 1 AOCATAL b B P A O
D;:e}i(;{ér')m 1AU | tors % TAOCATAU CATAOAGTO EAEIO 0T 00A00 TO CEOAO
§ wrong voltage upon start. FTS,LOO
o % TAOCATAU Uninterruptible Function
T><A0 6OPPIU b P L 77 E U
goivgﬁg)(central UPS |DT>A0 00PDPIU  AGOROU AADAREDU 6T TT><s Loc
ops % TAOCATAU Uninterruptible Function
Tx<A) 60PPIU b Ao\ N c emia s pee e
7 T L 1 T T S
&10 ATAOCATAU IECEQ0( 7 EAT TTA T0 TTOAAT AO-
CATAU IECE00 < EOEET TTA AOAA TO AtOAQED FAEIC 01
provide lighting for minimum 30 min. LOC

32. Fire damper ¢

&EOAZNECEOETC
equipment b

Function

Damper fails to close upon signal

FTO, DOP, FTS, FTC
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Table F.1 (continued)

System/ Equipment class |Recommended failure definitions Applicable failure
component modes 2.¢.8
33. Natural venti- |HVACb Function
lation and HVAC: AEA OAFAOU 0DTAIAO T TWGER ATAG TH0 OARAEOA
HVAC transmitters .
B Gy a signal from the sensor when the measured
FAEO N> T0 DOAC- . . )
sure differential) process parameter is outside of the set point
OAFAOU OMAGAA limit, or sensor output signal deviates from true
AEO M 10 DOAOOOOA ATTAEOETTO § T AOGETO OTIAQO
OPAAENEAA TOEAO<EOAN CTZ v PG FTF
34. Natural venti- |HVACbP Function
lation and HVAC: ABA OAFAOU O0EDTAIAO T TWGER ATAG THO OARAEOA
HVAC switches (air .
e A DA RAAAR a signal from the sensor when the measured
N> 10 DOAGOO0A . . .
AtsEAOATORAIQ OAAOU process parameter is outside of the set point
related limit, or sensor output signal deviates from true
AE0 M 10 DOAOOOOA ATTAEOETTO § T AOGETO OTIAQO
OPAAENEAA TOEAO<EOAN CTZ L PGS FTF
ous ""ATTAGO OUOOAT  |Valves b Function
(valves) Valve fails to operate on signal. FTO, FTC, DOP
o@s "*ATIAGO OUOOAT  |Pumpsb Function
(pumps) Pump fails to start/stop on signal. FTS
37. Watertight Evacuation, escape |The door does not close and latch on signal or
doors, closure and rescue the door gasket is not intact. FTF
38. Watertight QEOAZNECEOETC The damper does not close on signal.
damper (e.g.but- |equipmentb
0AONIU OAIOAQ FTC, DOP
39. Escape, evac- Lifeboats Lifeboat engines does not start on test
uation and rescue
(EER): Lifeboat
engine, start FTS
40. Escape, evac- Lifeboats Release function for lifeboat does not work on
uation and rescue test.
(EER): Lifeboat
free fall release
function FTF
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Table F.1 (continued)

System/ Equipment class |Recommended failure definitions Applicable failure
component modes 2.¢.8
41. Escape, evac- Evacuation, escape |Release/ lowering function for escape chute

uation and rescue |and rescue does not work on test.

(EER): Escape chute

release function FTF

42. Escape, evac- Evacuation, escape |MOB-boat engine does not start when operated.

uation and rescue |and rescue

(EER): MOB-boat

engine, start FTS

a 3AA 4AAIAQ "4¢ 0T "*spth ATA **spu AODAAEATIU £T0 AANETEOETTO T AAAOAGFAOETTO8

b IEC 61508:2010 (all parts) and/or IEC 61511:2016 (all parts) is/are applicable.

c &AEIO0AO AAT TAAOO OPTT ATU AATATA FATOE OPTT 0A00 AA TATA A0 <Al A0 OBTT AA0OAT AATATAQ

d , AAEACA) < EAT OAfA 00A0A £0 AITOAA JOAIOAQ ATA ODAAENEA OAEAOU OATAOAA TAAEACA 0AOAQ AOA ODAAENEAA
e Including related HVAC fans where relevant

f , AAEACA 0ROETC e $ (36734336 £0 DAOFTO TAA ADEA AU

B TAOAOOETCATA TTTEOTOETC 0EA DOAOOOOA AGEIAZOP ET A OTEATAAGEOU AT TO00AA T T OEA OAIOA ATTOETC TAAE-
anism during the test observation period

B AUAtOAA0 TAAOOOA TATO TE 0EA TAOAOOAA TAAE 0AOA AROTO0 OEA AITOETC TAAEATEOT
_ The method used to establish the leak rate should be documented (pressure vs, time relationship or direct
1 AAOOOA TATOQ 4EAETEOEAT TAAE OAOAEO OEA TTA OEA) OETOIA AA OADTO0AAR OETAA OEATTT > OAOA x<EiT AA COAAOATIU OAAOAAA
as the pressure below/above the closing mechanism equalizes.
g AEAFACIOOA ITAA) . , f)TOROTAIIAAEACATEO TAATOOT AA ETOAOTAIIAAEACA i OGEIEOU TIGEAO ATA TAAAQ TTO AA
1EOAA < E0E OEA FAFIOOA TTAA ,#0 §,AAEACA ET ATTOAA DTOROETTQ < EEAE ETOTIOAO EUAOTAAOATT IAAEACA OEOTOCE OEA

h If the gas lift valve acts as a barrier and thus have a barrier function.
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