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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

This International Standard has been prepared based on ISO 14224:1999, experience gained through its use,
and know-how and best practices shared through the international development process.

In the petroleum, natural gas and petrochemical industries, great attention is being paid to safety, reliability
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and maintenance. A cost-effective way to optimize data requirements is through industry co-
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Stanglardization of data-collection practices facilitates the exchange of information between rel

e.g.

plant owners have improved the reliability of their operating facilities by such attentio
asis has recently been put on cost-effective design and maintenance for new plants
lations among more industrial parties. In this respect, data on failures, failure| ,mec
enance related to these industrial facilities and its operations have become of increased im
5sary that this information be used by, and communicated between, the various pafties and
the same company or between companies. Various analysis methodologies‘are used to
f hazards to people and environment, or to analyse plant or system performance. For suc
fective and decisive, equipment reliability and maintenance (RM) data ate vital.

e analyses require a clear understanding of the equipment technical characteristics, its o
bnmental conditions, its potential failures and its maintenance activities. It can be necessary
ing several years of operation before sufficient data have been accumulated to give confi
s and relevant decision support. It is necessary, therefore,to"view data collection as a long-
ed and executed with appropriate goals in mind. At the<same time, clarity as to the causes
D prioritizing and implementing corrective actions that,result in sustainable improvements
ng to improved profitability and safety.

collection is an investment. Data standardization, when combined with enhanced data-
ms that allow electronic collection and transfer of data, can result in improved quality of data

it possible to collect, exchange and analyse data based on common viewpoints, a standar
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Petroleum, petrochemical and natural gas industries —
Collection and exchange of reliability and maintenance data for
equipment

1

This
(RM)
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comrj

Stanglard can be used as a “reliability thesaurus” for various quantitative.as well as qualitative

This
for th

Bcope

nternational Standard provides a comprehensive basis for the collection of reliability and
data in a standard format for equipment in all facilities and operations withinrthe petroleun
betrochemical industries during the operational life cycle of equipment.”f describes d
ples and associated terms and definitions that constitute a “reliability Janguage” that can
hunicating operational experience. The failure modes defined in the wwarmative part of this

nternational Standard also describes data quality control and assurance practices to prov,
e user.

Stan

owndrs, manufacturers and contractors. This International Standard establishes requirements
housg or commercially available RM data system is required to meet when designed for RM da

Exa

Anne

f

This International Standard recommends-a minimum amount of data that is required to be cd

The following main-categories of data are to be collected:

ardization of data-collection practices facilitates the exchange of information between partig

ples, guidelines and principles for the exchange and' merging of such RM data are address¢g

X A contains a summary of equipment that thisInternational Standard covers.

pcuses on two main issues:

data requirements for the type of data to be collected for use in various analysis method

standardized data farmat to facilitate the exchange of reliability and maintenance d
plants, owners, manufacturers and contractors.

equipment.data, e.g. equipment taxonomy, equipment attributes;

failare data, e.g. failure cause, failure consequence;

maintenance
, hatural gas
hta-collection
be useful for
International
applications.
de guidance

s, e.g. plants,
that any in-

fa exchange.

d.

llected and it

blogies;

ata between

maintenance data, e.g. maintenance action, resources used, maintenance consequence

, down time.

NOTE

©I1SO

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

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

reliability, e.g. failure events and failure mechanisms;

maintenance, e.g. corrective and preventive maintenance, maintenance supportability;

environment.

2006 — All rights reserved

availability/efficiency, e.g. equipment availability, system availability, plant production availability;

safety and environment, e.g. equipment failures with adverse consequences for safety and/or
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3 Terms

For the purpgses of this document;the following terms and definitions apply.

2006(E)

This International Standard does not apply to the following:
data on (direct) cost issues;

data from laboratory testing and manufacturing (e.g. accelerated lifetime testing);

included);

maintenance;

complete equipment data sheets (only data seen relevant for assessing the reliability performance

additional on-service data that an operator, on an individual basis, can consider useful for operation

hods for analysing and applying RM data (however, principles for how to calculate some
bility and maintenance parameters are included in the annexes).

tive references

j referenced documents are indispensable for the application of this“document. For
bnly the edition cited applies. For undated references, the latest ‘edition of the refere
cluding any amendments) applies.

2004, Rotating electrical machines — Part 1: Rating and petformance

2000, Power transformers — Part 1: General

1993, Power transformers — Part 2: Temperature fise

Power transformers — Part 3: Insulation levels,-dialectric tests and external clearances in a

D01, Degrees of protection provided by.enclosures (IP Code)

Flectrical insulation systems — Thérmal classification

and definitions

contained in Anhex C. References to Annex C are given as deemed appropriate.

basic

Hated
nced

me derived RM,parameters, which can be calculated from collected RM data covered by this International

NOTE Sq
Standard, are
3.1
availability
ability of an
time or over «
NOTE

3.2

OTVv ) v cgunca—TC cCo0U

For a more detailed description and interpretation of availability, see Annex C.

active maintenance time
that part of the maintenance time during which a maintenance action is performed on an item, either
automatically or manually, excluding logistic delays

NOTE1 A

NOTE 2

maintenance action can be carried out while the item is performing a required function.

For a more detailed description and interpretation of maintenance times, see Figure 4 and Annex C.

tet to be in a state to perform a required function under given conditions at a given insta

© I1SO 2006 — All rights reserved
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3.3
boundary
interface between an item and its surroundings

3.4

common-cause failure

failures of different items resulting from the same direct cause, occurring within a relatively short time, where
these failures are not consequences of another

NOTE Components that fail due to a shared cause normally fail in the same functional mode. The term common
mode is, therefore, sometimes used. It is, however, not considered to be a precise term for communicating the
charagteristics that describe a commaon-cause failure

3.5
corrective maintenance
mainjenance carried out after fault recognition and intended to put an item into a state, incwhich i{ can perform
a required function

NOTH For more specific information, see IEC 60050-191:1990, Figure 191-10.

3.6
critidal failure
failurg of an equipment unit that causes an immediate cessation of theability to perform a requirefl function

NOTE Includes failures requiring immediate action towards cessation of performing the function, even| though actual
operation can continue for a short period of time. A critical failure results in an unscheduled repair.

3.7
degraded failure
failurg that does not cease the fundamental function(s), but compromises one or several functiong

NOTH The failure can be gradual, partial or béth: The function can be compromised by any combinatipn of reduced,
incregsed or erratic outputs. An immediate repair;ean normally be delayed but, in time, such failures can develop into a
criticg failure if corrective actions are not taken.

3.8
demand
activation of the function (includes functional, operational and test activation)

NOTH For a more detdiled description, see C.2.2.
3.9
down state

internal disabledystate of an item characterized either by a fault or by a possible inability to perfoqm a required
functlon during-preventive maintenance

NOTH This state is related to availability performance (see 3.1).
3.10
down time

time interval during which an item is in a down state

NOTE The down time includes all the delays between the item failure and the restoration of its service. Down time
can be either planned or unplanned (see Table 4).

3.11
equipment class
class of similar type of equipment units (e.g. all pumps)

NOTE Annex A describes a variety of equipment classes.

© I1SO 2006 — All rights reserved 3
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3.12
equipment data
technical, operational and environmental parameters characterizing the design and use of an equipment unit

3.13
equipment unit
specific equipment unit within an equipment class as defined by its boundary (e.g. one pump)

3.14
error
discrepancy between a computed, observed or measured value or condition and the true, specified or
theoretically gerrectvalue-orcondition

NOTE 1 An error can be caused by a faulty item, e.g. a computing error made by faulty computer equipment:
NOTE 2  THe French term “erreur” can also designate a mistake.

3.15
failure
termination df the ability of an item to perform a required function

NOTE 1 After the failure, the item has a fault.

NOTE 2 “Fpilure” is an event, as distinguished from a “fault,” which is a state.

NOTE 3  THis concept as defined does not apply to items consisting of software only.
NOTE 4 S¢e also Table B.1 and Clauses F.2 and F.3.

3.16

failure caus
root cause

circumstancgs associated with design, manufacture; installation, use and maintenance that have led| to a
failure

W

NOTE Sge also B.2.3.

3.17
failure data
data charactgrizing the occurrence of a failure event

3.18
failure impagt
impact of a failure on.an’equipment's function(s) or on the plant

3.7 and 3.26).|Classification of failure impact on taxonomy levels 3 to 5 (see Figure 3) is shown in Table 3.

NOTE OT thé\equipment level, failure impact can be classified in three classes (critical, degraded, incipient); s€e 3.6,

3.19
failure mechanism
physical, chemical or other process that leads to a failure

NOTE See also B.2.2.
3.20
failure mode

effect by which a failure is observed on the failed item

NOTE See also B.2.6.

4 © I1SO 2006 — All rights reserved
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3.21
failure on demand
failure occurring immediately when the item is solicited to start (e.g. stand-by emergency equipment)

NOTE See also Clause C.6.

3.22

fault

state of an item characterized by inability to perform a required function, excluding such inability during
preventive maintenance or other planned actions, or due to lack of external resources

3.23
generic reliability data
reliahjility data covering families of similar equipment

3.24
hidden failure
failurg that is not immediately evident to operations and maintenance personnel

NOTH Equipment that fails to perform an “on demand” function falls into this-gategory. It is necesgary that such
failurgs be detected to be revealed.

3.25
idle time
part of the up time that an item is not operating

3.26
incipient failure
impeffection in the state or condition of an item so-that a degraded or critical failure might (¢r might not)
eventually be the expected result if corrective actions-are not taken

3.27
indenture level
level jof subdivision of an item from the point of view of maintenance action

3.28
item
any part, component, device;~subsystem, functional unit, equipment or system that can be¢ individually
considered

NOTEH In this International Standard, the common term “item” is used on all taxonomy levels 6 to|9 in Figure 3.
See glso 3.30, which’defines a specific item level.

3.29
logistic delay
that accumulated time during which maintenance cannot be carried out due to the necessily to acquire
mainjenance resources, excluding any administrative delay

NOTE Logistic delays can be due to, for example, travelling to unattended installations, pending arrival of spare parts,
specialist, test equipment and information, and delays due to unsuitable environmental conditions (e.g. waiting on weather).

3.30

maintainable item

item that constitutes a part or an assembly of parts that is normally the lowest level in the equipment hierarchy
during maintenance

3.31

maintenance

combination of all technical and administrative actions, including supervisory actions, intended to retain an
item in, or restore it to, a state in which it can perform a required function

© I1SO 2006 — All rights reserved 5
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maintenance data
data characterizing the maintenance action planned or done

3.33

maintenance impact

impact of the

NOTE

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

are defined: total, partial or zero impact.

3.34

On the equipment level, two severity classes are defined: critical and non-critical. On plant level, three classes

maintenancle record

part of maint
item
NOTE Th
3.35
maintainabi
(general) abi

can perform
procedures ¢

enance documentation that contains all failures, faults and maintenance information refating

s record can also include maintenance costs, item availability or up time and any other data where rel

ity
ity of an item under given conditions of use, to be retained in, or restoered to, a state in wk
a required function, when maintenance is performed under given_conditions and using s
nd resources

r a more detailed definition and interpretation of maintainability, see Annex C.

NOTE Faq
3.36
maintenanc

accumulated| duration of the individual maintenance times used by all maintenance personnel for a giver
of maintenarce action or over a given time interval

man-hours

intenance man-hours are expressed in units of-hours.

several people can work at the same time, man-hours are not directly related to other paramete
(see definitions in Annex C.5).

pf all technical and adiinistrative actions intended to change an item

Failure
equipnient unit that does not cause an immediate cessation of the ability to perform its reg

bdification is not naormally a part of maintenance, but is frequently performed by maintenance personnej.

to an

bvant.

ich it
tated

type

s like

uired

NOTE 1 M
NOTE 2 A9
MTTR or MDT]
3.37
modification
combination
NOTE M
3.38
non-critical
failure of an
function
NOTE

3.39

operating st
state when a

3.40

Non-critical failures can be categorized as “degraded” (3.7) or “incipient” (3.26).

ate
n item is performing a required function

operating time
time interval during which an item is in operating state

NOTE
required functi

on on demand. See also Table 4.

Operating time includes actual operation of the equipment or the equipment being available for performing its

© I1SO 2006 — All rights reserved
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3.41

opportunity maintenance

maintenance of an item that is deferred or advanced in time when an unplanned opportunity becomes
available

3.42

preventive maintenance

maintenance carried out at predetermined intervals or according to prescribed criteria and intended to reduce
the probability of failure or the degradation of the functioning of an item

3.43

redu(rdanc"
existgnce of more than one means for performing a required function of an item
NOTH For more detailed definitions and interpretations, see C.1.2.

3.44
reliability
ability of an item to perform a required function under given conditions for a given time interval

NOTH 1 The term “reliability” is also used as a measure of reliability perfarmance and can also bel defined as a
probapility.

NOTH 2 For more detailed definitions and interpretations, see Annex G,

3.45
required function
functjon or combination of functions of an item that is considered necessary to provide a given sefvice

3.46
subunit
assembly of items that provides a specific funetion that is required for the equipment unit within the main
bounfary to achieve its intended performance

3.47
surveillance period
interyal of time (calendar time) bgtween the start date and end date of RM data collection

NOTH For more detailed définitions and interpretations, see Annex C.
3.48
tag number

number that identifies the physical location of equipment
NOTH Ferxmore detailed definitions and interpretations, see Annex C.

3.49
taxonemy
systematic classification of items into generic groups based on factors possibly common to several of the
items

3.50

up state

state of an item characterized by the fact it can perform a required function, assuming that the external
resources, if required, are provided

NOTE This relates to availability performance.
3.51

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

© I1SO 2006 — All rights reserved 7
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4 Abbreviated terms

NOTE Specific abbreviations used for equipment types (e.g. BOP) and units (e.g. kW) are not included in the list
below, but covered within each chapter where they are used.

CAPEX capital expenditure MUT mean up time
CDF cumulative distribution function MDT mean down time
CM condition monitoring NDT nondestructive testing
CMMIS computerized maintenance- OPEX operational expenditure
management information system
PM preventive maintenance
DHSV downhole safety value
P&ID process and instrument diagram
ESD emergency shutdown
PSD process shutdown
FTA fault-tree analysis
PSV process safety,valve
FMECA failure mode, effect and criticality
analysis QRA quantitative risk assessment
HIPPS high-integrity process-protection RA reliability and availability
system
RAM(S) reliability, availability, maintainabiljty
KPI key performance indicators (and safety)
LCC life cycle cost RBI risk-based inspection
LEL lower explosion limit REM reliability-centred maintenance
MEG monoethylene glycol RM reliability and maintenance
MI maintainable item SIL safety integrity level
MTBF mean time between failures SSIvV subsea isolation valve
MTTF mean time to failure TEG triethylene glycol
MTTR mean time to repaif TTF time to failure
MTTM mean time to'maintain TTR time to repair
WO work order
5 Application

5.1 Equipment coverage

This International Standard is applicable to equipment types used in the petroleum, natural gas and
petrochemical industry, including but not limited to equipment categories such as process equipment and
piping, safety equipment, subsea equipment, pipeline systems, loading/unloading equipment, downhole well
equipment and drilling equipment. The equipment may be permanently installed at the facilities or used in
conjunction with installation, maintenance or modification phases.

Annex A contains examples of how this International Standard should be used for specific equipment types.

The users are expected to define taxonomies for additional equipment classes as needed based on the
principles given by this International Standard.

8 © I1SO 2006 — All rights reserved
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Some principles for RM data collection at equipment level can be applied for monitoring and analysing
performance at plant and system levels constituted by various equipment types. However, facility- and
plant-performance monitoring also requires other types of data not covered by this International Standard.

5.2 Time periods

This International Standard is applicable to data collected during the operational life cycle of equipment,
including installation, start-up, operation, maintenance and modification. Laboratory testing, manufacturing
and fabrication phases are excluded from the scope of this International Standard. It is, however, emphasized
that analysis of relevant historic RM data shall be used in the dimensioning of such testing prior to operation.
Technology qualification and development require, and benefit from, past reliability knowledge to reveal
poterjtial improvement areas (see 8.3).

5.3 | Users of this International Standard
This |nternational Standard is intended for users such as the following.
a) Installation/plant/facility: Operating facility, e.g. maintenance and-engineering pers¢nnel logging

equipment failures or recording majntenance events| into facility
information management systems.

Reliability staff or others ,ereating (generic) equipmeént reliability
databases for equipment)located in company faciliti¢s; reliability
engineers requiring data® or maintenance engineers preparing
maintenance plans. This" International Standard provides|a format for
analysing any RM _data element as appropriate associated with an
analysis (as described in Annex D); e.g. root-cause analysis, analysis
of historic performance, prediction of future performange, use in a
design process, etc.

b) ©Owner/operator/company:

c) Industry: Groups ofF companies exchanging equipment RM data or |joint industry

A

Manufacturers/designers:

\uthorities/regulatory-bodies:

reliability database project co-operation. Improved comn
equipment reliability performance requires the princi
International Standard to be adhered to (as a “reliability lan|

Use of RM data to improve equipment designs and led
experience.

A format for communicating any RM data on an individug
or as otherwise required from the operating company. This

hunication of
ples in this

guage”).

rn from past

[-event basis
International

Standard is, for example, vital for authorities addrepsing safety
equipment reliability.

A format and quality standard for data collection projects and analyses
of safety, reliability or maintenance aspects commonly gerformed by
contractors/consultants for the asset owners (e.g. oil companies).

f)  Consultant/contractor:

While others, such as developers of computer-maintenance-management software, can find this International
Standard to be useful, the primary users are expected to be owners and/or operators who should find the data
to be collected readily available within operating facilities.

5.4 Limitations

Through analysis of data, RM parameters can be determined for use in design, operation and maintenance.
This International Standard does not provide detailed descriptions of methods for analysing data. However, it
does give recommendations for defining and calculating some of the vital RM parameters (Annex C) and
reviews the purposes and benefits of some analytical methodologies for which data can be used. Such
analytical methodologies and application areas can be found in other International Standards, and relevant

© I1SO 2006 — All rights reserved 9
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International Standards have been exploited for the purpose of identifying and co-ordinating the RM data
requirements (see Annex D).

Although cost data are important in establishing priorities for improvement opportunities and are frequently
included in the analysis of reliability performance, cost data (parameters) are not specifically included in this
International Standard. Most facilities track the costs of maintenance (man-hours), equipment replacements,
capital improvements, business interruption and environmental events. These data may be maintained in the
computerized maintenance management information system (CMMIS). When costs are required for setting
the analysis of reliability in an economic perspective or performing calculation of life cycle costing, the user
should obtain that information from the appropriate sources within the operating facility or company.

Due to the
adapted to t
collected. W
and assuran

The technic
is, in this In
information

functions. Us
system and
maintenance
Standard is 1

e expected application(s). Credible analysis results are directly related to the quality of.the
hile this International Standard does not specify detailed quality measures, data quality c
Ce practices are outlined to provide guidance for the user.

| information gathered to describe the equipment and its location within a plant, facility or sy

bystem, but rather used to identify and explain variables for the purpases of the ana
e of common technical terms is, however, recommended and linked-to" life cycle inform
bquipment technical standards. Even though this International Standard describes how to r
activities for the purpose of equipment reliability and availability optimization, this Interna
ot meant to act as a standard to specify in detail how maintenance programmes are docum

The technic

| status of equipment and degradation of equipment performance can be recorded th

Id be
data
bntrol

stem

ernational Standard, not meant to be exhaustive and complete like the overall plant technical

ytical
htion-
pcord
ional
bnted.

ough

condition-magnitoring systems, which requires details beyond the eqtiipment data covered in this International
Standard. Hpwever, this International Standard contains RM .data elements that can be used in
condition-magnitoring systems.

This Internatjonal Standard is not meant to be a software\specification of such database systems but ¢
general, be gomplied with to facilitate and improve the industry RM data exchange.

5.5 Exchange of RM data

A major objg
format within
ensuring the
to exchange

Detailed
mainten
certain d
informat

a)

ctive of this International Stafidard is to make it possible to exchange RM data in a con
a company, between companies, within an industrial arena or in the public domain. Measur
quality of data are discussed in Clause 7. Some additional aspects to be considered with re
of RM data are the following.

versus processedidata: Data can be exchanged on various levels from the actual failur
bnce records todata on a more aggregated level. For example, if only the number of failure
ategory is required, it is necessary to exchange only the failure rate for these failures. This

the ove
(KPI) pa

b) Data se

V:
purposes for which they were not intended (e.g.

on is commonly given in public data sources (e.g. reliability-data books). For exchanging d
all performance of a unit or a plant (benchmarking), the so-called key performance indi
ameéeters may be used. Examples of such KPI parameters are given in Annex E.

I u

communication of plant/equipment experience). To avoid this, two options can be utilized:

“pla

nk” such data;

make such data anonymous.

such

BN, in

nmon
ps for
Spect

and
of a
ort of
ta on
ators

d for

y
to obtain commercial advantages, non-qualified

The latter can be achieved by defining some anonymous codes representing the data element where only
a few authorized persons know the conversion between the codes and the actual data. This is

recomm

10

ended if these data fields are essential for the data taxonomy.
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It is important to recognize the potential commercial sensitivity of exchanging reliability and other
performance data. Competition law prohibits “collective boycott” agreements or arrangements between
competitors where competitors agree not to deal with certain suppliers/contractors. A benchmarking study
where competitors exchange information so that suppliers/contractors can be “ranked” incurs a real risk
that the parties to the benchmarking study will arrive at a common conclusion not to use particular
suppliers/contractors and this should be avoided. Collective boycott arrangements are violations of
competition law and can leave individuals and companies exposed to criminal actions.

It is necessary, therefore, that any exchange comply with the national and international laws governing
anti-competitive practices. Hence, it is recommended that prior to embarking upon such an exercise,
clarification of the local guidelines is sought to avoid possible infringement.

q

6 |

Altho
equig
catag
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profit

Bene
equig
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failur
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Impre¢
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when

g¢qual “value” of data. Two approaches may be used:

Benefits of RM data collection and exchange

ata security: Systematized operational-equipment performance (i.e. quality RM data thath
btain) is an asset generally of great value, and data not open to the public domain shallbg
ppropriate security measures to avoid misuse and not affect the reputation of associated
lates to storage of data (e.g. safe location), transmission of data (e.g. Internet),” acces
uthorized users (e.g. password), etc.

alue of data: In some cases, it is useful to define a “value measure” for annamount of reliabi
an be the case in joint industry projects where several contributors are stpposed to contr

calculating the actual cost of collecting the data;

value the data by combining the population with aggregated surveillance time.

ugh many plant owners have improved the reliability of their operating facilities, lost produc
ment reliability still represent a high annual industrial cost. Even though most failure ey
trophic, increased clarity as to the causes of failure events is a key to prioritizing and
ctive maintenance actions. This results’ in sustainable improvements in reliability, leading
Ability and safety.

fits of reliability data analysis\are wide-ranging, including the opportunity to optimize t
ment overhauls and inspections, the content of maintenance procedures, as well as the life
aring and upgrade programmes in operating facilities world-wide. Other benefits result
tion and analysis of \RM data include improvements in decision-making, reductions in
bs, reduced environmental impacts, more effective benchmarking and trending of perfo
hsed process unit, availability.

vement of\equipment reliability is dependent on experiences from real-life usage. Th
sis and+feedback of data to equipment designers and manufacturers are, therefore, para
purchasing new equipment, RM data are key parameters to take into account.

5
D

bve a cost to

treated with
parties. This
to data for

ity data. This
bute with an

ion and poor
ents are not
mplementing
to improved

he timing of
cycle costing
ng from the
catastrophic
rmance, and

e collection,
mount. Also,

In or

jlef_to merge data from several equipment units, plants or across an industry arena, it is

required that

parties agree on what data are useful to collect and exchange and that those data are contained in a
compatible format.

Recently, several nations with oil and gas industries have issued regulations requiring the companies to have
a system for the collection, analysis and implementation of corrective and preventive actions, including
improvement of systems and equipment. Some of these regulations refer to International Standards, including
this International Standard.

Collecting RM data is costly and therefore it is necessary that this effort be balanced against the intended use
and benefits. Commonly one would select equipment for RM data collection where the consequences of
failures do have impact on safety, production, environment or high repair/replacement cost as indicated below.
A typical feedback loop for potential uses of data is shown in Figure 1.
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Design/ .
—{  manu- |:> anF\;IM;Aes |:> Operation and maintenance :> , I:allure and t
facturing y maintenance events

r 1r7

Concept Adjustments and C \
improvement modifications
A A Data
v

Figure 1 — Typical feedback of analysis from collected reliability and maintenance:data

Industry and |business value elements of utilizing this International Standard are summarised below:
a) economic aspects:
— cos}-effective design to optimize CAPEX,
— cost-effective operation to optimize OPEX,
— impfoved profitability (reduced revenue loss),
— LCC/whole-life management,
— redliced cost of insurance;
b) general pspects:
“being able to operate” (operatorship license),
— life gxtension of capital equipment,
— impfoved product quality;
— better (data-based).eguipment purchase,
— better resource,planning;

c) safety and envifronmental aspects:

— improvedpersonmet safety;,
— reduced catastrophic failures,
— reduced environmental impact,

— improvement of safety procedures and regulations (e.g. extend test interval based on RM
performance),

— compliance with authority requirements;
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d) analytical:
— higher-quality data,
— larger population of data,
— improved decision-making,
— reduced uncertainty in decision-making,

— qualified benchmarking,

+ facilitation of industrial co-operation,

+ creation of a common “reliability” language (understanding, various disciplines);
+— verification of analysis techniques,

+ better predictability,

+ basis for a risk-based inspection and reliability-availability-maintainability studies.

7 Quality of data
7.1 | Obtaining quality data

7.1.1| Definition of data quality

Confidence in the collected RM data, and hence any analysis, is strongly dependent on the qualify of the data
colle¢ted. High-quality data are characterizéd by the following:

a) ¢ompleteness of data in relation to.specification;

b) ¢ompliance with definitions-ofreliability parameters, data types and formats;

c) accurate input, transfer;-handling and storage of data (manually or electronic);

d) gufficient population’and adequate surveillance period to give statistical confidence;

e) relevanceethe data user’s need.

7.1.2| Planning measures

The foltowing measures shafbe emphasized before the data-cotfection process starts:

a) Define the objective for collecting the data in order to collect data relevant for the intended use. Examples
of analyses where such data may be used are quantitative risk analysis (QRA); reliability, availability and
maintainability analysis (RAM); reliability-centred maintenance (RCM); life cycle cost (LCC); safety
integrity level (SIL) analysis. (See also Annex D.)

b) Investigate the source(s) of the data to ensure that relevant data of sufficient quality are available.
Sources cover inventory/technical equipment information, RM event data and associated plant impacts.

c) Define the taxonomical information to be included in the database for each equipment unit (see Clause 8).
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d)

f)

)]

h)

m)

14

Identify the installation date, population and operating period(s) for the equipment from which data can be
collected.

Define the boundaries for each equipment class, indicating what RM data are to be collected (see
Clause 8).

Apply a uniform definition of failure and a method of classifying failures (see Clause 9).

Apply a uniform definition of failure maintenance and a method of classifying maintenance failures (see
Clause 9).

Define thechecks
be verifigd.

witrgy shall

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

2) Thedata originate from similar equipment type, technology and operating conditions.

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

4) The data comply with definitions and interpretation rules (e.g. definition of. failure).

5) Redorded failures are within the defined equipment boundary and<surveillance period.

6) Thginformation is consistent (e.g. consistence between failurexmodes and failure impact).
7) Datga are registered in the correct format.

8) Sufficient data are collected to give acceptable. statistical confidence, e.g. not biased by outfliers.
(See recommendations for calculating confidencellimits in C.3.2.)

9) Operating and maintenance personnel are*¢ensulted to validate the data.
Define ¢ priority level for the completeness-of data by a suitable method. One method of weighting the
importarjce of the different data to be collected is by using three classes of importance in accordancg with
the folloying classification:

— HIGH: compulsory data (coverage ~ 100 %);
— MEDIUM: highly desirable data (coverage > 75 %);
— LOWV: desirable data (coverage > 50 %).

Define tihe levelof detail of RM data reported and collected and link it closely to the production and gafety
importance.6f the equipment. Base prioritization on safety, regularity and/or other severity measures

Prepare a plan for the data-collection process (see 7.Z2), 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 from the
data source to the reliability data bank using any suitable method (see 7.2).

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,
understanding/experience in analysis application of RM data, etc. Ensure that they have an in-depth
understanding of the equipment, its operating conditions, this International Standard and the
requirements given for data quality.
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Make a plan for quality assurance of the data-collection process and its deliverables. This shall, as a

minimum, include procedures for quality control of the data and recording and correcting deviations. This
verification of data quality shall be documented and may vary depending on whether the data collection is
for a single plant or involves several company or industry facilities. When merging individual databases, it
is imperative that each data record have a unique identification.

before the main data-collection phase is started and to revise the plan if necessary.

713

Durin
prope
verifi
for a
impe

Asse
with

shall
plann

Review the planning measures after a period of using the system (see 7.2.3).

It is recommended to carry out a cost-benefit analysis of the data collection by running a pilot exercise

verirication or quality

g and after the data-collection exercise, analyse the data to verify consistency, reasenable
r codes and correct interpretations in accordance with the planning measures” (see

rative that each data record have a unique identification.

5s the quality of data being collected as early as feasible in the data-collection process ir
he planning measures (see 7.1.2). A suitable procedure is an assessment by the data ¢
be provided with guidelines for what quality measures he/shehould focus on in accords
ing measures. The main objective of this early assessment is to'look for any problems th3

Cation-of-quality process shall be documented and may vary depending on whether the dats
single plant or involves several company or industry facilities. When merging,individual databases, it is

distributions,
7.1.2). This
collection is

accordance
pllector, who
nce with the
t can require

the p

Persgnnel other than those having collected the data shall verify the quality of each individual da
verall reliability pattern reflected by the sum of:individual events in accordance with
ures (see 7.1.2).

the ¢
meas

71.4

Some of the problems and limitations to be @ware of when obtaining quality data are summarized

anning measures to be immediately revised to avoid unaccepgtable data being collected.

Limitations and problems

a record and
the planning

in Table 1.

Table 4 — Problems and limitations and storage

Issue

Challenges

Sourfe

The datalsource can lack required data and the source information can be spread| over several
different’systems (computers, files, books, drawings). It is recommended to carefully|evaluate this
aspéet)in the planning measures (see 7.1.2) in order to assess data quality, collection method and
cost.

Interpretation

€ommonly, data are compiled from the source into a standardized format (database). Ir
the source data can be interpreted differently by various individuals. Proper definitions
quality checks can reduce this problem (see 7.1.2).

this process,
, training and

Data|format

In order to limit database size and make it easier to analyse the data, coded informatio:t is preferable
to a free-text format; however take care to ensure that the codes selected are appr priate for the

information required and be aware that, although codes reduce the size of the database, some
information is not collected. Free text should, however, be included in addition to codes to describe
unexpected or unclear situations.

Data collection
method

Most data needed for this category of data collection are today stored in computerized systems (e.g.
CMMIS). By using state-of-the-art conversion algorithms and software, it is possible to transfer data
among different computer databases in as (semi-)automated way, thereby saving cost.

Competence and
motivation

Data collection in the “normal” manual way can become a repetitive and tedious exercise. Therefore,
take care to employ people with sufficient know-how to do the jobs, avoid using personnel with low
competence/experience, as data quality can suffer, and find measures to stimulate the RM data-
collection staff, e.g. by training, doing plant visits and involving them in data analyses and application
of results. Other examples are feedback on data-collection results, involvement in QA processes,
relevant information fields in facility CMMIS to stimulate reporting quality, etc.
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7.2 Data collection process

7.2.1 Data sources

The facility CMMIS constitutes the main source of RM data. The quality of the data that can be retrieved from
this source is dependent on the way RM data are reported in the first place. Reporting of RM data according
to this International Standard shall be allowed for in the facility CMMIS, thereby providing a more consistent
and sound basis for transferring RM data to equipment RM databases. Other source information can be
spread across several different systems (computers, files, books, drawings), for example, feedback on data
collection results, involvement in QA processes, adequate or improper use of information fields in facility
CMMIS to stimulate reporting quality, etc.

7.2.2 Datalcollection methods

The typical data-collection process consists of compiling data from different sources into one database where
the type and|the format of the data are pre-defined. The most common method is as follows:

a) Address|all the data sources that are available, and extract the relevant “raw” data into an intermgdiate
storage.| If the information is contained in a computerized database, use @ny” suitable methods for
extractirlg the relevant information; viz. extraction of targeted information by specific software methdds or
printing feports with desired information.

b) Interpref this information and translate it into the type and format desired for the target database. In|most
cases, this is done by manual interpretation.

c) Transfel the data from the source(s) to the reliability data bank using any suitable method. Suitablg “off-
the-shelf” software can be used to transfer data from one database to another with the desired “langtiage”
conversion done by software algorithms. This is, however;feasible only as long as a conversion alggrithm
sufficiently robust to make a confident conversion canbé defined. These methods do require some|extra
effort upfront and, therefore, are only cost-effective-for large quantities of data or repetitive data collgction
of the same category. It may also be used for maintenance when transferring data from one CMMIS to
another.

d) Data-colection methods significantly impact the cost-benefit analysis for data-collection and fhall,
thereforg, be carefully planned and tested before the main data-collection process is started.

7.2.3 Orgahization and training

Data collectipn may be done either within the company using internal sources or as a task done by |more
specialized dompanies or personnel. As data are, by nature, “historical”, it evidently takes some time Hefore
sufficient dafa are accumulated to draw valid conclusions based on statistics only. The cost-benefit analysis
for collectind data can-take some time to become evident but annual tracking of equipment performance
captures a usgeful history.

Data collectipn can require skills from several categorles VIZ IT, reI|ab|I|ty/stat|st|cs mamtenance opefation
and data col , A

specific software for the data collection actlwty, and toa reasonable extent know the technical, operat|onal
and maintenance aspects of the equipment for which data are collected. Proper training of key personnel on
these issues is necessary in order to obtain quality data. The personnel who check the quality of the data shall
be different from those doing the data collection. Data collectors shall, as a pre-requisite, know this
International Standard and give feedback as appropriate.

Before data collection starts, it is useful to do a pilot exercise to check the available population, the quality of
source information and the feasibility of the data-collection methods. This serves as a model for what can be
achieved within a given time and budget.

A system for dealing with deviations encountered in the data-collection process, such as ambiguous

definitions, lack of interpretation rules, inadequate codes, etc., shall be established and problems solved as
soon as possible. It can be a major task to correct corrupt data after many data have been collected.
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A data-collection exercise shall also provide feedback by summarizing and evaluating all quality lessons
learned during the planning and execution of the data-collection effort. Recommendations shall then be fed
back to the relevant personnel for improvement on definitions, maintenance systems (e.g. CMMIS-systems)
and the data-collection process and personnel.

8 Equipment boundary, taxonomy and time definitions

8.1

A cl

Boundary description

ar boundary description is imperative for collecting, merging and analysing RM data f

rom different

indus
manu

For ¢
be gi

An e
diagr|

EXAM

are not within the boundary. Furthermore, the pump drivers along with their.auxiliary systems are not includg
corded as separate inventories (electric motor, gas turbine or combustion engine) and it is important that the failures

are reg

tries, plants or sources. It also facilitates communication between operators ang
facturers. Otherwise, the merging and analysis is based on incompatible data.

en by using a figure, a text definition or a combination of both.

kample of a boundary diagram is shown in Figure 2 and an example of-a definition to ac
Bm is as follows:

PLE The boundary applies to both general-service and fire pumps. lnlet and outlet valves and s

equipment

ach equipment class, a boundary shall be defined indicating what RM data are to, becollected. This may

company the

uction strainer
d. Driver units

ference to the

on the driver, if recorded, be recorded as part of the driver units. A number in the pump inventory gives a rq
appropriate driver inventory.
Fuel or
electric power Inlet Outlet
T T
Starting . | Power .
: . Pump unit
system Driver | transmission P
SN © M
—
Control and Lubrication Miscel-
monitoring system laneous
[ I N N (N AN
Y Y \
Power  Remote Coolant

©180

instrumentation boundary

Figure 2 — Example of boundary diagram (pumps)

2006 — All rights reserved

17


https://standardsiso.com/api/?name=c8331f902171f629498941ccff324fe4

ISO 14224:

2006(E)

Due attention shall be paid to the location of the instrument elements. In the above example, the central
control and monitoring items are typically included within the “control and monitoring” subunit, while individual
instrumentation (trip, alarm, control) is typically included within the appropriate subunit, e.g. lubrication system.

The boundary diagram shall show the main lower-level items and the interfaces to the surroundings.
Additional textual description shall, when needed for clarity, state in more detail what shall be considered
inside and outside the boundaries (see the Example associated with Figure 2). When referring to this
International Standard, it is vital that any deviation from the boundaries given in this International Standard, or

new bounda

ries not given by this International Standard, be specified.

Boundaries shall avoid overlapplng among d|fferent eqmpment classes For example, when collectlng data on

instruments

within the bad

difficult to avpid; however, such case(s) shall be identified and treated appropriately during the datacanaly

Recommended boundary diagrams for some selected equipment units are given in Annex A.

8.2 Taxonomy

The taxononly is a systematic classification of items into generic groups based on faetors possibly comm

several of t
collected in

Ie items (location, use, equipment subdivision, etc.). A classification of relevant data

Definitions of each segment are provided below, in addition to examples\of different business stream
equipment types, as illustrated in Table 2.

Use/location

(1)
Industry

/ @ \
Business category
/ @) \
Installation
/ @) \

Plant/Unit

/ e \

Section/System

Equipment subdivision

undaries of other eqmpment units on WhICh data are being coIIected Some overlappmg Cd

on to
0 be

ccordance with this International Standard is represented by alhierarchy as shown in Figlire 3.

5 and

(6)
Equipment unit

/ by \
Subunit
/ a \
Component/Maintainable Item
/ o \
Part

18

Figure 3 — Taxonomy
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Main Taxonomic Taxonomy Definition Examples
category level hierarchy
Use/location 1 Industry Type of main industry Petroleum, natural gas, petrochemical
data
2 Business Type of business or Upstream (E and P), midstream,
category processing stream downstream (refining), petrochemical
3 Installation Type of facility Oil/gas production, transportation,
category drilling, LNG, refinery, petrochemical
(see Table A.1)
4 Plant/Unit Type of plant/unit Platform, semi-submersiple,
category hydrocracker, ethylene-cracker,
polyethylene, aceticiacid|plant,
methanol plant (se€ Table A.2)
5 Section/System | Main section/system of the Compressiony/natural gag,
plant liquefaction; vacuum gaq oil, methanol
regeneration, oxidation section,
reaction system, distillatipn section,
tabker loading system (spe Table A.3)
Equipment 6 Equipment Class of similar equipment Heat exchanger, compressor, piping,
subd|vision class/unit units. Each equipment class [ pump, boiler, gas turbing extruder,
contains comparable agitator, furnace, Xmas tree, blow-out
equipment units (e.g. preventer (see Table A.4)
compressors).
7 Subunit A subsystem.necessary for Lubrication subunit, cool{ng subunit,
the equipment unit to function | control and monitoring, Heating
subunit, pelletizing subunit, quenching
subunit, refrigeration sufunit, reflux
subunit, distributed contrpl subunit
8 Component/ « (| The group of parts of the Cooler, coupling, gearbo, lubrication
Maintainable\ | equipment unit that are oil pump, instrument loop, motor,
item (M) 3 commonly maintained valve, filter, pressure serjsor,
(repaired/restored) as a whole [temperature sensor, elegtric circuit
9 Part P A single piece of equipment Seal, tube, shell, impellef, gasket,

filter plate, bolt, nut, etc.

be “elpow”.
by

@  Hor some types of equipment, there might not be a MI; e.g. if the equipment class is piping, there might be no MI, by

hile this level can be,useful in some cases, it is considered optional in this International Standard.

t the part could

Levels 1 to 5-represent a high-level categorization that relates to industries and plant application
the gquipmeént units (see level 6) involved. This is because an equipment unit (e.g. pump) ca

many

different industries and plant configurations and, for analysing the reliability of similar eq

regardless of
N be used in
Lipment, it is

] (4% =AY hall

included in

nece

St hava-th naratinao nitavd T aovanaora: mfarmation -tk lavs
Odly U TIAve UIC UpTiatllrty CUTIITAL - TAAUTTUTTIG TTITuTimativurnm Ut uaicot TOVEIS (T tTU J) ofidi

the database for each equipment unit as “use/location data” (see Table 2).

Levels 6 to 9 are related to the equipment unit (inventory) with the subdivision in lower indenture levels
corresponding to a parent-child relationship. This International Standard focuses on the equipment unit level
(level 6) for the collection of RM data and also indirectly on the lower indenture items, such as subunits and
components. The number of subdivision levels for the collection of RM data depends on the complexity of the
equipment unit and the use of the data. A single instrument might need no further breakdown, while several
levels can be required for a large compressor. For data used in availability analyses, the reliability at the
equipment-unit level can be the only data required, while an RCM analysis and root-cause analysis can
require data on failure mechanism at the component/maintainable item, or parts, level. This International
Standard does not specifically address level 9.
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It is necessary that RM data be related to a certain level within the taxonomic hierarchy in order to be
meaningful and comparable. For example, a failure mode shall be related to the equipment unit, while a failure
mechanism shall be related to the lowest achievable level in the item hierarchy. Table 3 gives guidance on this.

Table 3 — Reliability and maintenance parameters in relation to taxonomy levels

Recorded RM data Hierarchy level 2
4 5 6 7 8
Plant/Unit Section/ | Equipment | Subunit Component/
System unit Maintainable item
Impact of faildre on safety Xb
Impact of maiptenance on safety
Impact of faildre on operations X (X)c¢
Impact of maiptenance with regard to X (X)
operations
Failure impact on equipment X (X) (X)
Failure mode (X) X (X) (X)
Failure mechgnism (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 maintepance time X (X) (X)

a8  See Figur¢ 3.
b X =defaul.

¢ (X) = poss|ble alternatives.

8.3 Timeljne issues

8.3.1 Surveillance and operating period

The equipmeént surveillance period is typically used as the time period for determining time-related reliability
parameters, e.g. MTBF, component life, etc. For many equipment units, the operating, or in-service, perjod is
less than the sutvéillance period due to maintenance, sparing of equipment or intermittent operation ¢f the
equipment (g.g<tank-transfer pumps).

When equipment is in an idle state or in “hot” standby, i.e. being ready for immediate operation when started,
it is considered to be operating (or “in-service”) by the definitions in this International Standard. Equipment on
standby, which would require some activities to be performed before being ready for operation (“cold”
standby), is not considered to be in an operating state. The various time-period definitions are illustrated in
Table 4.

Data may also be collected for actual preventive maintenance if one wants the full picture of down time
caused by all maintenance actions (see Table 4). Periods when equipment is deliberately taken out of service
for an extended period, or is being modified, are not considered to be relevant for data collection.

The surveillance period may also cover several states in the life of the item. For example, in the subsea
environment, equipment can be installed and functioning, i.e. a barrier to the escape of downhole hydrocarbons,

20 © ISO 2006 — All rights reserved


https://standardsiso.com/api/?name=c8331f902171f629498941ccff324fe4

ISO 14224:2006(E)

but the well might not start producing for several months. Failures can occur on the equipment during this
phase, requiring it to be repaired with a potential delay to start-up. Likewise, equipment can fail during a

refinery turnaround, which is not a “production” phase, again requiring repair and possible delay to start-up.

Table 4 — Timeline definitions

Total time
Down time Up time
Planned down time Unplanned down time Operating time Non-
PLLﬂLP.n.mm_' | Other planned outages Corrective Other op:i::gng
mpintenance maintenance unplanned
outages
Prepar |Active Reserve 2[“Cold ” [Modifi- [Prepar |Active Shutdown, 9[Run- |Ramp- |Run< |“Hgt” [Idle
-ation| [preventative stand- |cation P|-ation |corrective operational [down |up ning |stapd-
and/gr [maintenance by and/or |maintenance|problems/ by
delay| |(item being delay |(item being |restrictions
worked on) worked on) € |etc.

a

b

C

d

items

Means that item is available for operation, but not required for some time. Does not include items considered as
taken out of service on a more permanent basis.

rveillance period be terminated before the modification and be re-started with*a new surveillance period after the m

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

q

J

hutdown of machinery (trip and manual shutdown) is defined in C.1.8:

Modification can change the reliability characteristics of an item and can, therefére, require that the collection of rdliability data for
the sy

spare parts” or

pdification.

8.3.2

Depe
intery
in An
for th
cons
seve
the e
colle

from

subs

The
and

failures normally’ occur (subsea), a longer surveillance period is desirable (e.g. the whole lifetime]
even(usefulto collect data for equipment with no failures during the surveillance period because,

Data collection periods
nding on use and feasibility, data may be recorded for the whole equipment lifetime g

nex C, the lifetime of many items is.assumed to follow the so-called “bathtub” curve. If only
e steady-state operating part of an item are required, data collection shall start after the bur
dered to have ended. The length of this period can vary among equipment categories from
al months. Data recorded during the steady-state operating period often follows, or is assun
xponential lifetime curve (constant failure rate). For some equipment, it is also useful ang
t data from “day one” in order to accumulate experience on burn-in failures. In this case, d
what may be considered as an initial burn-in period shall be distinguished from data colle
bquent steady-state operating period.

[ength of the data-collection period shall be balanced against the expected failure rate, size
ccess to.data. For equipment of high importance (safety) and equipment where one kn

r for shorter

als. The latter is common due both to cost'and to getting data within a reasonable time franje. As shown

the RM data
h-in period is
no burn-in to
ned to follow,
essential to
ata collected
ted from the

of population
bws that few
history). It is
by observing
pthods within
as shown in

Annex C.

While the surveillance period is just an interval in calendar time between two specific times and can, therefore,
be defined exactly, operating time is not always that straightforward to determine. For some rotating
equipment, the operating time is recorded on a counter and can be read exactly. For other equipment, this
might not be true. Hence, it is often necessary to estimate operating time based on knowledge from the
operating and/or maintenance staff. As the “true” failure rate for an item shall be calculated based on actual
operation, high priority should be given to collecting or estimating this 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.

© IS0 2006 — Al rights reserved 21


https://standardsiso.com/api/?name=c8331f902171f629498941ccff324fe4

ISO 14224:

State

Up time /

2006(E)

Preparation
and/or delay

<4

Waiting and/
or delay

B>

Ramp-
up

Active
maintenance time

Run-
down

<
<4

\.

A
A J

¢ ¢ =

Down time Up time

A

-/
Time of
failure

Y
A

Down time
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Figure 4 — Maintenance times

ncludes the calendar time from the time the equipment is stopped for“a repair until
to its intended service after having been tested.

enance time is the calendar time during which maintenance workcon the item is actually
y this definition, active repair time cannot normally be greater than the down time.

Exceptionally, active repair time can be greater than down time if the“maintenance can be performed w

operating.

nal time required to run down the equipment beforé-repair and ramp up after the repair

considered t¢ be part of the down time.

NOTE S¢

e also definitions in 3.2 and 3.10.

9 Reconmmended data for equipment;-failures and maintenance

9.1 Data ¢

The RM dats
failure and m

categories

shall be collected in an,organized and structured way. The major data categories for equip
aintenance data arethe‘following.

ne

it is

being

th the

s not

nent,

a) Equipment unit data (inventory data)

The description of an equipment unit (level 6 in Figure 3) is characterized by the following:
1) clagsification data, e.g. industry, plant, location, system;
2) equiprrentatirbutese-g—meandfacturers-datadesign-characteristies:
3) operation data, e.g. operating mode, operating power, environment.

These data categories shall be general for all equipment classes. Additionally, some data specific for 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

These data are characterized by the following:

1)

22

identification data, e.g. failure record number and related equipment that has failed;
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failure cause, failure detection method.

Maintenance data

These data are characterized by the following:

failure data for characterizing a failure, e.g. failure date, items failed, failure impact, failure mode,

1) identification data, e.g. maintenance record number, related failure and/or equipment record;

2) maintenance data, parameters characterising a maintenance action, e.g. date of maintenance,
maintenance category, maintenance activity, impact of maintenance, items maintained;

3) maintenance resources, maintenance man-hours per discipline and total, utility equipnéent/ resources
applied;

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

The flype of failure and maintenance data shall normally be common for all equipment classes, wi

wher

Corre

b it is necessary to collect specific types of data, e.g. subsea equipment.

ctive-maintenance events shall be recorded in order to describe the‘corrective action follow

h exceptions

ing a failure.

Preventive-maintenance records are required to retain the complete lifetime history of an equipmeént unit.

9.2

Each
desc
code

(

The
range
the d

flacilitation of queries and analysis of data,

g¢ase of data input,

minimization of database size/and response time of queries.

Data format

record, e.g. a failure event, shall be identified in the database by a number of attributes. E
ibes one piece of information, e.g. failure mode. {t\is recommended that each piece of in
] where possible. The advantages of this approach versus free text are

onsistency check undertaken at input, by having predefined code lists,

ange of predefined eodes shall be optimized. A short range of codes is too general to be U
of codes gives a-more precise description, but slows the input process and might not be
bta collector. Selected codes shall, if possible, be mutually exclusive.

The

For all categories mentioned in 9.1 a), b) and c¢), it is recommended to include some additional fr
more| explanatory information as available and deemed relevant, e.g. to include a narrative of th
leadipg-tosa failure event. This would assist in quality checking the information and browsing t
records:ta extract mare detailed information

isadvantage of a predefined list of codes versus free text is that some detailed information

ach attribute
formation be

seful. A long
used fully by

can be lost.
pe text giving
B occurrence
rough single

Examples of codes are given in Annexes A and B for different equipment types and reliability data.

9.3

9.3.1

Database structure

Description

The data collected shall be organized and linked in a database to provide easy access for updates, queries
and analysis. Several commercial databases are available that can be used as main building blocks for
designing a reliability database. Two aspects of organizing the structure of data shall be addressed as
described in 9.3.2 and 9.3.3.
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9.3.2 Logical structure

The logical structure defines the logical links among the main data categories in the database. This model
represents an application-oriented view of the database. The example in Figure 5 shows a hierarchical
structure with failure and maintenance records linked to the equipment unit (inventory). Records describing
preventive maintenance (PM) are linked to the inventory description in a many-to-one relation. The same
applies for failures, which additionally have related corrective-maintenance records linked to each failure

record. Each record (e.g. failure) may consist of several attributes (e.g. failure date, failure mode, etc.).

Y
Installation/Plant
data
-
©
5o
"€
S o
= £
g s
oo )
w Equipment
data
Y
A
Preventive .
. Failure no. 1
maintenance no. 1
Preventive Failure no. 2
% maintenance no. 2
©
= Preventive ) Failure no. "n"
Q maintenance Corrective
w no. "n" maintenance no. 1
Corrective
maintenance no. 2
Corrective
maintenance
Y no."n"

9.3.3 Databaseé architecture

Figure 5 — Logical data structure (example)

This defines the design of the database as to how the individual data elements are linked and addressed. The
following four model categories are commonly available, ranked in order of complexity and versatility.

a) Hierarchical model: Data fields within records are related by a “family tree” relationship. Each level

b) Network model:

represents a particular attribute of data.

This is similar to the hierarchical model; however, each attribute can have more
than one parent.

¢) Relational model: The model is constructed from tables of data elements, which are called relations.

24

No access path is defined beforehand; all types of manipulation of the data in
tabular form are possible. The majority of database designs use this concept.
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d)

9.4

Object model:
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structure and (2) an interface. The structure is fixed within each obj

The software is considered as a collection of objects, each of which has (1) a

ect while the

interface is the visible part that provides the link address between the objects.

Object modelling enables the database design to be very flexible,

extendable,

reusable and easy to maintain. This model seems to be popular in new database

concepts.

Equipment data

The classification of equipment into technical, operational and environmental parameters is the basis for the

collec
for va

partig

To e
Thes
categ

Table

equig
exan

sure that the objectives of this International Standard are met, a minimum of data|shall
e data are identified by an asterisk (*) in Tables 5, 6 and 8. However, the additien*of certa
ories can significantly improve the potential usability of the RM data (see Annek|D).

5 contains the data common to all equipment classes. In addition, some~data that are spe
ment class shall be recorded. Annex A gives examples of such data far-some equipment cl
ples in Annex A, the priority data are suggested, but they can vary according to each case 0

Table 5 — Equipment data common to all‘equipment classes

tion of RM data. This information is also necessary to determine whether the data are suitable or valid

specific to a

be collected.
in other data

cific for each
asses. In the
I application.

Data Data Taxonomic Business category (examples)
catggory level @ Upstream Midstream Downstream Petro-
[E&P) (refining) chemical
Industry 1 Petroleum Natural gas Petroleum Retrochemical
Business category (*) E&P Midstream Refining Retrochemical
Installation category Oil/gas Pipeline Refinery Retrochemical
production
Installation code or name (*) 3 Delta Beta gas line Charlie Delta chemical
refinery
Uke/ Owner code or name Smith Ltd. | Johnsen Inc. JPL Corp. ABC ASA
Ltct)(':atiton Geographic location UKCS Europe Mid-west USA UK
attriputes
Plant/Unit categary)(*) Oil/gas Compressor | Hydro-cracker Ethylene
platform station cracker
Plant/Unjt-code or name (*) Alpha 1 CS3 HH 2 EC 1
Section/System Ol Compression Reaction Reaction
(see Aninex A) (*) processing system
Operation category 5 Remote Remote Manned Manned
control control

© I1SO 2006 — All rights reserved

25


https://standardsiso.com/api/?name=c8331f902171f629498941ccff324fe4

ISO 14224:2006(E)

Table 5 (continued)

system

Data Data Taxonomic Business category (examples)
category level @ Upstream Midstream | Downstream Petro-
(E & P) (refining) chemical
Equipment class 6 Pump Compressor Heat Heater
(see Annex A) (*) exchanger
Equipment Type 6 Centrifugal Centrifugal | Shell and tube Fired
(see Annex A) (*)
Equipment identification/ 6 P101-A C1001 C-21 H-1
LL.ocation (n g fng numhar)
*) b
Equipment description 6 Transfer Main Reactor Charge heater
homenclature) compressor effluent
) Wnique equipment 6 12345XL 10101 Cxy123 909090
Equipment | jljentification number
attributes - ]
Manufacturer's name (*) 6 Johnson Wiley Smith Anderson
Manufacturer's model 6 Mark | CO, GTI SuperHdat A
designation
Design data relevant for each 6 Equipment- | Equipment- Equipment- Equipment-
g¢quipment class and specific specific specific specifjc
qubunit/component as
dpplicable, e.g. capacity,
power, speed, pressure,
nedundancy, relevant
dtandard(s) (see also
Annex A)
Normal operating state/Mode 6 Running | Active standby | Intermittent Running
)
Initial equipment 6 2003.01.01 2003.01.01 2003.01.01 2003.01.01
dommissioning date
$tart date of current service 6 2003.02.01 2003.02.01 2003.02.01 2003.04.01
)
$urveillance time, h 6 8 950 8 000 5400 26 30P
calculated) (*)
Operation | Qperational time, h 6 3 460 100 5200 495
(normal | (measured/calculated)
use)  [fiumber of demand$-during 6 340 2 N.A. N.A
the surveillance period as
dpplicable (includes both
gperationaland test
dctivation) (™)
Dperating parameters as 6 Equipment- | Equipment- Equipment- Equipment-
relevant for each equipment specific specific specific specific
Class: €0 ambtent-conditions;
operating power
(see Annex A)
Additional | Additional information in free 6 Specify as Specify as Specify as Specify as
information | text as applicable needed needed needed needed
Source of data, e.g. P & ID, 6 Specify as Specify as Specify as Specify as
data sheet, maintenance needed needed needed needed

b

@  See definitions in Figure 3.

(*) indicates the minimum data that is required to be collected.

The serial number is required for potential change-out at the equipment level. The tag number identifies only the physical location
of equipment in the plant. If the equipment is replaced with, e.g. an overhauled unit, the tag number remains the same but the serial
number changes.

26
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9.5 Failure data

A uniform definition of failure and a method of classifying failures are essential when it is necessary to
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 necessary.

The minimum data needed to meet the objectives of this International Standard are identified by (*). However,
the addition of certain other data categories can significantly improve the potential usability of the RM data;
see Annex D.

Table 6 — Failure data

Category Data to be recorded Description
Failure record (*) Unique failure record identification
Idenfffication
Equipment identification/Location (*) E.g. tag number (see Table 5)
Failure date (*) Date of failure detection (year/month/day)
Failure mode (*) Usually at equipment-unit level (level 6) (see B.2.§) @

Failure impact on plant safety (e.g.

. b Usually zero, partial or total
personnel, environment, assets)

Failure impact on plant operations (e.g.

production, drilling, intervention) b Usually Zefo; partial or total

Failure impact on equipment function (*) |Effeeton equipment-unit function (level 6): critical| degraded,
ofincipient failure ©

Failure data Failure mechanism The physical, chemical or other processes which have led to a
failure (see Table B.2)
Failure cause 9 The circumstances during design, manufacture offuse which
have led to a failure (see Table B.3)
Subunit failed Name of subunit that failed (see examples in Anngx A)
Component/Maintainable item(s) failed Name of the failed maintainable item(s) (see Anngx A)
Detection method How the failure was detected (see Table B.4)
Operating condition at failure Running, start-up, testing, idle, standby
Remarks Additional information Give more details, if available, on the circumstandes leading to

the failure: failure of redundant units, failure causg(s) etc.

@  Hor some edquipment categories such as subsea equipment, it is recommended to also record failure modes on tdxonomic levels
lower|than thesequipment-unit level.

b gee example of failure consequence classification in Table B.2.

¢
only.

idcipient) failures

d  The failure cause and sometimes the failure mechanism are not known when the data are collected, as they commonly require a
root cause analysis to be performed. Such analysis shall be performed for failures of high consequence, high repair/down time cost, or
failures occurring significantly more frequent than what is considered “normal” for this equipment unit class (“worst actors”).

(*) indicates the minimum data that shall be collected.
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9.6 Maintenance data

9.6.1
Maintenance
a)

b)

General

is carried out for the following reasons:

to correct a failure (corrective maintenance); the failure shall be reported as described in 9.5;

as a planned and normally periodic action to prevent failure from occurring (preventive maintenance).

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

Kkl

are given in
equipment).

The minimun

the addition
Annex D.

9.6.2 Main

There are tw

a) thatdon
b) that don
(inspect
mainten
NOTE “M

organization. 4

Figure 6 shg
maintenance
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n data needed to meet the objectives of this International Standard are identified by .(*). How
of other data categories can significantly improve the potential usability of the \RM data

fenance categories

b basic categories of maintenance:

e to correct an item after it has failed (corrective maintenance);

ons, tests) to verify the condition of the equipment t6."decide whether or not any prev
hnce is required.

odification” is not defined as a maintenance category but is a task often performed by the mainte
A modification can have an influence on the reliability‘@and performance of an item.

ws the main maintenance categories, in-more detail. Table B.5 presents the main typ
activities commonly performed.

Maintenance

bsea

ever,
see

e to prevent an item from failing (preventive maintenance); part of this can be simply the cIecks

ntive

nance

bs  of
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Figure 6 — Maintenance categorization

categories
Before failure After failure
Preventive Corrective
maintenance maintenance
. . . Condition .
Testing, inspection monitoring Periodic
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Reporting maintenance data

A Corrective maintenance

As a minimum for recording the reliability of an item, it is required that the corrective maintenance to correct a
failure shall be recorded.

9.6.3

2 Preventive maintenance

It is recommended that the recording of the actual preventive maintenance (PM) be done essentially in the
same way as for corrective actions. This can give the following additional information:

a)
b)
c)

d)

Recording PM actions is useful mainly for the maintenance engineer, butiis also useful for
engirjeer wanting to record or estimate the availability of equipment. A lifétime analysis takes intd
only failures but also maintenance actions intended to restore the item-to “as-good-as-new” cd
are dften performed on a higher indenture level (e.g. “package” {evel); hence there might not

avail
nece

Durin
activ
actio
shall,
gene
this ¢
poss

9.6.3

A final option is to record the planned PM programme as well. In this case, it is possible to addit

the d

indicates that control of the-conditions of the plant is being jeopardized and can, in adverse ci

lead

Tablg
Anne

Il lifetime story of an item (all failures and maintenance);
tal resources used on maintenance (man-hours, spare parts);
tal down time and, hence, total equipment availability, both technical and operational; see A

alance between preventive and corrective maintenance.

ble that can be related to the items on the lower indenture level (subunit, maintainabl
5sary to consider this restriction when defining, reporting and analysing PM data.

ties. In this case, the failure(s) shall be recorded“as any other failure with the subseque
n done, even though it initially was considered10 be a PM-type activity. The failure-dete
in this case, be considered as the type of RM being done. It is, however, realized that s
rally of minor character, can be corrected as)part of the PM and not recorded individually. Th
an vary among companies and should be addressed by the data collector(s) in order
ble type and amount of failures being.included within the PM program.

3  Preventive maintenance programme

ifferences between the. planned PM and the PM actually performed (backlog). An increa
0 equipment damage; pollution or personnel injury.

7 shows a summary of data to be collected and possible added value for different dat
x D contains’a'more detailed survey of data requirements for various applications.

Table 7 — Usefulness of maintenance data

nnex C;

the reliability
account not
ndition. PMs
be any data
B item). It is

-

g the execution of PM actions, impending failures.can be discovered and corrected as part of the PM

nt corrective
ction method
bme failures,
e practice on
o reveal the

onally record
sing backlog
cumstances,

b categories.

Darta to be collected

Priority with regard to Examples

data collection

Corrective maintenance

Required (see Table 8) Repair time (MTTR)
Amount of corrective maintenance

Replacement/repair strategy

maintenance
(maintenance programme)

Actual preventive Recommended o Full lifetime story of the equipment
maintenance e Total resources used on maintenance

e Total down time

e Effect of PM on failure rate

e Balance between corrective and preventive maintenance
Planned preventive Optional o Difference between real and planned PM (backlog)

resources, intervals)

Updating programme based on experiences (methods,

©I1SO

2006 — All rights reserved

29


https://standardsiso.com/api/?name=c8331f902171f629498941ccff324fe4

ISO 14224:2006(E)

Table 8 —Maintenance data

Category Data to be recorded Description @
Maintenance record (*) Unique maintenance identification
|dentification Equipment identification/location (*) e.g. tag number (see Table 5)
Failure record (*) Corresponding failure identification record (not relevant for
preventive maintenance)
Date of maintenance (*) Date when maintenance action was undertaken or planned
(start date)
Vaimterance tategory ) Maimcategory (corrective; preverntive)
Maintenance priority High, medium or low priority
Interval (planned) Calendar or operating interval (not relevant for corrective
maintenance)
Maintenance | | Maintenance activity Description of maintenance activity, see Ahnéx B, Table B.5
data
Maintenance impact on plant operations |Zero, partial or total
Subunit maintained Name of subunit maintained (see“Arinex A) b
(May be omitted from preventive:maintenance).
Component/maintainable item(s) Specify the component/maintainable item(s) that were
maintained maintained (see AnnexA)

(May be omitted from, preventive maintenance).

Spare part location Availability of spares (e.g. local/distant, manufacturer)

Maintenance man-hours, per discipline ¢ | Maintenance ‘man-hours per discipline (mechanical, electfical,

instrument, others
Maintenance )

resources Maintenance man-hours, total Total maintenance man-hours
Maintenance equipment resources © e'g”intervention vessel, crane
Active maintenance time 9 (*) Time duration for active maintenance work being done onfthe
equipment (see also definitions in Table 4)
Maintenance | | Down time 9 (*) Time duration during which an item is in a down state (se¢
times also Table 4 and Figure 4)
Maintenance delays/problems Prolonged down time causes, e.g. logistics, weather,

scaffolding, lack of spares, delay of repair crew

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

@  Records tq be entered for both corrective and preventive maintenance, except where shown.

b For corredtive mainfenance, the subunit maintained is normally identical to the one specified on the failure event reporf (see
Table 6).

€ For subseg equipment, the following apply:

— type of main resource(s) and number of days used, e.g. drilling rig, diving vessel, service vessel;

— type of supplementary resource(s) and number of hours used, e.g. divers, ROV/ROT, platform personnel.

d  This information is desirable for RAM and RCM analyses. It is currently infrequently recorded in the maintenance-management
systems. It is necessary to improve the reporting of this information to capture reasons for long down times.

(*) indicates the minimum data that shall be collected.
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Annex A
(informative)

Equipment-class attributes

A.1 Advisory notes

A.1.1 General

Annex A provides examples on how typical equipment used in the petroleum, petrochemical an

industries can be categorized as to their taxonomy, boundary definition, and inventory data. Th
informative for each equipment unit. Normative data, e.g. failure modes, for thé equipment ¢

shown in Annex B.

A st

class
table
there

dardized approach has been applied for some of the subunits that are-dsed on a majority
s (e.g. control and monitoring, lubrication system, cooling system)~Fhe result that is the to

are fewer tailor-made definitions and codes for each individual equipment unit. The

therefore, apply those categories and codes that are applicable’io the equipment for which da

colle¢ted. Equipment having a unique design can require a more tailor-made categorization in
showhn in these examples.

In th
inclu

tables that describe the “equipment-unit subdivision" for the equipment, it is recomme
e the following:

Maintainable items/Parts” on an as-needed-basis, e.g. to include instrumentation;
Others”, if defined “Maintainable items/Parts” are lacking; or

Unknown” category, if sufficientinformation is not available.

The priority classes given in this annex are high, medium and low. When interpreting or assessin
thesq classes, they can be equated to compulsory (high), highly desirable (medium) and desirabl

A.1.2 Boundary definitions

The purpose of.the-boundary definition is to ensure a common understanding of the “subunit/con
“‘maintainablenitem/part” included within the boundary of a particular equipment unit and, hence,

!

i natural gas
ese data are
xamples are

bf equipment
al number of

required to describe the different data categories and definitions is reduced and, at thg same time,

user should,
ta are being
stead of that

hded to also

the value of
(low).

hponent” and
which failure

and rpaintenance events to record. For definition of the boundaries, the following rules are recommended.

a) [Do-not include items of unique design or configuration-dependant items. Include only those items that are
considered to be generic for the equipment class being considered in order to compare “like with like.”

b) Exclude connected items from the equipment-class boundary, unless specifically included by the
boundary specification. Failures that occur in a connection (e.g. leak), and that cannot be solely related to
the connected item, should be included within the boundary definition.

c) |If a driver and the driven unit use a common subunit (e.g. lubrication system), relate failure and
maintenance events on this subunit, as a general rule, to the driven unit;

d) Include instrumentation only where it has a specific control and/or monitoring function for the equipment

unit in question and/or is locally mounted on the equipment unit. Control and supervisory instrumentation

of more general use (e.g. SCADA-systems) should not, as a rule, be included.
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In A.2.2 to A.2.9 examples of boundary diagrams for different equipment classes are presented. This list is not
exhaustive for the equipment categories covered by this International Standard, but includes examples on
how taxonomies may be defined for typical equipment found in the petroleum, 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.

Additionally, some equipment-specific data for equipment classes are presented in this annex. These data

have been fq

Such design
equipment
between the
requirementg
source(s) als
is indicated.

A.1.4 Equi

Tables A.1 tg
covered by t
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categorizatio
Tables A.1 g

Table A
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“petrochemid
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features specific for each equipment class should be considered depending on how far-do

cost of obtaining it, which often can be high, and the value of the data in relation‘to the sp
to define each equipment class for the intended analyses. The accessibility’ of ‘the data
0 sets a limit on the data that can be collected. An indication of the importance of each data
his importance ranking can differ among different users and applications.

pment classification and application

A.4 provide a methodology for grouping different equipment.examples and their applicati
nis International Standard. These lists are not meant to be ‘exhaustive but are intended to
s of equipment classes and systems and how they canbe grouped in categories. Any aj
h should be appropriate for the intended use and purpose of the data being collected (see 7

A.4 show a categorization related to the taxonomic{devels shown Figure 3.

1 shows a recommendation for grouping equipment on installation level (level 3 in the taxon
y)-

2 shows a recommendation for how equipment can be classified on plant/unit level (level 4
Table 5.

3 shows a list of relevant sections/systems (level 5) within the petroleum, natural gas
mical industries where equipment as covered by this International Standard can be used
where the equipment is @pplied should be recorded as one parameter in the general equig
wn in Table 5 (category«‘Use/Location”).

4 lists typical examples of equipment units used in the petroleum, natural gas and petroche
as covered by this International Standard (level 6). Table A.4 also indicates those equip
ies that are_ilistrated by examples, as described in A.2.1. B.2.6 contains the associated f|
br the sante ‘equipment examples.

fication~'shown in Tables A.1 to A.3, the terms “upstream,” “midstream,” “downstream’
al”are used. The interpretation of these terms in this International Standard is as follows:

Wn in

ptegorization the data collector wants, or is required, to go. Collection of data isla trafle-off

ecific
n the
type

DN as
show
plied
.1.2).

omic

L), as

and
The
ment

mical
ment
hilure

and

a) upstream business category of the petroleum industry involving exploration and production
(e.g. offshore oil/gas production facility, drilling rig, intervention vessel);

b) midstream business category involving the processing, storage and transportation sectors of the
petroleum industry (e.g. LNG, LPG and GTL,; see Table A.1);

c) downstream business process most commonly used in the petroleum industry to describe post-
production processes (e.g. refining, transportation and marketing of petroleum
products);

d) petrochemicals business category producing petrochemical, i.e. chemicals derived from petroleum
and used as feedstock for the manufacture of a variety of plastics and other related
products (e.g. methanol, polypropylene).
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Table A.1 — Installation category — Level 3
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Business category

Upstream Midstream Downstream Petrochemical
(E&P)
Oil/gas production Liquefied natural gas Refinery Petrochemical complex

plant (LNG)

facility (offshore/ Gas Processing Shipping
onshore) . '
Liquefied petroleum gas Piveli Terminal
Gas processing plant (LPG) Ipeline ermina
Drilling rig Gas to liquids plant Shipping
Intervention vessel (GTL) Terminal
Terminal Combined heating and
ermina power (CHP)
Pipeline Terminal
Storage
Shipping (LNG, Oil)
Pipeline
Table A.2 — Plant/Unit level classification — Level 4
Business category
Upstream Midstream Downstream (refining) Petrochemical
(E&P)

Offshore platform

Onshore production
plant

Floating production
storage and offloading
(FPSO)

Floating drilling;
production storage-and
offloading (FDPSO)

Floating.storage unit
(FSU)

Compliant tower

Semi-submersible

Pipeline compressor
station

Pipeline pump station

Process
Utility

Offsite and support
facilities

Methanol plant
Ethylene plant
Acetic Acid plant

—

Polyethylene plan
Polypropylene plapt
Polyvinylchloride plant

Subaca pluduutiuu
Tension leg platform
(TLP)
Jack-up

Subsea intervention
and support vessel
(SISV)
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Table A.3 — Section/System classification — Level 5

Business category

Upstream
(E&P)

Midstream

Downstream (refining)

Petrochemical

Process — General
Oil process/treatment
Gas process/treatment

LNG process
CO,/H,S removal
Dehydration/

Process — General
Cracking
Crude distillation

Process — General
Hydrodesulfurization
Hydrogen steam

Water Mercaptonization Catalytic de-waxing reforming
process/treatment Liquefaction Catalytic reforming Hydrotreating
Oil/condensate-export | Mercury removal Lubes de-waxing Isomerization
Sycfnmc rlaut;unat;un II\GIUDCIIC hydlutcatcl

-export systems
Utilities @

Freph water systems

fety and control
systems

Emgrgency/process
shuftdown

Fird and gas detection
Fird water systems

Emgrgency
preparedness systems

Offishore installations
Ballast water
Segdwater lift

Poditien keeping

Refrigeration

LNG storage

LNG loading/unloading

Boil-off gas (BOG)

recovery

Vaporizers

Recondensing
LNG utilities

Fuel gas

Cooling system

Heating system

Main power

Blow-down and relief
system

Refrigerant storage
Fiscal metering

Cubes hydro-fnishing
Merox treating
Selective hydro-treating
Sour-water stripping
Sulfur-recovery unit
Tail-gas treating
Vacuum distillation
Visbreaking

Utilities
Steam
Power
Instrument air
Utility air
Cooling water
Nitrogen
Emergency shutdown
Fire and gas detection
Analysers

Naphtha hydrotreater
Phenol extraction
Polymerization unit
Solvent deasphalting
Solvent dewaking
Solvent extraction
Steam
Steam cracking

Steam-methane
reforming

Sulfur recovery
Sweetening
Vacuum distillation
Visbreaking
Utilities
Steam
Power
Instrument air
Utility air
Cooling water
Nitrogen
Fire and gas detection
Analysers
Emergency shutdown

Evacuation means

Well and subsea
systems

Completion fluid
Manifold control

Multi-well manifold
control

Satellite well control
Well servicing
Combined function

a

specifically for these categories.

b

Includes both power generation and distribution.

These sections/systems may also be applicable for downstream and petrochemical unless defined
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Table A.4 — Equipment class — Level 6
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Equipment Equipment class — Level 6 Example included
category in Annex A
Rotating Combustion engines Yes
Compressors Yes
Electric generators Yes
Electric motors Yes
Gas turbines Yes
Pumps Yes
Steam turbines Yes
Turboexpanders Yes
Blowers and fans No
Liquid expanders No
Mixers No
Mechanical Cranes Yes
Heat exchangers Yes
Heaters and boilers Yes
Vessels Yes
Piping Yes
Winches Yes
Swivels Yes
Turrets Yes
Pipeline No
Storage tanks No
Loading arms No
Filters and strainers No
Steam.ejectors No
Xmas trees (topside/onshore) No
Elecfrical Uninterruptible power supply Yes
Power transformers Yes
Switchgears/switchboards and distribution boards No
Frequency converters No
Power cables and terminations No
Safety and control | Fire and gas detectors Yes
Input devices Yes
Control units Yes
Valves Yes
Nozzles Yes
Evacuation equipment No
Fire-fighting equipment No
Inert-gas equipment No

© I1SO 2006 — All rights reserved
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Table A.4 (continued)

Equipment Equipment class — Level 6 Example included
category in Annex A
Subsea production | Subsea production control Yes
Xmas trees Yes
Risers Yes
Subsea pumps Yes
Subsea processing equipment No
Templates No
Manifolds No
Pipelines No
Flowlines No
Subsea isolation equipment No
Intervention tools No
Electric-power distribution No
Drilling Blowout preventer @ Yes
Top drive Yes
Derrick b No
Drawworks No
Mud pumps No
Mud-treatment equipment No
Diverter No
Choke manifold No
String-motion compensator No
Riser compensator No
Cementing equipment No
Drilling and completion risers No
Crown and ¢ravelling blocks No
Well completipn Downhole\safety valves Yes
(downhole) Casing Yes
Tubing Yes
Hangers No
Packers No
Electrical submersible pumps No
Downhole sensors No
Wellheads No
Well intervention Coiled tubing, surface equipment No
Coiled tubing, BOPs and control systems No
Coiled tubing, other pressure-control equipment and systems No
Coiled tubing, string and mechanical bottom hole assembly No
Coiled tubing, string and electrical bottom hole assembly No

36
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Table A.4 (continued)

Equipment Equipment class — Level 6 Example included
category in Annex A
Well intervention Wireline, surface equipment No
Wireline, BOPs and control systems No
Wireline, other pressure-control equipment and systems No
Wireline, slickline/braided cable and bottom-hole assembly No
Wireline, electric cable and bottom-hole assembly No
Rig-assisted snubbing (RAS), surface equipment No
Rig-assisted snubbing (RAS), BOPs and control systems No
Rig-assisted snubbing (RAS), other pressure-control equipment and systems No
Rig-assisted snubbing (RAS), tubing and bottom-hole assemblies No
Marine Anchor windlasses and mooring equipment No
Thrusters No
Dynamic positioning equipment No
Towing equipment No
Jacking equipment No
De-icing equipment No
Helicopter deck with equipment No
Utilities © Hydraulic power units No
Air-supply equipment No
De-superheaters No
Nitrogen-supply equipment No
Heating/cooling media No
HVACs No
@  $ubsea blowout preventer.
b Ipcluding heave compensation-
¢ Utilities may be associated with a number of equipment classes in this International Standard (e.g. pumps, valves, infstrumentation).
A.2 |[Equipment-specific data
A.2.1 (General

The equipment examples, indicated by a “yes” in the last column of Table A.4, are presented in A.2.2 to A.2.8
and include a detailed description of the following:

— equipment-type classification;
— boundary definitions;
— subdivision into lower indenture levels;

— equipment-specific data.
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This information should be used to identify the data necessary to be collected for each equipment example
presented and define the structure for a database for the relevant taxonomic elements. Many of the
recommended parameters can be common across many equipment classes (e.g. capacity, rotational speed).
The examples should not be considered exhaustive.

Examples of failure coding, such as failure modes, failure mechanism etc., are given in Annex B. For safety
equipment, some specific failure definitions are given in Annex F.

A.2.2 Rotating-equipment data

A221 Co

mbustion engines

Table A.5 — Type classification — Combustion engines

Equipment class — Level 6

Equipment type

Description Code Description Code
Combustion engines — piston CE Diesel engine DE
(diesel/gas engines) Otto (gas) engine GE

38

instrumentation

Power Fueksupply
Starting system Engine
(e.g. start batteries) (diesel/gas)
Lybrication Cooling Control and Miscell
system system monitoring Iscellaneous
\ \ \ ‘:\ ;
Coolant Coolant Power Remote oundary

Figure A.1 — Boundary definition — Combustion engines
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Table A.6 — Equipment-class subdivision — Combustion engines

Equipment class

Combustion engines

Level 6
Subunit/ Start system | Combustion Control and Lubrication Cooling Miscel-
Component engine unit monitoring system system 2 laneous
Maintainable Start energy Air inlet Actuating Reservoir Heat Hood
item/Part (battery, air) Ignition system device Pump exchanger Flange joints
Starting unit Turbocharger Control unit Motor Fan
Start-contrel rternal-power = Meter

Fuel pumps ilter
ot supply Coul Filter
njectors Monitoring ooler

. Valves
Fuel filters Sensors P Valves
Exhaust Pipi Piping

xhaus Valves iping ol
Cylinders Wiring Oil P
Pist T ¢ Temperature-
Istons Piping emperature=_~control sensor
control sensor

Shaft Seals
Thrust bearing
Radial bearing
Seals
Piping
Valves

@  May include water-cooled or air-cooled systems.

b g pecify type of sensor, e.g. pressure, temperature, level, etc.

Table A.7(= Equipment-specific data — Combustion engines

Name Description Unit or code list Priority
Drivgn unit Driven unit (equipment class, type and identification | Specify High
code)
Powgr - design Maximum rated output (design) Kilowatt High
Powgr - operating Specify the approximate power at which the unit Kilowatt High
has been operated for most of the surveillance time
Spedd Design speed Revolutions per minute High
Number of cylinders Specify number of cylinders Integer Low
Cylinder configuration |Type Inline, vee, flat Low
Starting system Type Electric, hydraulic, pneumatic Medium
Ignition system Otto, diesel Compression ignition (diesel), Medium
spark plugs
Fuel Type Gas, light oil, medium oil, heavy Low
oil, dual
Air-inlet filtration type | Type Free text Low
Engine-aspiration type | Type of engine aspiration Turbo, natural Medium
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A.2.2.2 Compressors

Table A.8 — Type classification — Compressors

Equipment class — Level 6 Equipment type
Description Code Description Code
Compressor CO Centrifugal CE
Reciprocating RE
Screw SC
Blowers/fans BL
Axial AX
Recycle
valve Interstage
conditioning
Inlet-gas (scrubber,
onditioning coolér, ‘etc.)
(scrubber,
ooler, etc.) Inlet valve
Compressor unit
Startin Driver Power
systerr? —{ (diesel, el. transmission 1st 2nd After cooler —
motor, etc.) (gearbox; etc.) stage stage Outlet valvd
Lubrication Control and Shaft seal Miscellaneous
system monitoring system (purge air, etc.)
\) ) \)
Coolant Power Remote Power Coolant boundary

nStromentation

Figure A.2 — Boundary definition — Compressors
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A.2.2.21

Equipment boundary definition for compressors

ISO 14224:2006(E)

Figure A.2 shows the boundary definition for compressors. Inlet and outlet valves, and the compressor driver
with connected auxiliaries, are not included within the boundary. Driver units are recorded as separate
inventories (electric motor, gas turbine or combustion engine) and the failures on the driver, if recorded,
should be recorded separately for the driver. A number in the compressor inventory shall give a reference to
the appropriate driver inventory.

Compression is normally done in stages where a number of subunits are connected into a train.

A compressor train is considered as one inventory. Each compressor train can conslst of up to four

comg
are th

If thd
com
seal-
most

re are subunits that are common to the driver (e.g. a gas turbine) and"' thé driven
ressor), these are regarded as a part of the driven unit. For compressors with common lubri¢ation-oil and
bil systems, failures should, as a general rule, be assigned to the subunijt'that is assumed fo be the one
affected. Otherwise, the failure should be assigned to the lubrication-ojl-system.

Table A.9 — Equipment subdivision — Compressors

gssion in four

s. Each compreSS|on stage is usually performed by one compressor unit (casmg) but in-sompe cases one
ressor unit can perform two stages. Each compressor (stage) normally contains several impellers that
e physical assembly of rotating blades that raise the pressure one step in the compressor upit.

Linit (i.e. the

Equipment class Compressors
Subunit Power Compressor | Control and Lubrication Shaft seal Miscellaneous
transmission monitoring system system
Mainjainable Gearbox/ Casing Actuating Oil tank with Oil tank with Base frame
item/Part variable drive . device heating system [ heating . .
Rotor with Piping, pipe
Bearings impellers Control unit Pump Reservoir sypport and
. . bellows
Coupling to the |Balance piston | Cables and Motor Pump W
i juncti trol val
driver Interstage junction boxes Check valves | Motor Cpntrol valves
Coupling to the |seals Internal power Isplation valves
: : Coolers Gear
driven unit . . supply
Radial bearing Filt Filt Check valves
Lubrication . Monitoring ners ers
Thrust bearing Pioi Val Cpolers
Seals Sensors 2 Iping alves
Shaft seals . S{encers
Valves Seal oll
Internal pipin Valves Pturge air
PIPINg Wiri Lube oil Dry gas seal 9
iring .
Valves Mechanical Mpgnetic-
. Piping echanica bearing control
Antisurge seal
b system
system Seals Scrubber
Piston Flange joints
Cylinder liner
Packing
@  Specify type of sensor, e.g. pressure, temperature, level, etc.
b Including recycle valve and controllers.
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Table A.10 — Equipment-specific data — Compressors

Name Description Unit or code list Priority
Type of driver Driver unit (equipment class, type and | Specify High
identification code)
Gas handled Average molar mass Grams per mole Medium
(specific gravity x 28,96)
Suction pressure Design — first stage Pascal (bar) Medium
Suction pressure Operating — first stage Pascal (bar) Low
Discharge prgssure Desigm—taststage Pascatbar) High
Discharge prgssure 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 terpperature Operating Degrees Celsius Low
Power Design power Kilowatt High
Utilization Percent utilization compared to design | Percent Medium
Polytropic heqd — Kilojodles per kilogram Low
Number of caings Number of casings in the train Integer High
Number of stages Number of compressor stages Integer Medium
(not impellers) in this train
Body type Type Vertical split case (barrel type), axial | Low
split case
Shaft sealing Type Mechanical, oil, dry gas-packed, dry | Low
gland, labyrinth, combined
Intercooler fitfed Specify if cooler is.fitted Yes/no Medium
Shaft seal sygtem Separate, combined, dry, etc. Separate, combined, dry High
Radial bearing Type Antifrictional, journal, magnetic Low
Thrust bearing Specify as relevant in comment field | Antifrictional, journal, magnetic Low
whether any thrust pressure regulator
is installed
Speed Design speed Revolutions per minute Low
Coupling Type Fixed, flexible, hydraulic, disconnect | Low
Reciprocating compressors only
Cylinder configuration — Inline, opposed, V, W Low
Cylinder orientation — Horizontal, vertical, inclined Low
Working principle — Single-acting, double-acting Low
Packing type — Lubricated, dry Low
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A.2.2.3 Electric generators

Table A.11 — Type classification — Electric generators

Equipment class — Level 6 Equipment type
Description Code Description Code
Gas-turbine driven TD
Steam-turbine driven SD
Electric generator EG Turboexpander TE
Engine Qriven, e.g. diesel engine, MD
gas engine

Fuel (steam, gas or diesel)

Circuit
l breaker
Starting . Power Electric ./ Bus
= -2
system Driver T transmission generator bar
. L Control and .
Cooling system Lubrication-system monitoring system Miscellaneous

\J \J \J \

Coolant Coolant Power Remote ~ Poundary
supply instrumentation

Figure A.3 — Boundary definition — Electric generators
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Table A.12 — Equipment subdivision — Electric generators

Equipment unit Electric generators
Subunit Power Electric Control and Lubrication Cooling Miscellaneous
transmission generator monitoring 2 system system
Maintainable Gearbox Stator Actuating Reservoir Heat Hood
items Radial bearing | Rotor device Pump exchanger Purge air
Thrust bearing | Radial bearing (%Ogtr;){/%n)'t Motor Fan
Seals Thrust bearing Filter Motor
Internal power Filter
L ubrication Excitation supply Caoler
Coupling to Cabling and Monitoring Valves Valves
driver junction boxes Sensors b Piping Piping
Coupling to . Pump
driven unit Valves oil
Wiring
Piping
Seals
@  The autonjatic voltage regulator (AVR) is an element within “Control”. Temperature and vibration surveillance are elements |within
“Monitoring”.
b

Specify type of sensor, e.g. pressure, temperature, level, etc.

Table A.13 — Equipment-specific data:="Electric generators

Name Description Unit or code list Priprity

Type of drive Equipment class, type and identifieation | Specify Highp
code

Coupling Specify (fixed, flexible, etc:) Fixed, flexible, hydraulic, disconnect Low

Speed Synchronous Revolutions per minute Medium

Frequency Design frequency Hertz Low

Voltage Design voltage Kilovolts Higir

Power — design Design power Kilovolts Higiﬂ

Power factor Ccos @ Number Low

Excitation control Type Automatic, manual Medium

Excitation type Brushless/slip-ring Brushless, slip-ring Medium

Degree of prdtection Protection class in accordance with IP Low
IEC 60529

Insulation clags’=stator !Esnle;\al’Ei’c\)’r;lﬁcIAass in accordance with Y,A E,B,F,H Medium
HEC-66634-4

Temperature rise — 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 FH Medium
IEC 60034-1

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

Radial bearing Type Antifrictional, journal, magnetic Low

Thrust bearing Type Antifrictional, journal, magnetic Low

Lubrication of bearings Type of bearing lubrication Grease, oil bath, pressurized oil, oil ring |Low

Generator cooling Type Air/air, air/water, open ventilated Low
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A.2.2.4 Electric motors

Table A.14 — Type classification — Electric motors

Equipment class — Level 6 Equipment type
Description Code Description Code
Electric motor EM Alternating current AC
Direct current DC
Bus

Electric motor

¥\
N

L . Control and
Lubrication Cooling monitoring Miscellanebus
i u
system system system
A
v \J \J
boundary
Coolant Coolant Power Remote_
instrumentation

Figure A.4 — Boundary definition — Electric motors

© I1SO 2006 — All rights reserved 45


https://standardsiso.com/api/?name=c8331f902171f629498941ccff324fe4

ISO 14224:2006(E)

Table A.15 — Equipment subdivision — Electric motors

Equipment unit Electric motors
Subunit Electric motor Control and Lubrication Cooling system Miscellaneous
monitoring 2 system
Maintainable Stator Actuating device Reservoir Heat exchanger Hood
items Rotor Control unit Pump Filter
Excitation Internal power Motor Valves
Radial bearing supply Filter Piping
Thrust bearing Monitorng Cooler Pump
Sensors © Valves Motor
Valves Piping Fan
Wiring oil
Piping
Seals

@  Normally,

b

Specify type of sensor, e.g. pressure, temperature, level, etc.

here is no extra control system for motors. For motors of Ex(p) class (pressurized), the internal pressure is monitored.
Temperature cgn be monitored on large motors.

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

Nafne Description Unit or code list Priprity
Type of driverl\ unit Equipment class, type and identification code Specify High
Power — desi‘l;n Max. output (design) Kilowatt Medium
Power — operpting Specify the approximate power at which the unit Kilowatt Low

has been operated, for.most of the surveillance time
Variable speqd Specify if installed or not Yes/No Low
Speed Design speed Revolutions per minute Medium
Voltage Design-voltage Volts Medium
Motor type Type Induction, commutator Medium
(d.c.), synchronous

Insulation clags — stator: Insulation class in accordance with IEC 60034-1 Y,A E,B,F,H Medium
Temperature frise —stator | Temperature rise in accordance with IEC 60034-1 Y,A E B, F,H Low
Insulation clags’=yrotor @ Insulation class in accordance with IEC 60034-1 Y,A E B FH 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 Specify Medium
Type of Ex protection Explosion classification category, e.g. Ex(d), Ex(e) | e.g. Ex(d), Ex(e) High

b See IEC 60079 (all parts).

a Not relevant for induction motors.
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Howe!

A.2.2.5 Gas turbines
Table A.17 — Type classification — Gas turbines
Equipment class — Level 6 Equipment type
Description Code Description Code
Gas turbine GT Industrial IN
Aero-derivative AD
Fuel/gas Water/steam
B Fuel system NG
injection
Air intake
. Drive
Alr +| compressor | Combustion | | (B Turbi || Power turbine
= P system urbine (LP turbine)
Accessory drive
Starting Fire and gas Lubrication Control and Exhaust Misdell
system protection system monitoring xhaus Isgellaneous
\) \) Y \) \)
Power Coolant Power
Remote
instrumentation
NOTE This boundary drawing shows a typical layout frequently used for mechanical drive or power generation.
VET, gas turbines can be configured In_diferent ways With regards to the layout of some subsystems. The

compressor and the turbine can be mechanically coupled, single-shaft GT. Other alternatives are when one or more parts
of the turbine are mechanically decoupled (multi-spool GT).

Figure A.5 — Boundary definition — Gas turbines
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Table A.18 — Equipment subdivision — Gas turbines

Equipment Gas turbines
unit
Subunit Starting Air intake Combustion Compressor | Power turbine | Control and
system system H P turbine monitoring
Maintainable |Starting motor | Air cooling Combustor Rotor Rotor Control unit
items Start control Anti-icing Fuel nozzles Stator Stator Sensors 2
Piping Filters Seals Cooling system | Casing Wires
Eilltor(c) Intaka - duect MO\ cvyctam Radigl bhoarina Actiiatin
Eiters) Intake-duet MG systerm Radiatbearing—Aetaatin
Valve(s) Inlet vanes Anti-surge valve | Thrust bearing devices
. Monitori
Pump(s) Aux. bleeding Seals QAitoring
Start energy system Valves Valves
;(:riq battery, Anti-icing valve Piping Lr:}g‘r)rr;l poyer
Casing
. . I
Radial bearing Seals
Thrust bearing
Seals
Piping
Lubrication | Fuel system | Water/Steam | Fire and gas‘{ Accessory Exhaust Miscel-
system injection ° protection drive Ianeops
Heater Fuel control | Pump(s) Controlwunit | Gearbox Diffuser Enclosuvle
Reservoir(s) [Piping Piping Pipes Bearing Exhaust Hood
Pump(s) Valves Valves Valves Seals collector Purge aif
Motor Seals Filter(s) Sensors Casing Compensator | Flange jpints
Filter Pump(s)/Gas | Seals Wires bellows Ventilatipn
Temperature COMPIESSOT | \ires Tank(s)/ Ducting fan
control Filter(s)/ Storage Emission Water-wpsh
Separators . system
Valves monitoring
Piping Wires Silencer
. Fuel
Oil cooler Sroperties 'tl)'hrugt
Qil measurement earing
Valves
Sensors
Wires Waste heat
recovery unit

a8  Specify type of sensor, e.g. pressure, temperature, level, etc.

b Only relevant for gas turbines with NO,-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
Type of driven unit Characteristics of the driven subsystem Generator drive, mechanical drive, High
auxiliaries, other
Power — design ISO power rating Kilowatt High
Power — operating Specify the approximate power at which the | Kilowatt Medium
unit has been operated for most of the
surveillance time.
Operating profile Utilization profile Base load, peak load, load-sharing High
backup, emergency/reserve
De-rating Specify if permanently de-rated or not Yes/No Medium
Spedd Design speed (power shaft) Revolutions per minute Medium
Number of shafts Specify number 1,2,3 Medium
Start|ng system Specify main starting system Electric, hydraulic, pneumatic High
Backjup starting system | Specify if relevant Electric, hydraulic, pneumatic Low
Fuel Fuel type Gas, oil-tight, oil-medium, oil-heavy| Medium
dual
NO, pbatement Type of abatement control Steam, water, dry (e.g. dry low High
emission), none (e.g. single annula
combustor)
Air infet filtration type Type Free text Low
A2.26 Pumps
Table A.20--— Type classification — Pumps
Equipment class Type
Description Code Description Code
Pump PU Centrifugal CE
Reciprocating RE
Rotary RO
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Fuel or
electric power Inlet Outlet

- I

Starting . Power :
P t
system Driver transmission ump uni

Control and Lubrication

monitoring system Miscellaneous

Powler Remote Coolant boundafy
instrumentation

Figure A.6 — Boundary definition — Pumps

Table A.21 > Equipment subdivision — Pumps

Equipment pnit Pumps
Subunit Power, Pump unit Control and Lubrication Miscellaneous
transmission monitoring system
Maintainable Gearbox!/ Support Actuating device |Reservoir Purge air
items vagQDye drive Casing Control unit Pump Cooling/heating system
Bearing Impeller Internal power Motor Cyclone separator
Seals Shaft supply Filter Pulsation damper
Coupling to driver Radial bearing Monitoring Cooler Flange joints
Sr(])iltjpling to driven Thrust bearing Sensors @ Valves
Seals Valves Piping
Valves Wiring oil
Piping Piping Seals
Cylinder liner Seals
Piston
Diaphragm

a8  Specify type of sensor, e.g. pressure, temperature, level, etc.
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Table A.22 — Equipment-specific data — Pumps

Name Description Unit or code list Priority
Type of driver Equipment class, type and identification | Specify High
code
Fluid handled Type Qil, gas, condensate, freshwater, steam, [High
sea water, crude oil, oily water, flare gas,
fuel gas, water/glycol, methanol, nitrogen,
chemicals, hydrocarbon-combined,
gas/oil, gas/condensate, oil/water,
gas/oil/water, LNG
Fluid|corrosive/erosive | Classify as shown in footnote @ Benign, moderate, severe Medium
Application — pump Where applied Booster, supply, injection, transfer) lift, Medium
dosage, disperse
Pump — design Design characteristic Axial, radial, composite, diaphragm, Medium
plunger, piston, screw, vane, gear, lobg
Powgr — design Design/rated power of pump Kilowatt High
Utilizption of capacity | Normal operating/design capacity Percent Medium
Suctipn pressure — Design pressure Pascal (bar) Medium
design
Disclparge pressure — | Design pressure Pascal (bar) High
design
Speqd Design speed Revolutions per minute or strokes per Medium
minute
Numbper of stages Centrifugal: number of impellers(in*all Number Low
stages)
Reciprocating: number of eylinders
Rotary: number of rotors
Body type Barrel, split casing,-etc. Barrel, split case, axial split, cartridge, Low
Shaf{ orientation — Horizontal, vertical Low
Shaff sealing Type Mechanical, oil seal, dry gas, packed, Low
gland, dry seal, labyrinth, combined
Trangmission type Type Direct, gear, integral Low
Cougling Coupling Fixed, flexible, hydraulic, magnetic, Low
disconnect
Envifjonment Submerged or dry-mounted — Medium
Pump cooling Specify if separate cooling system is Yes/No Low
installed
Radial bearing Type Antifrictional, journal, magnetic Low
Thrust bearing Type Antifrictional, journal, magnetic Low
Bearing support Type Overhung, between bearings, pump Low
casing, split sleeve
a8  Benign (clean fluids, e.g. air, water, nitrogen).
Moderately corrosive/erosive (oil/gas not defined as severe, sea water, occasionally particles).
Severely corrosive/erosive [sour gas/oil (high H»S), high CO5, high sand content].
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A.2.2.7 Steam turbines

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
T T2 )
Vacuum
pumps .
Water
Drawoff ar circuit
back-pressyure y
Condesation ¥ .
Condenser
Lubrication Regulating Control and Miscell
system system monitoring Iscellaneous
Hydraulic Electronic
\j Y j\
Coolant Power Remote boundary

instrumentation

T1 turbine stage 1
T2 turbine stage 2

Figure A.7 — Boundary definition — Steam turbines
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Table A.24 — Equipment subdivision — Steam turbines

4

pecify type of sensor, e.g. pressure, temperature, level etc.

Equipment Steam turbines
unit
Subunit Power turbine | Condenser Regulating Lubrication Control and Miscellaneous
system system monitoring
Maintainable Piping Condenser Filter Cooler Actuating device | Cranking system
items Radial bearing |Reg. pump Pump Filter Control unit Hood
Rotor Vacuum pump Qil Internal power
Sasle Oil cealnumo Supply
uuuuuuuuuuuu HR —
Stator/casing Piping Monitoring
a
Steam reg. Pump Sensors
valves Valves
Motor
Thrust bearing Reservoir Wiring
Valves Piping
Seals
a q

Table A.25 — Equipment-specific

data — Steam turbines

Name Description Unit or code list Priority
Drivgn unit Equipment class, type and identification | Compressor, crane, generator, pump, High
code winch, etc.
Powgr — design ISO power rating Kilowatt High
Powegr — operating Specify the approximate power at which | Kilowatt Medium
the unit has been operated for most of the
surveillance {ime.
Spedd Design speed (power shaft) Revolutions per minute Medium
Numbper of shafts Specifyynumber Number Medium
Regylating system Specify type Electronic, hydraulic Medium
Backlp starting system.|Specify if relevant Electric, hydraulic, pneumatic Low
Fuel Fuel type Gas, oil-light, oil-medium, oil-heavy, dual | Medium
Air inlet filtration type | Type Free text Low
A.2.2.8 Turboexpanders
Table A.26 — Type classification — Turboexpanders
Equipment class — Level 6 Equipment type
Description Code Description Code
Turboexpander TE Centrifugal CE
Axial AX
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Gas inlet |
Inlet valve I
Expander Recompressor
turbine |
Y |___________
Gas outlet
N
Outlet valve
Lubrication Shaft seal Control and MisGell
system system monitoring ipeellaneous
boundary
Coolant Gas Power Remote
instrumentation
NOTE Diiiven units other than recompressors (e.g. pumps or.generators) are also outside the boundary.

Figure A.8 — Boundary-definition — Turboexpanders

Table A.27 —Equipment subdivision — Turboexpanders

Equipment pnit Turboexpanders
Subunit Expander Control and Lubrication Shaft seal Miscellanepus
turbine monitoring system system
Maintainable Rotor W/impellers | Actuating device | Reservoir Seal-gas Others
items Intet vanes Control unit Pump equipment
Casing Internal power Motor Seal gas
Radial b LACL Supply Eilioe
Radiat-bearing —— Filter
Thrust bearing Monitoring Cooler
a
Seals Sensors Valves
Inlet screen Valves Piping
Valves Wiring oil
Piping Piping
Seals

a

Specify type of sensor, e.g. pressure, temperature, level, etc.
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Table A.28 — Equipment-specific data — Turboexpanders

Name Description Unit or code list Priority
Type of driven unit Equipment class, type and identification | Specify High
code
Power — design Max. design output power Kilowatt High
Power — operating Specify the approximate power at which | Kilowatt Low

the unit has been operated for most of the
surveillance time.

Speed Design speed Revolutions per minute Medium

Inlet flow Design inlet flow, turbine Kilograms per hour Medium

Inlet femperature Design inlet temperature, turbine Degrees Celsius Medium

Inlet pressure Design inlet pressure, turbine Pascal (bar) Medium

Gas handled Average molar mass Grams per mole Low

(specific gravity x 28,96)

Gaslzorrosiveness/ Specify as shown in the footnote 2 Benign, moderate; severe Medium

erosiyveness

Type|of design Type Centrifugal, axial Medium

Numbper of stages Number of stages (in series) Number Low

Casing-split type Type Horizontal/vertical Low

Shaff sealing Type Mechanical, oil, seal, dry gas, packed, Low
gland, dry seal, labyrinth, combined

Flowtcontrol turbine Type Variable nozzles, nozzle-group valves, Low
throttle valve, fixed inlet

Radigl bearing Type Antifrictional, journal, magnetic Low

Thrugt bearing Type Antifrictional, journal, magnetic Low

@  Benign (clean and dry gas).
Moderately corrosive/erosive (some-particles or droplets, some corrosiveness).

$evere corrosive/erosive (sour gas; high CO, 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 Electro-hydraulic operated HO
Diesel hydraulic operated DO

© ISO 2006 — All rights reserved 55


https://standardsiso.com/api/?name=c8331f902171f629498941ccff324fe4

ISO 14224:2006(E)

Key
1 boundary
2 crane basg (u/s slew ringy

a8  Power supply.
b Communigation signal in/out.

NOTE Theboundary drawing-ittustrates onetypeof cranmecommonty used-offshore—Severatothercategories exist,
viz. traversing cranes, gantry cranes etc. It is necessary to adapt the taxonomy for these categories to each category.

Figure A.9 — Boundary definition — Cranes
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Equipment unit Cranes
Subunit Crane Boom Hoist Swing Power Control and Miscel-
structure system system system system monitoring laneous
Maintainable A-frame/king | Boom Hoist winch | Slew bearing | Hydraulic PC/PLS Others
items Drivers cabin | Boom Hoist Slew ring pumps Control
Engine room bearing. sheaves Slew motor EILZ?;r(iec valves
Pedestal :Xidnrggllc E::k . Slew pinion Diesel :)nc:\?vl:ra Lupply
Crane frame uffirgwinch Slhcl)rliwwe engine (UPS)
Luffing wire | damper Proportional | Amplifiers
. valves Joysticks
Luffing Hydraulic
sheaves tank !_ogd
Bopm stop Hydraulic indicator
cylinder filters
Hydraulie-oil
Table A.31 — Equipment-specific data — Cranes
Name Description Unit or code list Priority
Type|of driver Driver unit (equipment class,<’ | Specify High
type and identification code)
Overpll maximum height Specify Metres Low
Main|boom length Specify Metres Medium
A-frame height Specify Metres Low
Boom, min. angle Specify Degrees Low
Boorp, max. angle Specify Degrees Low
Slew|bearing type Specify Conical, roller High
Hydraulic operating medium Hydraulic fluid type Oil-based, synthetic-based, water-basgqd |Low
Hydraulic operating pressure Specify Pascal (bar) Low
Totall unit weight Specify Metric tonnes Medium
Boom total weight Specify Metric tonnes Low
Safe|working load\(SWL) Crane’s safe working load Metric tonnes High
Max.|operating=swing Turning range (total) Degrees Medium
Max.|moment Crane’s max. moment Tonne-metre High
Hoistlspeed 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 At no load Degrees per second Low
WHIP crane Installed or not Yes/No Low
Heave compensation system Installed or not Yes/No Low
Automatic overload protection Installed or not Yes/No High
system (AOPS)
Manual overload protection Installed or not Yes/No High
system (MOPS)
Constant tension Installed or not Yes/No Low

© I1SO 2006 — All rights reserved
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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 exchanger HE Shell and tube ST
Plate P
Plate fin PF
Double pipe DP
Bayonet BY
Printed circuit PC
Air-cooled AC
Spiral S
Spiral-wound SW

Inlet

Inlet
External Internal
items items

4

Control and NTIOURT
monltorlng wnavTiialricuUus
v boundary
Power Remote

instrumentation
Outlet

Figure A.10 — Boundary definition — Heat exchangers
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Table A.33 — Equipment subdivision — Heat exchangers
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Equipment unit Heat exchangers
Subunit External Internal Control and monitoring Miscellaneous
Maintainable items Support Body/shell Actuating device Fan @
Body/shell Tubes Control unit Motor
Valves Plates Internal power supply
Piping Seals (gaskets) Monitoring
Sensors P
Valves
Wiring
Piping
Seals
Applicable for air-cooled heat exchangers only.
$pecify type of sensor, e.g. pressure, temperature, level, etc.
Table A.34 — Equipment-specific data— Heat exchangers
Name Description Unit or code list Priority
Fluid| hot side Fluid type Oil, gas, condensate, freshwater, steam, gea | High
water, crude oil, oily water, flare gas,
water/glycol, methanol, nitrogen, chemicals,
hydrocarbon, air
Fluid} cold side Fluid type Oil, gas, condensate, freshwater, steam, gea | High
water, crude oil, oily water, flare gas,
water/glycol, methanol, nitrogen, chemicals,
hydrocarbon, air
Ratefl heat transfer Design.value Kilowatt Medium
Heatttransfer area — Metres squared Medium
Utilizption Used/rated heat transfer Percent Medium
Pressgure, hot side Design pressure Pascal (bar) Medium
Pressure, cold side Design pressure Pascal (bar) Medium
Temperaturetdrop, hot side |Operating Degrees Celsius Low
Temperature rise, cold side |Operating Degrees Celsius Low
Size =drameter Extermat Mittimetres Medium
Size — length External Metres Medium
Number of tubes/plates — Number Low
Tube/plate material Specify material type in Free text Medium
tubes/plates.
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A.2.3.3 Heaters and boilers

A.2.3.3.1 Boundary definitions for heaters and boilers

The boundary definition applies to hydrocarbon- (HC-) fired heaters and boilers. The layout of heaters and
boilers can vary considerably; however, they all apply the same principle supplying energy to heat or boil a
medium. The energy can be supplied through combustion of hydrocarbons, through supply of a
high-temperature medium (e.g. steam) or by electricity.

The heater and boiler components may vary significantly in design, but will typically include a vessel/shell in
which the heating process is performed. For heaters and HC-fired boilers, a burner device and exhaust

system are |
heated flows

For HC-fired
conditioning

Inlet, outlet,

ncluded. Unlike most bollers, the heaters contain a tube coll through which the medium

heaters and boilers, the fuel-control valve is inside the equipment boundary, while the
bquipment (e.g. scrubbers) and ESD/PSD valves are outside the boundary.

pressure-relief and drain valves are specifically excluded. Valves and instruments include

those locallyl mounted and/or which form a pressure boundary (e.g. block valves, ‘calibration valves,

indicators/gal

uges).

Table A.35 — Type classification — Heaters and.boilers

Equipment class — Level 6 Equipment type
Description Code Description Code
Heaters and boilers HB Direct-fired-heater DF
Electric'heater EH
Indirect HC-fired heater IF
Heater treater HT
Non-HC-fired boiler NF
Electric boiler EB
HC-fired boiler FB

being

fuel-

d are
local
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| Exhaust/flue |
I Column |
I | Inlet
I | Heated medium
I External Internal |
i ! |\/ \/]
| | Qutlet
Energy supply | |
(fuel gas, steam, | |
electricity, etc) | '
y ) | Control and Miscell |
| monitoring iscellaneous |
boundary
Figure A.11 — Boundary definition — Heaters and boilers
Table A.36 — Equipment subdivision — Heaters and boilers
Equipment unit Heaters and (re)boilers
Subunit Column Externals Internals Control and Migcellaneous
monitoring
Mainfainable Body/shell Body/shell Body/shell Actuating device |Fan
ftems Packing Piping Burner Control unit Others
Refluxcoil/ Support Firetube Internal power
sgQgenser Valves Exhaust stack supply
Tube coil Monitoring
a
Support Sensors
Valves
Wiring
Piping
Seals

a8  Specify type of sensor, e.g. pressure, temperature, level, etc.
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Table A.37 — Equipment-specific data — Heaters and boilers

Name Description Unit or code list Priority
Energy source Type of heating energy Electricity, exhaust gas, fuel gas, hot oil, High
liquid fuel, steam
Heated/boiled medium Type of fluid being heated/boiled |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 tempernatdure Pesigrvalae PegreesGelsius Medium
Size — diamefer Specify Millimetres Medium
Size — length Specify Metres Medium
Number of tulpes Specify Number Medium
Tube material| Specify Specify Low
Tube coil configuration Specify Helical, horizontal, single-pass, spiral, Low
split-pass, vertical
Packing type — Specify High
Heater type Direct-fired only Box, cabin, cylindrical Low
Number of burners — Number Low

A.2.3.4 Vepsels

NOTE V@ssels include separators, scrubbers, cyclones, etc:

Table A.38 — Type' classification — Vessels

Equipment class — Level 6 Equipment type
Description Code Description Code
Vessel VE Stripper SP
Separator SE
Coalescer CA
Flash drum FD
Scrubber SB
Contactor CcO
Surge drum SD
Hydrocyclone HY
Slug catcher SC
Adsorber AD
Dryer DR
Pig trap PT
Distillation column DC
Saturator SA
Reactor RE
De-aerator DA
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Pressure
relief valve
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—|><l— External Internal {><l—
Inlet valve Outletfvalve
Control and monitoring Miscell
system Iscellaneous
L__ﬁ__r_____ 'T'_'_"_'_'_'J
Power Remote botndary Drain valve/
instrumentation
Blowdown valve
Figure A.12 — Boundary definition — Vessels
Table A:39 — Equipment subdivision — Vessels
Equipment unit Vessels
Subunit External items Internal items Control and Miscellaneous
monitoring
Mainfainable items Support Body/Shell Actuating device Others
Body/Shell Plates, trays, vanes, Control unit
pads
Valves Internal power supply
Piping Nozzle Monitoring
Sand-trap system Sensors @
r1caltcl Va|ves
Corrosion protection Wiring
Distributor -
Piping
Col Seals

a8  Specify type of sensor, e.g. pressure, temperature, level, etc.
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Table A.40 — Equipment-specific data — Vessels

Name Description Unit or code list Priority

Fluid(s) Main fluid Qil, gas, condensate, freshwater, steam, sea | High

water, crude oil, oily water, flare gas, fuel

gas, water/glycol, methanol, nitrogen,

chemicals, hydrocarbon combined, gas/oil,

gas/condensate, oil/water, gas/oil/water
Pressure — design Design pressure Pascal (bar) High
Temperature — design Design temperature Degrees Celsius Low
Pressure — ogerating Operating pressure Pascal (bar) Medium
Temperature |- operating Operating temperature Degrees Celsius Low
Size — diameter External Millimetres Medium
Size — length External Metres Medium
Body material| Specify type or code Free text Low
Orientation — Horizontal/vertical Low
Number of branches Pressurized connections only Number Low
Internals Design principle Baffles, trays, grid~plate, demister, heat coil, | Low

diverter, de-sarnder; combined

A.2.3.5 Piping
Table A.41 — Type classification — Piping
Equipment class — Level 6 Equipment type
Description Code Description Code
Piping PI Carbon steels CA
Stainless steels ST
High-strength low-alloy steels LO
Titanium TI
Polymers including fibre-reinforced PO
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Actuator
Flow in low out
Valve
boundary
Figure A.13 — Boundary definition~— Piping
Table A.42 — Equipment subdivision — Piping
Equipment unit Piping
Subunit Pipe Valve @ Control and Miscellaneous
monitoring
Maintainable items | Fastener/ bolts Valve body Actuating device Pipe support
Fitting Valve seals Control unit Others
Flange Actuator Internal power
Header Bonnet supply
Lining Accessories Monitoring
. Sensors P
Pipe element
Plug Valves
Wiring
Piping
Seals
@ |t 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 Specify type of sensor, e.g. pressure, temperature, level, etc.
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Table A.43 — Equipment-specific data — Piping

Name Description Unit or code list Priority
Diameter Outer diameter Millimetres High
Wall thickness Specify Millimetres Medium
Length Total length Metres High
Design pressure Max. allowable pressure Pascal (bar) High
Fluid handled Type Oil, gas, condensate, freshwater, steam, sea | High
water, crude oil, oily water, flare gas, fuel
s, water/glycot, metharot; TitrogerT,
chemicals, hydrocarbon-combined, gas/oil,
gas/condensate, oil/water, gas/oil/water
Fluid corrosivg/erosive Classify as shown in the footnote @ | Benign, moderate, severe Medium
Pipe material Specify Carbon steel, stainless steel, alloy, type; Medium
composite, titanium etc.
Insulated Specify Yes/No Low
Number of valves Number of valves installed on the | Number Medium
pipe length considered
Type of valvep Specify valve category PSV, ESD, HIPPS,)manual, etc. Low
Number of flahges Specify Number Low
@  Benign (clg¢an fluids, e.g. air, water, nitrogen).
Moderately corrosive/erosive (oil/gas not defined as severe, sea water, oceasionally particles).
Severely gorrosive/erosive [sour gas/oil (high H,S), high CO», high sand*content].

A.23.6 Winches

Table A.44 — Type classification — Winches

Equipment class'— Level 6

Equipment type

Description Code

Description Code

Winches Wi Electric winch EW

Hydraulic winch
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. Power .
Winch . Driver
transmission

Control and

Y Miscellaneous
monitoring

Power Remote boundary
instrumentation

Figure A.14 — Boundary definition — Winches

Table A.45.~=~Equipment subdivision — Winches

Equipment unit Winches
Subunit Winch Power Control and Miscellaneous
transmission monitoring

Maintainable items_{Bearing Bearing Actuating device Hood
Chain Coupling Control unit Others
Drum Gear Internal power
Lubrication Shaft supply
Reel Monitoring

a

Speedbrake Sensors
Sp00| ‘V’diVUb
Structure Wiring
Tensioning and Piping
motion Seals
compensation
Wire

@  Specify type of sensor, e.g. pressure, temperature, level, etc.
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Table A.46 — Equipment-specific data — Winches

Name Description Unit or code list Priority
Type of driver Equipment class, type and code Specify High
Wire/chain type Type of hoisting line Cable, chain, rope, umbilical, wire High
Max. output Max. input power — design Kilowatt High
Max. capacity Max. load capacity Metric tonnes Medium
Drum capacity Max. drum capacity Metres Low
Drum diameter — Metres Low
Wire diamete Wire/line thickness Millimetres Low
Speed — design Max. operating speed Revolutions per minute High
Transmission|type Type Direct, gear, integral Low
Coupling Type Disconnect, fixed, flexible, hydraulic | Low
Lubrication of|bearings Type Specify Low
Radial bearing Type Antifrictional, journal,"magnetic Low
No. of drums Number Number Low
Spooling device As applicable Yes/No Low
Constant tengioning system As applicable Yes/NQ Low
Heave compgnsation system As applicable Yes/No Low
Regeneration| of power As applicable Yes/No Low
Remote contrpl As applicable Yes/No Low

A.2.3.7 Tufrets
Table A.47 — Taxonomy classification — Turrets
Equipment class — Level 6 Equipment type
Description Code Description Code
Turrets TU Disconnectable turrets DT
Permanent turrets PT
A.2.3.71 Boundary definitions for turrets

A23.71.1

The disconnectable turret boundary is defined as follows:

a) interfaces between the ship hull and the turret or buoy;

b) mooring lines and anchors down to seabed included within boundary;

c) interface between turret and turret compartment (boundary includes riser termination);

d) manifold piping and valves between the riser termination and the swivel or dragged chain outside the
boundary;

e) control and monitoring equipment excluded from the boundary.

The boundary definition for permanent turrets is focused on the marine structures and dedicated turret

systems.
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A.2.3.71.2 The permanent turret boundary is defined as follows.

a) The interface between the ship hull and the outer diameter of the turret defines the boundary between the
ship structure and the turret.

b) Mooring lines and anchors down to the seabed are included within the boundary.
c) The interface between turret and turret compartment defines the upper boundary of the turret.
d) The riser and umbilical termination is inside the equipment boundary.

e) The risers are outside the boundary (covered as a separate equipment class).

Key

1 boundary 6 anchor winches
2 swivel 7 riser

3 riser termination 8 mooring lines

4 production manifold 9 anchors

5 ship

Figure A.15 — Boundary definition — Turrets
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Table A.48 — Equipment subdivision — Turrets

Equipment unit Turrets
Subunit Turret Mooring Riser and Utility systems
umbilical
termination
Maintainable items |Bearing-roller Anchor Bend-restrictor lock | Ballast system
Bearing-slide Buoy 2 Hang-off Bilge system
Bearing-wheel Chain Lock buoy/ship

system @

otrotttoTe

Turning and locking
system

Synthatic roana
oy tHectucToOpPe

Connection to Power system

structure Pull-in @
Winch Ventilation
Wire

nly relevant for disconnectable turrets.

Table A.49 — Equipment-specific data — Tudrrets

Name Description Unit or code list Priprity
Application Main use External leading, external production/injection, | High
internalfoading, internal production/injection
Turret locatiop Where installed on the vessel Bow; stern, behind living quarter Hig

Fluid transmig

sion

Fluid-transfer method

Dragged chain, jumper, swivel

Rotation syst¢m

Active, passive

L
Q

Riser termination Type Flanged, quick connect, quick disconnect,

welded
Number of risers — Number Hig
Number of umbilicals = Number Hig
Number of anchor lines — Number Hig
Wave height Significant height — design value | Meters Medium
Vessel displagement — Metric tonnes Medium

A.2.3.8 Sw

ivels

70

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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piping
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e _:
|

Swivel

on FPSO

Miscellaneous

boundary

m {><}Process equipment -
|
|
i
|
|
|

Figure A.16 — Boundary definition—=<Swivels

Table A.51 — Equipment subdivision — Swivels

Equipment unit

Swivels

Subunit

Swivel

Miscellaneous

Maintainable items

Dynamic seals
Bearing
Liquid barriersystem

Casing

Brushes 2

Bolting (incl:both structural and pressure connections)

Tensioners
Common items

@  Qnly for electric swivels.

Table A.52 — Equipment-specific data — Swivels

Name Description Unit or code list Priority
Numbper of paths For power and signal swivels no. of paths is Number High
defined as no. of services
Designpressure — Pascal (bar) Medium
Design temperature — Degrees Celsius Low
Enclosure Type of enclosure Closed compartment, naturally Medium
ventilated

Produced-fluid Type of service Sweet service, sour service Medium
corrosiveness

Sand production Measured or estimated sand production Grams per cubic metre Low
Electric power Power swivels only Kilowatt Medium
Voltage — power Power swivels only @ Volt Medium
Voltage signal Signal swivels only @ Volt Medium
a8  |f several levels exist, record the most dominating and add further explanation as “Remarks”.
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A.2.4 Electrical equipment

A.2.4 presents examples of typical plant/unit-level applications for electrical equipment.

A.2.41 Uninterruptible power supplies (UPS)

Table A.53 — Type classification — UPS

Equipment class — Level 6 Equipment type
Description Code Description Code
ups UpP Dual UPS with standby bypass UB

Rectifier supplied from emergency power

Bypass from main power system

Dual UPS without bypass uD
Rectifier supplied from emergency power
Single UPS with bypass us

Rectifier supplied from emergency power
Bypass from main power/system
Single UPS without bypass uT

Rectifier supplied ffem emergency power
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r— O

Static

bypass
switch

Manual bypass

0—|

Main AC distribution .
[2]
0o
<3

a2  Make-before-break switch.

boundary

Figure A.17 — Boundary definition (typical) — UPS
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Table A.54 — Equipment subdivision — UPS

Equipment unit UPSs
Subunit Battery unit Bypass unit | Inverter unit | Rectifier unit/ | Control and |Miscellaneous
DC supply monitoring
Maintainable Battery breaker | Bypass switch |Bypass switch |Cabling Actuating Cabinet
items Battery bank Bypass Cabling Contactor device Insulation
Cabling transformer Connection/ feeder Control unit Cooling fans
Circuit breaker ;c;r(;frc;or ioilfi\ 'Iiuseis) m Lr:}sgll; | power Others
- Fusets) Fused-switch
SCc?gkr:aetCtlon/ Fuse(s) Instrument Instrument Monitoring
Instrument Instrument Inverter Rectifier Sensors ©
Static switch Static switch Rectifier Valves
Inverter transformer Wiring
transformer Piping
Seals
@  Normally Ipcated in the supplying switchboard.
b Specify type of sensor, e.g. pressure, temperature, level, etc.
Table A.55 — Equipment-specific data — UPS
Name Description Unit or code list Priprity
Application What equipment the UPS is applied for | Circuit breaker, control systems, safety | High
systems, telecommunication
System input|voltage Input voltage Volt Higl||
Input frequengy Rated input 50 Hz or 60 Hz Higlf
Number of pHases input 1-phase or 3{phase Number Higll
voltage
Voltage variafion Input voltage Percent Low
Frequency vdriation Input frequency Percent Low
System outpyt voltage Odtput voltage Volt Higir
Output frequgncy Rated output 50 Hz, 60 Hz or DC Higlix
Number of phases output 1-phase or 3-phase Number Hig
voltage
Rated output load'and power | Apparent power and power factor in Kilovolt-amperes/cos I-Iigll|
factor nominal operations
Degree of protection Protection class in accordance with IP code Medium
IEC 60529
Ambient temperature Operating temperature range Minimum and maximum temperature | Low
in degrees Celcius
Cooling method Specify Water, air, others Medium
UPS string system The numbers of UPS systems which Dual, single, triple Medium
are working in parallel
Rectifier/inverter bypass The type of bypass switch Manual, static Medium
system
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Table A.55 (continued)
Name Description Unit or code list Priority
Battery backup time The time during which the battery can |Minutes Medium
supply rated output power to the
inverter
Recharge time The time to recharge the battery to Hours Medium
90 % capacity
Battery technology Type of NiCd, Pb-acid, other Medium
Battery earth-fault monitoring | Specify Common, individual, N.A. Low
Methpd of ventilation Specify Forced, natural Low
Number of battery banks Specify Number Medium
A.2.42 Power transformers
Table A.56 — Type classification — Power transformers
Equipment class — level 6 Equipment type
Description Code Description Code
Power Transformer PT Oil immetrsed oT
Dry, DT
Circuit
breaker
S
I Transformer |
i unit |
. Monitorin
l Miscellaneous onitoring |
| system |
| |
T T
e _'_'_'_'_'_'_\i_'_,
X . . bound
Circuit oundary
breaker
Figure A.18 — Boundary definition (typical) — Power transformer
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Table A.57 — Equipment Subdivision — Power transformers

Equipment Unit Power transformers

Subunit Transformer unit Monitoring system Miscellaneous
Maintainable items Oil Bucholz relay Bushing insulators
Tank Level indicator Terminal blocks
Windings Thermometer Connectors
Fan Relief valve Wiring
Core Pressure relay (-‘.mllnding

Expansion tank Current transformers Junction box

Radiator Silica-gel device
Tap changer Dampers

Neutral impedance Penetrator @

Outer tank 2

@  Subsea agplication.

Table A.58 — Equipment-specific data — Power transformers

Name Description Unit or Code list Priprity
Frequency Rated frequency Hertz Low
Primary voltage Rated voltage Kilovolts Higtlu
Secondary vdltage Rated voltage Kilovolts Hig}iw
Voltage additjonal Rated voltage tertiary or furtherwindings Kilovolts Higrlu
windings
Power — design Rated power Kilovolt-amperes High
Power factor Cos ¢ Number Low
Efficiency Efficiency factor(w) Number < 1 Medium
Degree of prdtection | Protection,class in accordance with IEC 60529 |Code as in IEC 60529:2001, Low

Clause 4
Thermal clasg Thermalclass in accordance with IEC 62114 Y, A, E, B, F, H, 200, 220, 250 Medium
designation
Temperature fise In" accordance with IEC 60076-2 Degrees Celsius Low
Transformer ¢ooling | Type in accordance with IEC 60076-2 Code as in IEC 60076-2:1993, HigT
Clause 3
Number of phases 1-phase or 3-phase Number High
Level of insulation Insulation in accordance with IEC 60076-3 Kilovolts High
Three-phase Type and combination of connections (vector Code as recommended in High
transformer groups) as star, delta, etc. in accordance with IEC 60076-1:2000, Annex D
connection IEC 60076-1
Water depth @ Water depth for location of subsea transformer | Metres High
Type of dry Specify if the windings are encapsulated in solid | Encapsulated/not encapsulated Medium
transformer winding |insulation. Cast resin is an example of solid
insulation.

@  Relevant for subsea installations only.
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A.2.5 Safety and Control

A.2.5.1

Fire and gas detectors

Table A.59 — Type classification — Fire and gas detectors

ISO 14224:2006(E)

Equipment class — Level 6

Equipment type

I A i 1

Description Code Description Code
Fire and gas detectors FG Fire detection
Smoke/Combustion BS
Heat BH
Flame BF
Manual pushbutton BM
Others BA
Gas detection
Hydrocarbon AB
Toxic gases AS
Others AO
T
Sensor _} Other
' sensors

Interface unit a

| —

@  Not applicable for all fire and gas sensors.

boundary

\J

\J

Power

Figure A.19 — Boundary definition — Fire and gas detectors
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A.2.5.1.1 Boundary definitions for fire and gas detectors

Field input devices such as fire and gas detectors are usually connected to a fire and gas control logic unit
(CLU), which is not included in the boundary of fire and gas detectors (see Figure A.19). Monitoring/interface
units may be used between detector and CLU, and this is part of the fire and gas detectors. The purpose of
these units is, among others, to monitor the detectors, their interface connections and cables, analyzing the
incoming data by different algorithms and initiating fault or alarm signals. The basic principle of data
communication between field equipment and such interface systems can be based on multiplexing and
sequential polling of data.

Table A.60 — Equipment subdivision — Fire and gas detectors

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

Detector (incl. head and | Display
associated electronics)

Mounting socket

@ | Not applicable for all fire and gas sensors.

Table A.61 — Equipment-specific data — Firerand gas detectors

Namp Description Unit or code list Priprity

Functional characteristics

Location on injstallation | Where installed Drill floor, wellhead, process, auxiliary, mud High
processing, power generation, utility, control
room, auxiliary room, living quarter

Environment Exposure Severe, moderate, low, unknown 2 High

Item characteristics

Sensing pringiple Type Fire: High
lonization, optical, IR, UV, IR/UV, rate rise, rate
comp., fixed temp., fusible plug, camera,
multisensor (optical/heat)

Gas:

Catalytic, electrochemical, photoelectrochemical,
photoelectric beam, IR, UV, acoustic, camera,
aspirating, optical beam, solid state

Detector Type Conventional, addressable (one-way), smart Medium

communicatign (two-way)

Fault tolerange 2 Response at failure Yes/No Medium

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

Type of Ex protection | Explosion classification category, [Ex(d), Ex(e), Ex(i), none Low

e.g. Ex(d), Ex(e) ©

a Environment classification:

severe not enclosed and/or outdoor; heavily exposed (vibration, heat, dust, salt);
moderate partly enclosed and/or moderately exposed (vibration, heat, dust, salt); naturally ventilated;
low enclosed and/or indoor; minor exposure (vibration, heat, dust, salt); mechanically ventilated.

b Design based on de-energized principle is compatible with fail-safe philosophy. A safety-instrumented system operating in
“normally energized” mode can be designed to fail-safe on loss of power or signal.

¢  See IEC 60079 (all parts).
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A.2.5.2 Input devices

ISO 14224:2006(E)

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

monitored. Typical main categories of input devices are the following:

a) transmitter: converts process parameter, e.g. pressure, into proportional electrical signals, typically

4 mAto20mAor0Vto 10V (see IEC 60381-2);

b) transducer: converts process parameters, e.g. pressure, into proportional electrical signals, typically

unamplified output;

stals 4 4 + H Hartiat Joff o1 faat l-ai
C) SWITCIT. CUTTVTTIS PTULTSS Pdl alTIClTT S, T PIToSUTT, Typiiairy iU UTTUTT Tiet it ar StyiT

Table A.62 — 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
Speed SP
Vibration \
Displacement DI
Analyser AN
Weight WE
Corrosion CcO
Limit switch LP
On/off (pushbutton) PB
Others oT

© I1SO 2006 — All rights reserved
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Power supply

Conditioning >
Output

Process in

Sensing Process out
{><} element {><_

-

boundary

This boundafy drawing does not apply for switches*and pushbuttons.

Figure A.20(— Boundary definition — Input devices

Table A.63 — Equipment subdivision — Input devices

Eqdipment unit Input devices
Subunit Sensor and electronics Miscellaneous
Maintainable items |Sensing element Cabling
Conditioning (electronics) Piping
Others
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Table A.64 — Equipment-specific data — Input devices

Name Description Unit or code list Priority
Functional characteristics
Location on installation Where installed Drill floor, wellhead, process, auxiliary, |High
mud processing, power generation,
utility, control room, auxiliary room,
living quarter
Application Where applied Process control, emergency shutdown, | High
process shutdown, pressure reduction,
hyp:\ee‘ hlr'\\l\lﬂn\l\lh‘ mnnifnring,
combined
Fluidfgas corrosiveness/ |Classify as explained in footnote 2 Benign, moderate, severe Medium
erosiyeness
Item characteristics
Category Main category Transmitter, transducer, switch, High
pushbutton
Sensing principle Applicable for pressure sensors only Bonded strain; semiconductor, strain, |High
piezoelectric, electromechanical,
capatitance, reluctance, oscillating
wife
Applicable for level sensors only Differential-pressure cell, capacitange, |High
conductive, displacement, diaphragm,
sonic, optical, microwave, radio
frequency, nuclear
Applicable for temperature sensors only Resistance temperature detector (PT), |High
thermocouple, capillary
Applicable for flow senseérs only Displacement, differential head (cloded | High
conduit/pipe, open channel), velocity,
mass
Insert additional types as relevant (e.g. To be defined by user as required High
speed, vibration)
Sensor voting, k out of ¥ | At least kout of the total number, Y, of k ="xx" (integer) Low
(only|as relevant) sensors shall provide signal to initiate -
control/safety action. k and Y shall be ="y’ (integer)
entered; if no voting, leave blank.
Faulff tolerance Response at failure Yes/No High
Detegtor communieation | Type Conventional, addressable (one-way), [Medium
smart (two-way)
Self-fest feature Degree of self-testing No self-test, automatic loop test, High
built-in test, combined
Type of protection Explosion classification category, Ex(d), Ex(e), Ex(i), None Low
e.g. Ex(d), Ex(e) P
@  Benign (clean fluids, e.g. air, water, nitrogen).
Moderately corrosive/erosive (oil/gas not defined as severe, sea water, occasionally particles).
Severely corrosive/erosive [sour gas/oil (high H,S), high CO5 content, high sand content].
b See IEC 60079 (all parts).
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A.2.5.3 Control logic units (CLU)

Table A.65 — Type classification — Control logic units

Equipment class — Level 6 Equipment type
Description Code Description Code

Control logic units CL Programmable logic controller LC
(PLC)
Computer PC
Distributed control unit DC
Relay RL
Solid state SS
Single-loop controller SL
Programmable automation PA
controller (PAC)

Signal Signal
in out
Input cards Output cards
Analog | Digital Analog | Digital
Logicysolver

System bus
Power s_upply Miscellaneous
unit
I AN I I _
Mains/power distribution boundary

Figure A.21 — Boundary definition — Control logic units
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Table A.66 — Equipment subdivision — Control logic units

Equipment Control logic unit
unit
Subunit Analog Digital Analog Digital Logic System Power Miscel-
input input output output solver bus supply laneous
cards cards cards cards
Maintainable | Input card | Inputcard [Output card | Output card | Central No No Galvanic
items . . . . processor |subdivision [subdivision |barriers
Connection | Connection |Connection | Connection :
. . . . unit (CPU)
unit unit unit unit Others
()(-\A/iring) ()(-\A/iring) (X-\A/iring) Random
access
Relay Relay memory
(RAM)
Watchdog/
diagnostic
Software
Table A.67 — Equipment-specific data —Control logic units
Name Description Unit or code list Priority
Application — control logic Where used Centralized, distributed, man-maching [ Medium
interface
CLU fredundancy configuration | Specify if there are redundant CLUs | Yes/No Low
installed
Self-fest feature Degree of self-testing No self-test, automatic-loop test, builttin | High
test, combined
Faulff tolerance Response at failure Yes/No High
A.2.54 Valves
NOTH: The valves described in the taxonomy classification given in Table A.68 do not apply for valves used for

specit
specit

ic upstream purposeés, like subsea valves and valves used in downhole completion. These valves are
ic chapters in Anfiex’A on this type of equipment (see A.2.6 and A.2.7). Dry Xmas trees and wellhead

consiflered as topside“valves.

covered in the
5 are, however,

© I1SO 2006 — All rights reserved
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Table A.68 — Type classification — Valves

Equipment class — Level 6 Type
Description Code Description Code
Valves VA Ball BA
Gate GA
Globe GL
Butterfly BP
Plug PG
Needle NE
Check CH
| Diaphragm ]|
| Flapper FL
| Multiple orifice MO
Three-way WA
PSV-conventional SC
PSV-conventional withvbellow SB
PSV-pilot operated SP
PSV-vacuurrelief SV
| Plug and cage PC
| External sleeve ES
| Disc DI
Axial flow AF
Pinch Pl
Others OH
NOTE 1 Pilot valves are normally non-tagged components used for self-regulation. PSV solenoid
valves are normally a sub-tagof a valve tag used for all ESD/PSD. Quick-exhaust dump valves are
specific valves used if quick' response is required (e.g. HIPPS function). Relief valves are normally
PSV valves.
NOTE 2 Valves)of a specific type not defined in Table A.68 should be coded as “Others” with a
comment specifying type description. Example: Clack- or Elastomer-type Deluge valves).
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Figure A.22 — Boundary definition — Valves
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Table A.69 — Equipment subdivision — Valves

Equipment unit Valves
Subunit Valves Actuator 2 Control and monitoring @ Miscellaneous
Maintainable items Valve body Diaphragm Wiring Accumulator
Bonnet Spring Indicator Others
Flange joints Case Instrument, general
Seat rings Piston Instrument, position
Packing/stem seal Stem Monitoring
Seals Seals/gaskets Solenoid valve
Closure member Electrical motor P Pilot valve ©
Stem Gear Quick exhaust dump valve
Travel stop Internal power supply
Limit switch

@  Not applicgible for all valve categories.

b Electric-mgtor actuator only.

¢ Applicablelfor hydraulic/pneumatically actuated valves.

Table A.70 — Equipment-specific.data — Valves

Name Description Unit or code list Priprity

Main function| |Main functional category Rlow control, on/off, non-return, pressure safety High
valves, instrument or hydraulic control

Application Specify function in the process Annulus (Xmas tree), blowdown, bypass, injection, |High
X-over, Deluge, ESD, ESD/PSD, PSD, HIPPS,
swab, wing, relief, control, choke

Where Equipment on which the yalve'is Wellhead, Xmas tree, wellhead flow line, wellhead | Highp
mounted installed injection line, pump, turbine, generator, separator,
heat exchanger, vessel, header, electric motor,
diesel motor, turboexpander, drilling, pipeline, mud
process, utility, living quarter, air inlet, riser

Size Internal diameter Millimetres (inches) Medium

Fluid handled| |Main flaid)only Oil, gas, condensate, freshwater, steam, sea water, | High
crude oil, oily water, flare gas, fuel gas,
water/glycol, methanol, nitrogen, chemicals,
hydrocarbon combined, gas/oil, gas/condensate,

Ubhantar oaciatllhiaotar NI LDC L NC cliiee, $

offwater—gasteilfwater, NGLEPGANG slurryete:
Fluid Operating temperature main fluid Degrees Celsius Medium
temperature
Fluid Classify as shown in the footnote 2@ Benign, moderate, severe Medium
corrosiveness/
erosiveness
Flowing Normal operating pressure (inlet) Pascal (bar) Medium
pressure
Shut-off Maximum differential pressure when Pascal (bar) Low
pressure valve closed (design)

For PSVs: set-point opening pressure
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Table A.70 (continued)

Name Description Unit or code list Priority

Valve material | Type Carbon steel (CS), stainless steel (SST), duplex, High
alloy type, composite, titanium
Stem sealing | Type Stuffing box, duplex, lip seal, O-ring High
Seat design Type of seat design Soft seated, metal-to-metal seated Medium
Actuation Actuator operating principle Single-acting, double-acting, actuation by Medium
principle P line/process pressure, actuation by gravity
Actugtiom= Typeof actuatiorrforce Etectricat; ydrautic; preurmatic; mechamica— ] High
openTng (spring), manual, combinations, none
Actuttion - Type of actuation force Electrical, hydraulic, pneumatic, mechanical Medium
closing (spring), manual, combinations, none
Manyfacturer — | Name of actuator manufacturer Specify Low
actugtor
Manyfacturer — | Name of pilot-valve manufacturer Specify Low
pilot yalve
Manyfacturer — | Name of solenoid-valve manufacturer Specify Low
solerjoid valve
Pilot{valve Number and configuration (applicable Specify, e.g. 4 3/2 (= single 3/2 pilot valve), Low
configuration | for pilot-operated valves only) 2 x 4/3 (= deuble 4/3 pilot valve)
Fail-gafe Fail-safe principle Energized, de-energized Low
princ|ple pilot
valvg
Solenoid-valve | Number and configuration (applicable Specify, e.g. 1 x 3/2 (= single 3/2 pilot valve), Low
configuration | for solenoid-operated valves only) 2 x 4/3 (= double 4/3 pilot valve)
Fail-gafe Fail-safe principle Energized, de-energized Low
princ|ple
solerjoid valve
Trim type Type (applicable for control valves only) | Noise reduction, anti cavitation, multi-stage, single- |High
stage
Valvg leakage |Specify according-to applicable 1ISO 5208:1993, Annexes A, B, C and D High
class reference standard (e.g. for valves
complyingwwith API 6D, see ISO 5208)

@  Benign (clean fluidsie.g. air, water, nitrogen).

Noderately corfosive/erosive (oil/gas not defined as severe, sea water, occasionally particles).

$evere corrosive/erosive [sour gas/oil (high H,S), high CO5 content, high sand content].
b p rimary‘actuation principle:

d) “single-acting = actuation force by gas (air) or hydraulic fluid for either opening or closing the valve;

b) double-acting = actuation force by gas (air) or hydraulic fluid for both opening and closing the valve;

c) actuation by line/process pressure or actuation by gravity = no actuation apart from possible backup actuation.
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A.2.5.5 Nozzles

88

Table A.71 — Type classification — Nozzles

Equipment class — Level 6 Equipment type
Description Code Description Code
Nozzles NO Deluge DN
Sprinkler SR
Water mist WM
Gaseous GA
I Mounting |
boundary
Figure A.23 — Boundary definition — Nozzles
Table A.72 — Equipment subdivision — Nozzles
Equipment unit Nozzles
Subunit Nozzle Mounting assembly Miscellaneous
Maintainable items Fusible bulb Mounting connector [ Others

Nozzle body with
internals

Nozzle head
Protective coating
Screen

Solder

Seals
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Table A.73 — Equipment-specific data — Nozzles

Name Description Unit or code list Priority
Application Where in the process applied Deluge, sprinkler High
Hazards Type of protection Electrical, Ex, fuel oil, glycol, HC gas, hydrogen High
protection gas, lubricants, methanol, combustibles,

radioactivity, toxic gas, toxic liquid
Location on Where located in the plant Air inlet, compressor, diesel engine, drilling, electric | High
plant motor, FW inlet, gas-metering, generator, header,
heat exchanger, living gt., mud-processing, pigging
efnfinn, pipnlinn, PUP, an:\r:\fnry hlrhinn, ||fi|ih}/‘
vessel, wellhead, wellhead flowline, wellhead
injection line, Xmas tree
Nozze Specify Brass, chrome-plated, electrode-less nickel-plated, [High
material lead-coated, stainless steel
NozZe length |Specify Millimetres High
NozZe width | Specify Millimetres High
Installation How installed Concealed, horizontal sidewall, pendent, recessgd, |Low
category upright, vertical sidewall
Fluid Main fluid only Potable water, sea‘water, Inergen, CO, Medium
handled —
nozzles
Fluid Classify as shown in the footnote @ Benign, moderate, severe Medium
corrgsiveness/
erosijeness
Discharge At operating condition Degrees Celsius Low
tempgrature
Flow|ng Specify Pascal (bar) Medium
presgure
Flow|rate Specify Litres per minute Medium
Shutioff Maximum differential‘pressure when Pascal (barg) Low
presgure valve closed (design)
For safety pressure-relief valves: set-
point opening pressure
Fluid Specify. Degrees Celsius Low
tempgrature
Conrjection Specify Millimetres (inches) High
size
Type|of nbzzle | Specify Bolted flange, clamped flange, screwed, welded Medium
end
Spray angle Specify Degrees Medium
Spray type Specify Droplets, mist Medium
Actuation Specify Fusible bulb, solder, external Medium
Nozzle screen | Whether or not installed Yes/No Low
@  Benign (clean fluids, e.g. air, water, nitrogen).
Moderately corrosive/erosive (oil/gas not defined as severe, sea water, occasionally particles).
Severe corrosive/erosive [sour gas/oil (high H»S), high CO5 content, high sand content].
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A.2.6 Subsea production

NOTE

A.2.6.1

90

Valves used on subsea equipment are considered as specific valves within the taxonomy examples shown in
chapter A.2.6 for this equipment class. Valves used on dry Xmas trees and wellheads are considered as topside valves
(see chapter A.2.5.4)

Subsea production control

Table A.74 — Type classification — Subsea production control

Equipment class — Level 6

——Descriptionr | Code

Subsea-production-control system CS

Equipment type
—__Description [ Code
Direct hydraulic DH
Direct electro-hydraulic EH
Multiplexed electro-hydraulic MX
Discrete pilot hydraulic RH
Sequential piloted hydraulic SH
Telemetric hydraulic TH

Master control Electrical/ Hydraulic- Chemical-
station power unit power unit injection unit
| | | |
|
1
Topside $ $
| il
Subsea Static Dynamic
umbilical umbilical
 — =
Subsea distribution
module
Subsea control
module(s)

Lines to subsea valve actuators

Sensors

N\

boundary

Figure A.24 — Boundary definition — Subsea production control
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Table A.75 — Equipment subdivision — Subsea production control

Equipment Subsea production control
unit
Subunit Chemical Dynamic Static Electric- | Hydraulic- Master Subsea Subsea Sensors

Injection umbilical umbilical | power unit | power unit| control control distr.

(topside) (topside) | (topside) | (topside) module module
Maintainable|Number Bend Hydraulic/  [No No No Accumulator |Accumulator [Flow
items breakdown |restrictor chemical line|breakdown |breakdown [breakdown [subsea subsea Leak

Buoyancy Power/signal Module base |Subsea
device line plate bypass Level
panel s
Hydraulic/ Sheath/ Chemical inj. Position
chemical line [armour coupling Chemicalinj. [combined
couplin
J/I-tube seal [Subsea Fibre optic g™ pressure
Powerfsignal umbilical- coupler Fibfe-optid [2nd temp.
wer/si o
termination coupler
line lh Filter P Pressure
Fibre optid  [Temp.
Sheath/ Topside Hydr.. jumper
armour umbilical- ¢oupling L Sand
P ose
Stabilizer ter_r;mnatlon Power
) unt supply unit  |Hydr./
Ten_s|on- and _ chemical
motion- . Power/signal jumper
compensation coupler
equilibrium Hydr.
Subsea_ coupling
electronic
module Piping
Solenoid Power/sigmal
valve coupler
Power/sigmal
jumper
Subsea
cabling
Table A.76'—= Equipment-specific data — Subsea production control
Name Description Unit or code list Priority
Well jdentification number” | Operator description Number or name High
Application Where used HIPPS, manifold, SSIV, pump, wellhead, |Medium
Xmas tree, multi-purpose
Type]of control fluid — Oil-based, water-based Medium
Type|of-control system — Closed, open Medium
Redundancy — Yes/no Medium
Manufacturer Specify Free text High
Model type Specify Free text Low
Multilateral wells — Yes/no Low
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A.2.6.2 Xmas trees

NOTE Applies mainly for (wet) subsea Xmas trees.
Table A.77 — Type classification — Xmas trees
Equipment class — Level 6 Equipment type
Description Code Description Code
Wellhead and Xmas trees wcC Vertical VE
Harizontal HQ
Subsea control
system/pod a
A
[ | Baseplate [
Y
Tree cap
+ Chemical-injection/isolation valves
Choke valve
9 (Choke miodule)
‘é Flowline or manifojd
E N\l isolation valve
Xmas tree flowline connection /
(Flowline mandrel)
Flowbase 4N
I I VCM or other connection
Subsea tubing
hanger Tree/wellhead
T T connector
Subsea
wellhead
§ SCSSsV \
=y
ASV/PSV: Annulus/Production swab valve boundary
AMV/PMV: Annulus/Production master valve
AWV/PWV: Annulus/Production wing valve
COov: Crossover valve
SCSSV: Surface-controlled subsurface safety valve

92

Sensors mounted on the tree.

Figure A.25 — Boundary definition — Xmas trees
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Table A.78 — Equipment subdivision — Xmas trees

Internal tree-cap
plug

Tree cap ©
Valve, check
Valve, choke
Valve, control
Valve, other

Valve, process
isofation

Valve, utility
isolation

Valve, workover

Equipment Wellhead and Xmas trees 2@
unit
Subunit Subsea Subsea Tubing Flowbase Flow control Vertical
wellhead Xmas tree hanger module b connection
module (VCM)
Maintainable Permanent Chem. inj. Chem. inj. Frame Chem. inj. VCM connector
items ?;gg)base coupling coupling Hub/mandrel @ coupling Valve and
Flowspool Hydr. coupling Connector actuator
LAY gy g [PowarTsignal e ET Cntrol syst
uide base iping (har: ower/signa Valve. brocess ow loop dntrol system
?TGB) pipe) coupler isol\z;ti’oﬁ Frame compensation
Conductor Hoses (flexible | Tubing-hanger Valve, utility Hoses Swivel
housing piping) body isolati’on Hydr. comnector Funnel guide
Wellhead - Debris cap L%?;gg;\h;r:%er Pid RQV-panel
housing (high- | Tree-guide IPing ovprride system
pressure frame \al heck
housing) dive, chec ROV panel
. Connector Valve, choke
Casing ) .
hangers Internal isolation Valve, control
cap
Annulus seal
assemblies Internal tree-cap
(packoffs) valve

b

his can.also be designated as choke module.

a8  3CM (subsea control module) as well as other control-system parts can also be considered as subunits or maintginable items of
the Xnas tree and failure data collected within this equipment class.

¢ The-tree cap, which is able to be replaced independently, can also be considered as a subunit of the Xmas tree.

d ThisTan atso be designatedas fiowline mandretas wett a5 be considered a5 a subunitof the Xmas tree.
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Table A.79 — Equipment-specific data — Xmas trees

Name Description Unit or code list Priority

Well identification Operator description Number or name High

number

Install/retrieve guide Guideline/guideline-less, diver- Guideline, guideline-less High
assisted and diver-less lay-away

Well type Production, injection Production, injection High

Protection type Over-trawlable, trawl-catching, etc. Trawl-catching, trawl-deflecting, none High

Water depth — Metres Hig'rll

Manufacturer Specify — Higrl

Model type Specify — Low

Number of copnections | Number of lines connected to the tree | Number Low
block

Control principle Defines the control principle for — Low

Xmas tree functions and actuators

Piggable Specify if piggable or not Yes/no Low
Size of tree Dimensions and mass Metres, kilograms Low
Mudline suspgnsion Define whether a mudline suspension | Yes/no Low
system system exists

Multilateral well Define Yes/ng Low
Fluid produced/injected Main fluid only: oil, gas, condensate, [Qil, gas, condensate, injection water, oil High

injection water and gas, gas and condensate, oil/gas/
water, CO,, gas and water, produced water

Fluid corrosiveness Classify as shown in the footnote.@ Neutral, sweet, sour High
Asphaltenes Specify Yes/no Low
Scale formatipn Specify Yes/no Low
Wax formatiof Specify Yes/no Low
Hydrate formation Specify Yes/no Low
Sand productjon Specify Yes/no Low

@ Neutral (clean fluids with no correSive effects).

Sweet [mdderately corrosive/erosive (oil/gas not defined as severe, raw sea water, occasional particles)].

Sour {sevgrely corrosive/erosive [sour gas/oil (high H»S), high CO», high sand content]}.

A.2.6.3 Risers

Table A.80 — Type classification — Risers

Equipment class — Level 6 Equipment type
Description Code Description Code
Risers PR Rigid RI
Flexible FL
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Riser element

Connector

Pipe (riser
tensioning joint)

Accessories

Prataction
=oteGHOH

Pipe (riser
element)

Connector

Insulgtion

Heating system

Riser base

Pipeline, manifold, etc.

N\

boundary
Figure A.26 — Boundary definition — Risers
Table A.81T — Equipment subdivision — Risers
Equipment Risers
unit

$ubunit Riser Riser base Heating system Protection Accessories
Mainfainable Connector Gas lift Topside part Anode Bend festrictor
ftems Insulation Structure Subsea part Coating — external | Buoygncy device

Pipe

Valve, process
isolation

Valve, utility
isolation

J/l-tuble seal

Stabilizing and
guiding equipment

motion-
compensation
equipment
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Table A.82 — Equipment-specific data — Risers

Name Description Unit or code list Priority
Well identification number | Operator description Number or name High
Application What type of platform Fixed, floating, buoy Medium
Riser length — Metres High
Working pressure — Pascal (bar) Medium
Coating External and internal Specify Low
Corrosion inhjhitor — Yes/no Lo
Temperature Design value Degrees Celsius Low
Manufacturer| Specify — High
Gas lift If installed or not Yes/no Low
Pipe diamete — Millimetres Medium
Pipe material Specify Steel, composite, titanium, ¢lad/lined Medium
Protection, cqrrosion Specify Active, passive Medium
Protection, mechanical Specify I-tube, J-tube, risef shaft penetration Medium
Riser layout Specify Free hanginghazy S, lazy wave, pliant Medium

wave, steep.S,'steep wave
Wall thicknes$ Specify Millimetres Low
Fluid conducted Main fluid only: oil, gas, condensate, [Oilxgas, condensate, injection water, oil High
injection water and gas, gas and condensate, oil/gas/
water, CO,, gas and water, produced water
Fluid corrosiveness Classify as shown in footnote @ Neutral, sweet, sour High
Asphaltenes Specify Yes/no Low
Scale formatipn Specify Yes/no Low
Wax formatiop Specify Yes/no Low
Hydrate formation Specify Yes/no Low
Sand productjon Specify Yes/no Low
@ Neutral (clean fluids with no corresive’effects).
Sweet [mdderately corrosive/erosive (oil/gas not defined as severe, raw sea water, occasional particles)].
Sour {sevgrely corrosive/grasive [sour gas/oil (high HyS), high CO5, high sand content]}.

A.2.6.4 Sur)sea pumps

96

Table A.83 — Type classification — Subsea pumps

Equipment class — Level 6 Equipment type
Description Code Description Code
Subsea (ESP) pumps SP Centrifugal CE
Reciprocating RE
Rotary RO
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Hydraulic or
electric power
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Inlet

Outlet

connector

connector

Connector/
coupling

Driver
(hydraulic,

electric motor )

Power

transmission

Control
and
monitoring

Cpnnectors/
couplings

Pump unit

Miscellaneous

e

v v boundary
Remote Pawer
instrumentation
Figure A.27 — Boundary definition — Subsea pumps
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Table A.84 — Equipment subdivision — Subsea pumps

Equipment unit Subsea pumps
Subunit Pump Driving unit Power Lubrication Control and | Miscellaneous
transmission monitoring
Maintainable Bearing, radial |Bearing, radial |Bearing, radial | Accumulator Cable Connector
items Bearing, thrust |Bearing, thrust |Bearing, thrust |S-S- Junction box | Cooling/heating
Casing Casing Coupling Connector Leak sensor | Lubrication
Connector Connector Gearbox Cooling/heating || evel sensor | Piping
Cyl. liner Control unit Seal Cooler Power supply |Pulsation
Impeller Impeller Fitter Pressure damper L
Piping Rotor Lub. oil sensor Purgesystém
Piston Seal Piping Power/signal
Seal Stator Lub. oil pump | COUPIer
incl. driver Speed sensor
Shaft Support .
Struct Reservoir Temperature
ructure
’ sensor,
protect Valve, check . :
Vibration
Structure, sénsor
support
Valve, other
Valve, control
Valve, process
isolation
Valve, other

Table A.85 — Equipment-specific.data — Subsea pumps

Name Description Unit or code list Priprity
Well identificgtion number | Operator description Number or name Higl||
Discharge prgssure — — Pascal (barg.) Higiﬂ
design
Suction presgure — design — Pascal (barg.) Medium
Pump driver Type of driver Electric motor, turbine, hydraulic motor Higl||
Power — design Driver power, Kilowatt HigIIl
Speed Design value Revolutions per minute Low
Number of stages — Number Low
Pump coupling — Disconnectable, fixed, flexible, hydraulic Low
Manufacturer| Specify Free text High
Model type Specify Free text Low
Fluid handled Main fluid only: oil, gas, condensate, |Oil, gas, condensate, injection water, oil Hig
injection water and gas, gas and condensate, oil/gas/ T
water, CO,, gas and water, produced water
Fluid corrosiveness Classify as shown in footnote 2 Neutral, sweet, sour High
Radial bearing type Specify Magnetic, roller, sliding Low
Thrust bearing type Specify Magnetic, roller, sliding Low
Shaft orientation Specify Horizontal, vertical Low
Shaft seal type Specify Dry, gland, labyrinth, mechanical, oil, Low
packed combined
Transmission type Specify Direct, gear, integral Low

@ Neutral (clean fluids with no corrosive effects).

Sweet [moderately corrosive/erosive (oil/gas not defined as severe, raw sea water, occasional particles)].
Sour {severely corrosive/erosive [sour gas/oil (high H»S), high CO», high sand content]}.
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A.2.7 Well-completion equipment

NOTE Valves used on well-completion equipment are considered as specific valves within the taxonomy examples
shown in this equipment class. Valves used on dry Xmas trees and wellheads are considered as topside valves
(see A.2.5.4)

A.2.7.1 Item categories

Well-completion equipment in this context refers to equipment below wellhead level. All major completion-
equipment items are included, from tubing hanger at the top end to equipment at the bottom of the well.

The fpttowi

tiormequiprent:

$tring items

Ptring items are defined as items that are all integral parts of the conduit (“string”) tsed for

ihjection of well effluents. The string is built by screwing together a variety of equipment items.

\ccessories

\ccessories are items that are required to be tied to a “host” string item to define a system.
b be able to logically represent string items which are too compléx 1o be given as just a star
of the string. Only two such “host” string items, or string itemis)with accessories, have be
date. These are the electrical submersible pump (ESP) and downhole permanent gauge (DH

Inserted items

the combination of a lock and wireline-retrievable,downhole safety valve set inside a safety v
Control line/cable

he control line/cable category allows information to be stored for control lines and cables an
parts that are normally associated“with control lines or cables. Examples of such partg
penetrators, electric connectorsifor gauges, electric wellhead connectors, etc. This category
pportunity to build control line/cable “systems” consisting of the hydraulic control line or ca
all associated parts. Reliability analysis is then subsequently possible for the control-line sys
gystem has been tied t¢ a specific string item in a completion.

Each control line/¢able shall always be connected to one or more string items.
Casing

The casing category is included to store information on individual casing-string sections an
¢asing\failures. The casing category represents full lengths of individual casing sections 4§

broduction or

p

This is done
d-alone item
n defined to
PG) systems.

Inserted items are defined as items which can be:attached (set) inside string items. A typical example is

blve nipple.

d a variety of

are packer
provides the
ble itself and
em once the

d associated
nd does not

r|epresent individual items threaded into the casing string, compared with the production/injeg

tion string.

Sealing elements that are designed to seal off against leakage of hydrocarbons between the various

sections of casing string (casing pack-offs) are not included.

© I1SO 2006 — All rights reserved
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A.2.7.2 Standard equipment specifications

Table A.86 — Item database format and name specification

Item category

Data-collection format

Predefined item name

String item Annulus safety valve Tubing-retrievable, surface-controlled annular subsurface
safety valve (TR-SCASSV)
Default Adjustable union
Landing nipple
Mittout-extension
Muleshoe
Nipple for wireline SCSSV
Gravel pack screen
Perforated pup joint
Pup joint
Sliding sleeve
Tubing anchor
Wireline re-entry guide
Electrical submersible-pump Electrical submersible pump unit (straight)
system with accessories
Electrical*'submersible pump unit (y-tool)
Expansion joint Expansion joint
Flow coupling Elow coupling
Gauge mandrel with accessories."| Permanent gauge mandrel
Packer type Production packer
Downhole packer/hanger
Seal assembly Seal assembly (conventional)
Seal assembly (overshot)
Side-pogket.mandrel Side-pocket mandrel (for valve)
Spacertype Spacer
Tubing type Tubing
Tubing safety valve Tubing-retrievable, surface-controlled subsurface safety
valve (TR-SCSSV) (ball)
Tubing-retrievable, surface-controlled subsurface safety
valve (TR-SCSSV) (flapper)
X-over X-over
Y-block Y-block
Accessories Default None defined
Downhole gauge Permanent gauge
Intake section Intake section
Motor Electrical submersible pump motor
Motor lead extension Motor lead extension
Motor seal system Motor seal system
Pump Pump with electric drive
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Table A.86 (continued)

Item category

Data-collection format

Predefined item name

Inserted item

Annulus safety valve

Wireline surface-controlled subsurface safety valve

(SCSSV)

Default Brain (sideguard)
Lock for wireline surface-controlled annular subsurface
safety valve (SCASSV)

Gas lift valve Gas lift valve

Chemicat-mjectionmvatve

Safety valve

Wireline SCSSV

Contfol line/cable

Default

None defined

Electric connector, gauge

Electric-connector downhole gauge

Electric connector, hanger

Electric-connector tubing hanger

Hydraulic line

Hydraulic control line

Penetrator Wellhead penetrator
Hanger penéetrator
Packer penetrator

Power cable Power)cable

Signal cable Signal/instrument cable

Surface controller

Surface controller

Casing

Casing

An ekample of data-collection format with“associated data field definitions and registration a

shown for downhole safety valves below:

A.2.71.3 Downhole safety valves (DHSV)

This yalve is available in two_main types:

a) fubing-retrievable

b) Wireline-retrievable

installed as an integral part of the tubing/completion string;

run on wireline toolstring for installation inside the tubing/completion s

dedicated landing nipple/profile.

ternatives is

ring, set in a

© I1SO 2006 — All rights reserved
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Table A.87 — 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 (25) High
designation
Part number (operator) — — Medium
Part number (manuf.) — — High
Manufacturer — All major oilfield equipment manufacturers High
Effective length Length occupied by the item | Metres Higrln
in the string, exclusive of
pin/box
Valve type — Tubing-retrievable Medium
Tubing-retrievable with wireline-retriev. brain
Other
Unknown
Closure princlple — Ball Medium
Flapper (conventional)
Flapper (curved)
Poppet
Other
Unknown
Valve configufation — Single‘valve (s.v.) Low
Single valve with insert capability within valve
Single v. with sep. nipple/contr.l. for insert v.
Upper valve in “hot” backup tandem concept
Lower valve in “hot” backup tandem concept
Upper valve in “cold” backup tandem concept
Lower valve in “cold” backup tandem concept
Upper valve in hybrid tandem concept
Equalizing feature — With equalizing feature Low
Without equalizing feature
Unknown
Nominal size — — Higrll
Maximum OD — — Medium
Minimum 1D — — Medium
Pressure rating — — Low
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Item: Tubing safety valve (TR) Category: String item Priority
Name Description Unit or code list
Piston type — Rod High
Concentric
Rod and concentric
Other
Unknown
Numbper of pistons Total number of pistons in Numeric Low
valve.
Numbper of control lines | Total number of control lines | Numeric Low
attached to valve
Secandary control line — Not installed Low
functlon .
Balance line
Permanent lockout
Temporary lockout
Normal operation
Other
Unknown
Seal [configuration and Describe configuration and Character field Low
type materials used in dynamic
and static seals
Matetial spec. for Material used for the mest Code list of metallic materials High
| devi vital valve parts. ‘Seat!.here
T closure device | means seat for closiire
1 seat device.
+ flowtube/piston
Contfol principle — Hydraulic Medium
Hydraulic with nitrogen charge as add-on
power source
Hydraulic with balance line for deep setting
Electromagnetic with downhole power source
Solenoid-operated with electric cable
Other
Unknown
Remarks — Character field Low
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Table A.88 — Wireline-retrievable (WR) type DHSV/WR-SCSSV

Item: Downhole safety valve (WR) Category: Inserted item Priority
Name Description Unit or code list
Model Give unique item model Characters (25) High
designation
Part number (operator) — — Medium
Part number (manuf.) — — High
Manufacturer — All major oilfield equipment manufacturers High
Length — Metres Hig
Closure principle — Ball Medium

Flapper (conventional)
Flapper (curved)
Poppet

Other

Unknown

Valve configufation — Single valve (s.v) Low
Single valve with insert capability within valve
Single v. with sep. nipple/contr.l. for insert v.
Upper valve in “hot*backup tandem concept
Lower valve in “hot™’backup tandem concept
Upper valveiin¥cold” backup tandem concept
Lower valve in “cold” backup tandem concept

Upper valve in hybrid tandem concept

Equalizing feature — With equalizing feature Low
Without equalizing feature

Unknown
Nominal Size — — High
Maximum OD — — Medium
Minimum 1D — — Medium
Pressure rating — — Low
Piston type — Rod High
Concentric

Rod and concentric

Other
Unknown
Number of pistefis Totel-rumberofpistens-in Number tov
valve
Number of control lines Total number of control lines | Number Low
attached to valve
Secondary control — Not installed Low
line function Balance line

Permanent lockout
Temporary lockout
Normal operation
Other

Unknown
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Table A.88 (continued)

Item: Downhole safety valve (WR) Category: Inserted item Priority
Name Description Unit or code list
Seal configuration Describe configuration and Character field Low
and type materials used in dynamic
and static seals
Material spec. for — Code list of metallic materials High
— closure device
— seat
— flowtube/piston
Contfol principle — Hydraulic Medium
Hydraulic with nitrogen charge as add-on power
source
Hydraulic with balance line for deep setting
Electromagnetic with downhaole power source
Solenoid-operated with. electric cable
Other
Unknown
Remérks — Character field Low

A.2.7.4 Production/injection data

Operptional data that should be collected for well-completion equipment are listed in Table A.89.[The data are

well-gpecific and provide a generic referencexto)the working environment for all equipment in

prodyction/injection data should be collected.on a monthly basis.

Table A.89 — Production/injection operational data

he well. The

Data

Description

Unit or coge list

Year

Month

Welliread pressure

Flowing wellhead pressure

Pascal (bar)

Wellllead temperature

Temperature at wellhead under flowing conditions

Degrees Celsius

Daily|flow, gas

Representative daily flow of gas

Standard cubic mgtres per day

Daily| flow, ol

Representative daily flow of oil

Standard cubic mgtres per day

Dail\ flon _condensata
yows-senaenosate

Ranracantativia daily flavy of candancata
LA eSSy e-taity—Hovw-or-conaen e

Standard-eubic-métres per day

Daily flow, water

Representative daily flow of water

Standard cubic metres per day

H,S concentration

Representative daily concentration of H,S

Mole percent or grams per
metric tonne @

CO, concentration

Representative daily concentration of CO,

Mole percent or grams per
metric tonne 2

Remarks

Other information considered relevant

a

Grams per metric tonne is the equivalent of parts per million (ppm), a unit that is deprecated by ISO.
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A.2.7.5 Failure and maintenance data

The permanently installed well-completion equipment is normally run to failure. Preventive replacement may
be performed for some string items, such as wireline-retrievable, surface-controlled subsurface safety valves
(SCSSV).

In rare cases, items may be repaired downhole. This typically may be the case with casing- or tubing-
retrievable, surface-controlled subsurface safety valves (SCSSV).

If a downhole repair action actually succeeds in restoring the function of an item, this can be reported by
identifying the failure record for the item that initially failed. Depending on item category, the item-failure

record can he assessed as described in Table 8 The downhale repair action is reported by changing the
remedial action code and giving the remedial action date. Should a failure occur on the same item at-g later
stage, a new|failure record should be entered as described previously.
Information pn downhole testing of valves should be collected, as this provides valuable ‘information
concerning ifterpretation of downhole failure trends.
A.2.8 Drilling
A.2.8.1 Top drives
Table A.90 — Type classification — Top_drives
Equipment class — Level 6 Equipment type
Description Code Description Code
Drilling equipment DE Hydraulically driven HD
Electrically driven ED
Power
-t .
Drivers Gear Rotlary
swivel
Pipehandler Lubrication Control and Miscell
assembly system monitoring Isceflaneous
N AU A NS AN A “i._q
boundary
Coolant Power  Remote
instrumentation

Figure A.28 — Boundary definition — Top drives
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A top drive (frequently also referred to as a power swivel) is a piece of equipment that serves the following
functions:

with the rotary table);

rotating the drill string (formerly undertaken by the rotary table);

providing a conduit for drilling mud (formerly undertaken by the rotary swivel);

disconnecting/connecting pipe (formerly undertaken by the iron roughneck);

K

fting/lowering drill string by use of standard elevator (formerly undertaken by the hook-by

ind of elevator).

closing in the drill pipe by an integrated kelly valve (formerly undertaken by the kelly valve in connection

using same

Top drives may be either electrically or hydraulically driven. If they are hydraulically-driven, sevéral hydraulic
motofs are normally used.

Elevd

tor links and elevators are not regarded as a part of the top drive (standard/drilling equipment).

Table A.91 — Equipment subdivision — Top drives

Equ1pment unit Top drive/power swivel
diubunit Drivers Gear Rotary Pipe- Lubrication | Control and | Miscellaneous
swivel handler monitoring
assembly
Mainfainable Electric Bearings Gooseneck. .t Link hanger | Oil tank Control Glide dolly
items driver Packing/ Packing! incl. tilt Heaters panel frame
. actuators
Hydraulic seals seals Cool Control Internal blow-
driver Coupling to | A¥ial, radial Pipe-handler oolers Electric out preventers
Radial, driver and thrust &O;glfn Purtnp with and/or (kelly valves)
thrust and Counling t bearing motor hydraulic Cpunter-
axial bearing oyplmg 0 Swivel Swivel Valves solenoid balance
WIS hW'V(.a coupling . cabinet cgmpensator/
Pinions ousing Filters . relad-saver
Swivel st Torque ) Service sylstem
Gearwheels |V $®M lwrench Lube oil loops
Manifolds
Junction box
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Table A.92 — Equipment-specific data — Top drives

Name Description Unit or code list Priority
Type of driver Specify type Electric, hydraulic High
Number of drives Specify number Number High
(applicable for hydraulic drives only)
Hydraulic power requirements Pressure Pascal (bar) High
(applicable for hydraulic drives only) Flow rate Litres per minute
Motor category Specify type Induction, synchronous High
(applicable for electric drives only)
Electrical supplyrequirements \oltage \olt Hig
(applicable fof electric drives only) Current Ampere
Rated power Max. output Kilowatt High
Normal operating power Power Kilowatt Higlﬁ
Speed Max. speed Revolutions per minute Higlll
Normal speed Revolutions perminute
Torque Max. torque Newton-metre High
At normal speed Newton-mgtre
At max. speed Newtommetre
Pressure utilifies Hydraulic pressure Pascal (bar) Low
Air pressure Pascal (bar)
Flow utilities Hydraulic flow Litres per minute Low
Air flow Litres per minute
Retractable dplly frame Specify Yes/no Low
Mud pressurg capacity Pressure Pascal (bar) Low
Inside BOP dgsign pressure Pressure Pascal (bar) Low
Torque wrendh capacity Diameter: Millimetres Low
Torgue Newton-metre
Elevator link panger capacity Capacity Kilogram High
A.2.8.2 Bl¢owout Preventer (BOP)
Table A.93—-Type classification — Blowout preventer (BOP)
Equipment class — Level 6 Type
Description Code Description Code
Drilling~equipment DE Surface BOP BT
Subsea BOP BS
A.2.8.2.1 Deseription-of-bloweoutpreventer{BOR)

There are two main types of BOPs used for drilling:

a) surface BOPs are used for land operations or for structures that are fixed to the seafloor;

b) subsea BOPs are used for drilling from a floating unit; this BOP is fixed to the seafloor wellhead.

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. In addition, a
subsea BOP has a flexible joint at the top to allow variation in the riser angle.

In normal drilling operations, the drilling-fluid pressure is higher than the reservoir pressure. This prevents an
uncontrolled influx of formation fluids to the well bore.

108
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The reservoir pressure can, from time to time for various reasons, exceed the drilling-fluid pressure. This
results in an uncontrolled influx of formation fluids to the well bore. The main function of the BOP is, then, to
close in the wellbore in order to circulate drilling fluid with a higher density to regain the hydrostatic control of
the well.

The BOP can also be used for other purposes, such as testing casing, testing leak-off pressure, squeeze
cement, etc.

The example of BOP taxonomy given in Figure A.29 relates to subsea-mounted BOPs used for drilling.

Surface

Accumu-
htor bank

Hydraulie. power

Surface control unit Pod selector .
unit I

Subsea controls Hydraulic supply

Pilot signals, yellow pod,
multiplexed or hydraulic
pilot

Pilot signals,|blue pod,
multiplexed gr hydraulic

pilot
Redundant control pod, v v Redundant control pod,
yellow N | I blue
( Accumulators )
YYVYVYVYVY YYVYVYYVY
BOP functions BOP function$

BOP units

Ram preventers
Annular preventers
Choke-and-kill valves
Hydraulic connectors
Flexible joint

N\

boundary

Figure A.29 — Boundary definition — Subsea BOP
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A.2.8.2.2 Boundary definitions for BOP

A BOP typically consists of the following main components:

a) one or two annular preventers that seal around any tubular in the well;

b) three to six ram preventers that, depending on dressing, can seal around various pipes in the well, shear
pipe and seal an empty hole;

c) a main connector that connects the BOP to the wellhead and, in addition, for a subsea BOP, a lower
marine riser package (LMRP) connector that can disconnect the riser from the BOP;

d) fourto tJan choke-and-kill valves that can be operated in order that the contained pressure in the BOIP can

be obse

ved, pressurized fluid circulated out of the well and pressurized fluid pumped in the wéll

Table A.94 — Equipment subdivision — Blowout preventer (BOP)

Equipment junit Blowout preventer (BOP)
Subunit Preventers, Hydraulic Flexible joint Control system Backup control
valves and lines connectors (subsea BOP) system
Maintainable Jtems Annular LMRP and Flexible element Subsea Subsea
reventers ellhead . . .

prev :(v)nnector Housing Pod stingers Solenoid valvgs

Body . .
Flanges Pilot valves Pilot valves

Flanges Body

9 Locking Shuttle valves Shuttle valves
Packing element | g chanism Accumulators Accumulators
Hydraulic piston Piston Subsea contrdl

Pressure regulator

Seals Main-bore seal valves unit
Ram preventers |ring Hydraulic control | Battery
Body Seals fluid Transducers
Flanges Seals Surface
Ram block Piping Surface contrgl
R | Hydraulic bundles | unit
am seals (pilot lines and Transducers
Shear blade main supply)
Piston Multiplex cables
Seals Rigid hydraulic
supply line
Killsand-choke PPy
valves Surface
Actuator Control panels
(‘r\r\cnnnﬁk house Surface cantrol
unit
Gate
Hydraulic power
Seals unit
KiII-a|_1d-choke Pod reels
lines

Riser-attached line
Couplers

Seals

Pod selector valve
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Table A.95 — Equipment-specific data — Blowout preventer (BOP)

Name Description Unit or code list Priority

Rig type Specify Floating with DP-system, anchored, |High
jack-up etc.

BOP manufacturer/supplier Specify Free text High
Dimension Specify (inner diameter) Millimetres (inches) High
Size Height and mass Millimetres (inches), kilograms (tons) | Low
Pressure rating Specify Pascal (pounds per square inch) High
Ram|preventers — manufacturer Specify Free text High
(and |model)
Raml|preventers, pressure rating | Specify Pascal (pounds per square inch) High
Numbper of ram preventers Specify Number High
Anndlar preventers — Specify Free text High
manyfacturer (and model)
Anndlar preventers, pressure Specify Pascal (pounds per square inch) High
rating
Number of annular preventers Specify Number High
LMRP connector — manufacturer | Specify Free text Medium
and fnodel
LMRP connector pressure rating | Specify Pascal (pounds per square inch) High
Wellhead connector — Specify Free text Medium
manyfacturer (and model)
Wellllead connector pressure Specify Pascal (pounds per square inch) High
rating
Chole-and-kill valve — Specify Free text Medium
manyfacturer (and model)
Numbper of choke-and-kill valves | Specify Number Medium
Type|of control fluid Specify Oil-based, water-based Medium
Type|of control system Specify Multiplexed, pilot hydraulic, other Medium
Redyndancy control system Specify Free text High
Backup control system Specify Free text Medium

A.2.9 Utilities

No examples are included in Annex A

NOTE Utilities can include anything from single equipment units (e.g. pumps) to more complex assemblies
(packages).

EXAMPLES Fire water system, HVAC, hydraulic power supply, etc.
Depending on the application, data can be collected on single-unit level and the reliability estimated by calculating the total

reliability for the utility assembly. Alternatively, data can be collected for the complete utility system as a whole. It is
necessary to establish the taxonomic definition defined or adapted to the selected alternative.
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Annex B
(normative)

Interpretation and notation of failure and maintenance parameters

B.1 Failure interpretation

When planni
failure mode
imperfection

not corrected.

Also be awa

s, e.g. complete loss of function, function degradation below an acceptable limit ¢
in the state or condition of an item (incipient failure) that is likely to result in a functional fai

e that it can be useful to make a distinction between the collection of data farreliability pury

and for availability purposes as follows.

bility purposes, it is mainly the intrinsic failures of the equipment®unit that are of interes
failures that occur on the equipment being considered and that normally require some resto
ve maintenance) that it is necessary to record.

For the {ull lifetime story of equipment, it is necessary to record all>actual preventive maintenance a

similar to that for the corrective maintenance.

ability purposes, all failures that have caused some-equipment outage should be recorded

g to collect data (see 7.1.2 and B.2.6), be aware that a failure can occur in one of a numlLer of

r an
ure if

oses

t, i.e.
ation

tions

This

can incliide stoppages due to operational limits being gxceeded (e.g. trips) where no physical failyre of

a) For reli
physical
(correcti

b)
in a wayl

c) For avai
the equi

d) Evenif
by prop
equipms

Table B.1 gi

bment occurred.

no failures are experienced within the surveillance time, it is possible to estimate the failurg rate

brly censored data (see C.3.3). Hence, recording the reliability history may also be usef
nt in periods with no failures.

additional data collected as availabilitydata.

Annex F and
definition car

The full desd
(incipient fail

IEC 61508 also give-guidance on what to consider as a failure for safety equipment.
be related to functional loss, reduced capacity or operation outside prescribed limits.

ription of a failure might not be possible before a corrective action is carried out. In some
ures), the~edrrective action may deliberately be deferred (e.g. opportunity maintenance). |

il for

es some guidance on this jissue by distinguishing between data collected as reliability data and

Such

ases
N this

case, it can e necessary to record both the date of failure detection and the date of the corrective action. For

analysis purq

oses \the latter date should normally be used.
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Table B.1 — Failure in relation to reliability and availability

Type of failure/maintenance to record Reliability | Availability
Failures that require some corrective maintenance action to be carried out (repair, replacement) Yes Yes
Failure discovered during inspection, testing and/or preventive maintenance that requires Yes Yes
repair or replacement of typically non-wear items (seals, bearings, impellers, etc.)
Failure of safety devices or control/monitoring devices that necessitates shutdown (trip) or Yes Yes
reduction of the items capability below specified limits
Shutdown (trip) of the item (whether automatically or manually controlled) due to external No Yes
conditions or operating errors, where no physical failure condition of the item is revealed
Failufe of the equipment caused by external impact (e.g. lack of power supply, structural No Yes
impart, etc.)
Periqdic replacement of consumables and normal wear parts No No
Minof planned maintenance services, such as adjustments, lubrication, cleaning, oil No Yes
replacement, filter replacement or cleaning, painting, etc.
Testihg and inspections No Yes
“On-glemand” activations Yes Yes
Preveéntive or planned maintenance 2 Yes (No) Yes
Modifications, new work, upgrades b No Yes/No
2  TJo get the full lifetime history of the equipment, the actual preventive maintenance should be recorded. For recordig failures only,
this crEn be skipped.
b odifications are normally not a part of maintenance but are frequéntly done by maintenance personnel.

B.2 |[Failure and maintenance data notations

B.2.1 General

In order to limit database size and make it easier to analyse the data,
information be used wherever applicable. A drawback with codes is that potentially useful inform
lost and that selecting inappropriate codes can lead to non-informative information. The avai
many codes can be confusing.and the codes can overlap, while too few codes might not sufficig
the grea one is aiming to-cover. A unified definition and interpretation of codes is necessary

highly reliable information:

In all|cases, it is.reCommended to supplement the coding with some additional free-text capabili
imprave interpretation of single events, both for quality purposes before the data are entered into

and fpr subsequent detailed analysis of single records (e.g. failure events).

AnnexB- 2 presents a method of coding that has been found to be useful when coIIecting RM ‘:

petrote

it is recommended that coded

ation can be
ability of too
ntly describe
for obtaining

ty in order to
the database

ta within the

petrochem|cal |ndustry For some specmc equipment and/or specific uses, supplementary codes may be used.

Design 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 (root cause)
(see B.2.3). Also, record the detection method (see B.2.4) and the maintenance activity (see B.2.5). Use the
codes given in the tables wherever practicable and additional free text where necessary.

Take care to distinguish between failure mechanism and failure mode.

Failure modes are presented in this Annex B in Tables B.6 to B.12 for those equipment examples included in

Annex A as shown in Table A.4.
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Subdivision codes for failure mechanisms and failure causes, e.g. numbers 1.1, 1.2, etc., should be preferred
before the general category failure code, e.g. 1, and so on (see Tables B.2. and B.3).

How failure mode, failure mechanism and failure cause are related to different taxonomy levels is shown in

Table 3.

B.2.2 Failure mechanism

The failure mechanism is the physical, chemical or other process or combination of processes that leads to
the failure. It is an attribute of the failure event that can be deduced technically, e.g. the apparent, observed
cause of the failure. The failure mechanism's root cause(s) is/are coded whenever this information is available.

(A separate flield for this is recommended in this Tnternational Standard.)

The codes o
a) mechan
b) material
c) instrume
d)

e) external
f)  miscella
This categor
as shown in

h failure mechanism are basically related to one of the following major categories of failure ty
cal failures;
failures;

ntation failures;

electricq] failures;

influence;
neous.

zation is rather coarse and within each categorya more detailed categorization is recomme
Table B.2. If there is not sufficient information.to apply codes at this sublevel, then codes o

main level as listed above may be used. This implies that descriptive codes for mechanical fai

numbered 1.
Table B.2).

The failure n
level). In pra

Care should

EXAMPLE
recorded. Her
coded unknow

Failure mech
root cause of

Six categorie

1, 1.2, etc., should be preferred to thé.general category failure code, 1.0, and so on
hechanism should normally be related to a lower indenture level (subunit or maintainable
ctical terms, the failure mechanism represents a failure mode at maintainable item level.

be taken to distinguish between failure mechanism and failure mode.

It is recorded that\a_valve started leaking hydrocarbons to the environment but no further cause
e, the failure mode-Should be coded ELP (external leak of process medium) and the failure mech
n (6.4), not leakage (1.1).

anism is<also related to the failure cause (see B.2.3); the latter aimed at revealing the unde
the failure.

pes:

nded
n the
ures,
(see

-item

S are

Bnism

rlying

stof)failure mechanism are identified in Table B.2, together with subdivisions and related cog

esto

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: If
the failure mode at equipment unit level is coded as
“Inal(ago”, a2_maore r\ancally oriented—failure mechanism
should be used wherever possible.

1.2 Vibration Abnormal vibration: If the failure-mode @t equipment
level is vibration, which is a more caugally oriented
failure mechanism, the failure @ause (root ¢ause) should
be recorded wherever possible-

1.3 Clearance/ Failure caused by faulty clearance or alignment

alignment failure

1.4 Deformation Distortion, bendifg, buckling, denting, yield|ng, shrinking,
blistering, creeping, etc.

1.5 Looseness Disconnegtion, loose items

1.6 Sticking Sticking, ‘seizure, jamming due to reasops other than
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 All types of corrosion, both wet (electrochefnical) and dry
(chemical)

2.3 Erosion Erosive wear

24 Wear Abrasive and adhesive wear, e.g. scqring, galling,
scuffing, fretting

25 Breakage Fracture, breach, crack

2.6 Fatigue If the cause of breakage can be traced tp 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 defails known

3.1 Control failure No, or faulty, regulation

32 IR‘IIU Oiylla:ll I'\‘IIU D;Hlla:l’;lld;bat;ulII’G:GIIII vvhcu UAPUbtUd

indication/alarm

3.3 Faulty signal/ Signal/indication/alarm is wrong in relation to actual

indication/alarm process. Can be spurious, intermittent, oscillating,
arbitrary

34 Out of adjustment | Calibration error, parameter drift

3.5 Software failure Faulty, or no, control/monitoring/operation due to
software failure

3.6 Common cause/ Several instrument items failed simultaneously, e.g.

mode failure

redundant fire and gas detectors; also failures related to
a common cause.

© I1SO 2006 — All rights reserved
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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 Failures related to the supply and transmission of
electrical power, but where no further details are known
41 Short circuiting Short circuit
4.2 Open circuit Disconnection, interruption, broken wire/cable
4.3 No power/voltage | Missing or insufficient electrical power supply
44 Faulty Faulty electrical power supply, e.g. overvoltage
power/voltage
45 Earth/isolation fault | Earth fault, low electrical resistance
5 Exjernal influence 5.0 General Failure caused by some external“events or substances
outside the boundary but no further details are known
51 Blockage/plugged |Flow restricted/blocked due-to fouling, contamingtion,
icing, flow assurance (hydrates), etc.
5.2 Contamination Contaminated fluid{gas/surface, e.g. lubricatiof oil
contaminated, gas-détector head contaminated
53 Miscellaneous Foreign objects; impacts, environmental influence|from
external influences |neighbouring systems
6 Migcellaneous 2 6.0 General Failure \mechanism that does not fall into one df the
categories listed above
6.1 No cause found Failure investigated but cause not revealed of too
uncertain
6.2 Combined causes |Several causes: If there is one predominant cause this
should be coded.
6.3 Other No code applicable: Use free text.
6.4 Unknown No information available
@  The data acquirer should judge which is the most important failure mechanism descriptor if more than one exist, and try to|avoid
the 6.3 and 6.4|codes.
B.2.3 Failure cause
The objectiv¢ of these'data is to identify the initiating event (“root causes”) in the sequence leading ug to a
failure of an|equipment item. Five categories of failure cause are identified in Table B.3 together with sub
divisions and related codes to be used in data bases.

The failure causes are classified in the following categories:

1)
2)
3)
4)

5)

116

design-related causes;

miscellaneous.

failures related to management;

fabrication/installation-related causes;

failures related to operation/maintenance;
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As for failure mechanism, the failure cause can be recorded at two levels depending on how much information
is available. If the information is scarce, only a coarse classification, i.e. codes 1, 2, 3, 4 and 5, can be
possible, while a more detailed subdivision code number can be recorded if more information is available.

Failure causes are commonly not known in depth when the failure is observed and, in order to reveal the root
cause of a failure, a specific root cause analysis can be useful. This is in particular relevant for failures of a
more complex nature and where the failure is important to avoid due to its consequences. Examples are
failures with serious safety and/or environmental consequences, abnormally high failure 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

failurerwith-fatlure-eause{deseribing-theunderlying-orreot—causcof-afallurer
Table B.3 — Failure causes
Code Notation Subdivision | Subdivision of Description of the failure capise
number code number | the failure cause
Design-related 1.0 General Inadequate equipment design or |configuration
causes (shape, size, technology, configuration, operability,
maintainability, etcs), but no further details known
1.1 Improper capacity | Inadequate dimensioning/capacity
1.2 Improper material | Improperimaterial selection
4 Fabrication/ 2.0 General Failure related to fabrication or installation, but no
installation-related further details known
causes 21 Fabrication error | Manufacturing or processing failure
2.2 Installation errer\. * | Installation or assembly failure (aspembly after
maintenance not included)
K Failure related to 3.0 General Failure related to operation/use or maintenance of the
operation/ equipment but no further details known
maintenance 3.1 Qff-design service | Off-design or unintended service copditions, e.g.
compressor operation outside envelogpe, pressure
above specification, etc.
3.2 Operating error Mistake, misuse, negligence, oversights, etc. during
operation
3.3 Maintenance error | Mistake, errors, negligence, oversight§, etc. during
maintenance
3.4 Expected wear Failure caused by wear and tear resulting from
and tear normal operation of the equipment unit
4 Failure r€lated to 4.0 General Failure related to management issues, put no further
managenient details known
4.1 Documentation Failure related to procedures, $pecifications,
error drawings, reporting, etc.
4.2 Management Failure related to planning, organizgtion, quality
error assurance etc
5 Miscellaneous 2 5.0 Miscellaneous - Causes that do not fall into one of the categories
general listed above
51 No cause found Failure investigated but no specific cause found
5.2 Common cause Common cause/mode
53 Combined causes | Several causes are acting simultaneously. If one
cause is predominant, this cause should be
highlighted.
5.4 Other None of the above codes applies. Specify cause as
free text.
5.5 Unknown No information available related to the failure cause

@  The data acquirer should judge which is the most important cause if more than one exist, and try to avoid the 5.4 and 5.5 codes.
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B.2.4 Detection method

This is the method or activity by which a failure is discovered. This information is vitally important when
evaluating the effect of maintenance, e.g. to distinguish between failures discovered by a planned action
(inspection, PM maintenance) or by chance (casual observation). Nine categories of detection methods are
identified in Table B.4, together with related codes to be used in the databases.

Table B.4 — Detection method

Number Notation 2 Description Activity
1 Pe I\.ldlb FG;IUIU d;O\.’UVUIUd dul;l Iy PI TVl It;VU o1 V;L:U IUF:GUUIIIUI It T
mdintenance overhaul of an item when executing the preventive maintenance
programme
2 Fuhctional testing Failure discovered by activating an intended function and
comparing the response against a predefined standard. This is
one typical method for detecting hidden failures
3 Ingpection Failure discovered during planned inspection, e.g. visual|Scheduled actiyities
inspection, non-destructive testing
4 Periodic condition Failures revealed during a planned, scheduled ‘condition
mdnitoring ° monitoring of a predefined failure mode, either,manually or
automatically, e.g. thermography, vibration ,méasuring, oil
analysis, sampling
5 Coptinuous condition | Failures revealed during a continuous condition monitoring of a
mdnitoring ° predefined failure mode Continuous
6 Pr¢duction Failure discovered by production upseti.reduction, etc. monitoring
int¢rference
7 Capual observation [Casual observation during routine or casual operator checks,
mainly by senses (noise, smell, smoke, leakage, appearance etc.)
8 Coyrective Failure observed during-corrective maintenance
mgintenance Casual occurrehces
9 Ondemand Failure discovered during an on-demand attempt to activate an
equipment unit\(e.g. safety valve fails to close on ESD-signal, fail
to start a gas turbine on demand, etc.)
10 Other Other-observation method and/or combination of several methods | Other
@  Specific nptation for fire and gas‘détéctors, process sensors and control logic units: The codes above should be interprefed as
follows:
functional jest periodic functional testing
casual obgervation fi€ld observation
periodic CM abnormal state discovered by control room personnel (no fault annunciation)
continuoug CM fault annunciation in control room (audible and/or visible alarm)
b Condition ks e e-of-specific-equipment-andioratgerith eniteor-the-eone ef e espgect to

predefined failure modes (note that “test” and “inspection” are separate codes). Condition monitoring (CM) can be further divided into
either 1) periodic monitoring or 2) continuous monitoring as follows:

1)

periodic CM: periodic condition monitoring includes techniques such as thermography, off-line vibration measuring, oil
analyses, calibration checks and sampling;

2) continuous CM: continuous instrumental surveillance of process parameters and equipment condition, e.g. temperature,

pressure, flow, RPM, to detect abnormal operating conditions.
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B.2.5 Maintenance activity

Twelve categories of maintenance activity are identified in Table B.5 together with related codes to be used in
databases for both corrective maintenance and preventive maintenance.

Table B.5 — Maintenance activity

b

C

Code Activity Description Examples Use @
Number
1 Replace Replacement of the item by a new or|Replacement of a worn-out bearing C,P
refurbished item of the same typtz and make
2 Repair Manual maintenance action performed to |Repack, weld, plug, reconnect,~temake, C
restore an item to its original appearance or | etc.
state
3 Modify b Replace, renew or change the item, or a part|Install a filter with \/smaller mesh| C, P
of it, with an item/part of a different type, | diameter, replace_ajlubrication oil pump
make, material or design with another type, reconfiguration efc.
4 Adjust Bringing any out-of-tolerance condition into [ Align, set andyeset, calibrate, balance C,P
tolerance
5 Refit Minor repair/servicing activity to bring back [ Polish, clean, grind, paint, coat, lulje, oil| C, P
an item to an acceptable appearance,|change, etc.
internal and external
6 Check © The cause of the failure is investigated,<but| Restart, resetting, no mainterjance C
no maintenance action performed, or action |action, etc. Particularly relevanf for
is deferred. Able to regain function by.simple | functional failures, e.g. fire and| gas
actions, e.g. restart or resetting. detectors, subsea equipment
7 Service Periodic service tasks: \Normally no|e.g. cleaning, replenishment| of P
dismantling of the item consumables, adjustments and
calibrations
8 Test Periodic test of function or performance Function test of gas detector, accpiracy P
test of flow meter
9 Inspection Periodic inspection/check: a careful scrutiny [ All types of general check. Includes P
of an itéem“carried out with or without|minor servicing as part of the inspgction
dismantling, normally by use of senses task
1 Overhaul Major.overhaul Comprehensive inspection/overhay with| C, P
extensive disassembly and replacgment
of items as specified or required
1 Combination | Several of the above activities are included |If one activity dominates, this |may| C,P
alternatively be recorded
1 Other Maintenance activity other than specified | may dominates C,P
above
a (Q-_used typically in corrective maintenance: P+ used typically in preventive maintenance

Modification is not defined as a maintenance category, but is often performed by persons trained in the maintenance disciplines.
Modification to a major extent can have influence on the operation and reliability of an equipment unit.

“Check” includes the circumstances both where a failure cause was revealed but maintenance action was considered either not
necessary or not possible to carry out and where no failure cause could be found.

For corrective maintenance, this information describes the type of restoration action that was performed. In
general, the predominant restoration activity should be coded when several activities are involved. The code
categories “repair’, “replace”, “overhaul” and “modify” should have a priority relative to the code categories
“refit” and “adjust” when a combination of the two categories are involved (e.g. repair consisting of “repair” and
“refit” should be coded as “repair”). If there are several repair activities involved, none of which is predominant,

the code “combined” may be used.
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“Modify” means a modification of the original equipment unit where the original design has been altered or the
item in question replaced with one of a different type/make. If the modification is of significant character, it is
not considered as a maintenance action, but may be carried out by, or in co-operation with, the maintenance
staff. A “repair” is meant to be an action to correct a single failure or a few failures, normally on-site.
“Overhaul” means a comprehensive repair of several failures, or one major failure requiring extensive work, or
complete refurbishment of an equipment subunit. Typically, such maintenance is undertaken in a workshop.

If the complete equipment unit has been replaced with a new and/or modified one, it is recommended to
rewind the time parameters (e.g. operating time) for this unit. This does not apply if the equipment unit is of
low complexity and a complete replacement is considered as a normal part of the maintenance.

d. In

For preventi
general, the
there is no {
various activ

NOTE TH
the condition d

most predominant maintenance activity should be coded when several activities are involy
redominant task, again this should be coded as “combined” and additional informatior’ o
ties listed in a free-text field if provided.

ese maintenance codes do not, as such, reflect the effectiveness of the maintenance,action as to reg
f the item (e.g. “good-as-new” or “bad-as-old” condition).

B.2.6 Failure modes

Failure modgs should normally relate to the equipment-class level in the hiérarchy. For subsea equip

however, it i

5 recommended to also record failure modes on lower levels in the equipment hierarchy

“maintainablg-item” level). The failure modes can be categorized into three types:

a) desired

b) specifieq

c) failure in
[these a
wear)].

Failure mods

Recommend
presented in

— rotating
— mechan
— electricq

— safetya

unction is not obtained (e.g. failure to start);
function lost or outside accepted operational limits (e.g. spurious stop, high output);

dication is observed but there is no immediate*and critical impact on the equipment-unit fur
re typically non-critical failures related tossome degradation or incipient fault condition (e.g.

ed failure modes are presented for each main equipment category (see also list of equig
Table A.4):

compressors, combustion engines, electric generators, gas turbines, etc.);
cal (cranes, heat/exchangers, heaters and boilers, vessels, storage tanks, piping, etc.);
| (UPS, peower transformers, frequency converters, etc.);

nd_centrol (fire and gas detectors, sensors, valves, nozzles, fire fighting equipment, etc.);

s are presented in Tables B.6 to B:42 for each main equipment category shown in Table A 4.

ed. If
h the

toring

ment,
(e.g.

ction
initial

ment

— subsea production (subsea control systems, Xmas trees, templates, manifolds, risers, etc.);

— well completion (downhole safety valves, wellheads, tubing, casing, packers, etc.);

— drilling (derrick, top drive, drawworks, mud pump, BOP, etc.).
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Table B.11 — Well-completion equipment — Failure modes

Equipment class 2

Failure modes

DHSV Description Examples Code? | Type®
X Failure to open on demand | Does not open on demand FTO 1
X Failure to close on demand | Does not close upon demand signal FTC 2
X Leakage in closed position | Leakage through valve exceeding acceptance LCP 2

criteria when closed
X Well-to-control-line Influx of well fluids into valve control line WCL 2
COTTITTATICAton
X Control-line-to-well Loss of hydraulic control fluids into the well bore |-\CLV| 3
communication
X Premature closure Spurious closure of valve without command PCIL 2
X Other Failure modes not covered above OTH —
X Unknown Too little information to define a failure mode UNH —

b4 proposed abbreviated code for the failure mode.

@  $ee Table A.4. The codes shown apply to equipment classes marked with an “X’.

¢ (@ne of the three failure-mode types listed below; depending on type of failure,” more than one of these categ
(e.g. @ severe leakage can lead to stoppage of the equipment):

1) desired function is not obtained (e.g. failure to start);

3) specified function lost or outside accepted operational limits (e.g?spurious stop, high output);

3) failure indication is observed, but there is no immediate and eritical impact on equipment unit function. These afe typically non-
critical failures related to some degradation or incipient fauift condition.

ries can apply
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Table B.12 — Drilling equipment — Failure modes

Equipment class 2

Failure modes

Top drive Blowout Description Examples Code® | Type°®
preventer
X Failure to function on Failure to respond on signal/activation FTF 1
demand (e.g. failure to shear)
X Failure to open Doesn’t open on demand FTO 1
X Failure to close Doesn’t close on demand FTC 1
X X Abnormal instrument False alarm, faulty instrument indication AIR 2 (3)
reading
X X External leakage — utility Hydraulic oil, lubrication oil, coolant, mud, ELU 3
medium water, etc.
X X Erratic output Oscillating or instable operation ERO P
X Failure to start on demand |Failure to start top drive FTS 1
X Failure to stop on demand | Failure to stop top drive or incorrect STP 1
shutdown process
X X Internal leakage Leakage internally of process or-utility INL 3
fluids
X Leakage in closed position | Leakage through a valve)(e«. ram-valve) LCP 21(3)
in closed position
X High output Output torque above-specifications HIO P
X Low output Output torque*below specifications LOO P
X Noise Excessive-noise NOI 3
X Overheating Overheating OHE ¢
X X Spurious operation UneXxpected operation SPO p
X Structural deficiency Material damages (cracks, wear, fracture, STD 3
corrosion)
X Vibration Excessive vibration VIB 3{2)
X Loss of redundancy Loss of one or more redundancies (e.g. LOR P
main control system, backup system)
X Loss of/funhctions on both | Both pods are not functioning as desired POD 1
pods
X Plugged/choked Choke or kill line plugged PLU ¢
X Fails to connect Failure to connect upper connector FCO 1
X Fails to disconnect Failure to disconnect upper connector FTD 1
X X Minor in-service problems |Loose items, discoloration, dirt SER 3
X X Qther Eailure modes not covered abhove QTH |
X X Unknown Too little information to define a failure UNK —
mode

b

A proposed abbreviated code for the failure mode.

1) desired function is not obtained (e.g. failure to start);

@  See Table A.4. The codes shown apply to equipment classes marked with “X”.

2) specified function lost or outside accepted operational limits (e.g. spurious stop, high output);

€ One of the three failure-mode types listed below; depending on type of failure, more than one of these categories can apply
(e.g. a severe leakage can lead to stoppage of the equipment):

3) failure indication is observed, but there is no immediate and critical impact on equipment-unit function. These are typically non-
critical failures related to some degradation or incipient fault condition.
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Annex C
(informative)

Guide to interpretation and calculation of derived reliability and
maintenance parameters

C.1 [interpretation Tutes for commonty used faitureand maintemance parameters

C.1.1 Introduction

Though this International Standard does not cover data analysis in the broad sensethis annex irfcludes some
recohmended interpretation rules and basic calculation equations commonly used*when analyging reliability
and maintenance data. For a more in-depth assessment of this subject, we~recommend textiooks on the
subjdgct and some of the standards listed in the Bibliography at the end of this International Standard.

In addition to the definitions given in Clause 3, Annex C gives some, intérpretation rules for comnmonly used
termg encountered in data collection and projects.

C.1.2 Redundancy definitions

Reduyndancy may be applied as follows:
a) passive (cold) standby: redundancy whereinspart of the means for performing a requirgd function is
needed to operate} 'while the remaining part(s) of the means arg inoperative

until needed;

b) active (hot) standby: redundancy-wherein all means for performing a required function|are intended
to operate simultaneously;

C) fixed: redundancy where a part of the redundant means “is on standby’| and another
part is “active” (example: three means, one active, one in hot stgndby, one in
cold standby).
EXAMPLE 1 Redundancy can be expressed as a quantitative measure, viz. equipment redundancy factgr (ERF).

EXAMPLE 2 3.uUnits times 50 % gives an ERF of 1,5.

(See| also definition of redundancy in Clause 3 and definitions of “hot” and “cold” standby versus “up
time/down time” in 8.3.1).

For redundant-systems—parts-can-failwithout-a-failure-of- the-system—This-should-be-taken-inte-dccount when

estimating required spare parts and repair capacity (where these failures are counted) and estimates of
availability (where these failures are not counted).

C.1.3 On-demand data

For some equipment, collected reliability data are used to estimate the on-demand failure probability (e.g. start
probability of an emergency generator). In this case, the total number of demands should be recorded
including those where failures are experienced. Two types of demands should be included:

a) test activation of the item normally done as part of preventive maintenance (e.g. function test of a fire and
gas detector);
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b)
valve).

automatic, or manual, activation of an on-demand function during operation (e.g. closure of an ESD

The probability of failure on demand is calculated as the average fraction of time spent in the failed state, as

shown in C.6

2.

C.1.4 Independent failures

Most of the basic probabilistic calculations and most of the models used in the reliability field are relevant only
for independent events.

Two events,
speaking, th
simply equal
Therefore, by

P(B/A) 4
This implies

P(ANB

When two e
they are said

Independent

C.1.5 Depe

When the od
aresaidtob

In this case,

P(ANB
Therefore, w
are no longe

of common-g@

Components|

!

A and B, are independent if the occurrence of A is independent of that of B. Mathema
t means that the conditional probability of occurrence of B given the occurrence of A, P(B
to P(B).

using the definition of conditional probability:

P(A n B)/P(A) = P(B)

hat

=P(A) - P(B)

ents have the above property, that means that they behavetindependently from each othe|

to be stochastically independent.

failures are, of course, a particular case of independent events.

ndent failures

currence of one event depends of the occurrence of one or several other events, these e
p dependent.

he above Equation (C.2) is noJonger valid and it is necessary to replace it by Equation (C.3):

> P(A) - P(B)
hen the dependenciges are not taken under consideration, the results are underestimated. As
I conservative, this.eannot be acceptable, especially for safety studies. This is why the con
ause failure and common-mode failure have been introduced.

that fail due to a shared cause normally fail in the same functional mode. The term con

mode is, the
characteristi

efore, sometimes used. It is, however, not considered to be a precise term for communicatin
s that'describe a common-cause failure.

ically
A), is

(C.2)

I and

vents

(C.3)
they

Cepts

hmon
g the

)

A common-cause failure is the simultaneous or concomitant failure of several components due to the same
cause. Therefore, each time the failures are not completely independent there is a possibility of CCF.

The CCF can be split into several categories:

a)
b)

c)

132

failure of utilities (electricity, compressed air, etc.) or external aggressions (environment, fire, etc.);
internal failures (design error, installation error, bad set of components, etc.);

cascade failures (the failure of A leads to the failure of B, which leads to the failure of C, etc.).
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Items listed in a) are considered as CCF only if the level of analysis is not sufficient in order to identify them
explicitly.

Items listed in b) are more difficult to analyse: experience proves their existence but their causes are generally
not identified very easily.

Items listed in c) are generally related to the process itself and can be difficult for the reliability analyst to
identify.

When the analysis is too difficult or not possible, a g-factor is generally introduced to split the basic failure rate,

A, of a component into an independent part, (1 - ) x 4, and a CCF part, fx 4. This avoids an unrealistic

I bt to Al o codiraota 1 Aot o] mta-araaaith siatan £ o tontiol O
resu ;, JUTTIS 0Ty A ot atSc T OTUCT U TART MO aCCOUTIT TS CATSTCTITOC U a PpUtCTItaTr OOt

It shquld be noted that the individual failures due to a CCF arise not necessarily exactly at(the' same time but
within a certain period of time.

C.1.7T Common-mode failure
The potion of common-mode failure, CMF, is often confused with the notion ‘of’ CCF, although i is a little bit

different: a CMF occurs when several components fail in the same way (same mode). Of courseg, this can be
due, |n turn, to a CCF.

C.1.8 Trip definitions

Shutdlown of machinery refers to the situation when the machinery is shut down from nornpal operating
condjtion to full stop. Two types of shutdown exist.

a) Trip The shutdown is activated-gutomatically by the control/monitoring system:

— real trip The shutdown is effectuated as a result of a monitored (or calculated) value in the
control system exceeding a pre-set limit;

+— spurious trip Unexpected\ shutdown results from error(s) in the control/monitorifg system or
error(s) «imposed on the control/monitoring system originating from the
environment or people.

b) Manual shutdown Jhemachinery is stopped by an intended action of the operator (locally or from the
control room).

For Jome equipment, “spurious stop” is defined as a failure mode that can be either a real trip pr a spurious
trip ap defined above-depending on cause.

C.1.9 Failure consequence classification

Risk fis-a term in general usage to express the combination of the likelihood that a specific hazardous event
will occur and the consequences of that event. USIng this definition, the Tevel of risk may be judged by
estimating the likelihood of the hazardous event that can occur and the consequence that may be expected to
follow from it.

Failure consequence ranking is an essential part of data applications used to assess the risk level (see
Annex D). It is, therefore, useful to classify the consequence of failures as to overall impact. A classification of
failure consequences, with classes represented by numbers | to XVI, is illustrated in Table C.1. Note that this
classification is primarily intended for assessing the consequences of failures that have occurred. For more
detailed recommendations on risk classification, see relevant standards, e.g. ISO 17776 and IEC 60300-3-9.

The recording of failure and maintenance impact data for failure events is addressed in Tables 6 and 8.

© 1SO 2006 — Al rights reserved 133


https://standardsiso.com/api/?name=c8331f902171f629498941ccff324fe4

ISO 14224:2006(E)

Table C.1 — Failure-consequence classification

Consequences Category
Catastrophic Severe Moderate Minor
Failure that results in | Severe injury, iliness or| Minor injury, iliness or Less than minor injury,
death or system loss | major system damage system damage illness or system damage
(e.g. <USD 1 000 000) | (e.g. <USD 250 000) (e.g. < USD 50 000)
Safety | \Y, IX Xl
— Loss of lives — Serious personnel |— Injuries requiring |— Injuries not requiring
NP e injury medical treatment medical treatment
— Vildl sdlety=-Clitdal
systems inoperable (— Potential for loss of|— Limited effecton |— Minor effect pnsdfety
safety functions safety functions function
Environment{al Il VI X XIV
Major pollution Significant pollution Some pollution No, or'negligible, pollpition
Production 1l VIl Xl XV
Extensive stop in Production stop above | Production stop below: Production stop mipor
production/operation acceptable limit @ acceptable limit @
Operational 1\ VI Xl XVI
Very high maintenance Maintenance cost Maintenanc® cost at or Low maintenance cpst
cost above normal below normal
acceptable @ acceptable 2
@ ltis necessary to define acceptable limits for each application.

C.1.10 Analysis of failures

Failures that
reporting an
improved ma

summarized pelow.

a)

b)

c)

134

Reliabili
etc.) is
propose

basis. Specifically,

occur and that are judged to be in the;unacceptable category in Table C.1 require that splecific
l analyses be done in order to find*measures to prevent such failure from re-occurring
intenance, inspections, modifications, replacements etc.). Some useful analytical methods are

(e.g.

y system modelling (e.g. Monte Carlo simulation, Markov analysis, reliability growth modelling
recommended for all_critical-service equipment for the comparison of reliability for v3grious
 system configurations to provide input to concept selection in the development of the design

senpitivity studies*to identify the component failures or human errors, or both, having the grgatest

imppct on system reliability (this information can be used to improve the reliability of indi

idual

components.or to provide a basis for modifying the system configuration during the project propgsal),

evaluation of operational inspection intervals that have direct impact on predicted system reliabi

ty,

establishment of the amount of inspection and testing required for certain system elements.

Pareto analysis can be utilized to establish the plant’s list of “bad actors” based on the highest failure
rates or total maintenance cost.

Root-cause analysis is recommended in the following cases:

failures of severity types | to VIII;

systems defined as “bad actors” by the operating facility.
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1)

2)
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Equipment lifetime analysis, such as Weibull analysis, is recommended on equipment types having five or
more common-mode failures with severity levels | to XII.

Common causes of failures can be classified as follows.

Infant-mortality failures (Weibull-shape parameter f< 1) are usually induced by external circumstances and are
typically due to poor installation, solid-state electronic failures, manufacturing defects, misassembly, or incorrect
start-up procedures.

Random failures (#=1) most often result from maintenance errors, human errors, foreign-object failures or
computational errors in the Weibull analysis (e.g. combining data from different failure modes, combining common
failure modes from differing equipment types, etc.). Random failures are best addressed by improved predictive-

maintenance. programmes. (mnrn rignrmle condition mnnifnring)

3) arly wear-out failures (1,0 < £ < 4,0) can occur in the normal design life of the equipment and maost)oft
ycle fatigue, most bearing failures, corrosion and erosion. Preventive maintenance resulting imrepair
f critical components can be cost effective. The period for overhaul is read off the Weibullnplot at thg

life.

4) Id age wear-out failures (8> 4,0) most often occur outside the normal design lifex The steeper the

maller the variation in the times to failure and the more predictable the results(Typical failure mode
ear include stress corrosion, erosion, material property issues, etc. Preventive) maintenance to rep

roduce significant failures can be cost effective. The period for overhaul“is read off the Weib

ppropriate glife.

C.1.11 Safety critical equipment

For s
can b

pme equipment, like safety-critical equipment, more specific definitions for a failure and its ¢
e useful. Some recommendations on this are given in(Annex F.

C.2 |Availability

C.2.1 Normalized definition

Note
lead
mear
Even
spec

that the definition of availability given in IEC 60050-191:1990, 3.1.1, can be misleading beg
one to think that “availability? and “reliability” are the same concepts. This is not true
ing of “over a given time intérval” is not at all the same for the concepts of “availability” an
if the definitions of “availability” and “reliability” seem very close, these concepts are complé
fically:

vailability: itemwerking at a given instant (no matter what has happened before);

eliability: item  working continuously over a whole period of time.

“Availability” eharacterizes a function that can be interrupted without any problem and “reliabilit
that gannot-be interrupted over a whole period of time.

en include low
r replacement
appropriate g

b slope, g, the
s with old age
ace parts that
Uil plot at the

bnsequences

cause it can
because the
d “reliability”.
tely different,

,” a function

of availability

It is with the mathematical definitions that the situation is clarified. In fact, there are several mathematical

expressions for "availability" concepts.

Pointwise or instantaneous availability, A(¢), is the probability that an item is in a state

to perform a

required function under given conditions at a given instant of time, assuming that the required external

resources are provided. (This is the definition given in IEC 61508.)
The instantaneous availability, A(z), at time, ¢, is given by Equation (C.4):
A(t) = Pg(t)

where Pg(¢) is the probability that item S does not have a critical failure at time, .

© 1SO 2006 — All rights reserved

135


https://standardsiso.com/api/?name=c8331f902171f629498941ccff324fe4

ISO 14224:2006(E)

— Mean availability for a given mission (over a given period of time), 4,1 ,2), is the average of the pointwise
availabilities over the time period, t; < ¢ < 5. This is given mathematically by Equation (C.5):

)
1
Am(1i2) = - _[ A(r)de (C.5)
2=l

— Mean availability is the limit of the mean availability for a given mission when the time period goes to
infinity, as given by Equation (C.5):

AnT= Jf A (C.6)

These definifions show clearly the difference between the various “availabilities,” specifically:
a) for the pointwise availability, we are interested only in the fact that the item works well when it is required
(no matter if it has failed at some previous moment, provided it has been repaired since<and has not failed
again);

b) for the mean availability, we are interested in the same, but averaged over.a‘given period of time| This
correspagnds to the ratio of the effective working time over the whole duratiofi’under interest.

Note that in| most, but not all, of the cases, after a certain time, the ‘pointwise availability reachgs an
asymptotic value called “steady state” availability, which is equal to the-above “mean availability”.

Example For a simple repairable item with only two reliability parameters [failure rate (1; see Clause C.3) and
repair rate (u)], the pointwise availability is equal to Equation (C.7):

p)
A(t) =1—m{1—exp[—(/1+ mal (C.7)

When ¢ goes tp infinity, we obtain the asymptotic value;.@s)given by Equation (C.8), which is also the mean availability:

m
Ay =—— Cc.8
m AW p (C.8)

This availability is the “technical” or“intrinsic” or “inherent” availability of the item (see also C.2.3.2).
C.2.3 Meagures and estimates of mean availability data records

C.2.3.1 Mdthematics of-measures and estimates of mean availability data records

The interest|of the, availability concept within the 1ISO 14224 application areas is the relationship exjsting
between datT collected in the field and the mathematical meaning of the mean availability over a given pgriod.

When planning to collect measures and estimates of mean availability (see 3.1 and 7.1.2), two types of mean
availability and the sum of the two should be considered.

a) Operational availability, 4, is given by Equation (C.9):

¢
Ay ___‘MU_ (C.9)
Imu tIMD

where
tmu s the mean up time, estimated by using the actual up time observed in the field;

tmp I8 the mean down time, estimated by using the actual up and down times observed in the field.
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