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Foreword

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

frade name used in this document is information given for the'éonvenience of users gnd does not
[itute an endorsement.

hin explanation on the meaning of ISO specific termis and expressions related to| conformity
sment, as well as information about ISO’s adherenee to the WTO principles in the Technical
ers to Trade (TBT) see the following URL: Forewo¥d - Supplementary information

committee responsible for this document is Teechnical Committee ISO/TC 67, Materials, equipment
ffshore structures for petroleum, petrochemic¢al and natural gas industries.

third edition cancels and replaces the second edition (ISO 14224:2006), which has been technically
ed. The main changes are:

Llause 3 — several new definitions;

[lauses 8 and 9 — changes'in some figures and tables;

Annex A — new equipment classes;

Annex B — associatéd new and aligned failure modes;

Annex C — somé changes and new subclauses, e.g. C.3.4 and C.7;
Annex D.>%/new subclause D.5;

\Annex'E — new KPIs;

This
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nnex r —alignment with 15U/ TR 12409:ZU15.

corrected version of ISO 14224:2016 incorporates various editorial corrections.
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Introduction

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

developmen

t process.

In the petroleum, petrochemical and natural gas industries, great attention is being paid to safety,
availability, reliability and maintainability of equipment. The industry annual cost of equipment
unavailability is very large, although many plant owners have improved the availability of their

operating facilities by

effective de
parties.Int
facilities an
by, and com

between coipanies. Various analysis methodologies are used to estimate the risk of hazards to p

and enviroq

decisive, equiipment reliability and maintenance (RM) data are vital.

These analy

and environmental conditions, its potential failures and its maintenance activities. It can be nece;j

to have dat
give confidg
collection a
time, clarity
result in su§

Data collec

management systems that allow electronic collection @nd transfer of data, can result in impy
hta for reliability and maintenance. A cost:effective way of optimizing data requirenpents

quality of d
is through i
common vig
exchange off
throughout

addressing this challenge. A stronger emphasis has recently been put on

\is respect, data on failures, failure mechanisms and maintenance related to these indo
1 its operations have become more important. It is necessary that this information is

municated between, the various parties and its disciplines, within the same-compa

ment, or to analyse plant or system performance. For such analyses te_ be effective

ses require a clear understanding of the equipment’s technical chafdeteristics, its oper

Q covering several years of operation before sufficient data have been accumulatg
nt analysis results and relevant decision support. It is nécessary, therefore, to view
5 a long-term activity, planned and executed with appropriate goals in mind. At the
as to the causes of failures is key to prioritizing and.itnplementing corrective actions
tainable improvements in availability, leading to improved profitability and safety.

tion is an investment. Data standardization,” when combined with enhanced

hdustry co-operation. To make it possible to collect, exchange and analyse data basg
wpoints, a standard is required. Standardization of data collection practices facilitate
information between relevant parties e.g. plants, owners, manufacturers and contra
the world.
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Petroleum, petrochemical and natural gas industries —
Collection and exchange of reliability and maintenance
data for equipment

1

This
main
petr¢leum, natural gas and petrochemical industries during the operational life cycleof e
desc
langfiage” that can be useful for communicating operational experience. The, failire mode
the 1
quan
cont]

Stan
plan{

that
RM

are g
perfq

Annd

This
focus

The
a)
b)
c)
NOT
The
1y
2)
3)

4)

Scope

tenance (RM) data in a standard format for equipment in all facilities and operation
Fibes data collection principles and associated terms and definitions that genstitute

ormative part of this International Standard can be used as a “reliability thesaurus’
titative as well as qualitative applications. This International Standard also describes
rol and assurance practices to provide guidance for the user.

Hardization of data collection practices facilitates the exchange of information betweern
s, owners, manufacturers and contractors. This International Standard establishes r¢

data exchange. Examples, guidelines and principles for:the exchange and merging of sy

ddressed. This International Standard also provides.a framework and guidelines for
rmance objectives and requirements for equipmetit reliability and availability perfori

X A contains a summary of equipment that is;eovered by this International Standard.

International Standard defines a minimum amount of data that is required to be coll
es on two main issues:

datarequirements for the categoriesof data to be collected for use in various analysis me

q

gtandardized data format te facilitate the exchange of reliability and maintenance d
plants, owners, manufacturers and contractors.

following main categories of data are to be collected:
q

f

bquipment data, €-g* equipment taxonomy, equipment attributes;
ailure data, eg: failure cause, failure consequence;
mmaintenance data, e.g. maintenance action, resources used, maintenance consequence,

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

International Standard provides a comprehensive basis for the collection of re]|iability and

5 within the
guipment. It
W “reliability
s defined in

for various
data quality

parties, e.g.
bquirements

any in-house or commercially available RM data systefiy i required to meet when ¢lesigned for

ich RM data
establishing
nance.

bcted, and it

thodologies;

hta between

down time.

main areas where such data are used are the following:
reliability, e.g. failure events and failure mechanisms;

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

availability;

maintenance, e.g. corrective and preventive maintenance, maintenance plan, maintenance

supportability;

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

environment.

This International Standard does not apply to the following:

I.

data on (direct) cost issues;

© ISO 2016 - All rights reserved
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are included);

iv.

and maintenance;

reliability and maintenance parameters are included in the annexes).

data from laboratory testing and manufacturing (e.g. accelerated lifetime testing), see also 5.2;

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

methods for analysing and applying RM data (however, principles for how to calculate some basic

2

The followil
indispensaly
references, {

ISO 20815:]
reliability m

Normd

3 Terms
For the puryj

NOTE Sq
International

3.1
active mairn
duration of

Note 1 to ent

Note 2 to enf
times. See als

Note 3 to ent
[SOURCE: IH

3.2
active rep
effective ti

Note 1 to ent

Note 2 to enf]

it

itive references

g documents, in whole or in part, are normatively referenced in this document an
le for its application. For dated references, only the edition cited appliesi{\For unc
he latest edition of the referenced document (including any amendments)qapplies.

008, Petroleum, petrochemical and natural gas industries — Production assurancg
hnagement

and definitions
oses of this document, the following terms and definitions apply.

me derived RM parameters, which can be calculated from collected RM data covered by
Standard, are contained in Annex C. References to Apiiéx C are given as deemed appropriate.

tenance time
h maintenance action, excluding logisticdelay

Fy: Technical delays are included in the@ctive maintenance time.

0ISO/TR 12489:2013, Figure.5.
y: A maintenance action €an be carried out while the item is performing a required function.

€ 60050-192:2015/192-07-04, modified - Notes 2 and 3 to entry have been added.]

r time
e to achieve repair of an item

"y: Se€also ISO/TR 12489:2013, Figures 5 and 6.

1l are
lated

and

¢ this

ry: See Figure 4 and Annex C for amore detailed description and interpretation of maintepance

hat is

ry:-See also definition of “mean active repair time (MART)” in ISO/TR 12489:2013, 3.1.34, t

defined as “expected active repair time”.

3.3

availability

ability to be

in a state to perform as required

Note 1 to entry: See Annex C for a more detailed description and interpretation of availability.

Note 2 to entry: Further terms are given in ISO/TR 12489:2013.

[SOURCE: IEC 60050-192:2015, 192-01-23, modified - Notes 1 and 2 to entry have been added.]

3.4
boundary

interface between an item and its surroundings

2
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3.5

common cause failures

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

Note 1 to entry: Common cause failures can also be common mode failures.

Note 2 to entry: The potential for common cause failures reduces the effectiveness of system redundancy.

Note 3 to entry: It is generally accepted that the failures occur simultaneously or within a short time of each other.
Note 4 to entry: 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 characteristics that describe a common cause failure.

Note 5 to entry: See also ISO/TR 12489:2013, 3.2.14 and 5.4.2.
Note p to entry: See also C.1.6
[SOURCE: IEC 60050-192:2015, 192-03-18, modified - Notes 3-6 to entry haye been added.]

3.6
common mode failures
failures of different items characterized by the same failure mode

Note[l to entry: Common mode failures can have different causes:

Note |2 to entry: Common mode failures can also be commonause failures (3.5).
Note 3 to entry: The potential for common mode failures réduces the effectiveness of system redunflancy.
[SOURCE: IEC 60050-192:2015, 192-03-19, modified]

3.7
condition-based maintenance
CBM
preventive maintenance based onthe assessment of physical condition

Note |l to entry: The condition assessment can be by operator observation, conducted according to @ schedule, or
by copdition monitoring of system parameters.

[SOURCE: IEC 60050-192:2015, 192-06-07, modified]

3.8
corrgctive maintenance
maintenance‘carried out after fault detection to effect restoration

Note [l todentry: Corrective maintenance of software invariably involves some modification

s Q 1 1ICO/TNH 123400920417 h |l - e Jos ol +11 o 3 3
Note 2—toentry——Seeatso 156/ TR12489:2643; Figures 5and—6,which—tHustrateterms—used—for quantifying

corrective maintenance.

[SOURCE: IEC 60050-192:2015, 192-06-06, modified - Note 2 to entry has been added.]

3.9

critical failure

failure of an equipment unit that causes an immediate cessation of the ability to perform a required
function

Note 1 to entry: 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.

Note 2 to entry: See also definition of “critical dangerous failure” and “critical safe failure” in ISO/TR 12489:2013,
3.2.4 and 3.2.7, respectively.

© IS0 2016 - All rights reserved 3
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operation and subsequent release/reset

[SOURCE: IE
3.11

C60050-444:2002, 444-02-11]

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

Note 1 to entry: The failure can be gradual, partial or both. The function can be compromised by any combination

of reduced, in

creased or erratic outputs. An immediate repair can normally be delaved but, in time, such fa

lures

can develop i

3.12
demand
activation o

Note 1 to ent
Note 2 to ent

Note 3 to ent

hto a critical failure if corrective actions are not taken.

F the function (includes functional, operational and test activation)
Fy: See C.1.3 for a more detailed description.
Fy: Annex F.3 gives a list of safety critical equipment which are subject toperiodic testing.

ry: See also relevant definitions in ISO/TR 12489:2013: “mean time to demand (MTTD)” is dg

in 3.1.38, “fajlure due to demand” is defined in 3.2.13, and “demand mode of-Operation safety system” is de

in 3.3.1.

3.13
design life

planned usage time for the total system

Note 1 to en
comprised off
replacement

[SOURCE: IS

3.14
detection
method or

Note 1 to ent
is shownin T

3.15

down state
unavailabld
internally ¢
internal dig

try: It is important not to confuse design life With the ‘mean time to failure’ (MTTF), wh
several items that might be allowed to fail within the design life of the system as long as rep
s feasible.

0 20815:2008, 3.1.5]

ethod
tivity by which a failure is'discovered

Fy: A categorization ¢f-detection methods (e.g. periodic testing or continuous condition monitq
hble B.4.

e state
lisabled state
abled state

fined
fined

ch is
Hir or

ring)

cbata of ot e b1 b0 oy o0 oot 1 Fo o le o ey

tive

<of an iter

£ Ll + Barfoixrna 33
StatC—OT OtTrg ulraorC—cO— peTToTIH T TAaure,

maintenance

Note 1 to entry: Down state relates to unavailability of the item.

Note 2 to entry: The adjectives “down” or “unavailable” designate an item in a down state.

Note 3 to entry: See also Table 4 and Figure 4.

Note 4 to entry: See also [SO/TR 12489:2013, Figures 5 and 6.

[SOURCE: IE

C 60050-192:2015, 192-02-20, modified - Notes 3 and 4 to entry have been added.]

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=63a04eae711d838b3403d2bfb4dffda0

IS0 14224:2016(E)

3.16
down time
time interval during which an item is in a down state

Note 1 to entry: 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).

Note 2 to entry: Mean downtime is in IEC 60050-192, 192-08-10, defined as the ‘expectation of the down time’.
[SOURCE: IEC 60050-192:2015, 192-02-21, modified - Notes 1 and 2 to entry have been added.]

3.17

dowhstream
business category most commonly used in the petroleum industry to describe post{-production
processes

EXANPLE Refining, transportation and marketing of petroleum products
Note [l to entry: See also A.1.4 for further details.

3.18
equipment class
class|of similar type of equipment units (e.g. all pumps)

Note |1 to entry: Annex A contains equipment-specific data for €hevequipment covered in this [nternational
Standard.

3.19
equipment data
technical, operational and environmental parafieters characterizing the design and use of an
equipment unit

3.20
equipment type
particular feature of the design whiclris:significantly different from the other design(s) within the same
equipment class

3.21
equipment unit
specific equipment within an equipment class as defined by its boundary

Note |l to entry: Equipmeént unit is given at level 6 of the equipment taxonomy classification with taxpnomic levels
showjn in Figure 3.

3.22
erroy
discilepancy between a computed, observed or measured value or condition and the true,|specified or
theorétically correct value or condition

Note 1 to entry: An error within a system can be caused by failure of one or more of its components, or by the
activation of a systematic fault.

Note 2 to entry: An error can be caused by a faulty item, e.g. a computing error made by faulty computer
equipment.

Note 3 to entry: In this International Standard, error is also specifically used for software and human errors.

[SOURCE: IEC 60050-192:2015, 192-03-02, modified - Notes 2 and 3 to entry have been added.]

© IS0 2016 - All rights reserved 5
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3.23
failure
<of an item> loss of ability to perform as required

Note 1 to entry: A failure of an item is an event that results in a fault of that item: see fault (3.22).

Note 2 to entry: A failure of an item is an event, as distinct from a fault of an item, which is a state [source:
ISO/TR 12489:2013].

Note 3 to entry: This concept as defined does not apply to items consisting of software only.

Note 4 to entry: See Table B.1, and also F.2 and F.3.

[SOURCE: IHC 60050-192:2015, 192-03-01, modified - Notes 2 through 4 to entry have been add€ed]|]

3.24
failure cause
root cause
set of circumstances that leads to failure

Note 1 to entfy: A failure cause can originate during specification, design, manufacture;installation, operatjon or
maintenance|of an item.

Note 2 to entfy: See also B.2.3 and Table B.3, which define failure causes for allléquipment classes.
[SOURCE: IHC 60050-192:2015, 192-03-11, modified - Note 2 to entry has been added.]

3.25
failure data
data characterizing the occurrence of a failure event

Note 1 to entfy: See also Table 6.

3.26
failure duejto demand
failure occufring on demand

Note 1 to entty: See further details in ISO/TR'12489:2013, 3.2.13.
[SOURCE: ISO/TR 12489:2013, modified - Note 1 to entry has been added.]

3.27
failure frequency
unconditionfal failure inténsity; conditional probability per unit of time that the item fails between [f and
t + dt, provigled that itwas working at time 0

Note 1 to entfy: Anether term used for failure frequency is “rate of occurrence”.

Note 2 to entfy<See also ISO/TR 12489:2013, 3.1.22 and 3.1.23.

[SOURCE: ISO/TR 12489:2013, modified - Notes 1 and 2 to entry have been added.]

3.28
failure impact
effect of a failure on an equipment’s function(s) or on the plant

Note 1 to entry: On the equipment level, failure impact can be classified in three classes (critical, degraded,
incipient); see definitions of “critical failure” (3.9), “degraded failure” (3.11) and “incipient failure” (3.40).
Classification of failure impact on taxonomy levels 3 to 5 (see Figure 3) is shown in Table 3.

Note 2 to entry: Classification of failure impact on taxonomy levels 4 and 5 (see Figure 3) is shown in Table 3. See
also C.1.10.

6 © IS0 2016 - All rights reserved
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3.29
failure mechanism
process that leads to failure

Note 1 to entry: The process can be physical, chemical, logical, or a combination thereof.
Note 2 to entry: See also B.2.2 and Table B.2, which define failure causes for all equipment classes.
[SOURCE: IEC 60050-192:2015, 192-03-12, modified - Note 2 to entry has been added.]

3.30
failure mode
manner in which failure occurs

Note [l to entry: See also the tables in B.2.6, on the relevant failure modes which defines failure.modes to be used
for edch equipment class

Note P to entry: Analysis might require data collection to be established on different taxenomy levelf, see Table 3.
[SOURCE: IEC 60050-192:2015, 192-03-17, modified - Notes 1 and 2 to entry have been added.]

3.31
failure on demand
failure likely to be observed when a demand occurs

Note|l to entry: Failure on demand includes the failures occurted before the demand and the fdilures due to
the dpmand.

Note P to entry: See also C.6 on testing for hidden failures:dn‘safety systems.
Note B to entry: See also definition on failure due to demand (3.26).

Note # to entry: See ISO/TR 12489:2013, 3.1.15.fob definition of the probability of failure on demang (PFD).
Note 5 to entry: Different failure modes are used to reflect failure on demand (see the tables in B.2.9).
[SOURCE: ISO/TR 12489:2013, modified — Notes 1 through 5 to entry have been added.]

3.32
failullre rate
condjfitional probability per unit of time that the item fails between t and ¢ + d¢, provided thdt it has been
worNing over [0, t]

Note [l to entry: See’also definition of failure rate in ISO/TR 12489:2013, 3.1.18.
Note |2 to entry: See also definition of failure rate in [EC 60050-192:2015, 192-05-06 (instantaneoug failure rate).

[SOURCE: 1SO/TR 12489:2013, modified - Notes 1 and 2 to entry have been added.]

3.33
fault
inability to perform as required, due to an internal state

Note 1 to entry: A fault of an item results from a failure, either of the item itself, or from a deficiency in an earlier
stage of the life cycle, such as specification, design, manufacture or maintenance. See latent fault (3.44).

Note 2 to entry: A fault is often a result of a failure of the item itself but the state can exist without a failure (see
1SO 20815:2008, 3.1.14).

Note 3 to entry: See also ISO/TR 12489:2013, 3.2.2.

[SOURCE: IEC 60050-192:2015, 192-04-01, modified - Notes 2 and 3 to entry have been added.]

© IS0 2016 - All rights reserved 7
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generic reliability data
reliability data covering families of similar equipment

Note 1 to entry: See Annex D.5 and Table D.5.

3.35

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

Note 1 to entry: Equipment failures that occurred at an earlier point of time, but were first observed at demand,

fall into this
Note 2 to ent
Note 3 to ent

3.36

ategory. Such failures are first revealed when the relevant functionality is tested (activated).

ry: See definition with notes to entry in ISO/TR 12489:2013, 3.2.11.

"y: See also latent fault (3.44).

human error

discrepancy
EXAMPLE
Note 1 to ent

Note 2 to ent
considered td

Note 3 to ent
or activities {

between the human action taken or omitted and that intended
Performing an incorrect action; omitting a required action.
Fy: Discrepancy with intention is considered essential in determining human error (see [303])

ry: The term “human error” is often attributed in hindsight\to'a human decision, action or ing
be an initiator or contributory cause of a negative outcomesuch as loss or harm.

(y: In human reliability assessment human error is deffiied as any member of a set of human ag
hat exceeds some limit of acceptability, this being.an‘out of tolerance action or failure to act

the limits of performance are defined by the system (see [298})-

Note 4 to ent
Note 5 to ent
[SOURCE: IH

3.37

human fati
loss of phyj
excessive st

Note 1 to ent
[SOURCE: M

3.38
idle state
non-operati

"y: See also IEC 62508:2010 for further detdils.
"y: See also ISO/TR 12489:2013, 5.5.2.
€ 60050-192:2015, 192-03-14, modified - Notes 1 through 5 to entry have been added.

sue
iological and psychological function as a result of extended wakefulness, heavy ¥
mulation, illness.or-stress

y: Human fatigiie' can be related to some of the failure causes in Table B.3, e.g. operating erroy

fpore-Ed€ M':2009, modified — Note 1 to entry has been added.]

ction

tions
vhere

|

vork,

Tg Up State during oIrTequiTed tinme

Note 1 to entry: The adjective “idle” designates an item in an idle state.

Note 2 to entry: In some applications, an item in an idle state has some functioning subsystems, and is therefore
considered to be operating.

Note 3 to entry: The non-operating time comprises the idle time, the stand-by time and the externally disabled time

[SOURCE: IEC 60050-192:2015, 192-02-14, modified - Note 3 to entry has been added.]
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idle time

time

interval for which the item is in an idle state

[SOURCE: IEC 60050-192:2015, 192-02-15]

3.40

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

Note

1to entry- The rp(‘nrding nfinr‘ipipnf failure requires some criteria for when a fanlt of thisna

ure requires

016530-1:—

vels 6 to 9 in

failure.

regisfration as opposed to a state/condition where no corrective actions are required.

3.41

indepture level

level|of subdivision of an item from the point of view of maintenance action

3.42

integrity

ability of a barrier to function as required when needed

Note|l to entry: See 3.1.2 in ISO/TR 12489:2013 for definition of safety(integrity.

Note P to entry: There are different definitions of integrity: plant, asset, system, pipeline, well (see IS
, 2.73)), mechanical, safety (see ISO/TR 12489:2013, 3.1.2), structiiral and technical.

3.43

item|

subjé¢ct being considered

Note [l to entry: The item can be an individual part, component, device, functional unit, equipmenit, subsystem,
or system.

Note P to entry: The item may consist ofhardware, software, people or any combination thereof.
Note [3 to entry: In this International\Standard, the common term “item” is used on all taxonomy le
Figuije 3. See also 3.30, which defines a specific item level.

[SOURCE: IEC 60050-192:2015, 192-01-01, modified - Note 3 to entry has been added.]
3.44

latent fault

unda{fected fault

<of ajn item> faylt that has not become apparent

Note [l toentry: A latent fault can eventually be revealed by preventive maintenance or by a system
[SOURCE: TEC 60050-192:2015_192-04-08, madified]

3.45

life cycle

series of identifiable stages through which an item goes, from its conception to disposal

Note
Note

[SOU

© ISO

1 to entry: See 5.2 for the purpose of data collection.
2 to entry: See also ISO 20815:2008, Table 2 for the purpose of production assurance.

RCE: IEC 60050-192:2015, 192-01-09, modified - Notes 1-2 to entry have been added.]
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logistic delay
delay, excluding administrative delay, incurred for the provision of resources needed for a maintenance
action to proceed or continue

Note 1 to entry: Logistic delays can be due to, for example, travelling to unattended installations, pending
arrival of spare parts, specialists, test equipment and information, and delays due to unsuitable environmental

conditions (e

.g. waiting on weather).

Note 2 to entry: See also ISO/TR 12489:2013, Figure 5.

[SOURCE: IEC 60050-192:2015, 192-07-13, modified - Notes 1 and 2 to entry have been added.]

3.47

maintainal
<of an item
conditions g

ility
> ability to be retained in, or restored to a state to perform as requiredyunder
f use and maintenance

Note 1 to entry: Given conditions would include aspects that affect maintainability, such as: locatio

maintenance

accessibility, maintenance procedures and maintenance resources.

Note 2 to emtry: Maintainability can be quantified using appropriate measurés. See IEC 60050-192:

192-07-Maint

Note 3 to ent

[SOURCE: IH

3.48

maintainal]
item that col

ainability and maintenance support: measures.
'y: See Annex C for a more detailed definition and interpretation‘6f maintainability.

€ 60050-192:2015, 192-01-27, modified - Note 3 to entry has been added.]

le item
nstitutes a part or an assembly of parts thatis normally the lowest level in the equip

hierarchy diiring maintenance

3.49
maintenan

combinatioi

state in whi

Note 1 to ent

[SOURCE: IH

3.50

maintenan
definition o
maintenanc

Note 1 to enti
requirements;

Ce

of all technical and managemert actions intended to retain an item in, or restore it
Ch it can perform as required
"y: See also definition of “maintenance” in ISO/TR 12489:2013, 3.4.1.

€ 60050-192:2015£192-06-01, modified — Note 1 to entry has been added.]

Ce concept
f the maintenance objectives, line of maintenance, indenture levels, maintenance l¢
e suppert, and their interrelationships

yeIhe maintenance policy provides the basis for maintenance planning, determining supporta

riven

n for

2015,

ment

to, a

rvels,

bility

and davalogning laogictic cyinmmot

oo O ey SO P S TO ST TIC S pp o

Note 2 to entry: See also ISO/TR 12489:2013, 3.4.2.

[SOURCE: IEC 60050-192:2015, 192-06-02, modified - Note 2 to entry has been added.]

3.51

maintenance data
data characterizing the maintenance action planned or done

Note 1 to entry: Refers to the type of data dealt with in this International Standard.

Note 2 to entry: See also 9.6.3, Table 8.

Note 3 to entry: See also [SO/TR 12489:2013, Clause 3.

10

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=63a04eae711d838b3403d2bfb4dffda0

3.52

IS0 14224:2016(E)

maintenance impact

effec

t of the maintenance on the plant or equipment’s function(s)

Note 1 to entry: On the equipment level, two classes of impact are defined: critical and non-critical. On plant level,

three

3.53

classes are defined: total, partial or zero impact.

maintenance man-hours
accumulated duration of the individual maintenance times used by all maintenance personnel for a
given type of maintenance action or over a given time interval

Note

Note

paraineters like the “mean time to repair” and “mean down time”.

3.54

maintenance plan

strud
scald

Note
[SOU
3.55

maintenance record

part
relat

Note
wher]

3.56

maintenance supportability

supyp
<of 3

profile and given logistic andsmaintenance resources

Note
exter

Note
[SOU|
3.57

1 to entry: Maintenance man-hours are expressed in units of hours.

2 to entry: As several people can work at the same time, man-hours are not directly’ rel

tured and documented set of tasks that include the activities, procedures, resources
required to carry out maintenance

1 to entry: See also ISO/TR 12489:2013, 3.4.6.

RCE: EN 13306:2010, 2.5, modified - Note 1 to entry has‘beén added.]

of maintenance documentation that contains all failures, faults and maintenance
ing to an item

1 to entry: This record can also include maintenance costs, item availability or up time and a
e relevant.

ortability
n item> ability to be supported to sustain the required availability with a defined

nal to the item thataffect the relative ease of providing the required maintenance and logistic
P to entry: See’Annex C for further details regarding the interpretation of maintainability.

RCE: IE€60050-192:2015, 192-01-31, modified - Note 2 to entry has been added.]

ited to other

ind the time

information

ny other data

operational

1 to entry: Supportability of an item results from the inherent maintainability (3.47), combined with factors

support.

svrelacta faoilizan
T

mea
MCT
expe

Note
Note

3.58

o
1 \,_y\.lca LU 1AdIIuUILI ©

F
cted number of cycles before the item fails

1 to entry: See also C.3.4.

2 to entry: Refer to definition of cycle (3.10).

mean number of cycles

expe
Note

Note

© ISO

cted number of cycles per time unit
1 to entry: See also C.3.4.

2 to entry: Refer to definition of cycle (3.10).

2016 - All rights reserved
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3.59

mean active repair time
MART

expected active repair time

Note 1 to entry: The MART is the expected effective time to repair.
Note 2 to entry: See also definition of active repair time
[SOURCE: ISO/TR 12489:2013, 3.1.34, modified - Note 2 to entry has been added.]

3.60

mean elapsed time between failures
METBF
expected eldpsed time between successive failures of a repairable item

Note 1 to entfy: See further details in ISO/TR 12489:2013, 3.1.30.

Note 2 to entry: IEC 60050-192:2015, 192-05-13 defines mean operating time between failures (abbreviated by
MTBF or MOTBF) as “expectation of the duration of the operating time between failures”.

Note 3 to entfy: See also Annex C.

3.61
mean overall repairing time
MRT
expected titne to achieve the following actions:

e the timg¢ spent before starting the repair; and,

e the effeftive time to repair; and,

e the timg¢ before the item is made available to béeput back into operation
Note 1 to entfy: See ISO/TR 12489:2013, Figures-5:t077.

[SOURCE: ISO/TR 12489:2013, 3.1.33]

3.62
mean time fo failure
MTTF
expected timne before the item-fails

Note 1 to entfy: See furthewdetails in ISO/TR 12489:2013, 3.1.29.
Note 2 to entfy: IEC 60050-192:2015, 192-05-11, defines MTTF as "expectation of the operating time to failyre”.

Note 3 to entfy:Seealso Annex C.

[SOURCE: ISO/TR12489:2013, 3.1.29, modified - Notes I through 3 to entry have been added.]

3.63

mean time to repair

MTTR

expected time to achieve the repair of a failed item

Note 1 to entry: See further details in ISO/TR 12489:2013, 3.1.31.
Note 2 to entry: IEC 60050-192:2015 defines the term as “expectation of the time to restoration”.
Note 3 to entry: See also definition of ‘mean time to restoration’ in ISO/TR 12489:2013, 3.1.32.

Note 4 to entry: In actual life the detection time is either 0 (immediately revealed failures) or unknown (failures
detected by tests). Only MRT and MART can be collected.
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Note 5 to entry: See also C.5.5.2.

3.64

mean time to restoration

MTTRes

expected time to achieve the following actions:

a) the time to detect the failure; and,
b) the time spent before starting the repair; and,

c) the effective time to repair; and,

d) the time before the component is made available to be put back into operation
Note [l to entry: See further details in ISO/TR 12489:2013, 3.1.32.
Note 2 to entry: See also ISO/TR 12489:2013, Figures 5 to 7.

Note|3 to entry: See also definition of “mean overall repairing time” and~{mean active repair time” in
ISO/TR 12489:2013, 3.1.33 and 3.1.34, respectively.

Note @ to entry: Mean time to restoration is abbreviated as MTTR in IEC 60050-192:2015, 192-07-23.
[SOURCE: ISO/TR 12489:2013, 3.1.32, modified - Notes 1 through 4 to entry have been addpd.]

3.65
midgtream
busipess category involving the processing, storagevand transportation sectors of the¢ petroleum
industry

EXANPLE Transportation pipelines, terminals,\gas processing and treatment, LNG, LPG and GTL.
Note|l to entry: See also A.1.4 for further details:

3.66
mobijlization time
time(to get all necessary resour¢es‘available to execute maintenance

Note [l to entry: Time spent befere starting the maintenance is dependent on access to resources e.g. spare parts,
tools{ personnel, subsea intérvention and support vessels.

Note P to entry: See alse’I1SO/TR 12489:2013, Figure 5 and Figure 7.

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

Note [1£o,entry: Modification is not normally a part of maintenance, but is frequently performed by|maintenance
perscatek

Note 2 to entry: Care is needed in the collection and analysis of RM data to distinguish between maintenance due
to failures and maintenance due to equipment modification.

Note 3 to entry: See also Table B.5.

3.68

non-critical failure

failure of an equipment unit that does not cause an immediate cessation of the ability to perform its
required function

Note 1 to entry: Non-critical failures can be categorized as “degraded” or “incipient” (see separate definitions on
degraded failure and incipient failure).
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Note 2 to entry: The term “critical” does not have the same meaning in ISO/TR 12489:2013 as in this International
Standard; see further details in F.4.1.

3.69
operating state
<of an item> state of performing as required

Note 1 to entry: See also Table 4.
Note 2 to entry: In some applications, an item in an idle state is considered to be operating.

[SOURCE: IEC 60050-192:2015, 192-02-04, modified — Note 1 to entry has been added.]

3.70
operating time
time intervgl during which an item is in an operating state

Note 1 to entfy: The duration of operating time can be expressed in units appropriate to thejtem concernefl, e.g.
calendar timg, operating cycles, distance covered, and the units should always be clearly statéd.

Note 2 to entyy: Operating time includes actual operation of the equipment or the eqGipment being available for
performing ifs required function.

Note 3 to entfy: See also Table 4.

Note 4 to entfy: The point in time of start-up time can differentiate depending on item subject to data colleftion,
and could start from time of installation, time of commissioning, or time‘of start of service/production/injeftion.

[SOURCE: IHC 60050-192:2015, 192-02-05, modified - Note:1"t0 entry has been amended and noftes 2
through 4 tg entry have been added.]

3.71
opportunity maintenance
maintenancg of an item that is deferred or advanced in time and is performed when an unplapned
opportunity becomes available

3.72
performange objective
indicative lgvel for the desired perferimance

Note 1 to entty: See further detailsin1SO 20815:2008, 3.1.32 and Annex F.
[SOURCE: IS0 20815:2008¢3,%'32, modified - Note 1 to entry has been added.]

3.73
performange requirement
required minimumlevel for the performance of a system

Note 1 to entfyZRequirements are normally quantitative but can also be qualitative.

[SOURCE: ISO 20815:2008, 3.1.33, modified]

3.74

periodic test

proof test

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

Note 1 to entry: The unsafe hidden failures of a safety system which are not detected by the diagnostic tests can
be detected by periodic tests. Such tests are named “proof tests” in the standards dealing with functional safety
(e.g. IEC 61508-4:2010, 3.8.5).

Note 2 to entry: See ISO/TR 12489:2013, 3.4.8, 3.4.9 and 3.4.10 for further details.
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[SOURCE: ISO/TR 12489:2013, 3.4.8, modified - Note 2 to entry has been added.]

3.75

petrochemical

business category producing chemicals derived from petroleum and used as feedstock for the
manufacture of a variety of plastics and other related products

EXAMPLE Methanol and polypropylene.
Note 1 to entry: See A.1.4 for further details.

3.76
planEed maintenance

scheduled maintenance
planned preventive maintenance
maintenance carried out in accordance with a specified time schedule

Note |l to entry: Scheduled maintenance can identify the need for some corrective mdintenance action.
[SOURCE: IEC 60050-192:2015, 192-06-12, modified]

3.77
predictive maintenance
PdM
mairftenance based on the prediction of the future condition“ef an item estimated or calcujated from a
defirled set of historic data and known future operational parameters

Note [l to entry: See 9.6, Table B.4 and B.5, and also Table E3

3.78
previentive maintenance
PM
mairftenance carried out to mitigate degradation and reduce the probability of failure

Note|l to entry: See also condition-based maintenance, and planned (scheduled) maintenance.
[SOURCE: IEC 60050-192:2015, 192-06-05]

3.79
random failure
failure, occurring in arandom way

[SOURCE: ISO/TR-12489:2013]

3.80
redundancy
existenee of more than one means for performing a required function of an item

Note ttoemntry—See €12 for furtherdetaits, wiere passive ttold);active thot)stamdby amd mmixed redundancy
are described.

Note 2 to entry: Redundancy in IEC 61508 is called “fault tolerance”.

Note 3 to entry: [EC 60050-192:2015, 192-10-02 defines redundancy as “provision of more than one means for
performing a function”.

3.81
reliability
ability of an item to perform a required function under given conditions for a given time interval

Note 1 to entry: The term “reliability” is also used as a measure of reliability performance and can also be defined
as a probability; see ISO/TR 12489:2013, 3.1.8.
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Note 2 to entry: See also Annex C.

Note 3 to entry: IEC 60050-192:2015, 192-01-24 defines reliability as “ability to perform as required, without
failure, for a given time interval, under given conditions”.

Note 4 to entry: The examples of equipment specific data in Annex A list technical and operational conditions
that can cause differences in equipment reliability performance.

3.82
reliability data
data for reliability, maintainability and maintenance support performance

[SOURCE: IS0 208T5:2008, 3-1.27]

3.83
required fynction
function or combination of functions of an item that is considered necessary to provide@ given serjvice

3.84
safety critical equipment
equipment and items of permanent, temporary and portable equipment playifig an important rgle in
safety systems/functions

3.85
safety critical failure
critical dangerous failures that are undetected

EXAMPLE Failures revealed by periodic tests.

Note 1 to entry: Critical dangerous failures are in ISO/TR 12489:2013, 3.2.4 defined as “dangerous failure lepding
to the complgte inhibition of the safety action (i.e., leading to.d’dangerous situation for the protected system)”.

Note 2 to ently: See also Annex F, and specifically F.4.1.xegarding the indicator “failure fraction”.
[SOURCE: ISO/TR 12489:2013, notes 1 and 2terentry have been added.]

3.86
safety syst¢m
system whig¢h is used to implement one’or more safety functions

Note 1 to entfy: Safety function igin¥SO/TR 12489:2013, 3.1.6 defined as “function which is intended to adhieve
or maintain g safe state, in respectof a specific hazardous event’.

Note 2 to enffry: Systems with’safety functions are defined in ISO/TR 12489:2013, Annex A. These systenjs are
also cross-related in Table’A.3.

[SOURCE: ISO/TR-.12489:2013, 3.1.7, modified - Notes 1 and 2 to entry have been added.]

3.87
software error
erroneous result produced by the use of software product

EXAMPLE Bad code in a computer program resulting in an error.
Note 1 to entry: See Table B.2 for list of relevant equipment failure mechanisms.

Note 2 to entry: See also ISO/TR 12489:2013, B.3, and Note 5 to entry 3.2.17 (Systematic failure) in
ISO/TR 12489:2013.

Note 3 to entry: See also definition of “error” (3.22).
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3.88

subunit

assembly of items that provides a specific function that is required for the equipment unit within the
main boundary to achieve its intended performance

3.89
surveillance period
interval of time (calendar time) between the start date and end date of RM data collection

Note 1 to entry: See Annex C for further details.

Note 2 to entry: Surveillance time in data collection is a part of the total accumulated operat ng time (see
definftion of operating time).

3.90
systéematic failure
failure that consistently occurs under particular conditions of handling, storage or use

Note[l to entry: See also Annex F.
Note |2 to entry: See also further details in ISO/TR 12489:2013, 3.2.17.

Note |3 to entry: Reliability data covers random and systematic failures-as described in ISO/TR|12489:2013,
Figure B.5.

[SOURCE: ISO/TR 12489:2013, 3.2.17, modified — Notes to entry 1 to 3 have been added.]

391
tag number
uniqpie code that identifies the equipment functiontand its physical location

Note |l to entry: See Annex C for more detailed definitions and interpretations.
Note P to entry: Normally includes the systemfor which it belongs. The systems covered are shown|in Table A.3.
Note 3 to entry: Also entitled “functionaMecation” in some CMMIS.

Note {4 to entry: The equipment is-allocated to a tag for only so long as it occupies that function and location. See
also fpotnote b in Table 5.

3.92
taxopomy
systematic classifieation of items into generic groups based on factors possibly common {o several of
the items

3.93
trip
shut<ilown of machinery from normal operating condition to full stop

Note 1 to entry: Trip: The shutdown is activated automatically by the control/monitoring system:

e realtrip Theshutdownis effectuated as aresult of a monitored (or calculated) value in the control system
exceeding a pre-set limit;

e  spurious trip Unexpected shutdown resulting from failure(s) in the control/monitoring system or
error(s) imposed on the control/monitoring system originating from the environment or people.

Note 2 to entry: See also ISO/TR 12489:2013, 3.4.14.
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turnaround
revision shutdown

planned eve

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

Note 1 to entry: See also [SO 20815:2008, Table G.1.

3.95

uncertainty
<of a quantity> inability to determine accurately what is or will be the true value of a quantity

Note 1 to ent
used as a med
(or aleatory)

3.96

up state
available st
<of an items>

Note 1 to ent
Note 2 to ent
[SOURCE: IH

3.97
up time
time intervs

Note 1 to ent
Note 2 to ent

3.98
upstream
business caf

EXAMPLE

Note 1 to ent

4 Abbre

NOTE Sq
in this clause
used in the d

—

sure of variability within a population, which is a type of uncertainty often referred to as stoehastic
uncertainty. Uncertainty can also have a subjective meaning (epistemic uncertainties).

cnrme A

ate
state of being able to perform as required

Fy: Up state relates to the availability performance of the item.
Fy: See also ISO/TR 12489:2013, Figure 5.
C 60050-192:2015, 192-02-01, modified - Notes 1 and 2 to entry have been added.]

| during which an item is in an up state
ry: See also [ISO/TR 12489:2013, Figure 3.

Fy: Mean up time is defined in IEC 60050-192:2015 as “expectation of the up time”.

egory of the petroleum industry involving exploration and production
Offshore oil/gas produdtion facility, drilling rig, intervention vessel.

Fy: See also A.1.4 for fuither details.

viated terms

uded
tions

me specifie’abbreviations used for equipment types (e.g. BOP) and units (e.g. kW) are not inc
but covered within each clause/sub-clause where they are used. There are also some abbrevia
bciment (see e.g. Table D.1), which are not included in this clause.

CAPEX
CBM
CDF
CM
CMMIS
DHSV

ESD

18

capital expenditure

condition-based maintenance

cumulative distribution function

condition monitoring

computerized maintenance-management information system
downhole safety valve

emergency shutdown
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FTA

FMECA

HIPPS

KPI

LCC

LEL

fault tree analysis

failure mode, effect and criticality analysis
high integrity pressure protection system
key performance indicators

life cycle cost

lower explosive limit

IS0 14224:2016(E)

MAR

MCTF

MEG

MI

METBF

MTT]
MTT]
MTT]
MUT
MDT
MRT
NCR
NDT
OPEX
PdM
PM
PFD
P&ID

PSD

E>)

Res

mean active repair time

mean cycles to failure
monoethylene glycol

maintainable item

mean elapsed time between failures
mean time to failure

mean time to repair

mean time to restoration

mean up time

mean down time

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

operational expenditure

predictivé mdintenance

prevéntive maintenance
ptobability of failure on demand
piping and instrumentation diagram

process shutdown

PSV
QA
QN
QRA

RAM(S)

RBI

RCM

pressure safety valve
quality assurance
quality notification

quantitative risk assessment

reliability, availability, maintainability (and safety)

risk-based inspection

reliability-centred maintenance

© ISO 2016 - All rights reserved
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RM
SCSSv
SIS
SIF
SIL
SSIV
TEG
TTF
TTR

WO

5 Applidation

5.1 Equipment coverage

This Interngtional Standard is applicable to equipment types used'in the petroleum, natural gas

:2016(E)

reliability and maintenance
surface-controlled subsurface safety valve
safety instrumented system

safety instrumented function

safety integrity level

subsea isolation valve

triethylene glycol
time to failure
time to repair

work order

and

piping, safetly equipment, subsea equipment, pipeline systenis,loading/unloading equipment, dowihole

petrochemigal industry including, but not limited to, equipment gcategories such as process equipmer1: and

well equipm
or used in

conjunction with installation, maintenance ©r modification phases. The principles of

Internationdl Standard can also be relevant for the pré=production phases, e.g. how experience is g4
and systemdtized during technology qualification, fabrication and associated testing (QN, NCR, etc.).

Annex A contains examples of how this Interhational Standard should be used for specific equip
types. The Users are expected to define taxonomies for additional equipment classes as needed b
on the prindiples given by this International Standard.

Some principles for RM data collection at equipment level can be applied for monitoring and analj

performanc

e at plant and systemevels constituted by various equipment classes. However, fad

and plant-p¢rformance monitdring also requires other types of data not covered by this Internat

Standard.

5.2 Time

This Intern
equipment,

periods

ational>Standard is applicable to data collected during the operational life cyd
inCluding installation, start-up, operation, maintenance and modification. Labor

ent and drilling equipment. The equipment ¢an be permanently installed at the facillities

this
hined

ment
ased

ysing
ility-
ional

le of
itory

ional

testing, ma

111farh]ring and fabrication phases are not specifically addressed in this Internat

Standard. Many of the principles in this standard can however be used by equipment manufacturer
to collect and systematize failures occurring on equipment during fabrication and detected during
acceptance testing, e.g. for non-compliance reporting (NCR). In addition, it is, 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 also, and benefit from, past reliability knowledge to
reveal potential improvement areas (see 8.3).

5.3 Users of this International Standard

This International Standard is intended for users such as the following.
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Installation/plant/facility: Operating facility, e.g. maintenance and engineering personnel logging
equipment failures or recording maintenance events into facility infor-

mation management systems.

Reliability staff or others creating (generic) equipment reliability data-
bases for equipment located in company facilities; 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,

Owner/operator/company:

Indu

Stry:

Manfifacturers/designers:

Groups or companies exchanging equipment RM data-or.j

reliability database project co-operation. Improved comm
equipment reliability performance requires the principles i
national Standard to be adhered to (as a “reliability languag

Use of RM data to improve equipment designs and learn fi

int industry

nication of
n this Inter-
e"

om past ex-

perience.

Auth A format for communicating any RM@ata on an individual eyent basis or
as otherwise required from the-0perating company. This Ipternational

Standard is, for example, vital for'authorities addressing safetly equipment

orities/regulatory bodies:

reliability.

Consultant/contractor: A format and quality standard for data collection projects gnd analyses
of safety, reliability or maintenance aspects commonly pgrformed by
contractors/consultants for the asset owners (e.g. oil compgnies).

While others, such as developers of computer-maintenance-management software, cgn find this

Inten
who

national Standard to be useful, the primary users are expected to be owners and/
should find the data to be collected readily available within their operating facilities.

r operators

5.4 | Limitations

Thro
main
analysing data. Howevetit'does give recommendations for defining and calculating some
RM parameters (Annex C) and reviews the purposes and benefits of some analytical mgthodologies
for which data can®e used. Such analytical methodologies and application areas can be folind in other
Intennational Stardards, and relevant International Standards have been exploited for th¢ purpose of
identifying andyco-ordinating the RM data requirements (see Annex D).

ugh analysis of data, RM’ parameters can be determined for use in design, opgration and
tenance. This International Standard does not provide detailed descriptions of methods for
of the vital

Alth
freq

lies and are
specifically
'man-hours),
equipment replacements capital lmprovements busmess 1nterrupt10n and env1ronmental 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.

ugh ‘cost data are important in establishing priorities for improvement opportuni
ently mcluded in the analy51s ofrellablllty performance cost data (parameters) are nof

Due to the variety of uses for RM data, requirements for data in a data collection programme should be
adapted to the expected application(s). Credible analysis results are directly related to the quality of
the data collected. While this International Standard does not specify detailed quality measures, data
quality control and assurance practices are outlined to provide guidance for the user.

The technical information gathered to describe the equipment and its location within a plant, facility
or system is, in this International Standard, not meant to be exhaustive and complete like the overall
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plant technical information system, but rather used to identify and explain variables for the purposes
of the analytical functions. Use of common technical terms is, however, recommended and linked to life
cycle information-system and equipment technical standards. Even though this International Standard
describes how to record maintenance activities for the purpose of equipment reliability and availability
optimization, this International Standard is not meant to act as a standard to specify in detail how
maintenance programmes are documented.

The technical status of equipment and degradation of equipment performance can be recorded through
condition-monitoring systems, which requires details beyond the equipment data covered in this
International Standard. However, this International Standard contains RM data elements that can be
used in such condition-monitoring systems.

This Internd s but

can, in gene

itional Standard is not meant to be a software specification of such database system
ral, be complied with to facilitate and improve the industry RM data exchange.

5.5 Exchange of RM data

A major objg
format with
Measures f(
considered 1

ctive of this International Standard is to make it possible to exchange RM data in a comjmon
in a company, between companies, within an industrial arena or\in the public domain.
r ensuring the quality of data are discussed in Clause 7. Some“additional aspects fo be
vith respect to exchange of RM data are the following.

ilure
er of
y for
data
e so-

Detailed versus processed data: Data can be exchanged on varigugs levels from the actual f4
and majntenance records to data on a more aggregated level: For example, if only the numb
failures|of a certain category is required, it is necessary tocexchange only the failure quantit
these fajilures. This sort of information is commonly given in,public data sources (e.g. reliability
books). [For exchanging data on the overall performance«f'a unit or a plant (benchmarking), th
called key performance indicators (KPI) may be usedsExamples of KPIs are given in Annex E.

used
ified

Data se
for pury
commu

hsitivity: Some data fields can be of a certain sensitive character and/or possibly be
oses for which they were not intended*(e‘g. to obtain commercial advantages, non-qua
hication of plant/equipment experienge). To avoid this, two options can be utilized:

“blank” such data;

make such data anonymous.

The latter c
only a few
recommend

hn be achieved by defining some anonymous codes representing the data element where
huthorized persons’Krnow the conversion between the codes and the actual data. This is
ed if these data fields are essential for the data taxonomy.

[t is import
performanc
competitors
study wherj
a real risk

hnt to recognize the potential commercial sensitivity of exchanging reliability and
e data. Competition law prohibits “collective boycott” agreements or arrangements bet}
where-competitors agree not to deal with certain suppliers/contractors. A benchma

hat,the parties to the benchmarking study will arrive at a common conclusion not t

bther
veen
rking

e competitors exchange information so that suppliers/contractors can be “ranked” incurs

D use

particular bupplim b/IL,Ulltl actors—and—this—should—be—avoitded—Coltective buyt,utt arrangenrents are
violations of competition law and can leave individuals and companies exposed to criminal actions.

Itis necessary, therefore, that any exchange complies 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.

Data security: Systematized operational-equipment performance (i.e. quality RM data that have
a cost to obtain) is an asset generally of great value, and data not open to the public domain shall
be treated with appropriate security measures to avoid misuse and not affect the reputation of
associated parties. This relates to storage of data (e.g. safe location), transmission of data (e.g.
Internet), access to data for authorized users (e.g. password), etc.
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Value of data: In some cases, it is useful to define a “value measure” for an amount of reliability

data. This can be the case in joint industry projects where several contributors are supposed to
contribute with an equal “value” of data. Two approaches may be used:

— calculating the actual cost of collecting the data;

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

6

Although man

and
Even|
is ke
impr

Beng
of eq
costij
from
catas
of pd
outli
Tabl¢

Imprj
analy
para

In or]
that
a corj

Rece|
to hd

including improvement of systems and equipment. Some of these regulations refer to I

Stan

Colle
inten
cons
cost

b

Benefits of RM data collection and exchange

though most failure events are not catastrophic, increased clarity as to the causes.0f f4
y to prioritizing and implementing corrective maintenance actions. This results in
ovements in reliability, leading to improved profitability and safety.

fits of reliability data analysis are wide-ranging, including the opportunity’to optimiz
ipment overhauls and inspections, the content of maintenance procedures, as well as
g of sparing and upgrade programmes in operating facilities world-wide. Other benef
the collection and analysis of RM data include improvements dn*decision-making, r
trophic failures, reduced environmental impacts, more effeéctive benchmarking a
rformance, and increased process unit availability. The data collection and exchang
hed in this International Standard require the productjor assurance given in ISO
2 (e.g. “performance data tracking and analysis”).

ovement of equipment reliability is dependent on €xperiences from real-life usage. Th
Isis and feedback of performance data to equipftent designers and manufacturers arj
mount. Also, when purchasing new equipment; RM data are key parameters to take inf

der to merge data from several equipment units, plants or across an industry arena, i
parties agree on what data are useful to-collect and exchange and that those data are
hpatible format.

ntly, several nations with oil andgas industries have issued regulations requiring th
ve a system for the collection; analysis and implementation of corrective and preven|

lards, including this International Standard.

cting RM data is\costly and therefore it is necessary that this effort be balanced
ded use and benefits. Commonly one would select equipment for RM data collectio
bquences of failures have an impact on safety, production, environment or high repair/
hs indicatedbelow.

its resulting
bductions in

lant owners have improved the availability of their operating facilities, lost production

maintenance costs from poor equipment reliability still represent a high annual indlu

strial cost.
ilure events
sustainable

e the timing

he life cycle

hd trending
e principles
v0815:2008,

e collection,
e, therefore,
0 account.

[ is required
rontained in

b companies

kive actions,

hternational

against the
h where the
replacement

A typical feedback loop for potential uses of data and describing a continuous improvement process is

show

n inFigure 1.
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A A ll.
i \ ‘\| Failure and maintenance [
Demgn/. \ Operation and maintenance } )
manufacturing | SR events —M/
I / i Data
Concept Adjustments and
improvement modifications A
* 4 Analyses
1 1

Figure [l — Typical feedback of analysis from collected reliability and maintenarce datg

Industry anfl business value elements of utilizing this International Standard are-summmarised belgw:
e economlic aspects:
— cost-effective design to optimize CAPEX,
— cost-effective operation to optimize OPEX,
— improved profitability (reduced revenue loss),
— LCd/whole-life management,
— redjced cost of insurance;
e generalfaspects:
“belng able to operate” (operatorshiplicense),
— lifejextension of capital equipment,
— improved product quality,
— Dbetter (data-based) equiprhent purchase,
— better resource plaiihing;
o safety and environmental aspects:
— impgrovedpersonnel safety,

— redpced catastrophic failures,

— reduced environmental impact,

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

— compliance with authority requirements;
e analytical:

— higher-quality data,

— larger population of data,

— improved decision-making,
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— reduced uncertainty in decision-making,

— qualified benchmarking,

— exchange of experience in industrial collaboration,

— creation of a common “reliability” language (understanding, various disciplines),

— verification of analysis techniques,

— Dbetter predictability,

7.1

7.1.1

Conf
data

b)
c)
d) {

e) 1

7.1.2
The {

— 1
I

h ) - £ i, . | o dnn | ) - R S - N Nl S - N ) - S b -
— UdSIS 10U 4 TISKRTUASTU TTISPTULIUIT AU TTIIAdUIIIL y=d vV dITd UL y=HId LA ITTdUITIT Y STUUIT

Duality of data
Obtaining quality data
Definition of data quality
collected. High-quality data are characterized by the following:
ompleteness of data in relation to specification;
ompliance with definitions of reliability parametegs, data types and formats;
iccurate input, transfer, handling and storage of data (manually or electronic);

ufficient population and adequate surveillance period to give statistical confidence;

elevance of the data to the need of the users.

Planning measures

ollowing measures shall be;emphasized before the data collection process starts.

ost (LCC); safety integrity level (SIL) analysis. (See also Annex D.)

ources-cover inventory/technical equipment information, RM event data and asso

Clause 8).

dence in the collected RM data, and hence any analysis, is strongly dependent on the quality of the

Define the objective for collecting the data in order to collect data relevant for the igtended use.
ixamples of analyses,where such data may be used are quantitative risk analysis (QRA]); reliability,
ivailability and maintainability analysis (RAM); reliability-centred maintenance (RCM); life cycle

nvestigate the source(s) of the data to ensure that relevant data of sufficient quality ajre available.

ciated plant

int unit (see

— 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 maintenance activities and a method of classifying maintenances (see
Clause 9).

© ISO

2016 - All rights reserved

25


https://standardsiso.com/api/?name=63a04eae711d838b3403d2bfb4dffda0

ISO 14224:2016(E)

1y
2)
3)
4)
5)
6)
7)
8)

9)

Define the checks used in data quality verification (see 7.1.3 and 7.1.9). At a minimum, the following

shall be

verified.

The origin of the data is documented and traceable.

The data originate from similar equipment type, technology and operating conditions.

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

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

Recorded failures are within the defined equipment boundary and surveillance period.

The infq
Data ar

Sufficie
(See red

Operati

Define 4
the imp

rmation is consistent (e.g. consistency between failure modes and failure impact).
b registered in the correct format.

t data are collected to give acceptable statistical confidence, e.g. not biased by out
ommendations for calculating confidence limits in C.3.2.)

hg and maintenance personnel are consulted to validate the data.

priority level for the completeness of data by a suitable methed: One method of weig
ortance of the different data to be collected is by using-three classes of importan

accordance with the following classification:

— HIQ
— ME
— LOY

Define {
safety i
other sqg

Prepare
sequend

Plan ho
from th

Train, 1
equipm
underst]
depthu
require

Make a

H: compulsory data (coverage = 100 %)
DIUM: highly desirable data (coverage > 85 %)

V: desirable data (coverage > 50 %)

liers.

hting
ce in

he level of detail of RM data reported and collected and link it closely to the production and

mportance of the equipment. Base prioritization on safety, production performance af
verity measures.

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

w the data will be assembled and reported and devise a method for transferring the
b data source to the-reliability data bank using any suitable method (see 7.2).

motivate and_erganize the data collection personnel, e.g. interpretation of sou
ent know-how, software tools, involvement of operating personnel and equipment exj
anding/ experience in analysis application of RM data, etc. Ensure that they have a
hderstanding of the equipment, its operating conditions, this International Standard an|
ments;given for data quality.

\d /or

ction
etc.

data

rces,
erts,
n in-
d the

plah for gquality 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 (see 7.1.3).

It is recommended to carry out a cost-benefit analysis of the data collection by running a pilot
exercise before the main data collection phase is started and to revise the plan if necessary.

Review

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

7.1.3 Verification of quality

During and after the data collection exercise, analyse the data to verify consistency, reasonable
distributions, proper codes and correct interpretations in accordance with the planning measures (see
7.1.2). This verification-of-quality process shall be documented and may vary depending on whether
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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 has a unique identification.

Assess the quality of data being collected as early as feasible in the data collection process in accordance
with the planning measures (see 7.1.2). A suitable procedure is an assessment by the data collector, who
shall be provided with guidelines for what quality measures should be focused on in accordance with
the planning measures. The main objective of this early assessment is to look for any problems that
require the planning measures to be immediately revised to avoid unacceptable data being collected.

Personnel other than those having collected the data shall verify the quality of each individual data
record and the overall reliability pattern reflected by the sum of individual events in accordance with
the

1 H L 74 .21
1cuuuus IIICadsulrtco kDCC I-J.-L-J-

7.1.4 Limitations and problems
Somg¢ of the problems and limitations to be aware of, when obtaining quality data are suipmarized in
Table 1.

Table 1 — Problems, limitations and storage

Issug Challenges

Sourjce The data source can lack the required data and thelsource information can be[spread over
several different systems (computers, files, books,'drawings). It is recommended to carefully
evaluate this aspect in the planning measures\(see 7.1.2) in order to assess datg quality, col-
lection method and cost.

Interfpretation |Commonly, data are compiled from the sétirce into a standardized format (datapase). In this
process, the source data can be interpreted differently by various individuals. Correct defini-
tions, training and quality checks cafi'reduce this problem (see 7.1.2).

Datalformat The use of coded fields is fundaniental to ensure data collection efficiency and c¢nsistency of
data entered (e.g. correct coding of a manufacturer). Free text should, however, ble included in
addition to codes to describe unexpected or unclear situations

Datg collection|Most data needed for this\category of data collection are today stored in computerfzed systems

method (e.g. CMMIS). By using-state-of-the-art conversion algorithms and software, it is possible to
transfer data among different computer databases in a (semi-)automated way, therebly saving cost.

Competence and|Data collection in the “normal” manual way can become a repetitive and tedigus exercise.

motivation Therefore, take care to employ people with sufficient know-how to do the jobs| avoid using
personnél 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 inyolving them
in data‘analyses and application of results. Other examples are feedback on ddta collection
résults, involvement in QA processes, relevant information fields in facility CMMI{ to stimulate
reporting quality, etc.

7.2 | Dataeollection process
7.2. Data-seurees

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 sources
of 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 proper use of
information fields in facility CMMIS will stimulate reporting quality, etc.

Such data collection creates reliability data sources for various applications, as classified in Table D.5:
1) generic data;

2) operator/company specific data;
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3) manufacturer data;
4) expertjudgement;

5) human error data.

7.2.2 Data collection 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 > datasourcesthat are available, 3 >_relevy = ata—into an
intermgdiate storage. If the information is contained in a computerized database, use any, Suitable
methodp for extracting the relevant information; viz. extraction of targeted information by specific
softwarle methods or printing reports with desired information.

2 ne_d a a 0 a ple nd_e ne ele a A adaly

b) Interpr¢t this information and translate it into the type and format desired for thé target datapase.
In most|cases, this is done by manual interpretation.

c) Transfer the data from the source(s) to the reliability data bank using any suitable method. Suitable
“off-theishelf” software can be used to transfer data from one database to'another with the depired
“languajge” conversion done by software algorithms. This is only feasible as long as a conve}sion
algorithm, sufficiently robust to make a confident conversion, cansbe defined. These methots do
require|some extra effort upfront and, therefore, are only cost-effective for large quantities of
data or[repetitive data collection of the same category. It may-also be used for maintenance ywhen
transferring data from one CMMIS to another.

d) Data collection methods significantly impact the cost-bénefit analysis for data collection and $hall,
therefore, be carefully planned and tested before the-iitain data collection process is started.

7.2.3 Orgpnization and training

Data collectjion may be done either within thé\eémpany using internal resources or as a task dome by
more specidlized companies or personnel. As)data are, by nature, “historical”, it evidently takes some
time before|sufficient data are accumulated to draw valid conclusions based on statistics only| The
cost-benefit|analysis for collecting data‘can take some time to become evident but annual trackipg of
equipment gerformance captures a@seful history.

Data collectfion can require skills’from several categories, viz. IT, reliability/statistics, maintenhnce,
operation apd data collection.Key personnel shall be familiar, in particular, with the data collection
concept and|any specific seftware for the data collection activity, and, to a reasonable extent, knoy the
technical, operational and maintenance aspects of the equipment for which data are collected. Proper
training of key personyel on these issues is necessary in order to obtain quality data. The pers¢nnel
who check the quality of the data shall be different from those performing the data collection.|Data
collectors shalk as a pre-requisite, know this International Standard and should give feedba¢k 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.

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.
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8 Equipment boundary, taxonomy and time definitions

8.1 Boundary description

A clear boundary description is imperative for collecting, merging and analysing RM data from different
industries, plants or sources. It also facilitates communication between operators and equipment
manufacturers. Otherwise, the merging and analysis is based on incompatible data.

For each equipment class, a boundary shall be defined indicating what RM data are to be collected. This
may be given by using a figure, a text definition or a combination of both.

An ekample of a boundary diagram is shown in Figure 2 and an example of a definitiontd accompany
the diagram is as follows:

EXANIPLE The boundary applies to both general-service and fire-fighting pumps. Inlet‘and outlet valves and
suctipn strainer are not within the boundary. Furthermore, the pump drivers along with) their auxiliary systems
are npt included. Driver units are recorded as separate inventories (electric motor;gas turbine of combustion
engine) and it is important that the failures on the driver, if recorded, be recorded\a$ part of the driver units. A
number in the pump inventory gives a reference to the appropriate driver inventory.

Fuel or

electric power Inlet Outlet

Starting Driver Power Pump unit

system transmission

Control and Lubrication Miscel-
monitaring system laneous

v \j \
Power Remote Coolant

instrumentation boundary

- >—p teoft N [ j

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 relevant boundary (see the Example associated with Figure 2 where
e.g. the driver of the pump is outside the boundary). When referring to this International Standard, it
is vital that any deviation from the boundaries given in this International Standard, or new boundaries
not given by this International Standard, be specified.
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Boundaries shall avoid overlapping among different equipment classes. For example, when collecting
data on instruments as separate equipment units, one shall avoid including those instruments that are
also included within the boundaries of other equipment units on which data are being collected. Some
overlapping can be difficult to avoid; however, such case(s) shall be identified and treated appropriately
during the data analyses.

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

8.2 Taxonomy

The taxonomy is a systematic classification of items into generic groups based on factors possibly
common to peveral of the items (location, use, equipment subdivision, etc.). A classification of rel¢vant
data to be dollected in accordance with this International Standard is represented by a hierarchy as
shown in Figure 3. Definitions of each segment are provided below, in addition to examplespfdifferent
business streams and equipment types, as illustrated in Table 2.

A

(1)
Industry

(2)
Business category
(3)
Installation
(4)
Plant/Unit
(5)
v Section/System
A
(6)
Equipment unit
(7)
Subunit
(8)
Component/Maintainable ltem
/ (9) \
v Part

Figure 3 — Taxonomy classification with taxonomic levels

Use/location

Equipment subdivision
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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 process-|Upstream (E and P), midstream,
category ing 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-ofplantiunit Platform-semi-submersible, hydroc-
category racker, ethylene cracker polyethylene,
acetic acid plant, methahol plant (see
Table A.2)
5 Section/ Main section/system of the | Compression)natural gag, liquefaction,
System plant vacuum,gds oil, methanol regener-
ation,lexidation sectipn, reaction
system, distillation se¢tion, tanker
léading system (see Table A.3)
Equipment 6 Equipment |Class of similar equipment}jHeat exchangers, compréssors, piping,
subdivision class/unit  |units. Each equipment elass|pumps, gas turbines, suhsea wellhead
contains comparable€quip- |and X-mas trees, lifeboats, extruders,
ment units (e.g. compressors). | subsea BOPs (see Tabld A.4)
7 Subunit A subsystem necessary for the | Lubrication subunit, cogling subunit,
equipment unit to function |controland monitoring]|heating sub-
unit, pelletizing subuni]t, quenching
subunit, refrigeration syibunit, reflux
subunit, distributed cofptrol subunit
8 Component/ |Thé-group of parts of the|Cooler, coupling, gearbo, lubrication
Maintainable |eguipmentunitthatare com-|oil pump, instrument|loop, motor,
item (MI) a2 “s)monly maintained (repaired/|valve, filter, pressure sepsor, temper-
restored) as a whole ature sensor, electric c]rcuit
9 Part b A single piece of equipment |Seal, tube, shell, impé¢ller, gasket,
filter plate, bolt, nut, etc.
a For some types of equipment, there might not be a MJ; e.g. if the equipment class is piping| there might
be ng MI, but the part could be“elbow”.
b While this level dan be useful in some cases, it is considered optional in this International §tandard.
Leve|s 1 to 5 represent a high-level categorization that relates to industries and plantl application
regardless of the équipment units (see level 6) involved. This is because an equipment unit (e.g. pump)
can be used inmany different industries and plant configurations and, for analysing the reliability of
similar equipnient, it is necessary to have the operating context. Taxonomic information on|these levels
(1 to|5) shall be included in the database for each equipment unit as “use/location data” (seg Table 2).
Levels-6te-9-arerelated-to-the-equipmentunittinventory-with-the-subdivistonintowerindenture 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.

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

Recorded RM data Hierarchy level a
4 5 6 7 8
Plant/Unit Section/ Equipment Subunit Component/
System unit Maintaina-
ble item

Impact of failure on safety Xb
Impact of maintenance on safety X
Impact of failure on operations X (X)c
Impact of majntenance with regard X (X)
to operationp
Failure impact on equipment X (X) (X)
Failure mode¢ (X) X (X) (X)
Failure mechanism (X) (X) X
Failure caus¢ (X) X
Detection method (X) X (X) (X)
Subunit failed X
Component/maintainable item failed X
Down time (X) (X) X
Active maintenance time X (X) (X)
a See Figure 3.
b X = default.
c (X) g possible alternatives.

Regarding items on different hierarchy levels, many items may be found on different levels in the
taxonomic Rjierarchy, depending on the context or the size of the item. For instance, valve and pump
are equipment classes, but may also be maintainable items in a gas turbine. The valve is typically a
maintainable item subsea and an equipment-unit topside. Due care should be taken to avoid dopble-
counting faijure events when RM data are.collected on such equipment.

For some syptems it may be relevant toapply RM data collection also on Level 5 (system level, see Table
A.3). Although many of the samé principles as used for equipment data collection on Level 6-8f may
apply, these|should be used carefully as there could be large differences between the individual systems
selected for|the data collection.

8.3 Timeline issues

8.3.1 Suryeillance and operating period

i llt SO Ul VCillallLC Cl iuu ib t iLClll uscu dds tllC tilllC Cl1 iULl 1U1 uctcu lllillill tiuu:: 1T
The egui 11 lJ pa | _le ]]y A | 1. P Jd £ A | s ated
reliability parameters, e.g. MTTF, component life, etc. For many equipment units, the operating, or
in-service, period is less than the surveillance period due to maintenance, sparing of equipment or

intermittent operation of the equipment (e.g. tank-transfer pumps).

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
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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, 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 h

Down time Up\time
Planned down time Unplanned down time Operating time Non-operat-
ing time
Pieventive Other planned Corrective maintenance Other
mdintenance outages unplanned
outages
Prepat- | Active Reservea |“Modifica- |Unde- Prepara- | Repair Shut-down, Run-/ |Start- |Run- |[Hot Idle |Cold
ation | | preventive tion b tected tionand/ | (item being | operational down |up ninge [stand stand-
and/of | mainte- faults8 |ordelay |[workedon)c |problems/ by by
delay | |nance restrictiohg
(item etc.d
being
worked
on) f

a Means that item is available for operation, but not requited-for some time. Does not include items considered as “spare part$” or items taken
out of gervice on a more permanent basis.

b Nodification can change the reliability charactenstiCs of an item and can, therefore, require that the collection of reliab{lity data for the
survefllance period be terminated before the modificatjon and be re-started with a new surveillance period after the modification

c Ihcludes fault diagnosis, repair action and testing (as required).
d Jhutdown of machinery (trip and manualshutdown), see definition of trip (3.93) and also C.1.8.

e Hunning is the active operational period for equipment in oil & gas production systems. For drilling and workover systems, thif is not sufficient
since there are many different operational phases. The operational phases for drilling could include: Running, drilling, tripping, sef casing; and, the
phase for workover could include”well equipment removal, replace completion string, replace casing string, and various workovef activities.

f Ihcludes testing
g It is difficult to detesmine downtime associated with undetected faults. These faults are eventually revealed by test or demad.

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

8 3 2 Data collection neriods
. Hatd-€ore e perioas

Depending on use and feasibility, data may be recorded for the whole equipment lifetime or for shorter
intervals. The latter is common due to both cost and obtaining the data within a reasonable time frame.
As shown in Annex C, the lifetime of many items is assumed to follow the so-called “bathtub” curve.
If only the RM data for the steady-state operating part of an item are required, data collection shall
start after the burn-in period is considered to have ended. The length of this period can vary among
equipment categories from no burn-in to several months. Data recorded during the steady-state
operating period often follows, or is assumed to follow, the exponential lifetime curve (constant failure
rate). For some equipment, it is also useful and essential to collect data from “day one” in order to
accumulate experience on burn-in failures. In this case, data collected from what may be considered as
an initial burn-in period shall be distinguished from data collected from the subsequent steady-state
operating period.
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The length of the data collection period shall be balanced against the expected failure rate, size of
population and access to data. For equipment of high importance (safety) and equipment where one
knows that few failures normally occur (subsea), a longer surveillance period is desirable (e.g. the whole
lifetime history). It is even useful to collect data for equipment with no failures during the surveillance
period because, by observing no failures in a given period, it is possible to estimate the failure rate by
“censoring” the data. Methods within statistics shall be used to estimate the confidence of the data
(upper/lower confidence limits), as shown in Annex C.

While the surveillance period is just an interval in the 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 equipfment, tThis might not be true. Hence, 1t 1s ol ten necessary to estimate operating time Hased
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 ¢
active repai
on breakdoy
Figure L.5.

1

hlendar times during maintenance are recommended to be colleeted; viz. down timg
r time. The difference between the two is illustrated in Figurec4~For further inform
vn of the downtimes, see also ISO/TR 12489:2013, Figures 5to 7, and ISO 20815:7

Run-
down
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and/or delay
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/
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failure
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htion
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Active main
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Figure 4 — Maintenance times

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

tepance time” is the “active corrective maintenance time” then see ISO/TR 12489:]

it is

2013,

ete)“active corrective maintenance time” consists of the “active repair time” (MRT) anri the
“technical defay. Active maintenance time is the calendar time during which maintenance work on the
item is actually performed. Hence, active repair time cannot normally be greater than the down time.
However, exceptionally, active repair time can be greater than down time if the maintenance can be
performed with the equipment unit operating. Note that the operational time required to run down the
equipment before repair and start-up up after the repair is not considered to be part of the down time.

Mobilization time is part of the preparation and/ or delay.

NOTE See relevant definitions regarding maintenance times in Clause 3.
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9 Recommended data for equipment, failures and maintenance

9.1 Data categories

The RM data shall be collected in an organized and structured way. The major data categories for
equipment, failure and maintenance data are the following.

a) Equipment unit data (inventory data)

The description of an equipment unit (level 6 in Figure 3) is characterized by the following:

1) dlassificatiomdata;egimdustry, ptant; tocation, systens;
2) e¢quipment attributes, e.g. manufacturer’s data, design characteristics;
3) operational 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. Recommengled data for
somg equipment classes are given in Annex A.

b) FKailure data
Thesle data are characterized by the following:
1) identification data, e.g. failure record number and related equipment that has failed;

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

c¢) Maintenance data
Thesfe data are characterized by the following:

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 mpaintenance,
aintenance category, maintenance activity, impact of maintenance, items maintained

3) aintenance resources, maintenance man-hours per discipline and total, utility [equipment/
fesources applied;

4) 1naintenance times, active maintenance time, down time.

The type of failire and maintenance data shall normally be common for all equipment dlasses, with
exceptions where it is necessary to collect specific types of data, e.g. subsea equipment.

Correetive-maintenance events shall be recorded in order to describe the corrective actipn following

enance records are reauired to retain the comnlete lifotime hlj
enance records-are required-toretain the complet History of an

Tt

a failuréPreventive-maint

equipment unit.

9.2 Data format

Each record, e.g. a failure event, shall be identified in the database by a number of attributes. Each
attribute describes one piece of information, e.g. failure mode. It is recommended that each piece of
information be coded where possible. The advantages of this approach versus free text are

— facilitation of queries and analysis of data,
— ease of data input,

— consistency check undertaken at input, by having predefined code lists,

© IS0 2016 - All rights reserved 35


https://standardsiso.com/api/?name=63a04eae711d838b3403d2bfb4dffda0

ISO 14224:2016(E)

— minimi

zation of database size and response time of queries.

The range of predefined codes shall be optimized. A short range of codes is too general to be useful. A
long range of codes gives a more precise description, but slows the input process and might not be used

fully by the

data collector. Selected codes shall, if possible, be mutually exclusive.

The disadvantage of a predefined list of codes versus free text is that some detailed information can be
lost. For all categories mentioned in 9.1 a), b) and ¢), it is recommended to include some additional free
text giving more explanatory information as available and deemed relevant, e.g. to include a narrative
of the occurrence leading to a failure event. This would assist in quality checking the information and
browsing through single records to extract more detailed information.

Examples o

Generic reli

Regarding t

[ codes are given in Annexes A and B for different equipment types and reliability
hbility data will use such equipment data, and failure and maintenance characteri
he generic reliability data, see also D.5 and Table D.5.

9.3 Database structure

9.3.1 Des

The data cd

queries and

blocks for d
addressed a

9.3.2 Log

The logical

model reprq
hierarchicall
Records des

to-one relat|

records linK
failure date)

36

cription

analysis. Several commercial databases are available that can be used as the main bui

S described in 9.3.2 and 9.3.3.

ical structure

structure defines the logical links among the ' main data categories in the database.
psents an application-oriented view of the - database. The example in Figure 5 sho

ed to each failure record. Each'reécord (e.g. failure) may consist of several attributes
failure mode, etc.).

llected shall be organized and linked in a database to provide easy access for upd

esigning a reliability database. Two aspects of organizing/the structure of data shg

structure with failure and maintenancérecords linked to the equipment unit (invent
cribing preventive maintenance (PM). are linked to the inventory description in a mpany-
on. The same applies for failures;which additionally have related corrective-mainter

data.
stics.

ates,
lding
1l be

This
Wws a
ory).

ance
(e.g.
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maintenance no. 1

Preventive

Preventive
maintenance no. 2

Event data

9.3.3

Thisdefines the design of the.database as to how the individual data elements are linked an
The following four model'categories are commonly available, ranked from lowest to highes

and yersatility:

Hierarchical modek:

Network medel:

Preventive
maintenance
no llnll

Failure no. 1

Failure no. 2

Cofrective
maintenance no. 1

Failure nd.

Corrective
maintenance no. 2

Figure 5 — Logical data structure (example)

Database architecture

level represents a particular attribute of data.

Correct
maintena
no. "nj

l addressed.
L complexity

Data fields within records are related by a “family tree” relatignship. Each

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

Relational model:

Object model:

The model is constructed from tables of data elements, which are called relations.

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.

The software is considered as a collection of objects, each of which has (1)
a structure and (2) an interface. The structure is fixed within each object
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.
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9.4 Equipment data

The classification of equipment into technical, operational and environmental parameters is the basis
for the collection of RM data. This information is also necessary to determine whether the data are
suitable or valid for various applications. Some data are common to all equipment classes and other
data are specific to a particular equipment class.

To ensure that the objectives of this International Standard are met, a minimum of data shall be
collected. These data are identified by an asterisk (*) in Tables 5, 6 and 8. However, the addition of
certain other data categories can significantly improve the potential usability of the RM data (see
Annex D). In all cases, the minimum data collected on equipment level should allow a data exchange

between th . s all
data requir¢d to identify the equipment physical location at any given point in time, the main‘dg¢sign
attribute id¢ntifier used by both parties (e.g. manufacturer’s part number), manufacturerdnd unique
identifier of|each specific equipment item (typically manufacturer’s serial number).
Equipment dlata consists of two parts:
e equipmpnt data common to all equipment classes;
e equipment specific.
Table 5 contains the data common to all equipment classes. In addition, some data that are spegcific
for each equipment class shall be recorded. Annex A gives examples)of’such data for some equipment
classes. In the examples in Annex A, the priority data are suggested;but they can vary according tojeach
case or appljcation. For some equipment specific data, low priority’data can be difficult to obtain, put if
available cap be valuable for analysis of the specific equipment
Table 5 — Equipment data common to all equipment classes
Data Data Taxonom- Business category (examples)
category iclevel 2 Upstream | Midstream |[Downstream Petrq-
(E&P) (refining) chemigal
Industry 1 Petroleum | Naturalgas | Petroleum | Petrochpm-
ical
Business category (*) 2 E&P Midstream Refining Petrochpm-
ical
Installation category. 3 Oil/gas Pipeline Refinery Petrochpm-
production ical
Installation €odé& or name 3 Delta Beta gas line | Charlie refin- | Delta chpm-
™ ery ical
L Usi,/ Owner.code or name 4 Smith Ltd. | JohnsenInc. | JPL Corp. ABC A$A
ocation
attributes |Gedgraphic location 3 UKCS Europe Mid-west USA UK
Plant/Unit category (*) 4 Oil/gas Compressor | Hydro-crack- Ethylehe
platform station er cracker
Plant/Unit code or name 4 Alpha 1 CS3 HH 2 EC1
™
Section/System 5 Oil process- | Compression Reaction Reaction
(see Annex A) (*) ing system
Operation category 5 Remote | Remote con- Manned Manned
control trol
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ment class; e.g. ambient
conditions, operating
power (see Annex A)

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

Equipment class 6 Pump Compressor Heat ex- Heater
(see Annex A) (*) changer
Equipment Type 6 Centrifugal | Centrifugal |Shell and tube Fired
(see Annex A) (*)
Equipment identification/ 6 P101-A C1001 C-21 H-1
Location (e.g. tag num-
ber) (*) b
Equipment description 6 Transfer Main com- Reactor- |Charge heater
(nomenclature) pressor effluent

Equjpment Unique equipment identifi- 6 12345XL 10101 Cxy123 909090

attdibutes |cation number b
Manufacturer’s name (*) ¢ Johnson Wiley Smith Anderson
Manufacturer’s model Mark I COy GTI $uperHeat A
designation &
Design data relevant for 6-8 Equipment-| Equipment- | Equipment- | Equipment-
each equipment class and specific specific specific specific
subunit/component as
applicable, e.g. capacity,
power, speed, pressure, re-
dundancy, relevant stand-
ard(s) (see also Annex A)
Normal operating state/ 6 Running | Active stand- | Intermittent Running

_ Mode (*) by
0(1;6 rr?fl‘;n Initial equipment commis- 6 2003.01.01 | 2003.01.01 | 2003.01.01 | [2003.01.01
Ise) sioning date

Start date of current ser- 6 2003.02.01 | 2003.02.01 2003.02.01 2003.02.01
vice (*)
Surveillance time, i (¢al- 6 8950 8000 5400 26 300
culated) (*)
Operational time, h d 6 7 540 675 2 375 22870
(measuredycalculated)
Numbef ofperiodic test 6-8 4 2 2 4
demadnds during the
surveillance period as
applicable (*)e
Number of operation- 6-8 4 5 11 3
al demands during the
surveillance neriod as
applicable (*)e
Total wells drilled during 4 42 N.A. N.A. N.A.
surveillance period (*)f
Operating parameters as 6 Equipment-| Equipment- | Equipment- | Equipment-
relevant for each equip- specific specific specific specific
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Table 5 (continued)

and this may
fies the equi
the tag num
supplier may
ISO 15926-2

d Equ
drilling oper]

e See
f Thid

g Equ
have a separ
the technolg
analysis.

(*) indicates

ations

the minimum data that shall be collected.

further information on number of demands in C.1.3.

applies only to drilling related equipment classes.

Data Data Taxonom- Business category (examples)
category iclevel 2 Upstream | Midstream |Downstream Petro-
(E&P) (refining) chemical
Additional |Additional information in 6 Specify as Specify as Specify as Specify as
information |free 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
system
a See fefinitions in Figure 3.
b A specific individual equipment unit has an “Unique equipment identification number” (seriaknhumber),

be required for documenting potential change-out at the equipment level. The tag number identi-
pment function and its physical location. If the equipment is replaced with, e.g. an overhauled [unit,
ber (and part number) remains the same, but the serial number changes. Operator land equipnent
have different “Unique equipment identification number” for same specific equipmient unit. Seq also
2003, E.3.3 which describes this relationship in more detail.

c Manufacturer may be relevant for lower hierarchical levels, i.e. level 7 and 8.

pment may be subject to different operational phases, such as for example for equipment usgd in

pment classes, subunits or maintainable items within some equipment classes can have the nepd to
hte information field in the equipment specific data (kevel 6-8 in the taxonomy in Figure 3) to reflect
oy generation, to distinguish between older and new technology in reliability data collectior]

and

9.5 Failu

re data

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

combine dat

A common
reporting f4
necessary.

a from different sources (plants and operators) in a common RM database.

report, as given in Table 6 (see also Table 3), for all equipment classes shall be used for
ilure data. For some)equipment classes, e.g. subsea equipment, minor adaptations c3an be

40
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Table 6 — Failure data

ing, p

on eimpment category. The operation at the time of failure should be specified, such as drilling, trip

oanrafnﬂn well 111"1ng etc.

Data cate-|Data to be recorded Description
gory
... |Failurerecord (*) Unique failure record identification
Identification - - —— -
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.2.6) a
Failure impact on plant safety (e.g. per- | Qualitative or quantitative failure consequence categoriza-
sonnel, environment, assets) b tion (see also C.1.10)
Failure impact on plant operations (e.g.| Qualitative or quantitative failure consequenc categoriza-
production, drilling, intervention) ®  |tion (see also C.1.10)
Failure impact on equipment function (*) | Effect on equipment-unit function (level'6): criti¢al, degraded,
or incipient failure ¢
Failure mechanism The physical, chemical or other processes whigh have led to
a failure (see Table B.2)
Failyre data |Failure cause d The circumstances during design, manufacture/or use which
have led to a failure (see Table B.3)
Subunit failed Name of subunit that failed (see examples in Annex A)
Component/Maintainable item(s) failed | Name of the failed component/maintainable|item(s) (see
Annex A)
Detection method How the failure was detected (see Table B.4)
Operating condition at failure (*) Run-dewn, start-up, running, hot standby, idl¢, cold stand-
by, tésting
Operational phase at failure € Tyipe of operation at the time of failure
SIS failure mode classification f Classify the failure for the specific event (DU, DD, SU, SD;
seeF.2) 8
Remprks Additional information Give more details, if available, on the circumstgnces leading
to the failure: failure of redundant units, failurg cause(s) etc.
a For some equipment categories stich as subsea equipment, it is recommended to also record fpilure modes
on tgxonomic levels lower than the.equipment-unit level.
b See example of failure,consequence classification in Table C.2
c For some equipment categories and applications it may be sufficient to record critical and non-critical
(degraded + incipient) failures only.
d The failure gause and sometimes the failure mechanism are not known when the data are|collected, as
they|commonly reguire a root cause analysis to be performed. Such analysis shall be performed fpr failures of
high[consequence;-high repair/down time cost, or failures occurring significantly more frequent than what is
consfidered “normal” for this equipment unit class (“worst actors”).
e Relevant for some equipment, e.g. drilling, completion and workover equipment. The code table depends

;Inng, cement-

f This is for data collection purposes internally for the company and for applications on the specificinstal-
lation where it is collected. Carefulness if generalizing due to possible differences in classification for the same
equipment class on same or different installations.

g The classes, DU (dangerous undetected), DD (dangerous detected), SU (safe undetected), SD (safe detected), are
defined in IEC 61508-4:2010. See also ISO/TR 12489:2013.

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

The minimum data needed to meet the objectives of this International Standard are identified by (*) in
Table 6. However, the addition of certain other data categories can significantly improve the potential
usability of the RM data; see Annex D.
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9.6 Maintenance data

9.6.1 General

Maintenance 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 peperttoraH-egripmentelassesshal-beusedtorreportinsmatrtenanreedata—thedata

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

subsea equipment).

The minimuym data needed to meet the objectives of this International Standard are identified by [*) in

Table 8. However, the addition of other data categories can significantly improve the potential usability

of the RM data; see Annex D.

9.6.2 Maintenance categories

There are two basic categories of maintenance:

a) thatdone to correct an item after it has failed (corrective mainténance);

b) that dome to prevent an item from failing (preventive mainteénance); part of this can be simply the
checks [inspections, tests) to verify the condition and performance of the equipment to decide
whether or not any preventive maintenance is required.

NOTE “Modification” is not defined as a maintenance*~category but is a task often performed by the

maintenance|organization. A modification can have an influence on the reliability and performance of an it¢m.

Figure 6 shgws the main maintenance categoriesin more detail. Table B.5 presents the main types of

maintenanc

e activities commonly performed:

I 1: Maintenance categories I

Before-failure

After failure

!

I 2a: Preventive maintenance I

|

|

3a: Candition-based

3b: Predetermined

1

I 2b: Corrective maintenance

maihtenance maintenance
| : ¢ ] ! 1 i
4a: 4b: 4c: 4d: 4e: 4f: 4g:
Testing and Condition Periodic Scheduled Scheduled Immediate Deferred
inspection monitoring test replacement service

NOTE

3b — Predetermined maintenance, see EN 13306:2010, 7.2; 4c — Periodic test (as defined in 3.74) to

detect potential hidden failures; 4e — In this International Standard, the term “scheduled service” is used, since
it is meant to cover minor and major life-prolonging service activities; 4g — Deferred maintenance should also
include planned corrective maintenance, i.e. where run-to-failure is the chosen failure management strategy.
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9.6.3 Reporting maintenance data

9.6.3.1 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.

Analysing failure data requires attention if there are many repetitive failures on same equipment or
critical failures on production critical equipment. This can include performing a root cause analysis,
based on the underlying failure characteristics (failure mode, failure cause and failure mechanism).
Improvements may be required to prevent recurrence, extend service life or improve ability to detect
the failures earTier.

9.6.3.2 Preventive maintenance

Itis ssentially in

the s

ecommended that the recording of the actual preventive maintenance (PM) be done e
hme way as for corrective actions. This can give the following additional information:

full lifetime story of an item (all failures and maintenance);

fotal resources used on maintenance (man-hours, spare parts);

1
4

otal down time and, hence, total equipment availability,)both technical and operational; see

Annex C;

alance between preventive and corrective maintenance.

Recording PM actions is useful mainly for the maintehance engineer, but is also useful for the reliability
engineer wanting to record or estimate the availability of equipment. A lifetime analysils takes into
accoyint not only failures but also maintenance-actions intended to restore the item to [as-good-as-
new’| condition. PMs are often performed on@ higher indenture level (e.g. “package” level);/hence there
might not be any data available that can-be related to the items on the lower indenture leyel (subunit,
mairftainable item). It is necessary to_consider this restriction when defining, reporting afgd analysing
PM data.

Duri
PM 4
COrr§
dete

hg the execution of PM actions, impending failures can be discovered and corrected a
ctivities. In this case, the-failure(s) shall be recorded as any other failure with the
bctive action done, eyenthough it initially was considered to be a PM-type activity.
‘tion method shall,dathis case, be considered as the type of PM being done. It is, howe

5 part of the
subsequent
The failure-
ver, realized

that

indiy
colle
prog

some failures, génerally of minor character, can be corrected as part of the PM and rjot recorded
idually. The practice on this can vary among companies and should be addressed |by the data
ctor(s) in order to reveal the possible type and amount of failures being included within the PM
Fam.

9.6.3.3.\ Preventive maintenance programme

A final option is to record the planned PM programme as well. In this case, it is possible to additionally
record the differences between the planned PM and the PM actually performed (backlog). An increasing
backlog indicates that control of the conditions of the plant is being jeopardized and can, in adverse
circumstances, lead to equipment damage, pollution or personnel injury. Establishing the maintenance
concept (for the purpose of PM programme during pre-operation) for various equipment categories and
associated equipment classes should benefit from the use of this International Standard.

Condition-based maintenance (CBM) is important for some type of equipment category: e.g. rotating.
Consideration of condition monitoring for predictive maintenance purposes should also utilise the
failure and maintenance data reflected in this International Standard. The availability of the conditional
monitoring system in itself and operational procedures are also important to gain benefit of CM.

Table 7 shows a summary of data to be collected and possible added value for different data categories.
Annex D contains a more detailed survey of data requirements for various applications.
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Table 7 — Usefulness of maintenance data

Data to be collected Priority with regard |[Examples
to data collection
Corrective maintenance Required (see . Repair time (MTTRes or MRT)
Table 8) J Amount of corrective maintenance

. Replacement/repair strategy
Actual preventive main- Optional . Full lifetime story of the equipment
tenance .

. Total resources used on maintenance

g Total dowmn time

. Effect of PM on failure rate

. Balance between corrective and preventive mainterjance
Planned preyentive main- Optional . Difference between real and planned'PM (backlog)
tenance (n}amtenance . Updating programme based on expeériences (methods,
programme] ;

resources, intervals)

Table 8 — Maintenance data

D a t a|Datatoberecorded Description a
category
Maintenance record (*) Unique maintenance identification
Identificatioh Equipment identification/location (*) |e.g. tag numbery,(see Table 5)
Failure record (*) Corresponding failure identification record (not relgvant
for preventive maintenance)
Date of maintenance (*) Datewhen maintenance action was undertaken or plahned
(start date)
Maintenance category (*) Main category (corrective, preventive)
Maintenance priority High, medium or low priority
Interval (planned) Calendar or operating interval (not relevant for corregtive
maintenance)
Maintenance |Maintenance activity Description of maintenance activity, see Annex B, Table B.5
data Maintenance impacton plant operations | Zero, partial or total
Subunit maintainéd Name of subunit maintained (see Annex A) b

(may be omitted from preventive maintenance).

Componént/maintainable item(s)|Specify the component/maintainable item(s) that were

maintained maintained (see Annex A) (may be omitted from preveptive
maintenance).
Spare part location Availability of spares (e.g. local/distant, manufacturer)

Mot N dicainali rall BV PPV 1 Aicainli L 1N 'l,\l
TV aTITCTIaTTC T IO UT 5, P CT U S CTPTTT VranrtCTraC T a oo S~ peTutstrpirC— (et ratt ar,” © ec-

Maintenance trical, instrument, others)

resources Maintenance man-hours, total Total maintenance man-hours

Maintenance equipment resources ¢ |e.g. intervention vessel, crane
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d
mair
sons|

Table 8 (continued)
D a t a|Datatoberecorded Description 2
category
Active maintenance time d (*) Time duration for active maintenance work being done on
the equipment (see also definitions in Table 4)
Maintenance|Down time d (*) Time duration during which an item is in a down state (see
times also Table 4 and Figure 4)
Maintenance delays/problems Prolonged down time causes, e.g. logistics, weather, scaf-
folding, lack of spares, delay of repair crew
Remarks Additionalinformation Give more details if available on the maintenance action
and resources used
a Records to be entered for both corrective and preventive maintenance, except wheré shown.
b For corrective maintenance, the subunit maintained is normally identical to the.one spefified on the
failure event report (see Table 6).

For subsea equipment, the following apply:
type of main resource(s) and number of days used, e.g. drilling rig, diving/vessel, service ve
type of supplementary resource(s) and number of hours used, e.g. divers, ROV/ROT, platfor

This information is desirable for RAM and RCM analyses. It i§,cutrently infrequently reg
tenance-management systems. It is necessary to improve the réporting of this information to
for long down times.

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

ssel;
m personnel.

orded in the
capture rea-
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Annex A
(informative)

Equipment-class attributes

A.1 Advisory notes

A.1.1 Gen

Annex A pro
gas industri
data are inf]
examples ar

eral

ormative for each equipment unit. Normative data, e.g. failure modes, for the equip
e shown in Annex B.

vides examples on how typical equipment used in the petroleum, petrochemical and na
es can be categorized as to their taxonomy, boundary definition, and inventary data. |

fural
hese
ment

A standardi
equipment (
the total nu
and, at the §
unit. The us
for which d:
categorizatj

zed approach has been applied for some of the subunits that.are’used on a majority of
lasses (e.g. control and monitoring, lubrication system, cooling)system). The result that is
mber of tables required to describe the different data categdries and definitions is reduced
ame time, there are fewer tailor-made definitions and cedes for each individual equipment
er should, therefore, apply those categories and codes-that are applicable to the equipment
ita are being collected. Equipment having a unique ‘design can require a more tailor-fnade
pbn instead of that shown in these examples.

In the table
also include

a)
b)
‘)

The priority
the value of
desirable (14

5 that describe the “equipment-unit subdivision” for the equipment, it is recommendgd to

the following:

“Maintdinable items/Parts” on an as-needed basis, e.g. to include instrumentation;

“Others|, if defined “Maintainable items/Parts” are lacking; or

“Unknojvn” category, if sufficient information is not available.

r classes given in this annex are high, medium and low. When interpreting or asse
these classes, they ean.be equated to compulsory (high), highly desirable (medium]
w).

5sing
and

A.1.2 Bouyndary definitions

The purpose ofthe batindary definitionis to ensure acommon understanding of the “subunit/compopnent”
and “maintdinablesitem/part” included within the boundary of a particular equipment unit and, hence,
which failuije and¢{maintenance events to record. For definition of the boundaries, the following fules

are recomm|ended.

a) Do not include items of unique design or configuration-dependent 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) Ifadriver 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
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supervisory instrumentation of more general use (e.g. SCADA-systems) should not, as a rule, be
included;

e) Proper use of P&ID when defining items within the equipment class boundary.

In A.2.2 to A.2.10 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
equij
Note
the i

and
data

Addi
data

Such

[nternational Standard recommends some common equipment data that should be, éol
bment classes as shown in Table 5.

that some data in Table 5 is only valid for certain equipment categories. Thisapplies for
hformation fields, “Number of periodic test demands during the surveillan¢e’period aj
‘Number of operational demands during the surveillance period as applicable”. The
for reliability analysis is further addressed in C.1.3.

ected for all

example for
applicable”
use of such

fionally, some equipment-specific data for equipment classes axe‘presented in this a

nex. These

have been found to be useful when comparing performance, or‘benchmarking, of equipment.

design features specific for each equipment class shouldbe‘eonsidered depending on hpw far down

in equipment categorization the data collector wants, or isiequired, to go. Collection of data is a trade-

off b
spec
data
each

A.1./
Tabld

application as covered by this International Standard. These lists are not meant to be exl

are i
inca
data
show

q

Table A.1 showsca,¥ecommendation for grouping equipment on installation level (lg

Table A.2 shows a recommendation for how equipment can be classified on plant/unit lg
3s shown.in Table 5.

in the source(s) also sets alimit on the data that ¢an be collected. An indication of the i
data type is indicated. This importance ranking can differ among different users and 4

I Equipment classification and application
s A1l to A4 provide a methodelogy for grouping different equipment example
htended to show the main types of equipment classes and systems and how they can

Legories. Any applied categerization should be appropriate for the intended use and py
being collected (see 7.1(2)-Tables A.1 to A.4 show a categorization related to the taxo

nin Figure 3.

axonomic hieranchy).

Table.A.3 shows a list of relevant sections/systems (level 5) within the petroleum, nat

etween the cost of obtaining it, which often can be high, and the value of the data in relation to the
fic requirements to define each equipment class fér'the intended analyses. The accessjbility of the

portance of
ipplications.

s and their
haustive but
be grouped
rpose of the
homic levels

vel 3 in the

vel (level 4),

ural gas and

ran be used.

The systems where the equipment is applied should be recorded as one parameter in the general
equipment data shown in Table 5 (category “Use/Location”).

— Table A4 lists typical examples of equipment units used in the petroleum, natural gas and
petrochemical industry as covered by this International Standard (level 6). Table A.4 also indicates
those equipment taxonomies that are illustrated by examples, as described in A.2.1. B.2.6 contains
the associated failure modes for the same equipment examples. Some equipment related references
(e.g. ISO and IEC standards) are also listed for selected equipment classes.

In th

» o«

midstream,” “down

e classification shown in Tables A.1 to A.3, the terms “upstream,

“petrochemical” are used. For definitions of these terms, see Clause 3.
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The equipment categories in Table A.4 have various functions, and is mean to categorize the prioritized
equipment classes covered in this standard, e.g. principal operations like rotating, mechanical, and
electrical; whereas others are process application groups, e.g. drilling, subsea production, and utilities.

Note that ISO 19008:2016 has a classification system used for standard cost coding, where Physical
Breakdown Structure (PBS) and Code of Resources (COR) also address systems listed in Table A.3 and
equipment listed in Table A.4, respectively.

Upstream Midstream Downstream Petrochemical
—-| Gas conversion |
Sales gas .
l[ Gas terminal |—-—
Energy plant
Rich gas Processing plant
Wellstrean | Upstream g —t> (LNG, Liquid Sales gas, LNG
process Crude oil extraction, Petrobhemical
Gas dewpointing) NGL etrochemica
pland

Condensate/Crude Qil |
EHO/ ————— !
Bitumen "

o Heavy oil upgrader SIncice
1
Dilbit'Synbit
Reservoir i - - 3 -
Crude ol ll Crude oil terminal Oif Refinery
General functjon blocks | Process support and utility systems
| Storage and transportation (including boosting in transportation network)

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

Table A.1 — Installation category — Level 3

Business category

Upstream Midstream Downstream Petrochemical
(E&P)
0il/gas prodjuction facility |Liquefied natural gas Refinery Petrochemical complef
(offshore/ omshore) (LNG) . .
Gas conversion Terminal
SAGD facility (onshore) Liquefied petroleum gas Energy plant Pipeline
- l (LPG)

Drilling facillity (offshore/. S

. Pipeline
onshore) Gas processing
Maritime vessel Terminal Terminal
Terminal Storage Biofuels
Pipeline Shipping
Floating LNG (FLNG) Pipeline

Note 1: Shipping is defined as any means of transportation (sea, rail, road).
Note 2: Gas conversion includes Gas to Liquids (GTL).

Note 3: Combined heat and power (CHP) is part of Energy plant.

Note 4: Drilling facility could be separate or integrated as part of other onshore/offshore installation.
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Table A.2 — Plant/Unit level classification — Level 4

Business category

age gnd offloading (FPSO)

Floating drilling, produc-
tion ptorage and offload-
ing (FDPSO)

Floating storage unit (FSU)
Compliant tower

Tensfion leg platform (TLP)
Offshore loading

Subsjea production
Marjtime

Subsiea intervention and
support vessel (SISV)

Installation vessel
Onshore

Onshore production plant
- conpventional wells

Onshore production plant
- nonconventional wells

Delayed Coking Unit
Hydrotreating Unit

Fluid Catalytic Cracking
Unit

Sulfur-recovery unit
Hydrogen generation
Tail Gas Recovery Unit
General

Utilities

Offsite and support facil-
ities

Upstream Midstream Downstream Petrochemical
(E&P)
Drilling NGL extraction Downstream-Process Methanol
Mobile offshore drilling NGL fractionation Gas To Liquid (GTL) Ethylene
unit (MODU) Pipeline compressor Combined Heat & Power  |Acetic Acid Polyethylene
Onshore drilling rig station (CHP)
Polypropylene

Ofstore Pipetine pump station Biofuet Polyvinylchlorlide
Offshore platform Utilities Refinery - Process I

Crude Distillation Unit Utilities
Floating production stor- |Offloading

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

Business category

Upstream Midstream Downstream Petrochemical
(E&P)
Process — General Process — General Crude Distillation Process — General
S1. Oil process/ treatment | S28. Oil process/ treatment | S40. Preheating train S57. Hydrogen steam
reformin
S2. Gas process/ treatment | S29. Gas process/ treatment | S41. Desalting &
S58. I izati
S3. Water injection S30. Oil/condensate export |S42. Atmospheric somerization
. S59. Phenol extraction
S4. Oil/condensate export |S31. Gas export S43. Vacuum
X . - S6U0. Polymerization unit
S5. Gas export Midstream utilities Hydrotreating
Se61. Solvent deasphali
S6. Stordge S32. Fuel gas S44. Feed ovent RN NG
. . S62. Solventidewaxing
Upstream utiljties 2 S33. Waste water treatment | S45. Reaction
. . S63. Solventextractiop
S7. Oily yvater treatment |LNG process S46. Recycling
S64. Steam crackin
S8. Closdd drains S34. Gas treatment S47. Stripping ne
. . . S65, Steam-methane
S9. Methpnol S35. Liquefaction S48. Drying réforming
S10. Fuel gas S36. Fractionation Fluid Catalytic Cracking S66. Sweetening
S11. Fresly water S37. Refrigeration S49. Feed
Offshore systejms S38. LNG storage and load- |S50. Conversion
S12. Ballat water e S51. Gas compression
LNG utilities
S13. Seawjter S52. Gas recovery
X . S39. Refrigerant storage :
S14. Positjon keeping S53. Debutanizer
S15. Ice management Downstréam utilities
Drilling and wgll S54. Fuel gas
S16. Drilling facilities S55) SNOX
S17. Drilling process S56. Waste water treatment
S18. Drillijng well control
S19. Drilling control and
monitoring
S20. Riserland well topside
S21. Well production/in-
jection ¢
S22. Well fompletion
S23. Well workover
Subsea
S24., Subse¢a, umbilicaly
riser and flowline (SURF)d
S25. Subs¢a workover
S26. Subsg¢aprocessing
S27. Subsea processing
utilities
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Table A.3 (continued)

Business category

Upstream Midstream Downstream Petrochemical
(E&P)

Safety and control systems (applicable for all business categories)

S67. Emergency depressurization (EDP) (Blowdown) (cf. ISO/TR 12489:2013, Table A.1, System 3)
S68. Emergency shutdown (ESD) (cf. ISO/TR 12489:2013, Table A.1, System 1)

S69. Process shutdown (PSD) (cf. ISO/TR 12489:2013, Table A.1, System 2)

S70. Fire and gas detection (cf. ISO/TR 12489:2013, Table A.1, System 6)

S71. Fire water (cf. ISO/TR 12489:2013, Table A.1, System 7)

S72. Fire-fighting (cf. ISO/TR 12489:2013, Table A.1, System 8)

S73. Flare (cf. ISO/TR 12489:2013, Table A.1, System 20)

S74. Process control (cf. ISO/TR 12489:2013, Table A.1, System 9)

S75. Emergency communication € (cf. ISO/TR 12489:2013, Table A.1, System 11)

S76. Evacuation system (cf. ISO/TR 12489:2013, Table A.1, System 12)

S77. Inert gas (includes cargo tank and blanket)

S78. Open drains

Utilitjes (applicable for all business categories)

S79. Steam

S80. Main power b

S81. Emergency power b (cf. ISO/TR 12489:2013, Table A.1, System 18)
S82. Essential power b

S83. Instrument air

S84. Utility air

S85. Cooling

S86. Heating

S87. Nitrogen

S88. Chemical injection (cf. ISO/TR 12489:2013, Table A.1, System 10)
S89. Loading (cf. ISO/TR 12489:2043)Table A.1, System 15)

S90. Helicopter refuelling

S91. Electrical power protection

S92. Fiscal metering

Auxilliaries f (applicable.for all business categories)

S93. Telecomnittnications € (cf. ISO/TR 12489:2013, Table A.1, System 19)

S94. HVACYcfASO/TR 12489:2013, Table A.1, System 21)

S95. Disconnection (cf. ISO/TR 12489:2013, Table A.1, System 13)

S96. Materials handling (cf. ISO/TR 12489:2013, Table A.1, System 22)

S97. Saturation diving (cf. ISO/TR 12489:2013, Table A.1, System 31)

a These sections/systems can also be applicable for downstream and petrochemical unless defined specifically for these
categories.

b Includes both power generation and distribution.

c Well production/ injection includes the surface wellhead and X-mas tree.

d SURF includes SPS (subsea production system).

e Regarding telecommunications; this could be subdivided or extended with the following systems: Security, Communication,

Navigation aids, Collision avoidance and Metocean data gathering.

f Regarding the difference between auxiliaries and utilities. Auxiliaries are providing supplementary or additional help and
support. This is a difference from Utilities which are intended to provide service to multiple equipment whereas auxiliary equipment
tends to focus on support to a single system, e.g. an auxiliary fuel tank for an engine.
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Table A.4 — Equipment class — Level 6

Equipment|Equipment class — Level 6 Equipment Example References
category class code included
in Annex A
Rotating Blowers and fans & BL No API/Std 673
(A.2.2) API/Std 560
Centrifuges CF No
Combustion engines CE A2.21 ISO 8528
APIRP 7C-11F
API Spec'7B-11C
Compressors co A2.2.2 [SO-~10439|(all
parts)
1SO 13631
IS0 137Q7
ISO 10442
API/Std 617
API/Std 618
API/Std 619
Electric generators EG A2.2.3 BS 4999-140
IEEE C37.101
[EEE C37.102
NEMA M@ 1
Electric motors EM A2.24 [EC 60034{12
IEC 60470
IEC 60947{4-1
API/Std 541
API/Std 547
NEMA MG 1
Gas turbines GT A.2.2.5 [SO 3977 (all
parts)
ISO 231§
API/Std €16
Liquidexpanders LE No
Mixers MI No
Pumps PY A22-6 1S6-43709
ISO 13710
API/Std 610
API1/Std 674
API/Std 676
Steam turbines ST A.2.2.7 ISO 10437
API/Std 611
API/Std 612
Turboexpanders TE A.2.2.8 API/Std 617
Mechanical |Conveyors and elevators cv No
(A.2.3)
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Table A.4 (continued)
Equipment|Equipment class — Level 6 Equipment Example References
category class code included
in Annex A
Cranes CR A231
Filters and strainers ES No
Heat exchangers HE A.2.3.2 [SO 12211
1SO 12212
1SO 16812
IS0 13706
IS 15547 (all
parts)
API/Std 660
API/Std 661
API/Std 662
Heaters and boilers HB A2.33 IS0 13703
IS0 15649
API/Std 560
Loading arms LA No IO 28460
IS0 16904
Onshore pipelines PL No IS0 13623
Piping PI A.2.35 IS0 13703
IS0 15649
APME B31.3
Pressure vessels VE A.2.34 ASME VIII
Div.1/2
Silos SI No
Steam ejectors SE No
Storage tanks™ TA A.2.39 IS0 28300
ARI Spec 12D
ARI Spec 12F
AWI Spec 12P
API/Std 650
API/Std 620
ARI/Std 2000
API/Std 2610
Swivels SwW A.2.3.8
Turrets TU A.2.3.7
Winches WI A.2.3.6
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Table A.4 (continued)

Equipment
category

Equipment class — Level 6

Equipment
class code

Example
included
in Annex A

References

Electrical
(A.2.4)

Frequency converters

FC

A2.44

IEC 61800-1

IEC 61800-2

IEC 61800-3

IEC 61800-4
IEC 61800-5-1

IEC 60046
IEEE/Std 1566

Power cables and terminations (topside/
onshore)

PC

No

CSAFT4
CSA/Std C68.3

ICEA S-93-639-
2000

IEC 602237
IEEE 12(2
NEMA 2(QC
NEMA VH-1
NEMA VH-2
UL 1077
UL 1277
UL 1569
UL 2221
UL 225

Power transformers

PT

A24.2

IEC 600716
IEC60076¢-1
IEC60076¢-2
IEC 60076¢-3
IEC 6007¢-4
IEC 60076-5
IEC 60076¢-7

[EC 60076-8
IEC 60076M10

IEC 60076-11
IEC 60076-12
CAN/CSA C88-M
IEEE C57.12.10
IEEE C57.18.10
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Table A.4 (continued)

IS0 14224:2016(E)

Equipment
category

Equipment class — Level 6

Equipment
class code

Example
included
in Annex A

References

Switchgear

SG

A2.43

IEC 61439-1
IEC 60947
IEC 60947-2
IEC 60947-3
IEC 60947-4-1

I§C 62271-1
[E¢ 62271-100

IE( 62271-102
IE¢ 62271-200
IEEE C37.012
IEEE C37.13.1
IEEE C37.20.7

Uninterruptible power supply

UR

A241

IE¢ 61000-4-7
IHC 62040-2
IHC 62040-3

FC{ 47 CFR 15

EMAPE 1

EMAPE 7

Safety and
contfol
(A.2]5)

Control logic units

CL

A.2.5.3

N
NEMA PE 5
N
I

SO 10418
IS0 13702
IEC 61131
API RP 554
NORSOK S-001

Emergency.communication equipment i

EC

No

IS0 15544

IMO (SOLAS,
MODU)

Escape, evacuation and rescue ©

ER

No

150 13702
IS0 15544
IMO (SOLAS,

MODU, LSA)
NORSOK S-001

Fire and gas detectors

FG

A.2.51

ISO 10418
[SO 13702

IMO (SOLAS,
MODU, FSS)

NORSOK S-001

Fire-fighting equipment

FF

No

[SO 13702
NORSOK S-001
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Table A.4 (continued)

Equipment
category

Equipment class — Level 6

Equipment
class code

Example
included
in Annex A

References

Flare ignition

FI

No

1SO 25457
API/Std 521
API/Std 537

Inert-gas equipment

IG

No

IMO (SOLAS,
MODU)

Input devices

IP

A2.5.2

ISO 10418
NORSOK I-p01

Lifeboats

LB

A.2.5.6

1S0°'137(2
ISO 15544
DNV-0S-E406

IMO, SOLAS:
MSC.81 (70)

IMO, SOLAS:
MSC.48 (46)

NORSOK R{002
NORSOK S4001
NORSOK U1100

Nozzles

NO

A.2.5.5

NFPA 1
NFPA 15
NFPA 1¢

Telecommunications

TC

No

IMO/COMSAR/
Circ.32

NORSOK T{001
NORSOK T{100

Valves

VA

A.2.5.4

ISO 5208
[SO 137(2
ISO 14313
API Spec D
API/Std 5R0
API/Std 521
API/Std 526

API/Std 594
API/Std 609
ASME B16.34
NORSOK S-001

Subsea
(A.2.6)r

56

Dry tree risers

DT

No

ISO 10423
API Spec 6A

Risers

PR

A.2.6.3

APIRP 17B
API Spec 17]

Subsea compressors

SC

No

Subsea diving equipment

SD

No
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Table A.4 (continued)
Equipment|Equipment class — Level 6 Equipment Example References
category class code included
in Annex A
Subsea electrical power distribution EP A.2.6.5
Subsea flowlines FL No IS0 13623
1SO 14313
1SO 14723
1SO 16708
DNV-0S-F101
DNV-RP-F116
Subsea heat exchangers SH No
Subsea intervention P CI No APPI RP 17H
Subsea manifolds MA No IS 13628-15
Subsea pipelines SL A.2.6.7 IS0 13623
SO 14313
ISO 14723
IS0 16708
DNV-0S-F101
DNV-RP-F116
Submarine power cables CA No IEC 60502
IEC 60840
Subsea pressure vessels SV A.2.6.6
Subsea production control CS A2.6.1 IS0 13628-5
API/Std 17F
Subsea pumps SP A2.64
Subsea templates ™ No ISP 13628-15
Subsea wellhead.and X-mas trees XT A.2.6.2 IS|0 13628-4
Well ~ |Downholesafety valves SS A.2.7.2 and ISO 10417
EZT‘Z“;I;’”OHI A275 150 10432
IS0 16070
APIRP 14B
ARI Spec 14A
API Spec 14L
NORSOK D-010
Downhole well completion g WE A.2.7.2 See also note q
Electrical submersible pumps d ESP A.2.7.2 and ISO 15551-1
A.2.7.6 APIRP 115
Surface wellhead and X-mas trees XD A2.77 ISO 10423
API Spec 6A
Drilling Cementing equipment CG No
(A.2.8) Choke and manifolds DC No
Crown and travelling blocks TB No
Derrick b DE No
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Table A.4 (continued)
Equipment|Equipment class — Level 6 Equipment Example References
category class code included
in Annex A
Diverters DI No ISO 13354
Drawworks DW No
Drilling and completion risers DD No ISO 13624-1
ISO 13628-7
Drill strings DS No ISO 11961
Mud-treatment equipment f DM No
Pipe handling equipment DH No
Riser compensators DR No
String-motion compensators MC No
Subsea blowout preventers (BOP) BO A.2.8.2 API SpeclpA
API Spec 16D
API/Std 33
Surface blowout preventers (BOP) @ BT A2.8.3 API Spec 16A
API Spec 16D
API/Std %3
Top drives TD A2.8.1
Well Coiled tubing, surface equipment W1 No
i(rlitgrg)ention : Coiled tubing, surface well control equipment wcC A29.1 NORSOK D{002
Coiled tubing, work strings w2 No
Coiled tubing, bottom-hole assemblies W3 No
Snubbing, surface equipment w1 No
Snubbing, work strings w2 No
Snubbing, surface well controhequipment wcC A.29.1 NORSOK D{002
Snubbing, pipes and bottom/hole assemblies w3 No
Subsea well intervention® (0] A.29.2 ISO 13628-7
Wireline, surface.équipment w1 No
Wireline, surfacewvell control equipment n wC A291 NORSOK D{002
Wireline, sliek-lines, braided cables and elec- w2 No
tric cables
Wireline, bottom-hole assemblies w3 No
Marine Anchor windlasses and mooring equipment AM No
(A.2.10) De-icing equipment k IC No
Dynamic positioning equipment DP No [SO 19901-7
Helicopter deck with equipment HT No NORSOK C-004
Jacking and fixation JF A.2.10.1
Marine disconnection equipment MD No
Thrusters TH No
Towing equipment TO No
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Table A.4 (continued)
Equipment|Equipment class — Level 6 Equipment Example References
category class code included
in Annex A
Utilities ¢ Air-supply equipment Al No
(A.2.11) De-superheaters SU No
Flare ignition equipment FE No
Heating/cooling media HC No
Hydraulic power units HP No
Nitrogen-supply equipment NI No
Open /Close drain equipment 0oC No
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Table A.4 (continued)
Equipment|Equipment class — Level 6 Equipment Example References
category class code included
in Annex A
Auxiliaries |HVAC equipment m HV No ISO 15138
(A.2.12)

a
b

C

Surface blowout preventers does not include land rig BOP.
Including heave compensation.

Utilities may be associated with a number of equipment classes in this International Standard (e.g.

d

e

f Incl
g Doe
h Doe

I

class, but is 4
(A.2.6.2), alg
tion equipm

j Eme
and associat

k Thid

1 Wel
change, the 4
cable for Coi

The
blower fan u
by the existi
strainers. 4)
5) Fire-, gas
Input device

Notg

o Life
(MOB) is nof]
uation andr
munication,
escape routg
collection arn

Thig

m

n

p

q

ment class d
5CT,ISO 119

r

ISO

pumps, valvg S, TITStT ulllCllLdLiUll).

Artificial lift equipment like Hydraulic submersible pumps (HSP), Progressive cavity pumps (P€P)
Gas lift valvgs (GLV) are not included here. See also A.2.7.2 and also A.2.7.6.

Inclfides three equipment classes, and cover equipment such as e.g. workover riser.

Well completion covers both surface and subsea completed wells. Wellhéad is not an equipment

des shale shaker, desander/desilter, centrifuge and degasser.
5 not include air compressor.

5 not include offshore storage tanks.

subunit in the Surface wellhead and X-mas trees (A.2.7.7) and in.Stibsea wellhead and X-mas {]
o since wellhead and X-mas tree acts as one barrier. A.2.7.2 describes the downhole well comp
ent and some overview of equipment classes that have been further subdivided, see A.2.7.5-6.

rgency communication would include Public announcemeént and communication system (PAC(
ed equipment.

could include e.g. heat tracing equipment.

intervention equipment classes are for dry well‘completions. In some data collection and ex-

ed tubing, Wireline or Snubbing. See further’information in A.2.9.1.

equipment classes that are relevant parts of a HVAC system are: 1) Motor driven blower fan. T
it can be covered by the equipment ¢lass Blowers and fans. 2) The driver will typically be cov
hg equipment class Electric motors. 3) Filter can be covered by the equipment class Filters and
Heater/cooler. The heater/cpaler unit can be included within the equipment class Heat exchan
and heat-detectors as equipment class Fire and gas detectors, 6) Input devices as equipment d
5.

that the Wireline BOP)is part of this.
boat is established@as a separate equipment class, but other equipment like Man-overboard bo4
part of that equipment class. Various equipment will fulfil the functions needed for escape, evj

bscue. Theseeould be related to transport, personal protective and life support, emergency co
emergengy ltilities (lighting, power and ventilation) and ingress/egress/infrastructure (shelt

d seime would be covered by other equipment classes in Table A.4.

and

ree

S)

quipment classes might be gathered as four-equipment classes (W1, W2, W3 and WC), and appli-

he
ered

oers.
lass

ts
ac-
n_
brs,

s, doorS,muster areas and landing areas, etc.). Some of this equipment can require reliability data

ineludes remote operated tools (ROT), tie-in tools, running tools and remote operated vehicle

Downhole well completion equipment class could be further subdivided, as done for some equip-

efines as DHSV and ESP. Standards relevant for casing and tubing (ISO 13679:2002, API Spec
60:2014), Liner hanger packers (ISO 14310:2008 and NORSOK D-010:2013), Production pack-

13628-1:2005 applies for all subsea production systems in general.

(ROV) tools - as used for initial installation, subsea commissioning, intervention for repairs (e.g. SCM, subsea
valves) or modification/extensions.

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

A.2.1 General

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

— equipment-type classification;

— boundary definitions;

— ¢

This
exan
ther
spee
stati
and ¢

Exan
Annd

A.2.]

A.2.2

ubdivicinn intolaower inr‘]nhi—urn ]nvn]c;
bquipment-specific data.

information should be used to identify the data necessary to be collected\for each
iple presented and define the structure for a database for the relevant taxonomic elemg
ecommended parameters can be common across many equipment classes«e.g. capacit]
). The examples should not be considered exhaustive. The equipment specific data c

ippropriate data therein comes always in addition to the equipment specific data sugg

ples of failure coding, such as failure modes, failure mechanhism, failure cause, etc.,
x B. For safety equipment, some specific failure definitions\are given in Annex F.

2 Rotating equipment data
.1 Combustion engines

Table A.5 — Type classification — Combustion engines

Equipment class — Level 6 Equipment type
Description Code |Description Code
Combustion engines CE Diesel engine DE

Otto (gas) engine GE

| equipment
nts. Many of
y, rotational
an be either

C or time dependent. Note that Table 5 contain equipment data common to all equipment classes,

bsted in A.2.

are given in
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Power Fuel supply
Starting system Engine
(e.g. start batteries) (diesel/gas)
Ldbrication Cooling Control and Niscell
5ystem system monitoring Isceflaneous
\ \ jb\ )
Coolant Coolant Power  Remote oundary

instrumentation

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

Equip- Combustion engines
ment unit
Subunit |Startsystem |Combustion Control and Lubrication Cooling sys- Miscella-
engine unit monitoring system tema neous
Maintain- |Start energy Air inlet Actuating Reservoir Heat exchanger |Hood
able items [ (battery, air) -, device
Ignition system Pump Fan Flange
Starting unit Turbocharger Control unit Motor Motor joints
Start control Internal power | . .
Fuel pumps supply Filter Filter
Injectors Monitoring Cooler Valves
Fuel filters Sensors b Valves Piping
Exhaust Valves Piping Pump
Cylinders Wiring 0il Tempera-
Pist T turefeontrol
istons Piping empera- sedSSF
Shaft ture-control
Seals sensor
Thrust bearing
Radial bearing
Seals
Piping
Valves
a Can include water-cooled or air-cooled systems.
b Specify type of sensor, e.g. pressure, temperature, level, etc.
Table A.7 — Equipment:specific data — Combustion engines
Namg Description Unit or code list Priority
Drivgn unit Driven unit (equipment class; type and identifi- | Specify High
cation code)
Powdr - design |Maximum rated output\(design) Kilowatt High
Powdr - Specify the appyoximate power at which the unit|Kilowatt High
operating has been operatedfor most of the surveillance time
Speegl Design speed Revolutions per minute High
Number of Specifyaramber of cylinders Integer Low
cylinflers
Cylinder Type Inline, vee, flat Low
configuration
Startfing system | Type Electric, hydraulic, pneumatic Medium
Ignitjop-system |Otto, diesel Compression ignition (diesel), spark plugg| Medium
Fuel T_y %A Gaa, llsht u;}, AreditaT U;}, hcav_y U;ll, erat | Low
Air-inlet Type Free text Low
filtration type
Engine- Type of engine aspiration Turbo, natural Medium
aspiration type
A.2.2.2 Compressors
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Table A.8 — Type classification — Compressors

Equipment class — Level 6 Equipment type
Description Code Description Code
Compressors a Co Centrifugal CE
Reciprocating RE
Screw SC
Axial AX
a  Includes also air compressors.
Recycle
valve Interstage
conditioning
Inlet-gas (scrubber,
donditioning cooler, etc.)
(scrubber,
ooler, etc.) Inlet valve
Compressor uhit
Startin Driver Power
systen? — (diesel, el. transmission 1st 2nd After cooler —
motor, etc. earbox, etc.
) (9 ) stage stage Outlet valvd
Lubrication Control and Shaft seal Miscellaneous
system monitoring system (purge air, etc.)
\J \J \J
Coolant Power Remote Power Coolant boundar
instrumentation 4
Figure A.3 — Boundary definition — Compressors
A.2.2.2.1 Equipment boundary definition for compressors

Figure A.2 shows the boundary definition for COMpressors. INlet and outiet 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
areference 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 consist of up to four
compressor stages. Recompression trains on an offshore oil platform normally perform compression
in four stages. Each compression stage is usually performed by one compressor unit (casing) but in
some cases one compressor unit can perform two stages. Each compressor (stage) normally contains
several impellers that are the physical assembly of rotating blades that raise the pressure one step in
the compressor unit.
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If there are subunits that are common to the driver (e.g. a gas turbine) and the driven unit (i.e. the
compressor), these are regarded as a part of the driven unit. For compressors with common lubrication-
oil and seal-oil systems, failures should, as a general rule, be assigned to the subunit that is assumed to
be the one most affected. Otherwise, the failure should be assigned to the lubrication-oil system.

Table A.9 — Equipment subdivision — Compressors

Equipment unit Compressors
Subunit Power Compressor |Controland |Lubrication |Shaftseal Miscellane-
transmission monitoring |system system ous
Maintainable Gearboxt Casing Actuating Qiltank-with—Oi-tankwith se frame
itemp variable drive Rotor with device ?eerr;lltmg sys- |heating Pibing, pipe
Bearings impellers Control unit Reservoir, sypport and
Belt/sheave |Balance piston|Cables and Pump Pump bgllows
Coupling to Interstage junction boxes | Motor Motok Control valves
the driver seals Internal Check valves Goar Isplation
Coupling to Radial bearing power supply Coolers Filters vglves
the driven unit Monitoring . Check valves
Thrust bear- Filters Valves
Lubrication |ing Sensors a Pipi Cqgolers
Seals Shaft seals Valves Valvds Seal ol Silencers
Internal piping | Wiring Lube oil Dry gas -seal Purge air
Valves Piping ISV([aZihamcal Mpgnet-
Antisurge Seals icibearing
system b Scrubber cdntrol system
Piston Flange joints
Cylinder linet
Packing
a Specify type of sensor, e.g. pressure,.temperature, level, etc.
b Including recycle valves and €ontrollers.

Table A.10 — Equipment-specific data — Compressors

Name Description Unit or code list Priority
Compressed medium Gas or air compressor Gas, air High
Typq of driver Driver unit (equipment class, type |Specify High
and identification code)
Gas handled Average molar mass Grams per mole Medium
(specific gravity x 28,96)
Suctlan-pressure Design — first stage Pascal (hnr) Medium
Suction pressure Operating - first stage Pascal (bar) Low
Discharge pressure Design - last stage Pascal (bar) High
Discharge pressure Operating - last stage Pascal (bar) Medium
Flow rate Design Metres cubed per hour High
Flow rate Operating Metres cubed per hour Low
Discharge temperature Design Degrees Celsius Medium
Discharge temperature Operating Degrees Celsius Low
Power Design power Kilowatt High
Utilization Percent utilization compared to Percent Medium
design
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Table A.10 (continued)
Name Description Unit or code list Priority
Polytropic head — Kilojoules per kilogram Low
Number of casings Number of casings in the train Integer High
Number of stages Number of compressor stages Integer Medium
(not impellers) in this train
Body type Type Vertical split case (barrel type), |Low
axial split case
Shaft sealing Type Mechanical, oil, dry gas-packed, |Low
ary ghand; tabyrimtiy, combined
Intercooler fiitted Specify if cooler is fitted Yes/no Medium
Shaft seal syfstem Separate, combined, dry, etc. Separate, combined, dry High
Radial bearihg Type Antifrictional, journal, maghetic |Low
Thrust bearing Specify as relevant in comment Antifrictional, journal, maghetic |Low

field whether any thrust pressure
regulator is installed

Speed Design speed Revolutions per niinute Low
Coupling Type Fixed, flexible/hydraulic, discon- |Low
nect

Reciprocating compressors only

Cylinder con|figuration — Inlihe, opposed, V, W Low
Cylinder ori¢ntation — Horizontal, vertical, inclined Low
Working principle — Single-acting, double-acting Low
Packing typ4 — Lubricated, dry Low

A.2.2.3 Electric generators

Table A.11 — Type classification — Electric generators

Equipment class —Level 6 Equipment type
Description Code |Description Code
Electric generators EG Gas-turbine driven TD

Steam-turbine driven SD
Turboexpander TE
Engine driven, e.g. diesel engine,| MD
gas engine
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Circuit
l breaker
Starting . Power Electric ./ N Bus
system ol TI_ transmission generator bar
. C Control and .
Cooling system Lubrication system monitoring system Miscellaneous
y y y bou\n da
Coolant Coolant Power ¢ Remote &4
supply '~ instrumentation
Figure A.4 — Boundary definition - Electric generators
Table A.12 — Equipment subdivision — Electric generators
Equjpment unit Electric generators
Subynit Power Electric Controland |Lubrication |Cooling sys- lescellane-
transmission |generator monitoring 2 |system tem oys
Maintainable Gearbox Stator Actuating Reservoir Heat exchang- |Hpod
itemp Radial bearing|Rotor device Pump er Purge air
Thrust bear- ,{Radial bearing geogtz(\)/l}%mt Motor Fan N¢utral
ing Thrust bear- - Filter Motor grounding
Seals in Internal Filter resistors
& power supply |Cooler (NGRs) ¢
Lubrication Excitation oo Valves
Monitoring Valves
Co_uphng to _Cabhpg and Sensors b Piping Piping
driver junction boxes
. Pump
. Valves 0il
Coupling to
driven unit Wiring
Belt/sheave Piping
Seals

a

b

C

The automatic voltage regulator (AVR) is an element within “Control”. Temperature and vibration surveillance are
elements within “Monitoring”.

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

Depending on the earthing philosophy.

© ISO 2016 - All rights reserved

67


https://standardsiso.com/api/?name=63a04eae711d838b3403d2bfb4dffda0

ISO 14224

:2016(E)

Table A.13 — Equipment-specific data — Electric generators

Name Description Unit or code list Priority
Type of driver Equipment class, type and identifica- |Specify High
tion 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 High
Power - design Design power Kilovolts Hig
Power factot cosQ Number Low
Excitation cgntrol Type Automatic, manual Medium
Excitation type Brushless/slip-ring Brushless, slip-ring Medium
Degree of prptection Protection class in accordance with|IP Low
IEC 60529
Insulation clpss - stator|Insulation class in accordance with|Y, A, E, B, F, H Medium
IEC 60034-1
Temperature|rise - stator | Temperature rise in accordance with|Y, A, E,B,F H Low
IEC 60034-1
Insulation clpss - rotor |Insulation class in accordance with|Y, A, E, B/FH Medium
IEC 60034-1
Temperaturgrise - rotor | Temperature rise in accordance with|Y, AXE;B, F, H Medium
IEC 60034-1
Radial bearihg Type Antifrictional, journal, magnetic Low
Thrust bearing Type Antifrictional, journal, magnetic Low
Lubrication pf bearings | Type of bearing lubrication Grease, oil bath, pressurized oil, oil ring | Low
Generator cdoling Type Air/air, air/water, open ventilated |Low

A2.24 El

pctric motors

Table A.14,—~Type classification — Electric motors

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

Direct current DC

68
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Bus
Electric motor
Lubrication Cooling Cf:nogf:gfianngd Miscellanepus
system system system
A
\J \j \J
boundary
Coolant Coolant Power Remote .
instrumentation
Figure A.5 — Boundary definition — Electric motors
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Table A.15 — Equipment subdivision — Electric motors

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

a Norq
pressure is m

b Sped

¢ VFD
Speed Drive §

ystem (VSDS).

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

hally, there is no extra control system for motors. For motors of Ex(p) class(pressurized), the internal
bnitored. Temperature can be monitored on large motors.

is not included inside the electric motor boundary. See also A.2.4.4@andFigure A.22 with respect to Vagiable

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

Name Description Unit or code list Priority

Type of drive¢n unit Equipment class, type and identification code |Specify High

Power - design Max. output (design) Kilowatt Medjum

Power - operating Specify the approximate power at which the unit|Kilowatt Low
hasbeen operated formost of the surveillance time

Variable spepd Specify if installed or not Yes/No Low

Speed Design speed Revolutions per minute | Medjum

Voltage Design voltage Volts Medium

Motor type Type Induction, commutator Medfum

(d.c.), synchronous

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

Temperatur¢ rise - stator..{ Temperature rise in accordance with IEC 60034-1|Y, A, E, B, F, H Low

Insulation clpss - roter2 |Insulation class in accordance with IEC 60034-1|Y,A,E,B,F, H Med1um

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

Degree of prptection Protection class in accordance with IEC 60529 |Specify Medium

Type of Ex protection Explosion classification category, e.g. Ex(d), Ex(e) P | e.g. Ex(d), Ex(e) High

a Not relevant for induction motors.

b See IEC 60079 (all parts).

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

Equipment class — Level 6 Equipment type
Description Code |Description Code
Gas turbines GT  |Industrial IN
Aero-derivative AD
Heavy duty HD
Fuel/gas Water/steam
e Fuel system o
injection
Air intake
A Drive
in : .
Combustion . Power turbine
= Compressor = system HP Turbine Jy*1 (LP turbine) )
Accessory drive
Starting Fire and gas Lubricatioft Control and Exhaust Misdell
system protection system monitoring xhaus Isgeflaneous
| | \J \J \J \J
Power Coolant Power
Remote
instrumentation
NOTH This boundary drawing shows a typical layout frequently used for mechanical drjve or power
generation. Howevef, gas turbines can be configured in different ways with regards to the layout of some

subsy
are w

Figure A.6 — Boundary definition — Gas turbines

rstems. The_cemmpressor and the turbine can be mechanically coupled, single-shaft GT. Othej
hen one oranore parts of the turbine are mechanically decoupled (multi-spool GT).

alternatives
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Table A.18 — Equipment subdivision — Gas turbines

Equip- Gas turbines
ment unit
Subunit Starting Air intake |Combustion |Compressor |(Power Control and
system system turbine HP monitoring
turbine _
Maintaina- |Starting motor |Air cooling |Combustor Rotor Rotor Control unit
ble items Start control |Anti-icing Fuel nozzles |Stator Stator Sensorsa
iping Filters Seals Cooling system [Casing Wires
Filter(s) Intake duct VGV system Radial bearing | Actuating devices
Valve(s) Inlet vanes Anti-surge Thrust bearing|Monitonihg
Pump(s) valve Seals Valves
Start energy ?us)fc'e?rlleedmg Valves Intefnal power
(e.g. battery, y . supply
. C Piping
Qir) Anti-icing
Seals
valve
Casing o
Radial bearing
Thrust bearing
Seals
Piping
Lubrication |Fuel system |Water/Steam |Firéand gas |Accessory Exhaust |Misdel
system injectionb protection drive lanepus
Heater Fuel control |Pump(s) Control unit  |Gearbox Diffuser |Enclp-
Reservoir(s) |Piping Piping Pipes Bearing Exhaust |*"¢
Pump(s) Valves Valves Valves Seals collector Hood
. . Purge air
Motor Seals Filter(s) Sensors Casing Compen-
. : sator/ Flange
Filter CP(l)lrrnnpr(Zg'/Sgis Seals Wires bellows |jointh
Temperature p Wires Tank(s)/ Stor- Ducti
. ucting |Ventjla-
control Filtet(s)/ age .
- tion fan
Seéparators Emission
Valves
) . Wa-
o Wires monitor-
Piping in ter-wash
. Fuel prop- J syst¢m
0il coolef . .
erties meas- Silencer
0il urement Thrust
Serisors bearing
Wires Valves
Waste
heat
recovery
unit

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

b Only relevant for gas turbines with NOx-abatement control with steam or water.
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Table A.19 — Equipment-specific data — Gas turbines

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

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|Kilowatt Medium

Operating profile Utilization profile Base load, peak load, load-sharing|High
bhackun amaragancu/racaruva
uuuu mergancy{rosors
De-rpting Specify if permanently de-rated or not |Yes/No Medium
Speeld Design speed (power shaft) Revolutions per minute Medium
Numpber of shafts Specify number 1,2,3 Medium
Starting system Specify main starting system Electric, hydraulie, ppeumatic High
Backjup starting system|Specify if relevant Electric, hydraulie, pneumatic Low
Fuel Fuel type Gas, oil-lighit;-pil-medium, oil-heayvy,| Medium
dual
NOy pbatement Type of abatement control Steam,-water, dry (e.g. dry lpw|High
emiission), none (e.g. single anpu-
lar‘combustor)
Air iplet filtration type | Type Free text Low
A.2.2.6 Pumps
Table A.20 — Type-classification — Pumps
Equipment class — Level 6 Equipment type
Description Code |Description Code
Pumps PU Centrifugal CE
Reciprocating RE
Rotary RO
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Fuel or
lectri r
electric powe Inlet Outlet
Starting . Power :
Pump unit
system Driver transmission P
Control and Lubrication Miscall
monitoring system Iscellaneous
A

\i \i ‘\

Powler Remote Coolant boundaty
instrumentation

Figure A.7 — Boundary definition — Pumps

Table A.21 —-Equipment subdivision — Pumps

Equipment junit Pumps
Subunit Power Pump unit Control and Lubrication Miscellaneous
transmission monitoring system
Maintainabl¢ Gearbok/ Support Actuating device | Reservoir Purge air
items varjagdrive Casing Control unit Pump Cooling/heating
Bearing Impeller Internal power |Motor system
Seals Shaft supply Filter Cyclone separatojr
Coupting to Radial bearing Senso;’s s Cooler ;;ne”m ::SP
Coupling to Thrust bearing Valves Valves §¢)
driven unit Seals Piping
Belt/sheave Valves Wiring 0il
Piping Piping Seals
Cylinder liner Seals
Piston
Diaphragm
a 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 identifica-|Specify High
tion code
Fluid handled Type 0il, gas, condensate, freshwater, steam, | High
sea water, crude oil, oily water, flare gas,
fuel gas, water/glycol, methanol, nitro-
gen, chemicals, hydrocarbon-combined,
gas/oil, gas/condensate, oil/water, gas/
oil/water, LNG, drilling mud, drilling
CCIIICIIL, ULht!I
Fluid corrosive/erosive | Classify as shown in footnote a Benign, moderate, severe Medium
Application - pump |Where applied Booster, supply, injection, transfer, lift,| Medium

dosage, disperse, cooling,dpilling, other

Pump - design Design characteristic Axial, radial, composite, diaphragm,|High
plunger, piston, scréw; vane, gear, lope
Power - design Design/rated power of pump Kilowatt High
Utilization of capacity | Normal operating/design capacity Percent Medium
Suction pressure - de- | Design pressure Pascal (bak) Medium
sign
Discharge pressure —|Design pressure Paseal (bar) High
design
Speeld Design speed Revolutions per minute or strokes per|Medium
minute
Numper of stages Centrifugal: number of impellers (in|Number Low
all stages)
Reciprocating: number of cylinders
Rotary: number of rotars
Body type Barrel, split casing;etc. Barrel, split case, axial split, cartridge, | Low
Shaff orientation — Horizontal, vertical Low
Shaff sealing Type Mechanical, oil seal, dry gas, packpd,|Low
gland, dry seal, labyrinth, combined
Tranlsmission type Typé Direct, gear, integral Low
Coupling Coupling Fixed, flexible, hydraulic, magnetic,|Low
disconnect
Environment Submerged or dry-mounted — Medium
Pump cooling Specify if separate cooling system is|Yes/No Low
installed
Radiplbearing Type Antifrictional, journal, magnetic Low
Thrustbearing Fype Antifrictionaljournabmagnetie Low
Bearing support Type Overhung, between bearings, pump |Low
casing, split sleeve
a 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 H2S), high CO2, high sand content].

A.2.2.7 Steam turbines

© ISO 2016 - All rights reserved
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Table A.23 — Type classification — Steam turbines

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

Condesation

o
Condenser

Lubrication Regulating Control and Miscell
system system monitoring Iscellaneous

—b_ -

Hydraulic Electronic

y v j\

Coolant Power Remote

. ) boundary
instrumentation

Key
T1 turbine stage 1
T2 turbine stage 2

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

Equipment Steam turbines
unit
Subunit Power Condenser Regulating |Lubrication |Control and Miscellaneous
turbine system system monitoring
Maintainable |Piping Condenser Filter Cooler Actuating Cranking sys-
items Radial bearing|Reg. pump Pump Filter device tem
Rotor Vacuum pump 0il Control unit Hood
Seals Qil seal pump Inter‘nal power
SUppLy
Stator/casing Piping Monitoring
Steam reg. Pump Sensors a
valves
Motor Valves
Thrust bear- .
; Reservoir -
ing Wiring
Valves N\
Riping
Seals
a Specify type of sensor, e.g. pressure, temperature, level etc.
Table A.25 — Equipment-specific data’— Steam turbines
Name Description Unit or code list Priority
Driven unit Equipment class, type and identifica-|Compressor, crane, generator, purhp,|High
tion code winch, etc.
Power - design ISO power rating Kilowatt High
Power - operating Specify the approximate,power at which | Kilowatt Medium
the unit has been operated for most of
the surveillance time.
Speeld Design speed (power shaft) Revolutions per minute Medium
Numpber of shafts Specify number Number Medium
Regylating system Specifytype Electronic, hydraulic Medium
Backlp starting system | Specify if relevant Electric, hydraulic, pneumatic Low
Fuel Fueltype Gas, oil-light, oil-medium, oil-heavy, dpal | Medium
Airinplet filtration typ€) Fype Free text Low

A.2.2

.8 Turbo'expanders

Table A.26 — Type classification — Turbo expanders

Equipment class — Level 6 Equipment type
Description Code |Description Code
Turbo expanders TE |Centrifugal CE

Axial AX

© ISO 2016 - All rights reserved
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Gas inlet
Inlet valve
Expar_1der Recompressor
turbine
\
Gas-eutlet
N
Outlet valve
Lubrication Shaft seal Control and Miceell
system system monitoring Iscelflaneous
bound
v v v oundan
Coolant Gas Power Remote
instrumentation
NOTE Driven units other than recompressors (e.g. pumpsor generators) are also outside the boundary

Figure A.9 — Boundary definition — Turbo expanders

Table A.27 — Equipment subdivision — Turbo expanders

Equipment junit Turbo expanders
Subunit Expander tur- ([Control and Lubrication Shaft seal sys- |Miscellanequs
bine monitoring system tem
Maintainable Rotor w/imp€l- |Actuating device |Reservoir Seal-gas equip- |Others
items lers . ment
Control unit Pump
Inlegyies Internal power |Motor Seal gas
Casing supply Filter
Radial bearing Monitoring Cooler
Thrustbearimg—Semsors# Valves
Seals Valves L
Piping
Inlet screen Wiring oil
Valves Piping
Piping Seals
a Specify type of sensor, e.g. pressure, temperature, level, etc.
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Table A.28 — Equipment-specific data — Turbo expanders

Name Description Unit or code list Priority
Type of driven unit  |Equipment class, type and identifica-|Specify High
tion 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
InlefTTow Design mlet TTow, turbine Kilograms per hour Medium
Inlettemperature Design inlet temperature, turbine Degrees Celsius Medium
Inlet|pressure Design inlet pressure, turbine Pascal (bar) Medium
Gas handled Average molar m a s s|Grams per mole Low
(specific gravity x 28,96)
Gas |corrosiveness/|Specify as shown in the footnote a Benign, moderate, severe Medium
erosjveness
Typ4q of design Type Centrifugalgaxial Medium
Numpber of stages Number of stages (in series) Numbey Low
Casing-split type Type Horizontal/vertical Low
Shaff sealing Type Mechanical, oil, seal, dry gas, packgd, |Low
gland, dry seal, labyrinth, combined|
Flow-control turbine |Type Variable nozzles, nozzle-group valyes,|Low
throttle valve, fixed inlet
Radipl bearing Type Antifrictional, journal, magnetic Low
Thryst bearing Type Antifrictional, journal, magnetic Low
a Benign (clean and dry gas).
Moderately corrosive/erosive (some particles’or droplets, some corrosiveness).
Severe corrosive/erosive (sour gas, high*€0; 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-hydraulicoperated| HO
DiCDC} }lydl au}u, UpPCI atcd DC
© IS0 2016 - All rights reserved 79
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Key
boundary
crane base (u/s slew ring)

a  Power sypply.

b Commurlication signal in/out.

NOTE Theboundary drawing illustrates one type of crane commonly used offshore. Several other categories

exist, viz. traversing cranes, gantry cranes etc. It is necessary to adapt the taxonomy for these categories to each
category.

Figure A.10 — Boundary definition — Cranes
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Equipment Cranes
unit
Subunit Crane Boom Hoist Swing Power Control Miscellane-
structure |system system system system and moni- |ous
toring
Maintainable |A-frame/ Boom Hoist winch |Slew bear- |Hydraulic |PC/PLS Others
items king Boom bear- |Hoist ng pumps Control
Drivers ing sheaves Slewring  |Electric valves
cabin N . . engine .
Hydrauiic—Hook Stewmotor Trtermat
Engine cylinder Lifting wire |Slew pinion Dllesel en- |power
room . gine supply
Luffing Shock
Pedestal winch Proportion- | Amplifiers
damper al valves
Crane frame | Luffing wire Joysticks
Luffing Hydraulic Load indi-
tank
sheaves cator
Boom stop Hydraullc
: filters
cylinder
Hydraulic
oil
Table A.31 — Equipment-specific data — Cranes
Name Description Unit or code list Priority
Typq of driver Driver unit (equipment class, | Specify High
type and identification code)
Overall maximum height Specify Metres Low
Mair} boom length Specify Metres Medium
A-frgme height Specify Metres Low
Booip, min. angle Specify Degrees Low
Boorp, max. angle Specify Degrees Low
Slew|bearing type Specify Conical, roller High
Hydtaulic operating medium Hydraulic fluid type Oil-based, synthetic-based, water-baged | Low
Hydraulic operating préssure  |Specify Pascal (bar) Low
Total unit weight Specify Metric tonnes Medium
Boom total weight Specify Metric tonnes Low
Safeworkingload (SWL) Crane’s safe workingload |Metric tonnes High
Max] operating swing Turning range (total) Degrees Medium
Max'mément Crane/sax—moment Ferrre-metre High
Hoist speed 1 At max. load Metres per second Medium
Hoist speed 2 At no load Metres per second Low
Slewing speed 1 At max. load Degrees per second Medium
Slewing speed 2 Atno load Degrees per second Low
WHIP crane Installed or not Yes/No Low
Heave compensation system Installed or not Yes/No Low
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Table A.31 (continued)

Name Description Unit or code list Priority
Automatic overload protection |Installed or not Yes/No High
system (AOPS)

Manual overload protection sys-|Installed or not Yes/No High
tem (MOPS)

Constant tension Installed or not Yes/No Low

A.2.3.2 Heat exchangers

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

Table A.32 — Type classification — Heat exchangers

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

Plate P

Plate fin PF
Double pipe DP
Bayonet BY
Printed circuit PC
Air-cooled AC
Spiral S

Spiral-wound SW
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Inlet
I/\II /
Inle
External Internal
items items
Outlet
Control and Miscell
monitoring Iscellaneous
v boundary
Power Remote
instrumentation
Outlet
Figure A-11 — Boundary definition — Heat exchangers
Table’A.33 — Equipment subdivision — Heat exchangers
Equipment unit Heat exchangers
Subynit External Internal Control and Miscellgneous
monitoring
Maintainable.items |Support Body/shell Actuating device Fana
Body/shell Tubes Control unit Motor
Valves Plates Internal power supply
Piping Seals (gaskets) Monitoring
Sensors b
Valves
Wiring
Piping
Seals
a Applicable for air-cooled heat exchangers only.
b Specify type of sensor, e.g. pressure, temperature, level, etc.
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Table A.34 — Equipment-specific data — Heat exchangers

Name Description Unit or code list Priority
Fluid, hot side Fluid type 0il, gas, condensate, freshwater, steam, |High
sea water, crude oil, oily water, flare gas,
water/glycol, methanol, nitrogen, chemi-
cals, hydrocarbon, air
Fluid, cold side Fluid type 0il, gas, condensate, freshwater, steam, |High

sea water, crude oil, oily water, flare gas,
water/glycol, methanol, nitrogen, chemi-
cals, hydrocarbon, air

tubes/plates.

Rated heat transfer Design value Kilowatt Medium
Heat-transfelr area — Metres squared Medium
Utilization Used/rated heat transfer Percent Medium
Pressure, hoft side Design pressure Pascal (bar) Medium
Pressure, cold side Design pressure Pascal (bar) Medium
Temperaturé¢ drop, hot Operating Degrees Celsius Low
side

Temperature¢ rise, cold Operating Degrees Celsius Low
side

Size - diamefer External Millimetres Medium
Size - length External Metres Medium
Number of tibes/plates |— Number Low
Tube/plate material Specify material type in Freedtext Medium

A.2.3.3 Heaters and boilers

A.2.3.3.1 Boundary definitions for heaters:and boilers

The boundafry definition applies to hydrecarbon- (HC-) fired heaters and boilers. The layout of hepters
and boilers fan vary considerably; however, they all apply the same principle supplying energy to heat
or boil a meflium. 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 inclyde a
vessel/shelllin which the heating process is performed. For heaters and HC-fired boilers, a burner dgvice
and an exhaust system.a¥éeincluded. Unlike most boilers, the heaters contain a tube coil through which
the medium|being heated flows.

For HC-fired heaters and boilers, the fuel-control valve is inside the equipment boundary, whilg the

fuel-conditipning equipment (e.g. scrubbers) and ESD/PSD valves are outside the boundary.

Inlet, outlet, pressure-relief and drain valves are specifically excluded. Valves and instruments included
are those locally mounted and/or which form a pressure boundary (e.g. block valves, calibration valves,

local indicators/gauges).
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Table A.35 — Type classification — Heaters and boilers

Equipment class — Equipment type
Level 6

Description Code |Description Code

Heatersand boilers| HB |Direct-fired heater DF
Electric heater EH
Indirect HC-fired heater IF
Heater treater HT
Non-HC-fired boiler NE
Electric boiler EB
HC-fired boiler FB

Energy supply
(fuel gas, steam,

electricity, etc)

Inlgt

>

Heated medium

Exhaust/flue
Column
External Internal
Control and Miscell
monitoring iscellaneous

N\

boundary

Figure A.12 — Boundary definition — Heaters and boilers

D><lr

Outlet
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Table A.36 — Equipment subdivision — Heaters and boilers

Equipment unit Heaters and boilers
Subunit Column Externals Internals Control and Miscellaneous
monitoring
Maintainable Body/shell Body/shell Body/shell Actuating device |Draftfan/motor
items Packing Piping Burner Control unit Others
Reflux coil/ Support Firetube Internal power
condenser Valves Exhaust stack supply
S Monitoring
Support Sensors a
Valves
Wiring
Piping
Seals
a Spedify type of sensor, e.g. pressure, temperature, level, etc.
Table A.37 — Equipment-specific data — Heatersand boilers
Name Description Unit or code&list Prigrity
Energy sourge Type of heating energy Electriéity; exhaust gas, fuel gas, hot oil, Higil

liquidfuel, 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 temperpture Design value Degrees Celsius Medium
Outlet tempégrature Design value Degrees Celsius Medium
Size - diamefer Specify Millimetres Medium
Size - length Specify Metres Medium
Number of tlibes Specify Number Medium
Tube material Specify Specify Low
Tube coil configuration Speeify Helical, horizontal, single-pass, spiral, |Low

split-pass, vertical

Packing typs — Specify High
Heater type Direct-fired only Box, cabin, cylindrical Low
Number of burners — Number Low

A.2.3.4 Preessure vessels

NOTE Pressure vessels include separators, scrubbers, cyclones, etc.

Table A.38 — Type classification — Pressure vessels

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

Separator SE
Coalescer CA
Flash drum FD
Scrubber SB
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Table A.38 (continued)

Equipment class — Level 6 Equipment type
Description Code |Description Code
Contactor co
Surge drum SD
Cyclone CcY
Hydrocyclone HY
Slug catcher SC
Adsorber AD
Dryer DR
Pig trap PT
Distillation column DC
Saturator SA
Reactor RE
De-aerator DA
Pressure
relief valve

4{><}— External Internal —!>‘<]7

Inlet valve Outlet|valve

Control and monitoring
system

TN

bounda
Power  Remote Y
instrumentation

Miscellaneous

Drain valve/

Blowdown valve

Figure A.13 — Boundary definition — Pressure vessels
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Table A.39 — Equipment subdivision — Pressure vessels

Equipment unit Pressure vessels
Subunit External items Internal items Control and Miscellaneous
monitoring
Maintainable items |Body/Shell Body/Shell Actuating device Others
Valves Cyclones b Control unit
Piping Hydrocyclone liners b | Internal power supply
Support Plates, trays, vanes, |Monitoring
pads
Sensorsa
Nozzle Valves
Sand-trap system Wiring
Heater .
Piping
Corrosion protection Seals
Distributor
Coil
a Spedify type of sensor, e.g. pressure, temperature, level, etc.
b Applies only for equipment type: Hydrocyclone.
Table A.40 — Equipment-specific data — Pressure vessels
Name Description Unitorcode list Prigrity
Fluid(s) Main fluid Oil\gas, condensate, freshwater, steam, Higil
§éa 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
Temperaturg¢ - design Design temperature Degrees Celsius Low
Pressure - operating Operating pressure Pascal (bar) Medium
Temperatur¢ - operating |Operating temperature Degrees Celsius Low
Size - diamefer External Millimetres Medium
Size - length External Metres Medium
Body materipl Specify type or code Free text Low
Orientation Specify Horizontal, vertical, spherical Low
Number of bfanches Pressurized connections only |Number Low
Internals Design principle Baffles, trays, grid plate, demister, heat coil, | Low
diverter, de-sander, combined

A.2.3.5 Piping
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Table A.41 — Type classification — Piping

Equipment class — Level 6 Equipment type
Description Code |Description Code
Piping a PI Carbon steels CA

Stainless steels ST

High-strength low-alloy steels LO

Titanium TI
Polymers including fibre-rein-| PO
forced

4:2016(E)

a  May be used to represent ducts.

The piping boundary definition will include all facilities to transfer and control fltiid bet
of rdtating equipment, mechanical equipment and tanks, including also vent and ‘drain
envifonment. However, instrument tubing for pneumatic or hydraulic control,is eXcluded.

ween pieces
lines to the

Actuator
Flow in Flow out
Valve
boundary
Figure A.14 — Boundary definition — Piping
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Table A.42 — Equipment subdivision — Piping

Equipment unit Piping
Subunit Pipe Valve 2 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
Monitoring
Lining ACCESS0TIES
b
Pipe element sensors
Plug Valves
Seals/gaskets Wiring
Piping
Seals
a It should be marked if the valve(s) is/are registered as (a) separate equipirient units(s) in the
datdbase (see also A.2.5.4).
b Specify type of sensor, e.g. pressure, temperature, level, etc.

Table A.43 — Equipment-specific data—Piping

Name Description Unit orreode list Prigrity
Diameter Outer diameter Millimetres Higil
Wall thickness Specify Millimetres Medium
Length Total length Metres High
Design presqure Mazx. allowable pressure Pascal (bar) Hig‘l
Fluid handle/d Type 0il, gas, condensate, freshwater, steam, Higil

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

Fluid corros{ve/erosive |Classify asshown in the footnotea|Benign, moderate, severe Medium
Pipe materiql Specify. Carbon steel, stainless steel, alloy type,|Medium
composite, titanium etc.

Insulated Specify Yes/No Low

Number of vhlves Number of valves installed on the [ Number Medium
pipe length considered

Type of valv¢s Specify valve category PSV, ESD, HIPPS, manual, etc. Low

Number of fllanges Specify Number Low

a 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 H3S), high CO, high sand content].

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

Equipment class — Level 6 Equipment type
Description Code |Description Code
Winches WI Electric winch EW
Hydraulic winch HW
C°”tf°' gnd Miscellaneous
monitoring
A
y
Power Remote boundary
instrumentation
Figure-A.15 — Boundary definition — Winches
Table A.45 — Equipment subdivision — Winches
Equipmentunit Winches
Subunit Winch Power trans- Control and Miscellaneoujs
mission monitoring
Madintainable items | Bearing Bearing Actuating device |Hood
Chain Coupling Control unit Others
Brum Gear trterrat—power
Lubrication Shaft supply
Reel Monitoring
Speedbrake Sensors &
Spool Valves
Structure Wiring
Tensioningand mo- Piping
tion compensation Seals
Wire
a 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 diametet WrireHinme-thickness Mitinretres Fowy
Speed - design Max. operating speed Revolutions per minute Higil
Transmissiop type Type Direct, gear, integral Low
Coupling Type Disconnect, fixed, flexible, hydratlic | Low
Lubrication pf bearings Type Specify Low
Radial bearihg Type Antifrictional, journal, magnetic |Low

No. of drumg Number Number Low
Spooling deyice As applicable Yes/No Low
Constant terjsioning system As applicable Yes/No Low
Heave compensation system As applicable Yes/Ng Low
Regeneratioh of power As applicable Yes/No Low
Remote contjrol As applicable Yes/No Low

A.2.3.7 Turrets

Table A.47 — Type classification — Turrets

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

Permanent turrets PT

A2.3.7.1

A.2.3.7.1.1

Disconnectable turrets

Boundary definitions for turrets

The disconnectable<furret boundary is defined as follows:

a) interfades Between the ship hull and the turret or buoy;

b) mooringtmnesamndanchorsdown to seabed included withimboumndary;

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.

A.2.3.7.1.2 Permanent turrets

92
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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) Therisers are outside the boundary (covered as a separate equipment class).
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Figure A.16 — Boundary definition — Turrets
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Table A.48 — Equipment subdivision — Turrets

Equipment unit Turrets
Subunit Turret Mooring Riser and umbil- |Utility systems
ical termination
Maintainable Bearing-roller Anchor Bend-restrictor  |Ballast system
items Bearing-slide Buoy a lock Bilge system
Bearing-wheel Chain Hang-off Lock buoy/ship
Structure Synthetic rope system @
Power system
TUrning and fock- [CONMNECTION T0
ing system structure Pull-in a
Winch Ventilation
Wire
a Only relevant for disconnectable turrets.
Table A.49 — Equipment-specific data — Turrets
Name Description Unit or code list Priority
Application Main use External leading, external production/injec- | High
tion, intérnal loading, internal productign/
injection
Turrgt location Where installed on the vessel |Bow;stern, behind living quarter High
Fluid transmission Fluid-transfer method Dragged chain, jumper, swivel High
Rotation system — Active, passive High
Riser termination Type Flanged, quick connect, quick disconngct,|High
welded
Numpber of risers — Number High
Numpber of umbilicals —\ Number High
Numpber of anchor lines — Number High
Wave height Signifieantheight - design value | Meters Medium
Vessgl displacement — Metric tonnes Medium

A.2.3.8 Swivels

Table A.50 — Type classification — Swivels

Equipment class — Level 6 Equipment type
Description Code |Description Code
Swivels SW  |Axial AX

Toroidal TO
Electric/signal ES
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Figure A.17 — Boundary definition — Swivels

Table A.51 — Equipment subdivisionh=— Swivels

Equipment unit Swivels
Subunit Swivel Miscellaneous
Maintainable items Dynamic seals Tensioners
Bearing Common items

Liquid barrier system
Bolting (incl. bath structural and pressure connections)

Casing

Brushes a

a Only] for electric swivels.

Table A.52 — Equipment-specific data — Swivels

Name Description Unit or code list Prigrity

Number of ppths For power and signal swivels no. of paths is|Number Higil
defined as no. of services

Design presqure — Pascal (bar) Medium

Design temperature — Degrees Celsius Low

Enclosure Type of enclosure Closed compartment, naturally|Medium

ventilated

Produced-fluid cor-|Type of service Sweet service, sour service Medium

rosiveness

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 2 Volt Medium

a If several levels exist, record the most dominating and add further explanation as “Remarks”.
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NOTE Storage tanks include atmospheric tanks and low-pressure tanks (non-refrigerated and refrigerated).
This equipment class does notinclude offshore tanks (petroleum, diesel, MEG, drilling fluid, etc.) and underground

storage cavern.

Table A.53 — - Type classification - Storage tanks

1>

External Internal
Contr0l and monitoring :
system Miscellaneous

Equipment class - Level 6 Equipment type
Description Code |Description Code
Storage tanks TA Fixed-Roof FR
Lifting Roof LR
Diaphragm DP
External Floating Roof EF
Roofless RL
Fixed Roof with Internal Floating'Roof IF
Pressure/Nacuum
vave
VR —ONL i

S}

Inlet valve l_ 1‘ Outlet valve
Y \
Power Remote boundary
Bodol dkain instrumentation Tank drain
valve valve
Figure A.18 — Boundary definition — Storage tanks
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Table A.54 — Equipment subdivision — Storage tanks

Equipment unit Storage tanks
Subunit :; Illlthure External Internal fr?glr:;t?)lrzii:g Miscellaneous
Maintainable items |Shell (or side- |Bottom drain |Heatersa Sensors b Mixers
walls) Roof drain ¢ Cathodic Piping Fire-fighting
Roof Seal © protection Open vent system
Bottom Platform Nozzles Flame arrester L-ightning protec-
Nozzles T Piping tion system
Manholes Stairway Swing line ¢ Others
Cleanout Ladder ¢
Foundation Centring and
anti-rotation
device ¢
Secondary
containment d
a  Applicable for heated storage tanks only.
b Specify type of sensor, e.g. pressure, temperature, level, etc.
¢ Applicable for floating roof tanks only.
d  Applicable for refrigerated liquefied gas storage only.
Table A.55 — Equipment-specificdata — Storage tanks
Name Description Unit or code list Priority
Stored product(s) Main product(s) Crude oil, oily water, gasoline, die- | High
sel, methanol, water, refrigerated
LPG, refrigerated LNG, chemicals
Product spe¢ific gravity |Relative density Number Medium|
Design standard Design standard Standard / edition / addendum |Medium
Design presqure Maximum positive gauge pressure |Pascal (bar) High
Design vacuyim Maximum/partial vacuum Pascal (bar) High
Volume Nominal liquid capacity Cubic metres Medium
Size - diamefer Nominal diameter Metres Medium|
Size - height] Nominal height Metres Medium|
) Maximum design temperature Degrees Celsius High
Temperatur¢ - design — - - -
Minimum design temperature Degrees Celsius High
Temperatur¢ ~0perating |Operating temperature Degrees Celsius Medium
Shell material Specify type or code Specify Medium
Roof material Specify type or code Specify Medium
Coating Specify Yes/No Medium
Heating system Specify Yes/No Low
Refrigerated tank system |Specify Yes/No Medium
Roof type Fixed or floating Fixed or floating Medium
Floating roof type Specify Specify Medium
Wall thickness Nominal thickness (15t course) Millimetres Medium
Mixer/agitator Specify Yes/No Low
Secondary containment |Specify Yes/No Medium
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Table A.56 — Type classification — UPS

Rectifier suppliedfrom emergency power

Equipment class — Level 6 Equipment type
Description Code |Description Code
UPS UP Dual UPS with standby bypass UB

Rectifier qnpplind from emMergency power
Bypass from main power system

Dual UPS without bypass uD
Rectifier supplied from emergency pewer

Single UPS with bypass [IN
Rectifier supplied from emergency power
Bypass from main powersystem

Single UPS without hypass UT
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Figure A.19 — Boundary definition — UPS
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Table A.57 — Equipment subdivision — UPS

Equipment unit UPS
Subunit Battery unit |Bypass unit |Inverter unit |Rectifier unit/|Control and|Miscellaneous
DC supply monitoring
Maintainable Battery Bypass switch | Bypass switch | Cabling Control unit |Cabinet
items breaker Bypass trans- |Cabling Contactor Internal Insulation
a
Battery bank |former Connection/ feeder power supply Cooling fans
Cabling Contactor socket Fuse(s) Monitoring Oth
o feeder a . thers
Circuit break- Fuse(s) Fused switch |Sensors®
er Fuse(s) Instrument Instrument Wiring
Connection/ | Instrument Inverter Rectifier Insulation
socket Static switch monitoriin
Static switch |Rectifier . 8
Instrument deviee
transformer
Inverter
transformer
a Normally located in the supplying switchboard.
b Specify type of sensor, e.g. pressure, temperature, level, etc. See also equipment class Input devices {n A.2.5.2, and
in geferal, caution should be made with respect to which such items to include inside the equipment class UP].

Table A.58 — Equipment-specifi¢ data — UPS

IEC 60529

Name Description Unit or code list Priority

Appliication What equipment the UPS is applied for | Circuit breaker, control systems, safpty | High
systems, telecommunication

Systém input voltage Input voltage Volt High

Inpuf frequency Rated input 50 Hz or 60 Hz High

Nunber of phases input|1-phase or 3-phase Number High

voltdge

Voltage variation Input voltage Percent Low

Frequency variation Input frequency Percent Low

System output voltage Output voltage Volt High

Output frequency Rated output 50 Hz, 60 Hz or DC High

Nunjber of phases output|1-phase or 3-phase Number High

voltdge

Rat¢d output load and|Apparent power and power factor in |Kilovolt-amperes/cos¢g High

power factor nominal operations

Degilee of protection Protection class in accordance with [IP code Medium

Ambjienbtemperature Operating temperature range Minimum and maximum temperatfyire | Low
in degrees Celsius
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
Battery backup time The time during which the battery|Minutes Medium
can 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
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Table A.58 (continued)

Name Description Unit or code list Priority
Battery earth-fault moni- |Specify Common, individual, N.A. Low
toring

Method of ventilation Specify Forced, natural Low
Number of battery banks |Specify Number Medium

A.2.4.2 Power transformers

NOTE | reBow 3 opsid

onshore powpr supply for e.g. electric motor. Subsea power transformers are covered in A.2.6.5 as maintaj

item. Some irfformation in A.2.4.2 can be relevant if such items are to be subject to more detailed reliability data
collection.

Table A.59 — Type classification — Power transformers

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

Dry DT

Circuit
breaker
Transformer
unit
Miscellangous Monitoring
system
X L. b q
Circuit oundary
breaker

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

Equipment unit

Power transformers a

Subunit

Transformer unit

Monitoring system

Miscellaneous

Maintainable items

0il

Bucholz relay

Bushing insulators

and/

Tank Level indicator Terminal blocks
Windings Thermometer Connectors
Fan Relief valve Wiring
Core Pressure relay Grounding
Expansion tank Current transformers Junction box
Radiator Silica-gel devige
Tap changer Dambpers
Neutral impedance Penétrator b
Outer tank b Neutral grounding resistors
(NGRs)
a For non-subsea equipment classes, note variations between frequency converters, power transforiners, and VSD
electfic motors.
b Subsea application
c Note a subsea power transformer located on the seabed as _patt of Equipment class “Subsea elgctrical power

distrjbution” (see A.2.6.5) is a maintainable item. As part of “Subsea electrical power distribution”, there
r step-down transformers that are located topsides/onshore, and these would be same as the equipmeft class Power
trandformer in Table A.60.

could step-up

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

Name Description Unit or Code list Priority
Frequency Rated frequency Hertz Low
Primary voltage Rated voltage Kilovolts High
Secopdary voltage |Rated voltage Kilovolts High
Voltage additional|Rated voltage tertiary or further windings |Kilovolts High
windings
Power - design Ratedpower Kilovolt-amperes High
Power factor Cos\p Number Low
Efficiency Efficiency factor (1) Number =1 Medium
Degree of protectioh | Protection class in accordance with IEC 60529 | Code as in IEC 60529:2001, Clausfe 4 | Low
Therjmal class.desig- | Thermal class in accordance with IEC 60085 |Y, A, E, B, F, H, 200, 220, 250 Medium
natign
Temperature rise  |In accordance with [EC 60076-2 Degrees Celsius Low
TransformercoohingType imraccordance with TEC 60076-2 CodeasimiEC 6007621993, Clause 3| High
Number of phases |1-phase or 3-phase Number High
Level of insulation |Insulation in accordance with IEC 60076-3 |Kilovolts High
Three-phase trans-| Type and combination of connections (vector|Code asrecommended in IEC 60076-|High
former connection |groups) as star, delta, etc. in accordance with|1:2000, Annex D

IEC 60076-1
Type of dry trans-|Specify if the windings are encapsulated in|Encapsulated/not encapsulated Medium
former winding solid insulation. Cast resin is an example of

solid insulation.
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A.2.4.3 Switchgear

Switchgear have a wide application offshore and onshore for the distribution and protection of high
and low voltage power systems. The classification includes both high voltage (>1KV) and low voltage
(<1KV) applications. High voltage boards can be air insulated or gas insulated, as shown in Table A.62.
It should be noted that low voltage switchgear also includes distribution boards.

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

Table A.62 — Type classification —Switchgear

Equipnrentclass=tevel 6 Equipnrenttype
Description Code |Description Code
Switchgear SG Low voltage LV
Oil and vacuum insulated ov
High voltage air insulated HA
High voltage gas insulated HG
--------------------------------------------------------------- N o s -:
MIAIN POWER CONTROL MISCELLANEOUS | | :
CIRCUITS PROTECTION AND E
MONITORING i
|
]
_____________________________________________________________________________ -
El Rémote
supply mslr.
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Figure A.21 —=-Boundary definition — Switchgear
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Current transformers

Voltage transformers

Control power supply

Miniature circuit breakers (MCB)

Equipment unit Switchgear

Subunit Main power circuits Control protection and monitoring Miscellaneous
Maintainable Circuit breaker a Metering b Interface cabinet
items Cable termination Protection relay and interlock ¢ Cooling

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

Piping

Wiring

Enclosure f (cabinet)

b

chantber.

cludes voltmeters and ammeters.

& Busbarinsulators are a part of the busbar.

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

¢ The interlock may either be included as software in the protection relay,or as conventional relay logic.

d  Actuator for energising the mechanism for release of the circuit breaker.

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

e Hor gas insulated switchgear (equipment type HG), sensorgwill be provided for monitoring the ovgr-pressur

rt of the scope.

ized

Table A.64 — Equipment-specific data — Switchgear

Name Description Unit or code list Priority
Systém application|Description ofithe switchboard application |Control system, safety system Medium
(services supplied)
Rated system volt-| Expected opeération voltage Volts, AC or DC High
age
Rateld busbar cur-|Magimum continuously current at specified | Amperes High
rent conditions
Ratgd short time}The rms value of the short circuit current|Kilo Amperes (kA) Low
withistand current |which the switchgear shall withstand during
the specified time
Rated duration of|The interval of time in which the switchgear|Seconds Low
shorf eitcuit shall withstand specified short time with-
stand current
Utilization of ca-|Normal operating/design capacity % High
pacity
Rated frequency |Normal operation frequency Hertz High
Number of circuits | Number of outgoing connections Number Medium
Degree of protection | Environmental protection for the cabinet IP rating Low
Hazardous area|EEX hazardous area rating according to|Specify Medium
rating IEC 60079
Switches/Breaker|Switches/Breaker rating (A) Specify Low
rating
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A.2.4.4 Frequency converters

A Variable Speed Drive Systems (VSDS), or Adjustable Speed Drive Systems (ASDS), is intended
to provide power to electric motor(s) such that the speed or torque of the motor(s) may be varied.
Frequency Converters, also known as Variable Frequency Drive System (VFDS), are applicable for AC
electric motors. The VSDS can consist of a frequency converter if it is an AC type VSDS.

VSDS have considerable application in the oil and gas industry ranging from the simple speed control of
a HVAC system to the speed control of a subsea pump in a subsea processing system.

Note that the equipment class “Frequency converters” is thus related to the equipment classes “Electric
motor” (Az 2 A.)’ “Paower transformers” (rnf A24 7}, “Subsea electrical power distribution” (A 765)
and “Electrical submersible pumps” (A.2.7.6) described elsewhere in this International Standard. For
example, a YSD driven electric motor driving a compressor will need to include different equipment
classes whep reliability data collection or estimation is done. Note that a subsea frequency,converter
however, is|a maintainable item for the equipment class “Subsea electrical power distribution” (ref.
A.2.6.5).

Table A.65 — Type classification — Frequency converters

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

The figure Helow shows a typical configuration for a Variable-Speed Drive System. The equipmenticlass
Frequency ¢onverters is given in Figure A.22. Figure A;22 is shown to illustrate how the Freqyency
converters f{it in the VSDS and the dependencies on ather components, like equipment classes Ppwer
transformeis (see A.2.4.2) and Electric motors (see A)2.2.4).
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c.) Figure A.22 — Typical VSDS configuration with frequency converters

© ISO 2016 - All rights reserved

107


https://standardsiso.com/api/?name=63a04eae711d838b3403d2bfb4dffda0

ISO 14224:2016(E)

Power

| v i

| | INPUT MISC. !

| *| STAGE |

| |
Remote i E
inst,‘ : : Q)
b 1| CONTROLAND | | DCBUS Q\

| MONITORING Sy

N S

I i i

| v O | Coolgnt

| OUTPUT é&uwc -

| | STAGE < YSTEM | »

i Q i

: < :

! A !

R S S 4@_\_______________________'

y 9
Imstruneniaion | MOTOR ™~
R\
xO

108 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=63a04eae711d838b3403d2bfb4dffda0

IS0 14224:2016(E)

Table A.66 — Equipment Subdivision — Frequency converters

Equipment Frequency converters
unit
Subunit Input stage DC bus Output stage |Control and|Coolingsystem|Miscellaneous
monitoring
Maintainable|Rectifiers Capacitors Inverter Monitoringa |Heatexchanger|Heaters
items . . . . .
Protective de-|Inductors Output filters |Control unit Filter Enclosure fix-
i . . r nd fit-
vices Charging cir-|Power cell Internal power |Motor ‘;11;1 eSs and fit
Internal circuit|cuits . §
N . . Supply Piping s .
DrcaRer or als- EXcitation cir-
Brake choppers S
connector Communication |Pump cujts
Harmonic filter Internal circuit Cards Seals Bylpass contac-
breaker or dis- tol
Commutating|connector Instruments Valves
reactor . -
Switch fuses Wiring Enclostre cool-
Input trans- . A b
P Fuses Miniature circuitf", fans
former ¢ L
breakers/fusés+De-ioniser b
Isolation switch | Louver

a  {pecify type of instrument/sensor, current, voltage, power, speed, contactor feedback.

b Hor some high voltage units (Equipment type = HV) there will be de-ignised closed water loop for cooling, which would

consist of piping and motor, but also a de-ioniser unit.

c

he input transformer is inside the frequency converter (in a VSDS'configuration) and is different from a
trangformer, but may still also use equipment class “Power transforimer” (see Table A.60) if further sub-divis

hormal power
on is needed.

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

Name Description Unit or code list Priority
Corresponding Equipment unit (electrie-motor) which the |Tag Medium
driveén unit Frequency Converterisconnected to

Syste¢m identifi- |System identification number Number High
catign

Voltage type Design charagteristic AC,DC High
Typg of commu- |Describéas per code list Self-commutated, line/load commu- |Low
tation tated

Application Where applied Compressor application, subsea, High

downhole, process, drilling, utility
Supqly voltage Supply voltage Volts Low
Power - desigh Design/rated power of the system Kilowatts (kW), Megawatts (MW), |High
MegaVoltAmpere (MVA)

Utiligation of Normal operating/design capacity % Medium
capacity

Operating fre- Normal range of output frequency Hertz Low
quency range

Converter type Describes whether the rectifier provides One, two or four quadrant Medium

power back into the supply system

Incoming trans- | Describes the input connection, whether a |Step up, step down, isolating, phase |Medium
former connec- transformer is used and its design intent shifting

tions

Output condition- |Describes the output connection, whether |Output filters, step up transformers |Medium
ing output conditioning is used or a step up

transformer
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Table A.67 (continued)

Name Description Unit or code list Priority
Cooling system What cooling mechanisms are used for the |Liquid cooling, air forced cooling. High
design VSDS, transformers, braking resistors and | (Indicate most dominant since there

enclosures in practice often is a combination of

the two)

Hazardous area |EEX Hazardous area rating in according Specify High
rating with IEC 60079
Ingress protec- Ingress protection rating in according with |Specify Medium
tion rating IEC 60529

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

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

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

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

Hydrocarbon AB
Toxic gases AS
Others AO

NOTE: Failure mode codeFG is split into FGA and FGB. See also Table B.9.
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Key

S Other
ensor sensors
Interface unit a
T\
boundary L
o
Pewer

a  Notapplicable for all fire and gas sensors.

A.2.5
Field|

logic
Moni

systg

Figure A.24 — Boundary’definition — Fire and gas detectors

.1.1 Boundary definitions forfire and gas detectors

input devices such as firé and gas detectors are usually connected to a fire and
unit (CLU), which is not included in the boundary of fire and gas detectors (see H
toring/interface units)may be used between detector and CLU, and this is part of
gas detectors. The purpose of these units is, among others, to monitor the detectors, th
connections and cables, analysing the incoming data by different algorithms and initiat
alarmh signals. The.basic principle of data communication between field equipment and su

ms can be based on multiplexing and sequential polling of data.

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

Control
logic
unit

gas control
igure A.19).

the fire and
bir interface

ing fault or
ch interface

Egquipment unit
LY I

Fire and gas detectors

© ISO

Subunit

Sensor

Interface unit 2

Miscellaneous

Maintainable items

Cabling
Cover

Detector (incl. head and
associated electronics)

Mounting socket

Cabinet
Control card

Display

Others

a Not applicable for all fire and gas sensors.
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Table A.70 — Equipment-specific data — Fire and gas detectors

Name Description Unit or code list Priority
Functional characteristics
Location oninstallation | 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 a High
Item characteristics
Sensing principle Type Fire: High
Ionization, optical, IR, UV, IR/UV, rate rise,
rate comp., fixed temp., fusible plug, camera;
multisensor (optical/heat)
Gas:
Catalytic, electrochemical, photoelectroehtemical,
photoelectric beam, IR, UV, acoustic, camera,
aspirating, optical beam, solid-state
Detector conmunica- | Type Conventional, addressable (one-way), smart|Medium
tion (two-way)
Fault tolerance b Response at failure Yes/No Medium
Self-test featjure Degree of self-testing No self-test, autematic 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 Envifonment classification:
Severe not enclosed and/or outdoor; heavily exposed.(vibration, heat, dust, salt);
Moderate partly enclosed and/or moderately exposéd-(vibration, heat, dust, salt); naturally ventilated;
Low enclgsed 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 “hormally energized” mode can be designed to fail-safe on loss of power or signal.
c See IEC 60079 (all parts).

A252 In

Input devicq
be monitorsd

transmi
typicall

put devices

d. Typical mdin-categories of input devices are the following:

tter: converts process parameter, e.g. pressure, into proportional electrical sig
y 4 mA¥0 20 mA or 0 Vto 10 V (see IEC 60381-2);

transd

cer

converts process parameters, e.g. pressure, into proportional electrical sig

typically unamplified output;

switch:

112

converts process parameters, e.g. pressure, typically into on/off electrical signals.

Table A.71 — Type classification — Input devices

Equipment class — Level 6 Equipment type
Description Code |Description Code
Input devices IP Pressure PS

Level LS
Temperature TS
Flow FS

s are, in general,sensors that convert process parameters into an electrical signal thaft can

nals,

nals,
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Equipment class — Level 6 Equipment type
Description Code |Description Code
Speed SP
Vibration VI
Displacement DI
Analyser AN
Weight WE
CoFrastoh O
Limit switch LP
On/off (pushbutton) PB
Others O
Power supply
Conditioning

Process in

Sensing
element

{><} Process out

N

boundary

NOTE This boundary drawing does not apply for switches and pushbuttons.

Figure A.25 — Boundary definition — Input devices
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Table A.72 — Equipment subdivision — Input devices

Equipment unit Input devices
Subunit Sensor and electronics Miscellaneous
Maintainable items | Sensing element Cabling
Conditioning (electronics) Piping
Others

Table A.73 — Equipment-specific data — Input devices

e.g. Ex(d), Ex(e) b

Name |Description |Unit or code list |Pri$rity
Functional characteristics
Location on Jnstallation|Where installed Drill floor, wellhead, process, auxiliary, | High
mud processing, power generation,
utility, control room, auxiliaryroom,
living quarter
Application Where applied Process control, emergency shutdown, | High
process shutdowns, pressure reduc-
tion, bypass, blowdown, monitoring,
combined
Fluid/gas corfrosiveness/ | Classify as explained in footnote 2 Benign, moderate, severe Medium
erosiveness
Item characteristics
Category Main category TFransmitter, transducer, switch,|High
pushbutton
Sensing prinfciple Applicable for pressure sensors only’;” |Bonded strain, semiconductor, strain, | High
piezoelectric, electromechanical, ca-
pacitance, reluctance, oscillating wire
Applicable for level sensors pnly Differential-pressure cell, capacitance, | High
conductive, displacement, diaphragm,
sonic, optical, microwave, radio fre-
quency, nuclear
Applicable for temperature sensors only | Resistance temperature detector (PT), | High
thermocouple, capillary
Applicablefor flow sensors only Displacement, differential head|High
(closed conduit/pipe, open channel),
velocity, mass
InSért additional types as relevant (e.g.| To be defined by user as required |High
Speed, vibration)
Sensor votinig, k out'of'Y| At least k out of the total number, Y, of |k = “xx” (integer) Low
(only as releyant) sensors shall provide signal to initiate Y=“yy” (integer)
control/safety action. k and Y shall be|™ ™ Yy 8
erntered; if o voting; teave btamk:
Fault tolerance Response at failure Yes/No High
Detector communication | Type Conventional, addressable (one-way), | Medium
smart (two-way)
Self-test 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

a

b

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 H3S), high CO; content, high sand content].
See IEC 60079 (all parts).
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A.2.5.3 Control logic units

Table A.74 — Type classification — Control logic units

IS0 14224:2016(E)

Equipment class — Level 6 Equipment type
Description Code |Description Code
Control logic units CL Programmable logic control- LC

ler (PLC)
Computer PC
Distributed control unit DC
Relay RL
Solid state SS
Single-loop controller SL
Programmable automation PA
controller (PAC)
Signal S|gna|
in out
A
Input cards Output cards
Analog | Digital Analog | Digital
Logic-solver
A A

System bus

Power supply

unit

Miscellaneous

Mains/power distribution

Figure A.26 — Boundary definition — Control logic units
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Table A.75 — Equipment subdivision — Control logic units

Equipment Control logic units
unit
Subunit Analog Digital Analog Digital Logic System Power Miscella-
input input output output solver bus supply neous
cards cards cards cards
Maintaina- |Inputcard |Inputcard |[Output Output Central No subdi- [No subdi- |Galvanic
ble items card card processor |vision vision barriers
Connec- Connec- unit (CPU)
tion unit  |tionunit |Connec- Connec- Others
(X-wiring) |tionunit [tion unit [Random
(X-wiring) |(X-wiring) |access
memory
Relay Relay (RAM)
Watchdog/
diagnostic
Software
Table A.76 — Equipment-specific data — Control logic units
Name Description Unit or code list Priority
Application t control logic |Where used Centralized)distributed, man-machine | Med{um
interface
CLUredundancy configuration | Specify if there are redundant Con- | Yes/No Low
trol logic units (CLUs) installed
Self-test featjure Degree of self-testing No self-test, automatic-loop test, built- | High
in test, combined
Fault tolerar]ce Response at failure Yes/No High

A.2.5.4 VaIves

NOTE T

e valves described in the taxonomy classification given in Table A.77 do not apply for valvesjused

for specific Ypstream purposes like subsea-valves and valves used in downhole completion. These valvgs are

covered in tHe specific sub-clauses in Annex A on this type of equipment. Wellhead and X-mas trees (dry

however, congidered as topside valves.

Table A.77 — Type classification — Valves

are,

116

Equipment class — Level 6 Equipment type
Description Code |Description Code
Valves VA |Ball BA

Gate GA
Globe &k
Butterfly BP
Plug PG
Needle NE
Check CH
Diaphragm DI
NOTE 1 Pilot valves are normally non-tagged components used for self-regulation. PSV
solenoid valves are normally a sub-tag of 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 this table should be coded as OH (Others)
with a comment specifying type description. Example: Clack- or Elastomer-type Deluge
valves).
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Table A.77 (continued)
Equipment class — Level 6 Equipment type
Description Code |Description Code
Flapper FL
Multiple orifice MO
Three-way WA
PSV-conventional SC
PSV-conventional with bellow SB
DO il ot oot ad SD
PSYpHetoperated St
PSV-vacuum relief SV
Plug and cage P€
External sleeve ES
Disc DC
Axial flow AF
Pinch PI
Others OH
NOTE 1 Pilot valves are normally non-tagged components<used for self-regulation. PSV
solenoid valves are normally a sub-tag of 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 this‘table should be coded as OH (Others)
with a comment specifying type description,«Example: Clack- or Elastomer-type Deluge
valves).
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Power
input signals
Control -
Solenoid Pilot
valve valve
M
o}
Power Actuator = T
t
o}
r
i
n
g
Valve
boundary
Figure A.27 — Boundary definition — Valves
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Table A.78 — Equipment subdivision — Valves

Closure member

Electrical motor b

Pilot valve ¢

Equipment unit Valves
Subunit Valves Actuator 2 Control and monitoring 2| Miscellaneous
Maintainable items |Valve body Diaphragm Wiring Accumulator
Bonnet Spring Indicator Others
Flange joints Case Instrument, general
Seatrings Piston Instrument, position
Packing/stem seal |Stem Monitoring
Seals Seals/gaskets Solenoid valve

=

w N =

Primary actuation principle:

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

Severe corrosive/erosive [sour gas/oil (high H3S), high CO; content, high sand content].

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

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

Stem Gear Quick exhaust dump valve
Travel stop Internal power supply
Limit switch
a Not applicable for all valve categories.
b Electric-motor actuator only.
c Applicable for hydraulic/pneumatically actuated valves.
Table A.79 — Equipment-specific data — Valves
Name Description Unit or,code list Priority
Main function|Main functional category Flow'control, on/off, non-return, Pressure reljef, | High
instrument or hydraulic control
Application |Specify function in the process Annulus (X-mas tree), blowdown, bypass, injectipn, | High
X-over, Deluge, ESD, ESD/PSD, PSD, HIPPS, swhb,
wing, relief, control, choke
Whefe mount- | Equipment on which the valveisinstalled | Wellhead, X-mas tree, wellhead flow line, wellhg¢ad | High
ed injection line, pump, turbine, generator, separator,
heat exchanger, vessel, header, electric mofor,
diesel motor, turboexpander, drilling, pipelipe,
mud process, utility, living quarter, air inlet, riger
Size Internal diameéter Millimetres (inches) Medium
Fluid handled |Main fluid.enly 0il, gas, condensate, freshwater, steam, sea water, | High
crude oil, oily water, flare gas, fuel gas, water/gly-
col, methanol, nitrogen, chemicals, hydrocarjon
combined, gas/oil, gas/condensate, oil/water, gas/
oil/water, NGL, LPG, LNG, slurry, etc.
Fluid temper-|Operating temperature main fluid Degrees Celsius Medium
ature
Flul c—€otTtTo Claoo;f_y as ohuvv i thc fuutuutc - Bcuisu, lllUdCl atc, Sevetre Medium
siveness/ ero-
siveness
Flowing pres-|Normal operating pressure (inlet) Pascal (bar) Medium
sure
a Benign (clean fluids, e.g. air, water, nitrogen).

actuation by line/process pressure or actuation by gravity = no actuation apart from possible backup actuation.
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Table A.79 (continued)
Name Description Unit or code list Priority
Shut-off pres-|Maximum differential pressure when |Pascal (bar) Low
sure valve closed (design)
For PSVs: set-point opening pressure
Valve material | Type Carbon steel (CS), stainless steel (SST), duplex,|High
alloy type, composite, titanium
Stem sealing |Type Stuffing box, duplex, lip seal, O-ring High
Seatdesign |Type of seat design Soft seated, metal-to-metal seated Medium
Actuatio|n|Actuator operating principle Single-acting, double-acting, actuation by line/|Medium
principle b process pressure, actuation by gravity
Actuation |-|Type of actuation force Electrical, hydraulic, pneumatic, mechanical|High
opening (spring), manual, combinations, none
Actuation |-|Type of actuation force Electrical, hydraulic, pneumatic, mechanical|Medium
closing (spring), manual, combinations, none
Manufactur-|Name of actuator manufacturer Specify Low
er - actuatof
Manufactuf-|Name of pilot-valve manufacturer Specify Low
er - pilot valye
Manufactuf-|Name of solenoid-valve manufacturer |Specify Low
er - solenojd
valve
Pilot-valvle|Number and configuration (applicable |Specify, e.g«1“x 3/2 (= single 3/2 pilot valve),|Low
configuratiop |for pilot-operated valves only) 2 x 4/3 (=\double 4/3 pilot valve)
Fail-safe prin- |Fail-safe principle Energized, de-energized Low
ciple pilotvalye
Solenoid-valye | Number and configuration (applicable |Spécify, e.g. 1 x 3/2 (= single 3/2 pilot valve),|Low
configuratiop |for solenoid-operated valves only) 2 x 4/3 (= double 4/3 pilot valve)
Fail-safe prif- | Fail-safe principle Energized, de-energized Low
ciple solenoid
valve
Valve fail-safe |Fail-safe position Fail-open, Fail-close, Fail-as-is High
position
Trim type Type (applicable fercontrol valves only) | Noise reduction, anti-cavitation, multi-stage, |High
single-stage
Valve leakage | Specify accefding to applicable reference | ISO 5208:2015, Annex A, Table 4 High
class standardfe:g. for valves complying
with ARI Spec 6D, see ISO 5208:2015)
a Benign (clean fluids, e.g. air, water, nitrogen).
Moderate|y(Corrosive/erosive (oil/gas not defined as severe, sea water, occasionally particles).

o

w N =

Primary actuation principle:

Severe corrosive/erosive [sour gas/oil (high HS), high CO; content, high sand content].

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

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

actuation by line/process pressure or actuation by gravity = no actuation apart from possible backup actuation.

A.2.5.5 Nozzles
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Table A.80 — Type classification — Nozzles

Equipment class — Level 6 Equipment type
Description Code |Description Code
Nozzles NO Deluge DN

Sprinkler SR
Water mist WM
Gaseous GA
Mounting
Nozzle
boundary
Figure A.28 — Boundary definition — Nozzles
Table A.81 — Equipment subdivision — Nozzles
Equipment unit Nozzles
Subunit Nozzle Mounting assembly | Miscellaneous
Maintainable items |Fusible bulb Mounting connector |Others
Nozzle body with|Seals

interirats

Nozzle head
Protective coating
Screen

Solder
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Table A.82 — Equipment-specific data — Nozzles

tection

lubricants, methanol, combustibles, radioactivity,
toxic gas, toxic liquid

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

Location o
plant

n

Where located in the plant

Airinlet, compressor, diesel engine, drilling, electric
motor, FW inlet, gas-metering, generator, header,
heat exchanger, living qt., mud-processing, pigging
station, pipeline, pump, separator, turbine, utility,

High

vessel, wellhead, wellhead flowline, wellhead
injection line, X-mas tree

Nozzle mat¢-|Specify Brass, chrome-plated, electrode-less nickel-plated,{High
rial lead-coated, stainless steel
Nozzle length |Specify Millimetres High
Nozzle width |Specify Millimetres Higil
Installation|How installed Concealed, horizontal sidewall, pendent, recessed, | Low
category upright, vertical sidewall
Fluid harf-|Main fluid only Potable water, sea water,Inergen, CO; Medium
dled - nozzlgs
Fluid corrq-|Classify as shown in the footnote @ Benign, moderate, sévere Medium
siveness/ er¢-
siveness
Discharge tem- | At operating condition Degrees Celsius Low
perature
Flowing pre$-|Specify Pascdl.(bar) Medium
sure
Flow rate Specify Litres per minute Medium
Shut-off pref- | Maximum differential pressure when{Pascal (bar) Low
sure valve closed (design)

For safety pressure-relief valves: set-

point opening pressure
Fluid tempef-|Specify Degrees Celsius Low
ature
Connectiojn|Specify Millimetres (inches) High
size
Type of nozzle|Specify Bolted flange, clamped flange, screwed, welded |Medium
end
Spray angle | |Specify Degrees Medium
Spray type Specify Droplets, mist Medium
Actuation Specify Fusibtebutb;solderextermat Medium
Nozzle screen | Whether or not installed Yes/No Low

a 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 H3S), high CO; content, high sand content].

A.2.5.6 Lifeboats

The lifeboats addresses lifeboats mounted on offshore oil & gas facilities, and also drilling rigs. Note
that lifeboats, in Arctic areas, are not addressed in this International Standard.

The diving technical equipment within self-propelled hyperbaric lifeboats is not covered by this
International Standard, but by NORSOK U-100:2015.
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Note that there are two types of Free fall lifeboats, drop or skid.

IS0 14224:2016(E)

Table A.83 — Type classification — Lifeboats

Power

Equipment class - Level 6 Equipment type
Description Code |Description Code
Lifeboats LB Free fall FF

Davit launched DL
Boundary
\
Main structure Launch/

Propulsion

A 4

Control and
monitoring

release system

Miscellaneous

Figure A.29.<5<Boundary definition — Lifeboats
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Table A.84 — Equipment subdivision — Lifeboats

Equipment Lifeboats
unit
Subunit Main structure |Propulsion Control and Launch/ Miscellaneous
monitoring Release a
Maintainable |Hull Engine Air regulator Davit structure |[Communication
items Innerliner Gear box/ Control panel d Davit winch/gear/ systems
Superstructure |transmission Lifeboat release motor !Electrlf:al system
N incl. lights and
hook Davit wire
Seat/Seatbelts Propeliershaft Tavigation
Lifeboat release|Davit winch HPU

Deluge pump/ pip-
Davit control panel|ing/nozzles

Lifting/Release|Propeller
hook attachment

Tanks b
Doors/Hatches

panel

Steering nozzle Hydrostatic inter-

Steering system  |lock system e Hydraulic system 8| Ainy¢ylinder
Waterjet ¢ Limit switches f Shackles Bdttery charger

Hang-off wires Bilge pump

Skid arrangement h | Emergency equip-
ment i

a2 These mdintainable items are located on the host facility (e.g. platform and FPSO)SNote that some of these items do not
apply for all types of lifeboat (ref Table A.83). This system also covers the recovery-0f the launched lifeboat.

b Tanks indlude fuel and water tanks and other bulkheads, of various materiak(e'g. GRP).

¢ Water-jet|is seldom in use for lifeboats but is more normal for man-overbeard boats (MOB).
d  This is coptrol panel onboard the lifeboat.

e  This appljes only for Davit launched lifeboats,

f Limit swiltch is physically located as part of the launch/release'system on the host facility.
&  Hydrauli¢ system includes cylinders.

h  Added to fcover Free Fall lifeboat that use a skid that@ill not give a drop straight down.

I Emergen¢y equipment includes first aid, water and food.

Table A.85 -~ Equipment-specific data — Lifeboats

Name Description Unit or code list Priority
Automatic r¢lease Automaticrelease of lifeboat|No, Yes Medium
release hook
Breathing aif capacity Breathing air capacity Minutes Medium
Breathing aif system Breathing air system? No, Yes High
Personnel cgpacity. Personnel capacity (count) |Each High
Sprinkler system Sprinkler system? No, Yes High
Nautical spekdFated Rated-nauticalspeed Knrets Meditm
Free-fall lifeboat installation height| Height above sea level M High
A.2.6 Subsea

A.2.6.1 Subsea production control
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Table A.86 — Type classification — Subsea production control

Equipment class — Level 6 Equipment type
Description Code |Description Code
Subsea production control CS Direct hydraulic DH

Direct electro-hydraulic EH
Multiplexed electro-hydraulic MX
Discrete pilot hydraulic PH
Sequential piloted hydraulic SH
TC}ClllCtl i\, ll_ydl Clu}il, TI}
Master control Electrical/ Hydraulic- Chemical>
station power unit power unit injectionuanit
| | | |
|
|
Topside $ $
il 4
Subsea Static Dynamic
umbilical umbilical
— =
Subsea distribution
module
Subsea control
module(s)
: Sensors
Lines to subsea valve actuators

boundary

Figure A.30 — Boundary definition — Subsea production control
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Table A.87 — Equipment subdivision — Subsea production control

Equipment Subsea production control
unit
Subunit Chemical |Dynamic Static Electric- |Hydraulic- |[Master Subsea Subsea Sensors 2
Injection |umbilical |umbilical power power control |control distr.
(topside) unit (top- |unit (top- |(topside) |module f module b, f
side) side)
Maintainable | No Bend Bend No No No Accumulator |Accumula- |Flow
items breakdown |restrictor restrictor break- breakdown | break- subsea tor subsea
Leak
. down down
Buoyancy Hydraulic/ Module base |Subsea by- |
device chemical line plate pass panel Leve
Tydraulic/ LV power/ Themical ). [Chemical [T ostter
lc_hemical signal line coupling inj. coupling | combinéd
ine 3
Fibre-optic Fibre-optic Fibre-optic fPI&SSUr and
J/I-tube seal |line i connectord  |connector d. | feMpergture
LV power/ |Sheath/ Filter Fibre-optic Pressurg
signal line [armour jumper i
8 Hydraulic jump Tempergture
Fibre-optic |Subseah um- coupling Hose Sand
line bilical-ter- .
mination LV power/ Hydraulic/ | yibratiopn
Sheath/ unit (SUTU) signal con c_hemlcal
armour nector ¢ line
. Topside um- .
Stabilizer bilical-ter- S;lbsea _ Hyclrla_\ullc
Tension- mination € e(étrlonelc coupling
. nmodule
and motion- |unit (TUTU) Piping
compen- Directional
sation Control Valve |LV polwer/
equilibrium (DCV) signalcon-
nector ¢
Topside um- WIS g
bilical-ter- L,V polwer/
mination _51gna
unit (TUTU) jumper
Subsea
cabling
IWIS 8
a Sensors insjde the subunit Subsea control module (SCM) shotld'not be mixed with those external at other subsea equipment.
b A SUTU canjbe of different type, e.g. UTA (Umbilical Terthination Assembly) or UTH (Umbilical Termination Head), depending on tie-in philosophy.
c LV power/pignal connectors” in SCM (or Subsea djstribution module; SDM) can include penetrators, which would be of penetrator type: LV
power/signal penjetrator. The “LV power/signal connéctors” are thus Low Voltage level (up to 1kV). These connectors can be wet or dry mate.
d Fibre-optic|connectors can include penetrators in SCM or SDM, which would be penetrator types = Fibre-optic penetrators.
e The SubsealElectrical module (SEM) inside SCM can include penetrators, which would be of penetrator type = Electrical (instrument/signal) or Qptical
penetrators. Powpr supply handled as part ofSEM. Note also that in addition to penetrators, a SEM contains other electronic and mechanical compongnts.
f Penetrator|which is defined asy“a permanent connection through a bulkhead”, might be identified as a separate maintainable item in sonfe data
collection and/or|estimation.
g Intelligent [Well Interfagé Standard (IWIS) card(s) can be located inside SCM as a separate canister, or as part of SEM, or as a separate ejternal
module to SCM.
h The connecfion betweeh dynamic and static called a SUTU can also be a transition joint.
i During dath ¢bllection precision is required to ensure sufficient information is captured enabling differentiation between failures affecting single
fibre and failuresfaffeeting multiple fibres/bundle of fibres. gl

Table A.88 — Equipment-specific data — Subsea production control

Name Description Unit or code list Priority
Well identification number | Operator description Number or name High
Application Where used HIPPS, manifold, SSIV, pump, wellhead, | Medium
X-mas tree, multi-purpose

Type of control fluid — Oil-based, water-based Medium
Type of control system — Closed, open Medium
Redundancy — Yes/no Medium
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Table A.88 (continued)
Name Description Unit or code list Priority
Manufacturer Specify Free text High
Model type Specify Free text Low
Multilateral wells — Yes/no Low

A.2.6.2 Subsea wellhead and X-mas trees

NOTE Applies only for (wet) Subsea X-mas trees. The (dry) Surface X-mas tree is described in A.2.7.7.

Table A.89 — Type classification — Subsea wellhead and X-mas trees

Equipment class — Level 6 Equipment type
Description Code |Description Code
Subsea wellhead and X-mas| XT |Vertical VX
trees Horizontal HX
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Subsea control

system/pod
A
| | Baseplate |
Tree cap \
|
J7 + ChemicalHinjectionfisolation valves
N7
ASV Z&PSV Choke valve
o XovV (Choke module)
ﬁ W\ : :
@ @ — Fio_\.vllne'or manifold
S 9V isqlatioh valve
AWV Xmas tree flowline connection /
AMV PMV (Flowline mandrel)
| | |_ D<]_
Flowbase 4 ]
| | VCM or gther connection
Subsea tubing
hanger Tree/wellhead
| | connector
Subsea
wellhead
I e 8
SCSsV \

boundary

ASV/PSV| Annulus/Production swab valve
AMV/PMY': Annulus/Production master valve
AWV/PW)/: Annulus/Production wing valve

XoV: Crossover valve

SCSSV: | Surface-controlled subsurface-safety valve

Key
a  Sensors mounted on the Subsea’X-mas tree, but covered by subunit sensor in Table A.87.

Figure A.3¥ — Boundary definition — Subsea wellhead and X-mas trees
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Table A.90 — Equipment subdivision — Subsea wellhead and X-mas trees

Equipment unit Subsea wellhead and X-mas trees
Subunit Subsea wellhead | Subsea Tubing hanger |Flowbase Flow control Vertical
X-mas tree module 2 connection
module (VCM)
Maintainable items | Permanent guide | Chemical inj. cou- [ Chemical inj. cou- | Frame Chemical inj. cou- | VCM connector
b PGB li li li
ase ( ) PHng ping Hub/mandrel ¢ Ping Valve and actuator
Temporary guide | Flowspool Hydraulic coupling Connector
base (TGB) Valve, check Control system com-
Piping (hard pipe) |LV/power signal . Flow loop pensation
Conductor housing | . connector d Val.ve, processiso- .
High pressure cap lation Frame Swivel
WeHresrdrotrstr Ferbtrre—trerreet
(high-pressurz Hoses (flexible pip- body ° ° ;/alve, utility iso-|Hoses Funnel guide
! . "
housing) ing) Tubing-hanger iso- ation Hydraulic connecter [ROY-panel override
Casing hangers Debris cap lation plug Piping system
Annulus seal as-| Tree-guide frame Valve, chéak ROV panel
semblies (pack-|connector
offs) Valye;ehoke
Internalisolation cap
¥alve, control
Internal tree-cap
valve
Internal tree-cap
plug
Tree cap b
Valve, check
Valve, choke
Valve, control
Valve, other
Valve, process iso-
lation
Valve, utility isolation
Valve, workater
a This can also be designated as choke module,
b The tree cap, which is able to be replaced independently, can also be considered as a subunit of the X-mas tree.
¢ This can also be designated as flofvline mandrel as well as be considered as a subunit of the X-mas tree.
d General carefulness with respect fo sensors and interface between tubing hanger and downhole control system.
Table A.91= Equipment-specific data — Subsea wellhead and X-mas treeg
Name Description Unit or code list Priority
Welljidentificatiof num- | Operator description Number or name High
ber
Instqll/pétyieve guide |Guideline/guideline-less, diver-as-|Guideline, guideline-less High
sisted 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 High
Design pressure Pressure rating of wellhead and|Pascal (bar) High
X-mas tree
Artificial lift well Type of artificial lift in the well Gas lift, ESP, PCP, none High
Number of connections |Number of lines connected to the | Number Low
tree block
a 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 HS), high CO2, high sand content]}.
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Table A.91 (continued)

injection water

Name Description Unit or code list Priority

Control principle Defines the control principle for|— Low
X-mas tree functions and actuators

Piggable Specify if piggable or not Yes/no Low

Size of tree Dimensions and mass Metres, kilograms Low

Mudline suspension sys- | Define whether a mudline suspension | Yes/no Low

tem system exists

Multilateral well Define Yes/no Low

Well flow rate Representative well flow rate (pro-|Specify Medium
duction or injection)

Fluid producgd/injected | Main fluid only: oil, gas, condensate, | Oil, gas, condensate, injection water, oil and{High

gas, gas and condensate, oil/gas/-water,
CO2, gas and water, produced water

Fluid corros

veness

Classify as shown in the footnote 2

Neutral, sweet, sour

High

Fluid erosivg

ness

Erosiveness of the well fluid

Benign, clean, moderate, severe, unknown

Medlium

Valve applic

tion

X-mas tree valve function

Annulus master (AMVYJ;"Annulus swab
(ASV), Annulus wing (AWV), Injection wing
(IWV), Injection‘master (IMV), Injection
swab (ISV), Production master (PMV),
Productionswab, Production wing (PWV),
Crossover(XoVv)

High

Sour {se

Valve design|class Type of X-mas tree valve design Ball, Butterfly, Diaphragm, Double ex-|High
panding gate, Flapper, Gate, Needle, Piston,
Ram, Swing
Valve actuatjon Classify Hydraulic, Electrical, Manual Medium
Asphaltenes Specify Yes/no Low
Scale formatfion Specify Yes/no Low
Wax formation Specify Yes/no Low
Hydrate forrhation Specify Yes/no Low
Sand produdtion Specify Yes/no Low
a Neufral (clean fluids with no corresive effects).
Sweet [noderately corrosive/efosive (oil/gas not defined as severe, raw sea water, occasional particles)].

verely corrosive/eresive [sour gas/oil (high HS), high COp, high sand content]}.

A.2.6.3 Ri

Note that th
SPAR’s) rise
class Risers

Sers

inA.2.6.3.

e equipment class Dry tree risers (e.g. for dry well completion riser tie-back when TLP’
I are listed as a separate equipment class in Table A.4, but is not covered by the equip

5 and
ment

130

Table A.92 — Type classification — Risers

Equipment class — Level 6 Equipment type
Description Code |Description Code
Risers PR  |Rigid RI

Flexible FL
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Connector Accessories

| =
Pipe (riser tensioning joint) 2 Protection
i 2
Pipe (riser element) = Heating system

[

Connector

Riser base

Subsea pipelines, subsea flowlines,
subsea manifolds, etc.

Boundary

Figure A.32 — Boundarydefinition — Risers

Table A.93 — Equipment subdivision — Risers

equipment (see A.2.6.1).

Sour {severely corrosive/erosive [sour gas/oil (high H3S), high CO2, high sand content]}.

Equipment Risers
unit
Subuynit Riser Riser base Heating system | Protection Accessories
Maintainable | Connector Gas lift Topside part |Anode Bend restrictor
ftemp Insulation Structure Subsea part Coating - exter- | Buoyancy device
Pipe Valve, process nal ]J/1-tube seal
isolation Stabilizing and guiding equipment
Valve, utility . . .
. . Tension- and motion-Jompensation
isolation .
equipment
Table A.94 — Equipment-specific data — Risers
Name Description Unit or code Iist Priority
Wellidentification 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
a Neutral (clean fluids with no corrosive effects).

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

b Note that as per ISO/TR 12489:2013, 3.6.4 SSIV can be either an actuated valve (e.g. remotely controlled subsea
valve) or non-actuated valve (e.g. subsea check valve). The control system for the subsea riser base valves will be covered
by equipment class “Subsea production control”, e.g. dynamic umbilical and subsea control module, plus topsides control
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Table A.94 (continued)

Name Description Unit or code list Priority
Coating External and internal Specify Low
Corrosion inhibitor — Yes/no Low
Temperature Design value Degrees Celsius Low
Manufacturer Specify — High
Gas lift If installed or not Yes/no Low
Pipe diameter — Millimetres Medium
Pipe materiat Speeify Steel-compositertitanivmrclad/Hred—Medium
Protection, dorrosion Specify Active, passive Medium
Protection, thechanical |Specify I-tube, J-tube, riser shaft penetration Medium
Riser layout Specify Free hanging, Lazy S, lazy wavepliant|Medium

wave, steep S, steep wave
Wall thickness Specify Millimetres Low
Fluid condudted Main fluid only: oil, gas, condensate, | Oil, gas, condensate, injection water, oil|High

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

water, COp, gas and water, produced water
Fluid corrosjveness Classify as shown in footnote 2 Neutral, sweet,sgur High
Asphaltenes Specify Yes/no Low
Scale formatfion Specify Yes/no Low
Wax formatipon Specify Yes/ng Low
Hydrate formation Specify Yes/no Low
Sand produdtion Specify Yes/no Low
Valve application Riser base valve function Pipeline isolation, SSIV b, HIPPS High
Valve design|class Type of riser base valve desigh Side-entry ball, top-entry ball, double Higil

expanding gate (DEG), slab gate, wedge

gate, check
a Neutral (clean fluids with no corrosive effects).

Sweet [noderately corrosive/erosive (gilygas not defined as severe, raw sea water, occasional particles)].
Sour {sgverely corrosive/erosive [sour/gas/oil (high HS), high CO2, high sand content]}.

b Notd that as per ISO/TR 124892013, 3.6.4 SSIV can be either an actuated valve (e.g. remotely controlled syibsea
valve) or non{actuated valve (e.g,subsea check valve). The control system for the subsea riser base valves will be coyered
by equipment| class “Subsea preduction control”, e.g. dynamic umbilical and subsea control module, plus topsides cqntrol
equipment (sge A.2.6.1).

A.2.6.4 Subsea pumps

Table A.95 — Type classification — Subsea pumps

Equipment class — Level 6 Equipment type
Description Code |Description Code
Subsea pumps SP Centrifugal CE

Reciprocating RE
Rotary RO
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A
\ 4
Connector/ Il ]
Coup]ing nlet Outlet
h 1 A | 1:
JI1VC] Lllyl,u dUullQg,
electric motor) Pump unit
Control and Miscellaneous Barrier fluic
monitoring equipment
Connector/
couplin
A A p g A A
v \ 4 A\ 4
Remote Power
imstrumentation

Figure A.33 —Boundary definition — Subsea pumps
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Table A.96 — Equipment subdivision — Subsea pumps

Equipment unit Subsea pumps a
Subunit Pump Electric motor |Barrier fluid b¢ |Control and Miscellaneous
monitoring
Maintainable Bearing, radial Bearing, radial Accumulator Cable Connector
items Bearing, thrust  |Bearing, thrust Hydraulic coupling [Junction box Cooling/heat-
Casing Casing Cooling Leak sensor ng
. Piping
Connector Connector Filter Level sensor
Pulsation
Cytinderfiner CONTrol unit Tubrication off POWer SuUpply d
ampern
Impeller Impeller Piping Pressure sensor Purd@system
Piping Rotor Lubrication oil Power/signal
Piston Seal pump incl. driver |coupler
Seal Stator Reservoir Speed sensor
Shaft Support Valve, check Temperatute
. sensor
Structure protect Subsea electrical
P penetrator Vibration sensor

Structure, support Valve, other

Mechanical land-
ing interface

Valve, control

Valve, process
isolation

Valve, other

a Note that the subsea pump includes the driving unit{(électric motor) as opposed to the pumps located topsides or
onshore (See A.2.2.6). The subsea pump does not includespower transmission to the (subunit) electrical motor, as thip will
be covered by] the equipment class “Subsea electrical patwer distribution”. It should also be noted that the equipment|class
“Subsea pumps” does not include “Submersible pumps”;located in a seafloor caisson.

b The parrier fluid equipment has four main functions:
— elecfricisolation (dielectric properties);
—  lubrication of bearings and seals;
—  abilify to transport away héat;
—  abilify to transport particles to possible filter systems.

c The maintainable ifems are primarily located topsides, but some also subsea (e.g. hydraulic couplings in ¢ither
end of umbiligal).The barrierfluid is distributed from topsides (or from onshore) to the subsea pump via barrier fluid|lines
which are insfde static.imbilical (and possibly dynamic umbilical) and possibly via hydraulic jumpers. This equipmegnt is
defined as suunit andimaintainable items within the equipment class “Subsea production control” (See A.2.6.1). Depending
on the field ifjfrastructure where the subsea pump is located, these umbilicals can already be defined. The items mpy be
included as p4 fluid”,
to ensure prect 2 2 2 2 hd note
(a) above.

134 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=63a04eae711d838b3403d2bfb4dffda0

IS0 14224:2016(E)

Table A.97 — Equipment-specific data — Subsea pumps

Name Description Unit or code list Priority
Wellidentification number | Operator description Number or name High
Discharge pressure - de- — Pascal (barg.) High
sign
Suction pressure - design — Pascal (barg.) Medium
Pump driver Type of driver Electric motor, turbine, hydraulic motor |High
Power - design Driver power Kilowatt High
Speed Design value Revolutions per minute Low
Numpber of stages — Number Low
Pump coupling — Fixed, flexible, hydraulic Low
Manifacturer Specify Specify High
Modgl type Specify Specify Low
Pump design Design characteristic Axial, radial, composite, diaphragm, plunger, | High
piston, screw, vang, gear, lobe
Application - pump Where applied Booster, injectionyactive cooling Medium
Fluid handled Main fluid only: oil, gas, condensate, | Oil, gas, condénsate, injection water, |oil| High
injection water and gasy;gas and condensate, oil/gas/
water €02, gas and water, produced water,
coaling medium
Fluid corrosiveness Classify as shown in footnote a Neutral, sweet, sour High
Radipl bearing type Specify Magnetic, roller, sliding Low
Thryst bearing type Specify Magnetic, roller, sliding Low
Shaff orientation Specify Horizontal, vertical Low
Shaf} seal type Specify Dry, gland, labyrinth, mechanical, ¢il,|Low
packed combined
Tranfsmission type Specify Direct, gear, integral Low
a 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 H3S), high CO2, high sand content]}.
A.2.6.5 Subsea electrieal power distribution
Elecqrical powerdistribution system specifically excludes subsea control system power distribution.
Electrical power~distribution is dedicated for distribution to subsea processing equjpment (e.g.
multj-flow pumps, water injection pumps, and compressors) with power requirements ir] range MW.
The electric’power to control and instrumentation is part of the equipment class “Subseq production

control” »see A.2.6.1.

If the electric power comes directly from onshore, the subunit “Static power cable” in A.2.6.5 will apply,
and would be similar as subunit “Static power cable” in an equipment class “Submarine power cable”
used for providing power from shore to offshore facility (and may have an associated dynamic power
cable, if an offshore floating facility). The topsides power distribution equipment will in the former case
be located onshore. The equipment class “Submarine power cable” is not currently included in this annex.
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Table A.98 — Type classification — Subsea electrical power distribution

Equipment class — Level 6 Equipment type
Description Code |Description Code
Subsea electrical power| EP |Single consumer without| SU
distribution subsea step- down

Single consumer withsub-| SD
sea step- down
Multiple consumer MC

Topside power distribution

Topside frequency

converter

Topside breakers

Topside transformer

Static power cable

Dynamic power cable

Subsea power distribution

Subsea power Subsea switchgear Subsea power
connector transformer
Control and Subsea power Subsea frequency
monitoring jumper converter
Subsea UPS Subsea penetrator

Figure A.34 — Boundary definition — Subsea electrical power distribution
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Table A.99 — Equipment subdivision — Subsea electrical power distribution

Equipment Subsea electrical power distribution
unit
Subunit Topside power distribu- | Dynamic power cable 2 Static power cable b Subsea power distribution
tion equipment equipmentj
Maintainable items | (No subdivision) ! Topside cable termination |HV power line Subsea power connector

unit . Lo
Fibre-optic line ©
Tension & motion compen-

sation equipment Factory joint

Bend restrictor Offshore joint

Sheath/armour

Subsea switchgear €
Subsea power transformer 8
Subsea penetrator f

Subsea frequency converter d

D a H
THoyaRey-aevice

J/I-tube seal

Stabilizer ¢

Subsea cable termina-
tion unit

Subsea powekju

Subsea URSY

Topside cable termina-
p Contirol and mon

Subsea cable termination  |tion unith
unit

Onshore cable termina-
Midline joint tion unit
Sheath/armour Bend restrictor

HV power line Midline joint

Fibre-optic line ©

mper )

toring m

a Simif
b Sim
¢ Ancl

d Notd
preci
comp

e The

fSubs
equip

g Notg
(Equi

h App
i This

subse|
Thesd
be rel
more
subse
partd
cable
powe

k Gen
EPD ¢
conta
voltag

affect

ar components as for the subunit Dynamic umbilical for the equipment class Subsea production control.
lar components as for the Static umbilical Subunit for equipment class Subs€a’production control equipment class.
or clamp/anchorage is part of the stabilizer.

regarding the level of detailing. A subsea frequency converter includes'subsea penetrators, and can contain contac
ion needs to be dealt with in use for reliability data collection or«estimation. Subsea frequency converter can be of t
bnsated” or “non-pressure compensated”.

maintainable item Switchgear will also include parts subseaprotective devices.

lea penetrators are either electrical (LV power/signal), electrical (HV) or fibre-optic penetrators. This needs to be rd
Inent specific data on maintainable item level.

the difference between subsea transformer as maintainable item (Level 8) and topsides Power transformer
bment class - level 6, as given in A.2.4.2).

ies if subsea static power cable tie-back to fixed installation.

MI may be given further special detailed*attention in reliability data collection or estimation by using Annex A.2.4.1]

j Subsea power jumper inside the subunit“Subsea power distribution equipment” can only be electrical (HV). However, in

h power distribution system”, also/LV power/signal jumper (being electrical (LV power/signal)), or fibre-optic jump
two maintainable items appear‘in the taxonomy for “Subsea production control” in Table A.87, and possibly others
evant, e.g. hydraulic/cherhical lines may sometimes be also part of the dynamic and static power cable. Rather than

subunits in Table A.99onecan use those components (appearing in various subunits) in Table A.87 that is in this ca

h power in conjunctionwith a reliability data collection. Note also that LV power/signal lines in dynamic & static umnj
f the equipment elass/Subsea electrical power distribution”, but in the Annex A.2.6.1 “Subsea production control”. I
hlso includes (is.bundled with) hydraulic/chemical lines and power/signal lines, it is recommended to register data

" cable.

brally, it issimportant to be aware of that some maintainable items (e.g. subsea penetrator and pressure compensatot
An appear-as parts (Level 9) in different MIs. Attention to this matter is needed in reliability data collection and esti
Ctor isfor example not included as a maintainable item, as this would require also other components like current tr
e‘transformer that are part of larger units like a subsea frequency converter or a switchgear

:1nsformer,

ors. However,
ype “pressure

flected for

UPS.

kide an “overall
br exist.

ould also
ntroducing

e relevant for
bilicals are not
subsea power
nto the subsea

) in Subsea
mation. Subsea

I The topside power distribution equipment (*) is not further subdivided as it will be covered by other equipment classes defined in this
International Standard. It should be noted that equipment classes Frequency converter (topsides - ref. A.2.4.4)” and Power transformer
(topsides- ref A.2.4.2) are such equipment (*), the configuration of power transformer depends on if subsea power transformer is used
subsea. Equipment class Switchgear (which would include topsides protective device) is also part of such equipment (*). In addition, reac-
tive compensation equipment will exist when long subsea power cable to offshore facility or power directly from shore.

m The control and monitoring associated with subsea electric power distribution equipment is included in the subunit. This comes in
addition to the local control and monitoring for e.g. subsea pumps - see A.2.6.4.

n The Subsea power connector is sometimes called the HV connector, and can be dry or wet mate. Note that the electrical (LV power/sig-
nal), and fibre-optic connectors used for Subsea Power Distribution are covered by these maintainable items in Subunit “Subsea distribu-
tion module” in the taxonomy for equipment class “Subsea production control” in Table A.87.

o During data collection precision is required to ensure sufficient information is captured enabling differentiation between failures

ing single fibre and failures affecting multiple fibres/bundle of fibres.
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Table A.100 — Equipment-specific data — Subsea electrical power distribution

Name Description Unit or code list Priority
Transmission voltagea [0 -9,999 kv High
Transmission power 0-99,999 kVA High
AC/DC AC Codes High
DC
AC/DC
Transmission distance |0 -999 km High
Number of ppwer 0-99 # High
consumers
Type of power consumers | Type of power consumers Subsea pump, subsea compressor, subsea | High
heater, subsea cooler

a  Voltage i given in steps, as per IEC 60038:2009 (see below).
— LV<1kV
— MV 1to 3pkV

— HV 35to P30kV
— EHV above 230kV

The internatipnal oil & gas industry may use different definition with respect t6.Extra High Voltage (EHV), High Vdltage
(HV), Mediunj Voltage (MV) and Low Voltage (LV). Reference to IEC versus IEEE/ANSI needs to be considered here to know
e.g. voltage range for HV as they may be categorized differently. For other thanJlow voltage (LV), i.e. > 1KV special natfional
electrical regfilations will apply due to HSE reasons.

A.2.6.6 Subsea pressure vessels

Table A.101 — Type classification — Subsea pressure vessels

Equipment class - Level\6 Equipment type
Description Code |Description Code
Subsea pressure SV Coalescer CA
vessels Cyclone CcY

Hydrocyclone HY
Scrubber SB
Separator SE
Slug catcher SC
Surge drum SD
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Figure A.35 — Boundary definition — Subsea pressure vessels

Table A.102 — Equipment subdivision — Subsea pressure vessels

Connector

Support structure
Insulatign

Connector

Body/Shell

Piping b

Valve, check

Valve, processisolation

Valve, utility isolation

Baffle plates
Trays

Vanes

Pads
Demister
Diverter
Grid plate

Heat coil

Valve, control

Equipment Subsea pressure vessels
unit
Subunit External items Internal items Control and monitor-|Misce|laneous
ing¢
Maintainable items |Protective structure |Coalescer plates Sensors 2 Other}

Vatve, other

Samd=trap system

Distributor

b Hard pipe.

a  Subsea sensors would also be covered in the Subunit “Sensors” for equipment class “Subsea production control” (See
Table A.87). Such sensor would include “Multiphase meters”, “Oil in water” sensor, “Water in oil” sensor and “Fluid level
sensor”. See also A.2.5.2 Input devices which describe a specific equipment class, but is meant for non-subsea applications,
but may be relevant also for reliability data collection/estimation.

¢ Control and monitoring for “Subsea pressure vessel” will be similar, but somewhat different from topsides/onshore
“Pressure vessel” (see Table A.39): LV power/signal jumper and LV power/signal connector will be analogue to wiring and
piping, but is covered by the subunit “Subsea distribution module” (See Table A.87).
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Table A.103 — Equipment-specific data — Subsea pressure vessels

Name Description Unit or code list Priority
Equipment application |Where used Oil processing, Condensate processing, |High
Gas (re-)injection Gas processing, Gas
treatment, Water (re-)injection, Liquid/gas
separation, Liquid/Gas/Solid separation
Retrievable Retrievability of the subsea pres-|Yes/No High
sure vessel
Fluid erosiveness Classify as shown Clean, benign , moderate, severe High
Fluid corrosiveness Classify-asshewn Neutral-Sweet-Sour Hig
Fluid(s) Main fluid Gas/oil/water, gas/oil, gas/condensate, oil/ Higil
water, oily water, water/glycol, methanaol,
chemicals
Liquid/gas boosting Yes/No Medium
Pressure - operating Specify Pascal (bar) Medium
Design presqure Specify Pascal (bar) High
Design tempjerature Specify Degrees Celsius Higil
Temperatur¢ - operating|Specify Degrees Celsius Medium
Retention tifne Specify Minutes Medium
Design throyghput Specify Sm3/d Medium
Size - diameter External Metres Medium
Size - length External Metres Medium
Orientation Specify Herizontal, vertical, spherical Medium
Body materipl Specify type or code Free text Low
Sand produdtion Specify Yes/No Low
Emulsions Specify Yes/No Low
Hydrate forrhation Specify Yes/No Low
Wax formatipon Specify Yes/No Low
Scale formatfion Specify Yes/No Low
Asphaltenes Specify Yes/No Low
NOTE The equipment specific data-for)“Subsea pressure vessel” is similar, but also somewhat different from [for a
topsides/onsfore “Pressure vessel {Sée Table A.40) due to that the pressure vessel is located at the seabed.
A.2.6.7 Supbsea pipelines
Subsea pipeline transportation system covers:
— export Tipeline systems between subsea well facilities (“export manifold”) and onshore termipal;

facilities (subsea intra-field pipelines);

export lines to offshore offloading systems.

export pipeline systems between offshore facilities and onshore terminal;

exportpipeline systems between offshore processing facilities and other ottshore processing /export

intercontinental export pipelines, between onshore terminal and another onshore terminal;

The onshore part of a subsea pipeline is covered by this equipment class “Subsea pipelines”, and valves
would be located subsea and/or onshore.

The in-field flowlines (with e.g. well flow, injection gas or injection water) between subsea wells and
offshore processing facilities, or onto “export manifold”, are covered by the equipment class “Subsea

flowlines”.
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Support structure

Support structure

%\J

Equipment class - Level 6 Equipment type
Description Code |Description Code
Subsea pipelines SL Flexible FL
Rigid RI
Riser
I
Pipe Pipe Heating
system
Pipe spool
Safety joint ,\t
Connector ;\\GJ
<< O
Control valve Q
i\
I [0.4)
? ubse.a Protective structure i Protective structure Onshore
isolation 3 el
ftation (SIS) Process isolation valve Process isolation valve | station (OIS)
\V
Check valve Check valve
)
Choke valve Choke valve
r\\

Receiving facility

Figure A.36 — Boundary definition — Subsea pipelines
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Table A.105 — Equipment subdivision — Subsea pipelines

Equipment Subsea pipelines
unit
Subunit Pipe Heating system a Subsea Isolation Onshore Isolation
Station (SIS) b Station (OIS) b

Maintainable|Coating external Subsea part Structure - protective |Structure - protective

items Connector Topsides part Structure - support Structure - support
Sealine Valve, processisolation ¢ | Valve f, process isolation
Safetyjoint Valve, utitity isofation [ Vaive, utitity isoiation
Flexible pipe spool Valve, check Valve, check
Rigid pipe spool Valve, control Valve, control
Valve, processisolationd Pig station € Pig statien €

a Thefheating system would normally not apply for long distance pipeline (trunkline) transport systems.

In general hgating system is used in in-field flowlines for non-processed well flow.

b Onshore isolation system (OIS) is the landfall valve station where the subsea pipeline ends into the
onshore terrhinal. It will contain onshore process isolation valves that acts as impartant barriers. The subdea
isolation stafion applies if there are subsea isolation valve(s) along the subsea pipeline routing. The SIS is a
subsea maniffold structure (e.g. PLEM - Pipeline End Module) with a various{ype of valves depending on thie
pipeline infrpstructure. The valve design class will typically vary for theséxalves.

c If the valve is a Subsea isolation valve (SSIV), the “Valve compenent application” needs to be set to
SSIV. SSIV isjaddressed in ISO 14723:2009, see also 3.6.4 in ISO/TR 12489:2013. It is sometimes called SIV. [t is
a specific type of process isolation valve.

d If the subsea pipeline has a T-connection, this will norirally contains valves. The valve design class
may vary.
e The[pipeline will normally be subject to pigging, and the associated pig launcher and pig receiver

(includes various components) will be located in eithér end of the pipeline, e.g. subsea, topsides or onshore| The
pig station njay also be part of the Subunit “Riser-base” in the Equipment class “Risers”.

f Valvles have a key barrier function in equipment class “Subsea pipelines” and are maintainable items
within a subpnit. It is however possible to use.equipment class “Valves” (A.2.5.4) if data collection in more
depth for dry valves is needed.

Table A.106'= Equipment-specific data — Subsea pipelines

Name Description Unit or code list Prioyity
Application Classify Subsea to onshore High
Subsea intra-field
Offshore facilities to onshore
Intercontinental export pipelines
Export lines to offloading
Type Classify Production, injection
Maximum water depth Specify Metres Medium
Pipeline length - Metres High
Pipeline diameter Nominal outer diameter (OD) |Millimetre Medium
Fluid conducted - 0il, gas, condensate, oil and gas, gas | High
and condensate, oil/gas/water, CO»

a  Note that as per ISO/TR 12489:2013, 3.6.4 SSIV can be either an actuated valve (e.g. remotely controlled subsea
valve) or non-actuated valve (e.g. subsea check valve). The control system for the subsea pipeline valves will be covered
by equipment class “Subsea production control”, e.g. static umbilical and subsea control module, plus topsides control
equipment (see A.2.6.1).
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Table A.106 (continued)

Name Description Unit or code list Priority
Pipeline buried Specify if part or entire pipeline|Yes/No High
is buried.

Number of T-connections Specify Number Medium
Heating system - Yes/No High
Fluid corrosiveness Classify Clean High

Benign

Mgoderate

Severe
Fluid erosiveness Classify Clean Medium

Benign

Moderate

Severe
Prespure - design Design pressure Pascal (bat) High
Prespure - operating Operating pressure Pascal (bar) Medium
Temperature - design Design temperature Degtees Celsius Medium
Valve application Pipeline valve function Ripeline isolation High

SSIvV a
Valve design class Type of pipeline valve design |Side-entry ball, top-entry ball, double | High

expanding gate (DEG), slab gatg,

wedge gate, check
Valve actuation Classify Hydraulic, Electrical, Manual High
Valve location Specify locationef pipeline valves | Subsea, topside, landfall/ onshorje |High
Valve fail-safe position Fail-safe-position Fail-open, Fail-close, Fail-as-is High
a  Note that as per ISO/TR 12489:2013,13.6.4 SSIV can be either an actuated valve (e.g. remotely controlled subsea
valve) or non-actuated valve (e.g. subsea ‘check valve). The control system for the subsea pipeline valves w{ill be covered
by equipment class “Subsea productien, ‘control”, e.g. static umbilical and subsea control module, plus topsides control
equipment (see A.2.6.1).

.6.8 Subsea valve issues

is InternationahStandard, it is distinguished between the valves used on subsea eq@ipment and

RM data for
yalve design
tion (i.e. the

function, e.g. a branch valve or a header valve.

© ISO 2016 - All rights reserved

HIPPS: See definition in ISO/TR 12489:2013, 3.6.3.
SSIV: See definition in ISO/TR 12489:2013, 3.6.4.

located on a

Manifold isolation: Subsea valve located on a production/injection manifold and which has a barrier

Pipeline isolation: Valves which isolates the pipeline transportation system, and valves could be
located subsea or onshore.
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A.2.7 Well completion

Valves used on well completion equipment are considered as specific valves within the taxonomy
examples shown in this equipment class. Valves used on surface wellhead and X-mas trees are
considered as topside valves (see A.2.5.4).

A2.7.1

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 followiy
a) Casing

The casing 4
associated (

sections andl do not represent individual items threaded into the casing string( Sealing elementg

are designe
(casing pac}
are set insig
cover the e
isolate aga

b) Comple

Completion
(“string”) u
variety of eq

c)

The insert {
string. A ty]
setinside a

Insert

d) Downh

The downh
provide poy
other well ¢

A2.7.2 Eq

1g subunits are defined for well-completion equipment:

ubunit is included to store information on individual casing string maintainable item
asing failures. The casing maintainable items represent full lengths of“individual c

] to seal off against leakage of hydrocarbons between the various‘sections of casing s

ire wellbore. Casing external cement and or other material which is set casing externa

[ion string

string maintainable items are defined as items-that are all integral parts of the co
bed for production or injection of well effluents. The string is built by screwing toget
juipment subunits.

ubunit consists of maintainable"itéems which can be attached (set) inside the compl
pical example is the combination of a lock and wireline-retrievable downhole safety
bafety valve nipple.

le power/control/monitoring

ble control/power/monitoring subunit consists of maintainable items which are us
Ver, control or mohitoring functions to maintainable item(s) which are categorized y
pbmpletion subunit(s).

uipmentspecifications

-offs) are not included. Also included in the casing subunit arefmaintainable items W
e the wellbore to isolate the wellbore from potential leakages of well effluents and

i

st flow of well effluents/formation fluids is also considered as casing maintainable ite

5 and
hsing
that
tring
rhich
hich
[ly to
ms.

hduit
her a

btion
ralve

bd to
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Table A.107 — Equipment subdivision — Downhole well completion

Equipment Downhole well completion
unit
Subunit Casing Completion string Insert Downhole power/
control/monitoring
Maintainable|Casing Tubing hanger Gas liftvalve (GLV) ¢ |Electric-connector,
items Cement Tubing Dummy GLV downhole gauge
Casing hanger Flow coupling WR-SCSSV a E;c}gi;;?nnector, tub-
Tiner TR-SCSSV= WRBTIdge plug Downhole chntrol module
Liner hanger Annulus safety valve |Chemical injection valve Hyd@yNc fontrol line
Liner hanger/packer |Sliding sleeve Wellfiead genetrator
Permanent bridge plug |Inflow control device Hanger pefetrator
gLer;:ltI:)rti)cal submersible Packer perjetrator
Hydraulical submersible Power cabje
pump Signal/instirument cable
Sidepocket mandrel
Inflow control valve
Seal assembly
Permanent gauge
Production packer
Downbhole packer/hanger
Autonomeus control de-
vice [AICD)
Nipple for wireline SCSSV
Fracturing sleeve
Fracturing plug
a  This equipment is also defined-as a separate equipment class “DHSV” - see A.2.7.5.
b This equipment is alsq defiied as a separate equipment class “ESP” - see A.2.7.6.
¢ Note relation to ISO.16530-1:—, Annex S.
Table A.108 — Equipment-specific data — Downhole well completion
Name Description Unit or code list |Priority
Manpfacturer a Specify Text High
Modelmame @ GIVe unique 1item model designation Specity High
Manufacturers part num- | Provide identifier which uniquely identifies|Text/numeric High
bera equipment with identical design attributes
Serial number a Provide serial number which uniquely identifies | Text High/medium
equipment (on a per equipment basis)
Nominal size Specify nominal size (size class) of equipment| mm or feet Medium
Length Provide length for any tubular equipment Meters or feet High

a  Manufacturer part number and serial number reflect in more detail the unique equipment identification number
mentioned in Table 5. Manufacturer and model name are also included in Table 5.
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Table A.108 (continued)

Name Description Unit or code list |Priority
Setting Depth Provide setting depth as measured depth (MD) | Meters or feet High
and true vertical depth (TVD) relative to rotary
kelly bushing (RKB) for all equipment with a
well barrier element function
Metal type Specify metal type used for equipment’s flow | Specify Medium
exposed parts
Elastomer type Specify elastomer type relevant equipment’s|Specify Medium
with packer/sealing element
Working preissure Maximum designed working pressure Bar or psi High
Working tenjperature  |Maximum designed working pressure Degrees Cor F High
a  Manufactjurer part number and serial number reflect in more detail the unique equipment identification number
mentioned in [fable 5. Manufacturer and model name are also included in Table 5.

An example
is shown foq

A.2.7.3 Sh
Table A.107

completiong.

Downhole safety valves in A.2.7.5.

ale gas and shale oil completion

contains general completion equipment. This equipment.is also applicable for shale gz

A.2.7.4 SAGD completion

Table A.107
(Steam Assi
temperatury

contains general completion equipment. This equipment is also applicable for §
sted Gravity Drainage) completions. Guidelinés for evaluating casing connections for
b post-yield applications (such as SAGD) are given in Thermal Well Casing Conne

Evaluation Rrotocol (TWCCEP) in ISO/PAS 12835:2013.

A.2.7.5 Dg

This valve if

a) tubing-1
b) wireling

setina
An example

is shown for

wnhole safety valves (DHSV)
available in two main types:
etrievableinstalled as aw/integral part of the tubing/completion string;

-retrievable run oniwireline toolstring for installation inside the tubing/completion st
Hedicated landing-hipple/profile.

Downhole safety valves below.

of data collection format with associated data field definitions and registration alternatives

s/oil

bAGD
high-
ction

ring,

of data collection format with associated data field definitions and registration alternatives

Table A{109— Tubing-retrievable, surface-controlled subsurface safety valve (TR-SCSSVY)
Item: Tubing safety valve (TR) Category: String item Priority
Name Description Unit or code list
Model Give unique item model|Characters High
designation
Part number (operator) — — Medium
Part number (manuf.) — — High
Manufacturer — All major oilfield equipment manufacturers High
Effective length Length occupied by the itemin | Metres High
the string, exclusive of pin/box
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Table A.109 (continued)

Item: Tubing safety valve (TR)

Category: String item

Name

Description

Unit or code list

Priority

Valve type

Tubing-retrievable

Tubing-retrievable with wireline-retrievable brain

Other

Unknown

Medium

Closure principle

Ball

Flapper (conventional)
Flapper (curved)
Poppet

Other

Unknown

Medium

Valve configuration

Single valve (s.v.)
Single valve with insert'capability within val

Single valve withiseparate nipple/control line
insert valves

Upper valve.in “hot” backup tandem concept
Lower.yalve in “hot” backup tandem concept
Uppervalve in “cold” backup tandem concept
Lower valve in “cold” backup tandem concept

Upper valve in hybrid tandem concept

ye

for

Low

Equglizing feature

With equalizing feature
Without equalizing feature

Unknown

Low

Nomlinal size

High

Maxjimum OD

Medium

Minimum ID

Medium

Prespure rating

Low

Pistgn type

Rod

Concentric

Rod and concentric
Other

Unknown

High

Number of pistons

Total number of pistons in
valve.

Numeric

Low

Number of control lines

Total number of control lines
attached to valve

Numeric

Low
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Table A.109 (continued)

Hydraulic with\nitrogen charge as add-on

power source

Hydraulic with balance line for deep setting

Electrdmagnetic with downhole power source

Solenoid-operated with electric cable
Other

Item: Tubing safety valve (TR) Category: String item Priority
Name Description Unit or code list
Secondary control line — Not installed Low
function .
Balance line
Permanent lockout
Temporary lockout
Normal operation
Other
Unknown
Seal configyration and|Describe configuration and |Character field Low
type materials used in dynamic
and static seals
Material spef. for Material used for the most|Code list of metallic materials High
. vital valve parts. ‘Seat’ here
—  clospire device :
means seat for closure device.
—  seat|
—  flowtube/piston
Control pringiple — Hydraulic Medium

Unknown

Remarks — Character field Low
Table A.110 — Wireline-retrievable (WR) type DHSV/WR-SCSSV
Iten}: Downhole safety valve (WR) Category: Inserted item Prigrity
Name Deseription Unit or code list
Model a Give unique item model|Characters (25) High
designation

Part numbei (operatox) — — Medium
Part numbej| (manuf.) a — — High
Manufacturgr a — All major oilfield equipment manufacturers High
Length — Metres High
Closure principle — Ball Medium

Flapper (conventional)

Flapper (curved)

Poppet

Other

Unknown

a  Manufacturer part number and serial number reflect in more detail the unique equipment identification number
mention in Table 5. Manufacturer and model name is also included in Table 5.
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Item: Downhole safety valve (WR) Category: Inserted item Priority
Name Description Unit or code list
Valve configuration — 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 concepy
Lower valve in “cold” backup tandem c@ncept
Upper valve in hybrid tandem concépt
Equglizing feature — With equalizing feature Low
Without equalizing feature
Unknown
Nomiinal Size — R High
Maximum OD — — Medium
Minimum ID — — Medium
Prespure rating — — Low
Pistgn type — Rod High
Concentric
Red and concentric
Other
Unknown
Numpber of pistons Total number of\pistons in|Number Low
valve
Numpber of control lines | Total number of control lines| Number Low
attached to valve
Secpndary control — Not installed Low
line function Balance line
Permanent lockout
Temporary lockout
Normal operation
Other
Unknown
Seal configuration|Describe configuration and|Character field Low
and type materials used in dynamic
and static seals

a  Manufacturer part number and serial number reflect in more detail the unique equipment identification number
mention in Table 5. Manufacturer and model name is also included in Table 5.
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Table A.110 (continued)
Item: Downhole safety valve (WR) Category: Inserted item Priority
Name Description Unit or code list
Material spec. for — Code list of metallic materials High
— closure device
— seat
—  flowtube/piston
Control 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
a  Manufacturer part number and serial number reflect in more detail the unique equipment identification number
mention in Taple 5. Manufacturer and model name is also included in Table 5.

A.2.7.6 Electrical submersible pumps

%)

Well deployed pumps entitled “Electrical submersible pumps” (ESP) can have different application|s:
a) onshorg well;

b) topsides well (dry tree completion);

c) subsea well (subsea well completion);

d) seafloof (Caisson, e.g. seafloor boosting pump);

e) horizonfal pump system (HPS)}ESP used to fulfil a pump function topsides/onshore.
All above applications are addressed in ISO 15551-1:2015, except HPS, which is addressed in API RH 118.

Hydraulic sfibmersible pufaps (HSP) is another type of pump located downhole, primarily for supsea,
but is not coyered in this\International Standard. Likewise, Progressive Cavity Pumps (PCP) are lo¢ated
downhole, Qhut only dfyonshore applications and is not covered in this International Standard. $ome
further techinical details are given in ISO 15136-1:2009.

The seafloof ESP' (item 4) is in principle similar to a subsea pump described in equipment class Sybsea

in A4} butiti 3. 1. PR D U W 2 S o X ¥ 20 DY Uoos: sl £l ESP
pumps (1IN AZ7G-F, putitisTecommenaca to usSe tNS 1. 2-7-0 ToT N ivi aata CorreCtioiT 1o tire Searroor or's.

The classical or conventional installation is illustrated in Figure A.37 where the ESP unit is run on the
tubing string and is submerged in well fluids. The electric submersible motor is at the bottom of the
unit and is cooled by the wellstream passing by its perimeter. It is connected to the seal section. On top
of the seal section a pump intake or gas separator/handler is situated which allows well fluids to enter
the centrifugal pump and, at the same time, can remove/handle free gas from the wellstream.

Liquid is lifted to the surface by the multistage centrifugal pump, the heart of the ESP system.

Motor Power is transmitted to the submersible motor by clamping a specially constructed three-phase
ESP electric power cable to the production tubing. This cable needs to be of rugged construction to
prevent mechanical damage, and able to retain its physical and electrical properties when exposed to
hot liquids and gasses in oil wells.
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Equipment class — Level 6 Equipment type
Description Code |Description Code
Electrical submersible| ESP |Centrifugal CE
pumps Rotary RO
Alternative current AC
e -
!
I
i
Main cable I
i \Wellhead
Cable splice | _II: D: 1 .
) ! Electrical
Tubing hanger | Fonnector
penetrator !
Motor |ead extension I 4
(MLE) i
!
. : M djustable
EE' Motor Pothead 1 speed drive
[
!
!
1
!
!
1
v i
ESP gauge Motor Motor seal Pump Gas handler i Tiibing-
intake/ gas /pump : Wellhead
separator I Fllow line
i
[ I
[
1
!
1
] ______'_""__“"____"""‘“““““'“""‘i‘“"
Well stream Boundary

Figure A.37 — Boundary definition — Electrical submersible pumps

ESP pumps.are’commercially available in different capacities from 100 to around 120,000 |
productiowrate and in outside diameters from around 3 inches up to 12 inches.

5000 Psiof lift or pr}nivn]pnf kinetic energy can be created hy an ESP
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Table A.112 — Equipment subdivision — Electrical submersible pumps

Equipment Electrical submersible pumps
unit
Subunit ESP cable ESP motor ESP pump ESP pump intake 2| ESP seal
Maintainable|Main power cable |Base Base Base Bag chamber
items Motor lead exten-|Coupling Coupling Coupling Base
sion Filter Diffusers Diffusers Coupling
Packer penetrator Head Head/Discharge |Discharge ports/|Head
Pigtal Housing Housing Screens Housing
Pothead connector 0il Impellers Head Labyrinth chamber
Splice O-ring O-rings Housing Mechanical sgals
:/g:llhead penetra- Rotor Bearing Screens [mpellers _ oil
Rotors Shaft [nducer section O-ring
Shaft Shaft supportbear- Intake pots/scyegns Relief valve
Stator ings O-rings Shaft
Thrust bearing Snap rings Radial Bearings Thrust bearing
Varnish Thrust washers S_eparation sec-
tion/rotor
Down hole sensor Shaft
Shaft supportbear-
ings
Snaps rings
Thrust washers
a  ESP pump intake includes gas separator and gas handler.
Table A.113 — Equipment-specific data — Electrical submersible pumps
Name Description Unit or code list Prigrity
Well identifipation num- |Operator description Number or name Higil
ber
Model type Speeify Specify Low
ESP Application Type of application Onshore well High
Topsides well (dry tree completion)
Subsea well (subsea well completion)
Seafloor (Caisson)
Horizontal pump system [I—IDQ)
Fluid corrosiveness Neutral, Sweet, Sour Specify High
Fluid handled Main fluid only: oil, gas, condensate, | Oil, gas, condensate, injection water, oil |High
injection water and gas, gas and condensate, oil/gas/
water, CO2, gas and water, produced water
Shaft power rating All, where applicable Horse power HP High
Shaft coupling rating All, where applicable Horse power HP High
Maximum flow capacity |Bolton discharge head Blpd Medium
rating
Pressure rating Bolt on discharge head Psi High
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Name Description Unit or code list Priority
Design performance Pump and gas handler Pump curve Low
curves - water only
Maximum GVF rating Pump and gas handler % Medium
Pump stage thrust Pump and gas handler Pounds, 1bs High
Housing pressure rating |Pump and gas handler Psi High
Maximum flow capacity |Bolt on intake Blpd Low
rating
Design performance Mechanical gas separator Performance Curve Low
curve
Volume contraction Seal chamber section Litres High
capaity
Operjation deviation Seal chamber section Specify [numeric value] High
limits
Thryst load bearing Seal chamber section Pounds, lbs High
capaity
Minimum operating Seal chamber section Revolutions per minute, rpm, or Frequency | Low
speed for thrust bearing
Numpber and severity of |Seal chamber section Specify High
presgure cycles
Horgepower requirement |Seal chamber section HP High
Motqr performance Motor Performance curve High
parameters
Motqr voltage for mini- |Motor Amps High
munj current
Motgr winding tempera- |[Motor Degrees Celsius High
turejrise
Motqr operating internal |Motor Degrees Celsius High
temperature limits
LocKed rotor current, Motor Amps High
torqfie and power factor
Voltgge rating Rower cable and MLE Volt High
Temperature rating Power cable and MLE Degrees Celsius High
Ampjacity coefficients Power cable and MLE Specify [numeric value] High
Conductor Size Power cable and MLE Millimetres High
Acceptable minimum Power cable and MLE Metres High
bending rating
Voltggerating Pothead Volt High
Temperature rating Pothead Degrees Celsius High
Ampacity coefficients Pothead Amps High
Differential pressure Pothead Psi High
performance
Thermal cycling Pothead N/A High
performance
A.2.7.7 Surface wellhead and X-mas trees
The surface X-mas tree could have different applications:
— X-mas tree on a TLP or SPAR platform;
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— X-mas tree on a fixed offshore platform;

— X-mas tree on an onshore facility.

Note that control and monitoring is part of the surface X-mas trees, but not a part of subsea X-mas trees

(see A.2.6.2).

This equipment class does not cover onshore wellheads with pump jacks installed as they do not use

X-mas trees.

The equipment class Valves (see A.2.5.4), may be used to collect more detailed data on safety and
production critical valves in the X-mas tree.

Table A.114 — Type classification — Surface wellhead and X-mas trees

Equipment class - Level 6 Equipment type
Description Code |Description Code
Surface wellhead WD Vertical VE
and X-mas trees Horizontal HO

< > X-mds tree
Remote
instrumentation T
< Control and
.| monitoring Tubing hangar
Actuation T
L—V Wellhead
A

Figure A.38 — Boundary definition — Surface wellhead and X-mas trees

Well

154

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=63a04eae711d838b3403d2bfb4dffda0

IS0 14224:2016(E)

Table A.115 — Equipment subdivision — Surface wellhead and X-mas trees

h This includes ¢hemical/hydraulic valves etc.
i If tubing head’spool is a separate maintainable item.

j Controhpanel includes control valves.

Equipment Surface wellhead and X-mas trees
unit
Subunit Wellhead Tubing hanger X-mas tree d. g Control and monitoring
Maintainable |Annulus seal assem- |Chemical injection Tree caps Control panel j
items blies (Pack-offs) coupling Tree loops/flowlines  |Hydraulic instrument
Casing hangers Hydraulic coupling Tree/wellhead con- tubing
Conductor housing (termination in control | nector Electric instrument
Control line exit block/ line block) X-mas tree/flowline tubing
chemical inj. block Power/signal coupler |connection (interface |Pressune-ifjdicator
i f
Wellhead housing El fiber (termination point) Pressure transmitters
in control line block) |Valve, check .o | L
Limit switch
Tubing-hanger body |Valve, choke ¢ Yemperatyre sensors
Tubing-hanger isola- |Valve, process isola:
tion plug tiona €
Tubing hanger seals Valve, utility.iselation
b,h
Back pressure valve
Tubing head spool i Valvenither
a Process isolation valves will include Master valves (LMW &UMYV), Production wing valve (PWV), Swab
valve (SV), Annulus valve(s) and Kill valve (KV).
b Utility isolation valves will include Chemical injectien/isolation valves.
c For surface X-mas tree, chokes would not normally be part of the X-mas tree. Thus such mdintainable
item|should be treated in addition, as part of the Equipment class “Valves”.
d Different annulus valves and these will have a function for each annulus, e.g. annulus A (bgtween tub-
ing and production casing) has most requirements.
e There are normally two master valvés, whereof one is normally manually operated and ong is actuator
operpted. There could also be two actuated valves.
f The downstream battery limit is the flange connection on the PWV.
g Valves have a key barpierfunction in a X-mas tree, and is thus - in same way as equipment class “Sub-

sea X-mas tree” (see A.2.6.2).- maintainable items within a subunit. It is however possible to use equipment
clasq “Valve” (A.2.5.4) if data_collection in more depth for surface valves is needed.

Table A.116 — Equipment-specific data — Surface wellhead and X-mas treeqs

Name Description Unitor code Iist Priority

Well identification no Well identification no - operator|Specify High
description

Well function Function of the well Production, injection, disposal High

Design pressure Pressure rating of wellhead and|Pascal (bar) High
X-mas tree

Artificial lift well Type of artificial lift in the well Gas lift, ESP, PCP, none High

equipment class Valves, see Table A.79.

Note 2:
completion will provide information, see A.2.7.

Note 1: The type of actuation for the relevant valves should be described using the equipment specific data, as for

For artificial lift, equipment class ESP will provide information. For gas lift, equipment class Downhole well
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flare gas, freshwater, fuel gas; gas,
gas+condensate, gas+oil, gas+oilswater,
combined hydrocarbons, methanol,
nitrogen, oil, oil+water, oily)water, sea
water, treaded sea watér, steam, un-
known, water/glycol

Table A.116 (continued)

Name Description Unit or code list Priority

Mudline suspension system | Define whether a mudline system|Yes/no Low
suspension exists

Type of well Type of tie-back solution Offshore, SPAR, TLP, Onshore, 1, HPHT, |High

SAGD, Shale gas, Shale oil

Wellhead flowing pressure | Representative operational well- |Psi Low
head flowing pressure

Wellhead flowing temper-|Representative operational well-|Degrees Celsius Low

ature head ﬂnuring temperature

Well flow rate Representative well flow rate (pro- | Specify Mediym
duction or injection)

Fluid produded / injected |Fluid produced / injected Air, chemicals, condensate, crude wil,[High

Control prin

Ciple

Defines the control principle for
X-mas tree (valve) functions and
actuators

Note 1

High

Fluid corrosjveness Fluid corrosiveness Benign, clean, moderate, severe, unknown | Mediym
Fluid erosive¢ness Erosiveness of the well fluid Benigit,clean, moderate, severe, unknown | Mediym
Valve application X-mas tree valve function Swab (SV), Production wing (PWYV),|High
Kill (KV), Upper master (UMV), Lower
master (LMV), Annulus (AV)
Valve design| class Type of valve design Ball, Butterfly, Diaphragm, Double ex- | High
panding gate, Flapper, Gate, Needle,
Piston, Ram, Swing
Note 1: The Jtype of actuation for the relevant valves should be described using the equipment specific data, ds for
equipment clgss Valves, see Table A.79.
Note 2: For artificial lift, equipment class\ESP will provide information. For gas lift, equipment class Downhold well
completion will provide information, see A.2)7.
A.2.7.8 Production/injectionn’data
Operational|fdata that should be collected for well-completion equipment are listed in Table A.117 The
data are well-specific-anid provide a generic reference to the working environment for all equipmg¢nt in

the well. Th

e production/injection data should be collected on a monthly basis.

Table A.117 — Production/injection operational data

Data

Description

Unit or code list

Year

Month

Wellhead pressure

Flowing wellhead pressure

Pascal (bar)

Wellhead temperature

Temperature at wellhead under flowing conditions

Degrees Celsius

Daily flow, gas

Representative daily flow of gas

Standard cubic metres per day

Daily flow, oil

Representative daily flow of oil

Standard cubic metres per day

Daily flow, condensate

Representative daily flow of condensate

Standard cubic metres per day

Daily flow, water

Representative daily flow of water

Standard cubic metres per day

a Grams per metric tonne is the equivalent of parts per million (ppm), a unit that is deprecated by ISO.
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Table A.117 (continued)

Data Description Unit or code list

H3S concentration Representative daily concentration of H3S Mole percent or grams per met-
ric tonne a

CO3 concentration Representative daily concentration of CO; Mole percent or grams per met-
ric tonne a

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.

A.2. 779 Failure and maintenance data

The

permanently installed well-completion equipment is normally run to failure.

repldcement may be performed for some string items, such as wireline-retrievable, surfac

subs

irface safety valves (SCSSV).

In rare cases, items may be repaired downhole. This typically can be the case with casing

retri

bvable, surface-controlled subsurface safety valves (SCSSV).

If a downhole repair action actually succeeds in restoring the functién of an item, this can
by identifying the failure record for the item that initially failed>~Depending on item c

item

failure record can be assessed as described in Table 8. The'downhole repair action is

changing the remedial action code and giving the remedial action date. Should a failure ¢
same item at a later stage, a new failure record should be entered as described previously.

Information on downhole testing of valves should be-¢ollected, as this provides valuable

conc

erning interpretation of downhole failure trends:

A.2.8 Drilling

A.2.8.1 Top drives

Table A.118 — Type classification — Top drives

Equipment class — Level 6 Equipment type
Description Code |Description Code
Top drives TD  |Hydraulically driven HD

Electrically driven ED

Preventive
e-controlled

r- or tubing-

be reported
ategory, the
reported by
ccur on the

information
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Power

Rotary
swivel

Drivers Gear

Pipe handler Lubrication Control and

assembly system monitoring Miscellaneous

A top drive

following fu|

‘, N\

Coolant Power ~ Remote,
instrumentation

Figure A.39 — Boundary definition <~ Top drives

(frequently also referred to as a power swiyel) is a piece of equipment that serve
nctions:

— rotating the drill string (formerly undertaken bj)the rotary table);

— providipg a conduit for drilling mud (formetly undertaken by the rotary swivel);

— disconn

— closing

connect

— lifting/}
same Ki

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

in the drill pipe by an jritegrated kelly valve (formerly undertaken by the kelly val
ion with the rotary table);

nd of elevator).

Top drives nay be either electrically or hydraulically driven. If they are hydraulically driven, se

hydraulic m

Elevator lin

158

ptors aré normally used.

ks and elevators are not regarded as a part of the top drive (standard drilling equipme

boundary

5 the

ve in

owering drill stringby use of standard elevator (formerly undertaken by the hook by yising

veral

nt).
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Table A.119 — Equipment subdivision — Top drives

Equipment Top drives
unit
Subunit Drivers Gear Rotary Pipe- Lubrica- Control Miscellane-
swivel handler tion and moni- |ous
assembly toring
Maintainable |Electric Bearings Gooseneck |Link hanger |Oil tank Control Guide dolly
items driver Packing/ |Packing/ incl. tilt Heaters panel frame
. actuators
Hydraulic |seals seals Control Internal blow-
: . Coolers
driver Coupting to [AxXtat, Tadtat Pipe-han. Etectric aut preventers
Radial, driver and thrust d_ler posl- Pump with and/or (Kelly valves)
: tion motor |motor .
thrustand . bearing hydrauli€ ™ [Counter-bal-
. Coupling to . .
axial bear- : . Swivel cou- |Valves solenoid arce com-
. swivel Swivel hous-| ;. .
ing : pling . cabinet pensator/
o ing Filters
Pinions y read-saver
Swivel stem Torque Lube oil Jvice system
Gearwheels wrench loops
Manifolds
Junction
box
Sensor
Solenoid
valves
Check
valves
Other
valves

Table A.120 —Equipment-specific data — Top drives

Name Description Unit or code list Priority
Typ4g of driver Specify type Electric, hydraulic High
Numpber of drives Specify number Number High
(applicable for hydraulic drives only)
Hydtaulic power requiréemeénts Pressure Pascal (bar) High
(applicable for hydraulie‘drives only) Flow rate Litres per minute
Motgr category Specify type Induction, synchronouy |High
(applicable fof.electric drives only)
Electrical supply requirements Voltage Volt High
(applicable‘for electric drives only) Current Ampere
Rated power Max. output Kilowatt High
Normal operating power Power Kilowatt High
Speed Max. speed Revolutions per minute  |High
Normal speed Revolutions per minute
Torque Max. torque Newton-metre High
At normal speed Newton-metre
At max. speed Newton-metre
Pressure utilities Hydraulic pressure Pascal (bar) Low
Air pressure Pascal (bar)
Flow utilities Hydraulic flow Litres per minute Low
Air flow Litres per minute
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Table A.120 (continued)
Name Description Unit or code list Priority
Retractable dolly frame Specify Yes/no Low
Mud pressure capacity Pressure Pascal (bar) Low
Inside BOP design pressure Pressure Pascal (bar) Low
Torque wrench capacity Diameter Millimetres Low
Torque Newton-metre
Elevator link hanger capacity Capacity Kilogram High

A.2.8.2 SlJbsea blowout preventers (BOP)

There are ty

subsea

surface

In principle
differences
fewer funct
variation in

In addition
riser), allow]

In normal d
prevents an

The reservo
This results
is, then, to d
hydrostatic

The BOP can also be used for other purposes, such as testing casing, testing leak-off pressure, squ

cement, etc.

The exampl
drilling.

Vo main types of blowout preventers used for drilling operations:
BOPs are used for drilling from a floating unit; this BOP is fixed to the seafloof wellheg
BOPs are used for land operations or for structures that are fixed to the seafloor.

a surface BOP is similar to a subsea BOP, and is described separately in A.2.8.3. The
pre related to the control of the BOP functions and that the surface BOP, in general
ons than the subsea BOP. In addition, a subsea BOP has a_flexible joint at the top to :
the riser angle.

h subsea BOP has a flexible joint at the top, connecting'to the drilling riser (or compl
ing variation in the riser angle

rilling operations, the drilling-fluid pressure.is higher than the reservoir pressure.
uncontrolled influx of formation fluids to the,well bore.

ir pressure can, from time to time for.various reasons, exceed the drilling-fluid pres
in an uncontrolled influx of formation-fluids to the well bore. The main function of the
lose in the wellbore in order to citculate drilling fluid with a higher density to regai
control of the well.

e of Subsea BOP taxonomy given in Figure A.40 relates to subsea-mounted BOPs use

Table A.121 — Type classification — Subsea blowout preventers (BOP)

Equipment class — Level 6
Code

Equipment type

Description Description Code

d;

main
, has
W[ low

etion

This

sure.
BOP
h the

eeze

d for

BO Piloted hydraulic PH

160

Subsea blowout preventers

Multiplexed electro-hydraulic| MX
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Surface Surface control unit Control panels
Pod selector Hydraulic power unit
Mux reels and Accumulator bank
umbilicals
Subsea Hydraulic supply and Electrical power supply
Pilot signals, yellow Pilot signals, blue pod,
pod, multiplexed or multiplexed or
hydraulic pilot hydraulic pilot
Redundant control ||+ Redundant control
pod, yellow S pod, blue
A\ 4 A\ 4

[ Accumulators }

BOP functions BOP functions
BOP units Primary control Backup control
Choke-and<kill valves Choke-and-kill lines
Hydraulic’connectors Flexible joint
Preventers, valves and lines

Figure A.40— Boundary definition — Subsea blowout preventers (BOP)

A sybsea BOP_typically consists of the following main components (also table on| equipment
subdjivision below):

a) o¢neprtwo annular preventers that seal around any tubular in the well;

b)

e$ in the well,

c¢) Two (2) connectors, one connecting the BOP to the wellhead, called the wellhead connector, and the
LMRP connector connecting the LMRP to the BOP and making it possible to disconnect the LMRP
from the BOP;

d) four to ten choke-and-kill valves that can be operated in order that the contained pressure in the

BOP can be observed, pressurized fluid circulated out of the well and pressurized fluid pumped in
the well.

© IS0 2016 - All rights reserved 161


https://standardsiso.com/api/?name=63a04eae711d838b3403d2bfb4dffda0

ISO 14224:2016(E)

Table A.122 — Equipment subdivision — Subsea blowout preventers (BOP)

Equipment unit

Subsea blowout preventers (BOP)

Subunit

Preventers, valves
and lines

Hydraulic connectors

Flexible joint

Primary control

Backup control b

Maintainable items

Annular preventers:

Body

LMRP connectors
and wellhead con-
nectors:

Flexible joint:

Flexible element

Subsea:

Control Pod

Subsea:

Solenoid valves

Flanges Body Housing Pilot valves Pilot valves
Packing element Locking mechanism Flanges Shuttle valves Shuttle valves
Hydraulic piston Piston(s) Wear ring Accumulators Accumulators
Sears Main-bore seal ring | An00es Priessure Tegulator Subsea control ynit
valves
Ram preventers: Seals Bolting Battery
Solenoid valves
Body Transducers
Check val
Locking device eckvalves Suxface:
Other valves .
Flanges Surface control pinit
Hydraulic control
Ram block fluid Transducers
Ram seals Seals ROV operated 3
Shear blade El-equipnient/SEM Hot stab
Piston/operator Instfumentation Shuttle valves
Seals (&g. flogv/pressure Valves, ROV opefated
Rensors shut-off
Choke-and-kill -
valves: Piping/Hoses ROV interventiop
Actuator Hydraulic bundles panel
(pilot lines and main
Gate body supply)

Seals bonnet
Choke-and-kill lines:
Riser-attached line
Couplers/ Connectors
Seals

Hose/Pipe

Rigid pipe

Gooseneck hose

Multiplex cables

Rigid hydraulic sup-
ply line

Surface:
Control panels
Surface control unit

Electrical power
supply

Power supply
Battery backup (UPS)
Push button

Instrumentation (e.g.
pressure) sensor,
readout)

Hydraulic power unit

Control Pod

roareels

Pod selector valve

a See API/Std 53 with respect to ROV backup.

b Autoshear, Deadman system, ROV and acoustic control system is covered in this subunit, depending on the subsea BOP design.

Table A.123 — Equipment-specific data — Subsea blowout preventers (BOP)

Name Description Unit or code list Priority

Rig type Specify Semi-submersible, Drill ship, Jack- [ Medium
up, etc.

Rig mooring Specify DP, Anchored Medium

BOP manufacturer/supplier Specify Free text High
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Table A.123 (continued)

Name Description Unit or code list Priority

Dimension Specify (inner diameter) Millimetres (inches) Medium

Size Height and mass Millimetres (inches), kilograms  |Low
(tons)

Pressure rating Specify Pascal (pounds per square inch) [High

Installed location/ recorded Specify Foot (metres) Medium

water depth

Ram preventers - manufacturer |Specify Specify High

(and[modet)

Ram|preventers, pressure rating | Specify Pascal (pounds per square ineh)| |High

Numpber of fixed pipe rams Specify Number Medium

Numper of flexible pipe rams Specify Number Medium

Numpber of blind rams Specify Number Medium

Numper of blind shear rams Specify Number Medium

Numer of casing shear rams Specify Number Medium

Ann{lar preventers - manufac- |Specify Specify, High

turef (and model)

Anntlar preventers, pressure |Specify Pascal (pounds per square inch) | |High

ratirg

Numer of annular preventers |Specify Number Medium

LMRP connector - manufactur- |Specify Specify High

er arld model

LMRP connector pressure rating |Specify Pascal (pounds per square inch)| |Medium

Wellhead connector - manufac- |Specify Specify High

turer (and model)

Wellhead connector pressure |Specify Pascal (pounds per square inch) [ |Medium

rating

Numper of wellhead connections |Specify total number of times |Number Medium

the'BOP has been run and (re-)
ldatched to the wellhead during
surveillance period

ChoKe-and-kill valve - marufac- | Specify Specify Medium
turer (and model)

Numpper of choke-and+kill valves |Specify Number Medium
Typ¢ of controkfluid Specify Oil-based, water-based High
Typd of controel system Specify Multiplexed, pilot hydraulic, othqr |High
Make and version of control Specify Specify High
system

Secondary control system Specify Specify Medium

A.2.8.3 Surface blowout preventers (BOP)

The equipment class “Surface blowout preventers (BOP)” are specific for land operations or for
structures that are fixed to the seafloor, and are too a large extent similar to the subsea BOP equipment
subsea. Hence parts of the example shown for subsea blowout preventers is also applicable to surface
blowout preventers, except for specific subsea maintainable items listed in A.2.8.2.

In principle, a surface BOP is similar to a subsea BOP. The main differences are related to the control of
the BOP functions and that the surface BOP, in general, has fewer functions than the subsea BOP.
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The main function of the Surface BOP is to close in the wellbore in order to circulate drilling fluid with a
higher density to regain the hydrostatic control of the well. The Surface BOP can also be used for other
purposes, such as testing casing, testing leak-off pressure, squeeze cement, etc.

The example of Surface BOP taxonomy given in Figure A.41 relates to surface-mounted BOPs used for
drilling.

Table A.124 — Type classification — Surface blowout preventers (BOP)

Equipment class — Level 6 Equipment type
Description Code |Description Code
Surface blowout preventers BT |Piloted hydraulic PH

Multiplexed electro-hydraulic| MX

Surface control unit Hydraulic control unit Accumulator bank
Alterndtive 1 Alternative 2
(Surfacd)
Pilot signal Hydraulic supply
v
Control pod Hydraulic supply for
BOP functions
v
Hydraulic supply
for BOP functions

BOP units

Ramypreventers
Annular preventer
€hoke-and-kill valves
Connectors

Figure A.41 — Boundary definition — Surface blowout preventers (BOP)
A Surface BOP typically consists of the following main components (also table on equipment
subdivision below):
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) amain connector that connects the BOP to the wellhead;
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d) four to ten choke-and-kill valves that can be operated in order that the contained pressure in the
BOP can be observed, pressurized fluid circulated out of the well and pressurized fluid pumped in
the well.

Table A.125 — Equipment subdivision — Surface blowout preventers (BOP)

Equipment unit Surface blowout preventers (BOP)

Subunit Preventers, valves|Connectors Primary control
and lines

Maintainable items|Annular preventer: |Connectors: Surface controls:
Body Body Control Pod
Flanges Locking mechanism Pilot valves
Packing element Piston(s) Pressure regulator valyes
Hydraulic piston Main-bore seal ring Solenoid yvalves
Seals Seals Check/valves
Ram preventers: Other valves
Body Hydraulic control fluid
Locking device Seals
Flanges El-equipment/SEM
Ram block bonnet Instrumentation (e.g. flow/
Ram seals pressure sensors)
Shear blade Piping/Hoses
Piston /operator P_Iydraullc b_undles (pilot

lines and main supply)
Seals Multiplex cables
Choke-and-kill yalves: . .
Hydraulic supply line

Actuator Control panels
Gate body:

Surface control unit

Sealabnnet Electrical power supply

Goeoseneck hose

Power supply
Choke-and-kill lines: Battery backup (UPS)
Connectors Push button
Seals Instrumentation (e.g. gres-
Hose/Pipe sure sensor, readout)
Rigid pipe Hydraulic power unit

Table A.126 — Equipment-specific data — Surface blowout preventers (BOP)

Name Description Unit or code list Priority
Installation type Specify Semi-submersible, jack-up, TLP,|Medium
onshore, other
Mooring Specify DP, anchored, no Medium
BOP manufacturer/supplier Specify Free text High
Dimension Specify (inner diameter) Millimetres (inches) Medium
Size Height and mass Millimetres (inches), kilograms (tons) | Low
Pressure rating Specify Pascal (pounds per square inch) |High
Installed location/ recorded|Specify Foot (metres) Medium

water depth
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Table A.126 (continued)

Name Description Unit or code list Priority
Ram preventers - manufacturer|Specify Specify High
(and model)
Ram preventers, pressure rating|Specify Pascal (pounds per square inch) |High
Number of ram preventers Specify Number Medium
Annular preventers — manufac-|Specify Specify High
turer (and model)
Annular preventers, pressure|Specify Pascal (pounds per square inch) |High
rating
Number of ahnular preventers |Specify Number Medipm
Wellhead copnector - manufac-|Specify Specify High
turer (and mjodel)
Wellhead conpector pressurerating | Specify Pascal (pounds per square'inch) |Medijim
Number of wiellhead connections|Specify total number of times|Number Medipm

the BOP has been run and (re-)

latched to the wellhead during

surveillance period
Choke-and-Kill valve - manufac-|Specify Specify Medipim
turer (and mjodel)
Number of choke-and-kill valves|Specify Number Medipim
Type of conttol fluid Specify Oil-based, water-based High
Type of conttol system Specify Multiplexed, pilot hydraulic, other [High
Make and vergion of control system | Specify Specify High
Secondary cpntrol system Specify Specify Medipim

A.2.9 Well intervention

A.2.9.1 Sufrface well control equipment

Surface well

coiled t

The princip,

wireling;

snubbing.

bing;

applied for quch éguipment.

Note that tlheSurface well control equipment is all topsides or onshore located equipment. In

control equipment is relévant for the following well interventions:

les for_data collection and exchange defined in this International Standard can al§o be

case

subsea well intervention takes place (where e.g. surface tree is covered in Table A.128), there will be
interfaces on top of this surface tree, and this equipment class in this section provides further details.

Note that subsea and surface BOPs are listed in A.2.8.2 and A.2.8.3.

The following three equipment classes are mentioned separately in Table A.4, but due to similarities
they are combined in this section, and equipment type classification in the table below should therefore
be used in reliability data collection for such surface well control equipment:

coiled tubing, surface well control equipment;

— wireline, surface well control equipment;

— snubbing, surface well control equipment.
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Equipment class — Level 6 Equipment type
Description Code |Description Code
Surface well control equipment (for well intervention)| WC |Coiled tubing w1
Snubbing w2
Wireline w3

T~ .
Dy1HdInIvC preosurc

seal (stuffing box,

grease tubes,
stripper rubber,
stripper rams, etc.)

T

Well intervention
BOP with

Power, control
and monitoring

contingency
functions (shearing
rams, sealing rams)

[

Temporary
connections and
high pressure
extensions

Lateral isolation
valves

Surface X-mas tree /
flow tree

Figure A.42 — Boundary definition - Surface well control equipment (for well inter
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Table A.128 — Equipment subdivision - Surface well control equipment (for well intervention)

Equipment Surface well control equipment (for well intervention)
unit
Subunit Temporary Well Dynamic Lateral Control and
connection and |Intervention |pressure isolation monitoring
high pressure BOP seal valve
extension
Maintainable|Sealing surface  |Ram assembly |Sealing ele-|Valve, process|Prime mover
ftems Sealing element |Sealing element ment isolation Solenoid control
Hydraulic cir-{Valve, utility|valve
SHCATTE C1eT it isolation
ment Pilot controlled

valve
Hand actuator
Accumutlator

Electronics mod-
ule

Hydraulic cou-
pling

LV power/signal
connector

Relief valve
Shuttle valve
Filter

Pump

Hydraulic fluid
tank

Table A.129 — Equipment-specific data — Surface well control equipment (for well

intervention)
Name Description Unit or code list Priqgrity
Manufacturgr Specify Text High
Unit identifi¢ation Manufacturer model/part/se-| Number or name High
rial number
Unit function Functional description of unit |Text HigH
Unit type Type of unit (ram, gate valve, | Text High
ball valve, etc.)
Size Nominal size (bore) Millimetres (inches) High
Type of connections Specify Text
Elastomer type Specify elastomer type for equip- | Text High
ment with dynamic and static
sealing elements.
Pressure rating Working pressure rating Pascal (bar, psi) High
Pressure exposure Operational pressures encoun-|Pascal (bar, psi) High
tered
Fluid exposure Main fluids only 0il, gas, condensate, brine, CO2, H2S High
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Reliability data collection for ‘Subsea well intervention’ may be performed on three modes of operation,
which may have slightly different taxonomy formats. These are:

a) riserless well intervention (RLWI);
b) open water intervention;

c¢) Thru-BOP/Drilling riser intervention.

RLWI for executing subsea wireline operations is comparable to the wireline operations done using

surfdce well control equipment as described in A.2.9.1.

This|[International Standard presents equipment specific data for b) open water intervention, and this is

thusjassigned the equipment class OI, see below.

Otherr intervention tools appearing as part of this International Standard such as running tools for
flow|control module, SCM and valve retrievals on the subsea production facility are not coyered in this
taxonomy; see equipment class “Subsea intervention”.

Equipment class — Level 6 Equipment type
Description Code |Description Code
Open water intervention 0l Well ¢ompletion wC

Wellintervention - opensea| WI
(tree mode)
Full workover (tree mode) WO

Table A.130 — Type classification — Subsea well intervention: Open water interyention

© ISO 2016 - All rights reserved
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Figure A.43 ~=Boundary definition — Subsea well intervention: Open water interventio

. Toepside Control &
Rig interface: Maonitoring
: I‘IEE”;"_:'; frame - Accumulators
WL/ CT BOF ToEMs
- Solenoid valves
- Pilot control
valves
- Pressure
SET process SFT re ,E;Iamm
solation valve
Annulus
| —
Ghemical — Lubrication valve
InjECtlan
-}
WO riser
. . EDP
Process isolation n
valve x &
EDP connector — | 1
B el
=}
X - '
Subsea Control &
ey - - Monitoring:
Utility isolation valve | | RP - Accumulators
$hear (/ seal) valve -l - SEM=
- Solenoid valves
| RP connector R — : :— - - Filot control valves
| | - Etc.
| ] -
: KMT :
| |
I N |

Please note the following remarks regarding figure above:

1) Dotted lines indicate equipment not included. In addition, note that only some part of the rig
interface is included in this equipment class (see Table A.131), whilst other parts are covered in

equipment class Surface well control equipment (A.2.9.1).

2) The figure is for illustration only, and does not cover all components listed in the equipment

subdivision table.

3) Normally the Process Isolation valve is below the EDP connector and the main bore valve above the

EDP connector is called Retainer Valve.

4) Several types of control system configurations are available on the market, e.g. direct hydraulic,

electro hydraulic.
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5) EDP/WCP Process isolation valves could for instance be PIV, RV or XOV. Note that process isolation
valves may require to cut.

6) Shear (/seal) valve is typically a shear (seal) ram.

7) Heave elimination is usually performed through elevator and top drive motion compensator or
heave compensated crane. Slick joint position and function shall be clarified.

8) Note that Table A.4 has “Drilling and completion riser” as an equipment class that would cover the
workover riser.

9) The Workover Control System (WOCS) is different and should therefore be analysed separately.
This is done by the introduction of two new subunits, ‘“Topside control & monitoring’|and ‘Subsea
¢ontrol & monitoring’, which are always associated with the well intervention.faxqnomies and
ghould not be confused with the “Subsea production control” equipment class.

10) $afety joint (equipment class Subsea pipelines) and Stress joint (equipment |elass Dry| tree risers)
¢an be different from WO safety / stress joints

© IS0 2016 - All rights reserved 171


https://standardsiso.com/api/?name=63a04eae711d838b3403d2bfb4dffda0

ISO 14224:2016(E)

Table A.131 — Equipment subdivision — Subsea well intervention: Open water intervention

Valve, shear

Connector

Bleed-off valve

Heave elimi-
nator

Slick joint

Swivel

Accumulator
- topside

Hydraulic
coupling

Mastercon-
trol station
(topside)

Pressure reg-
ulator

WOCS Pump
incl. driver

LV power/ sig-
nal connector

Shutdown
panel

Filter

Reels

Purge system
UPS

Valve, relief

Equipment Subsea well intervention: Open water intervention
unit
Subunit Well control |Emergency |WO riser Rig Topside Subsea
package disconnect interface a control & control and
(WCP) package (at monitoring P |monitoring b
the top of
WCP)
Maintainable |Valve, process |Retainer valve |WO stress joint| Tension frame |Solenoid con- |Solenoid con-
items isolation Valve, utility |WO safety Elevator inter- trol valve trol valve
Valve, utility |isolation joint face Pilot control |Pilot contyol
isolation L valve valve
Connector Tension joint

Hydraulic
coupling

WO Umbiljical

Subsea eldc-
tronic mogule

LV power/ sig-
nal conne¢tor

Filter
Valve, relief
Valve, shuftle

Subsea pow-
ered pump

Hydraulicfluid
subsea tanks

a  Seealso dquipment class Surfate well control equipment in A.2.9.1.

b WOCS takes temporary centrol (from normal Subsea production control - see A.2.6.1) of subsea X-mas tree djiring
subsea intervention. WOCS takes over permanent control of SPS (e.g. for subsea X-mas trees).

Table A.132 — Equipment-specific data — Subsea well intervention: Open water interventjon

Direct electro hydraulic

Multiplexed electro hydraulic

Name Description Unit or code list Prigrity
Rig type Specity Semi-submersible, drill ship, etc. Medium
Control system a Intervention control system Direct hydraulic Medium

a  Thisis asubset and equivalent to equipment type classification in Table A.87 for Subsea production control

A.2.10 Marine

A.2.10.1 Jacking and fixation

Jack-up units used in the oil and gas industry can be divided into two main groups, drilling jack-ups and
service jack-ups.
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Drilling jack-ups are mainly used for:

— exploration drilling;

IS0 14224:2016(E)

— production drilling, completion and well intervention on subsea template;

— production drilling, completion and well intervention on wellhead platform.

Service jack-ups are mainly used for:

— accommodation;

AT VN
- thdV_y IIIL,

— geotechnical surveys.

Table A.133 — Type classification — Jacking and fixat}fit,b‘ )
[N

Vi

Equipment class - Level 6

Equipment type '\V‘ )

Control and
monitoring

Miscellaneous

o
N
P

Figure A.44 — Boundary definition — Jacking and fixation

© ISO 2016 - All rights reserved

Description Code |Description ~Code
Jacking and fixation JF Open-truss legs x\“"' TL
Columnarlegs ., O CL
N\
Boundary \\Q
QO
%
N
- - .- - = $ ________ -
| O“ |
l Jacking,\unit l Raw water
I . Fixation |
| otor | pip nsf
I . | handlling
| O$ | sysfem
|
OQ Hull-mounted |
%) Leg structure |
\ structure
@) | Hyll
|
|
|
|
|
|
|
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Table A.134 — Equipment subdivision — Jacking and fixation

Equipment Jacking and fixation
unit
Subunit Jacking unit |Fixation Leg structure |Hull-mounted |Controland |Miscellaneous
structure monitoring
Maintainable |Load shift sys-|Clamping unit |Chord Jacking support|Actuating device | HPU
items tem Bracing structure Control unit Others
Motor Spud can Leg guides Internal power
Gear Box — supply
Pinion Jetting system Monitoring
Variable . fre- Corrosion pro- Sensor
quency drive tection Valve
Brake Greasing system Wiring
Greasing system Piping
Seals
Table A.135 — Equipment-specific data — Jacking-and fixation
Name Description Unit or codelist Priorjity
Application Classify Exploration-drilling High
Production drilling/completion on subsea
template
Weéll intervention on subsea template
Production drilling/completion on well-
head platform
Well intervention on wellhead platform
Service jack-up for Accommodation
Service jack-up for Heavy lift
Service jack-up for Geotechnical surveys
Holding capgcity survival Survival holding capacity |Tonnes Mediym
Jacking load lemergency Emergency jacking load Tonnes Low
Jacking load [rated Rated jacking load Tonnes Mediym
Output torque Gear box output torque N/m Medilim
Pinions cournjt Number of pinions Each Medilim
Power operating Power - operating Kilowatts, KW Medilim
Speed hoist Loz load Hoist speed at maxload Metres per second m/s Medidm
Speed hoist - no load Hoist speed at no load Metres per second, m/s Low
Speed input shaft Speed _input_shaft Revolutions per minute ,rpm Low
Speed output shaft Speed_output_shaft Revolutions per minute ,rpm Low
Torque brake Brake torque N/m Low
Jacking frame type Jacking frame type Fixed, floating Medium

A.2.11 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).
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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.

A.2.12 Auxiliaries

No examples are included in Annex A.
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Annex B
(normative)

Interpretation and notation of failure and maintenance

parameters

B.1 Fail

When plan‘j
of failure m
imperfectio
failure if nof

Also be aw3
purposes an

a) Forreli
i.e. phys
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For the
actions

b)

For ava
This ca
physica

d) Even if

failure 1

be usefil for equipment in periods with no failures.

Table B.1 gif
and additior

Annex F, ang
for safety e
outside preq

The full deq
some cases
maintenanc

re interpretation

ing to collect data (see 7.1.2 and B.2.6), be aware that a failure can occur in one‘ofa nu
pdes, e.g. complete loss of function, function degradation below an acceptable limit
h in the state or condition of an item (incipient failure) that is likely to restltin a funct]

corrected.

re that it can be useful to make a distinction between the collectioirof data for relia
d for availability purposes as follows:

nbility purposes, it is mainly the intrinsic failures of the equipment unit that are of intq
ical failures that occur on the equipment being consideréd and that normally require
ion (corrective maintenance) that it is necessary to recerd.

full lifetime story of equipment, it is necessary to record all actual preventive mainter
in a way similar to that for the corrective maintehance.

lability purposes, all failures that have caused some equipment outage should be reco
h include stoppages due to operational limits being exceeded (e.g. real trips) whe
failure of the equipment occurred.

no failures are experienced within the surveillance time, it is possible to estimat
ate by properly censored data.(see C.3.3). Hence, recording the reliability history may

res some guidance on tHis)issue by distinguishing between data collected as reliabilityj]
lal data collected as dvailability data.

| ISO/TR 12489:20:1'3 and IEC 61508:2010 also give guidance on what to consider as a fg
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criptien~of a failure might not be possible before a corrective action is carried oyt. In

(incipient failures), the corrective action may deliberately be deferred (e.g. opport

hnity

L) In this case, it can be necessary to record both the date of failure detection and the

date

of the corre
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Table B.1 — Failure in relation to reliability and availability

Type of failure/maintenance to record Reliability Availtl;bll'
Failures that require some corrective maintenance action to be carried out (repair, Yes Yes
replacement)

Failure discovered during inspection, testing and/or preventive maintenance that re- Yes Yes
quires repair or replacement of typically non-wear items (seals, bearings, impellers, etc.)

Failure of safety devices or control/monitoring devices that necessitates shutdown (trip) Yes Yes
or reduction of the items capability below specified limits
Shutdewn-{trip}eftheitem-fwhetherautomaticallyrormanuallycontrolled)-dueto-external No Yes
condEtions or operating errors, where no physical failure condition of the item is revealed

Failyre of the equipment caused by external impact (e.g. lack of power supply, structural No Yes
imp4ct, etc.)

Peri¢gdic replacement of consumables and normal wear parts No No
Mingr planned maintenance services, such as adjustments, lubrication, cleaning, oil No Yes
repldcement, filter replacement or cleaning, painting, etc.

Testing and inspections No Yes
“On-fdemand” activations Yes Yes
Preventive or planned maintenance 2 Yes (No) Yes
Modjfications, new work, upgrades b No Yes/No
a To get the full lifetime history of the equipment, the actual\preventive maintenance should be [ecorded. For
recollding failures only, this can be skipped.

b Modifications are normally not a part of maintenanceBut are frequently done by maintenance pers¢nnel.

B.2 | Failure and maintenance data netations

B.2.1 General

In orfder to limit database size and make it easier to analyse the data, it is recommended that coded
inforjmation be used wherever applicable. A drawback with codes is that potentially useful finformation
can pe lost and that selecting)inappropriate codes can lead to non-informative information. The
availpbility of too many codes/can be confusing and the codes can overlap, while too few rodes might
not sufficiently describe the area one is aiming to cover. A unified definition and interpretation of codes
is nefessary for obtaining highly reliable information.

In alf cases, it is recemmended to supplement the coding with some additional free-text ¢apability in
ordef to improve-interpretation of single events, both for quality purposes before the datajare entered
into the database and for subsequent detailed analysis of single records (e.g. failure events].

Anngx B2 presents a method of coding that has been found to be useful when collecting RM|data within
the getroleum and natural gas industry, and should be equally applicable for similar equipment classes
in the petrochemical industry. For some specific equipment and/or specific uses, supplementary codes
may be used.

Establish a method of reporting failure (see 7.1.2) that records the time and date of failure together
with details of the failure mode (see B.2.6), the failure mechanism (see B.2.2) and the failure cause
(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 Tables B.6 to B.14 for those equipment examples included in Annex A as
shown in Table A.4. Table B.15 summarises all the failure modes.
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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 Fail

ure 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
The codes
failure type
a) mecha
b)

c) instrunj
d) electric
e)

f) miscelld

fsavattable (A Separate fiefd for this s Tecommended i this Ttermationat Stamdard: )

n failure mechanism are basically related to one of the following major categori

|22]

ical failures;

materi:|1 failures;

entation failures;

h] failures;

external influence;

neous.
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recommend
sublevel, thg
for mechan
code, 1.0, an
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item level). |

Care should

EXAMPLE
are recorded
mechanism c

Failure med
underlying 1

Six categori
codes to be

ed as shown in Table B.2. If there is not sufficient information to apply codes af]
n codes on the main level as listed above.may be used. This implies that descriptive ¢
cal failures, numbered 1.1, 1.2, etc., shiould be preferred to the general category f4
d so on (see Table B.2).

mechanism should normally be felated to a lower indenture level (subunit or maintain|
h practical terms, the failure mechanism represents a failure mode at maintainable item

be taken to distinguish between failure mechanism and failure mode.
Itis recorded that a alve started leaking hydrocarbons to the environment but no further c
. Here, the failure nrade should be coded ELP (external leak of process medium) and the f3

pded unknown (6:4), not leakage (1.1).

hanism is also related to the failure cause (see B.2.3); the latter aimed at revealin
oot cauge of the failure.

s of fatlure mechanism are identified in Table B.2, together with subdivisions and re
1sed in data bases.

es of
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Table B.2 — Failure mechanism

Failure mechanism

Subdivision of the failure

Description of the failure mechanism

mechanism
Code |Notation Code |Notation
number number
1 Mechanical failure 1.0 General A failure related to some mechanical defect but where
no further details are known

1.1 Leakage External and internal leakage, either liquids or gases:
Ifthe failure mode at equipment unit level is coded as
“leakage”, a more causally 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 ménecausplly oriented
failure mechanism, the failurecause (root fause) should
be recorded wherever possible.

1.3 |Clearan ce /|Failure caused by faultysclearance or alignment

alignment failure

1.4 Deformation Distortion, bending;buckling, denting, yielding, shrink-
ing, blistering, creeping, etc.

1.5 Looseness Disconnection, loose items

1.6  |Sticking Sticking)seizure, jamming due to reasons other than
deformation or clearance/alignment faijures

7 Material failure 2.0  |General A faiture related to a material defect byt no further
détails known

2.1 |Cavitation Relevant for equipment such as pumps gnd valves

2.2 |Corrosion Alltypes of corrosion, both wet (electrochemical) and
dry (chemical)

2.3 Erosion Erosive wear

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

2.5 Breakage Fracture, breach, crack

2.6 |Fatigue If the cause of breakage can be traced td fatigue, this
code should be used.

2.7 |Overheating Material damage due to overheating/bufrning

2.8 Burst Item burst, blown, exploded, imploded, ¢tc.

3 Instrumentfailure 3.0 General Failure related to instrumentation but no details known

3.1 Control failure No, or faulty, regulation

32 |No signal/|Nosignal/indication/alarm when expedted

indication/alarm

3.3 |Faulty signal/|Signal/indication/alarm is wrongin relation to actual

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

3.4 |Outofadjustment |Calibration error, parameter drift

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

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

Common mode fail- [ redundant fire and gas detectors; also failures related
ure to a common cause.

a  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 Human errors are not reflected in the failure mechanisms, but are considered as part of the failure causes.
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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 elec-
trical power, but where no further details are known
4.1 |Shortcircuiting |Short circuit
4.2 |Open circuit Disconnection, interruption, broken wire/cable
%473 [NO pOWer/Voltage | MISSImg or nsutfictent electrical power Suppiy
4.4 |Faulty power/volt- | Faulty electrical power supply, e.g. overvoltage
age
4.5 Earth/isolation fault | Earth fault, low electrical resistance
5 External influence| 5.0 |General Failure caused by some external eyvents or substgnces
outside the boundary but no further'details are kjown
5.1 |Blockage/plugged |Flow restricted/blocked due to fouling, contamingtion,
icing, flow assurance (hydrates), etc.
5.2 |Contamination Contaminated fluid/gas/surface, e.g. lubricatidn oil
contaminated, gas-detector head contaminated
5.3 Miscellaneous ex- |Foreign objects)impacts, environmental influence
ternal influences |from neighbourihg systems
6 Mikcellaneous & b 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 o} too
uncertain
6.2 |Combined causes. [Several causes: If there is one predominant causg this
should be coded.
6.3 |Other No code applicable: Use free text.
6.4 |Unknown No information available
a  The data pcquirer 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 Human efrors are not reflected in the'failure mechanisms, but are considered as part of the failure causes.
B.2.3 Failure cause
B.2.3.1 General
The objective of these’data is to identify the initiating event (“root causes”) in the sequence leading up
to a failure jof an\€quipment item. Five categories of failure cause are identified in Table B.3 tog¢ther
with sub divisiens and related codes to be used in databases.

The failure causes are classified in the following categories:

1
2)
3)
4)
5)

design-related causes;

miscellaneous.

failures related to management;

fabrication/installation-related causes;

failures related to operation/maintenance;

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
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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

failure) with failure cause (describing the underlying or “root” cause of a failure).

Table B.3 — Failure causes
C:fie Notation Subdivision [Subdivision of|Description of the failure cause
nunpber code the failure cause
number
Design-related 1.0 General Inadequate equipment design or cgnfiguration
causes (shape, size, technology, configuratior], operability,
maintainability,etc.), but no further details known
1.1 Improper capacity | Inadequate dimensioning/capacity
1.2 Improper material | Improper‘material selection
2 Fabrication/ 2.0 General Failure related to fabrication or installation, but no
installation-relat- further details known
ed causes 2.1 Fabrication failurefManufacturing or processing failure
2.2 Installation failure | Installation or assembly failure (assembly after
maintenance not included)
Failure related 3.0 General Failure related to operation/use or mgintenance of
to operation/ the equipment but no further details known
maintenance 3.1 Off-design service | Off-design or unintended service cofditions, e.g.
compressor operation outside enveldpe, pressure
above specification, etc.
3.2 Operating error |Human error: Mistake, misuse, negligen¢e, oversights,
etc. during operation (e.g. due to humfan fatigue)
3.3 Maintenance error | Human error: Mistake, misuse, negligen¢e, oversights,
etc. during maintenance (e.g. due to hyman fatigue)
3.4 Expected wear|Failure caused by wear and tear regulting from
and tear normal operation of the equipment uhit
4 Failure related to 4.0 General Failure related to managementissues, hut no further
maragement details known
41 Documentation|Human error: Failure related to proc¢dures, spec-
error ifications, drawings, reporting, etc| (e.g. due to
human fatigue)
4.2 Managementerror | Failure related to planning, organization, quality
assurance, etc.
a  The data acquirer should judge which is the most important cause if more than one exist, and try to avoid the 5.5 and
5.6 codes.
b See further information in B.2.3.2 and also F.3.2.
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Table B.3 (continued)

Code
number

Notation

Subdivision of
the failure cause

Subdivision
code
number

Description of the failure cause

Miscellaneous 2

5.0 Miscellaneous -

general listed above

Causes that do not fall into one of the categories

5.1 No cause found

Failure investigated but no specific cause found

5.2 Common cause |Common cause/mode b

5.3 Combined causes

Several causes are acting simultaneously. If one cause

ted

is prndnmin:\nt‘ this cause should be highlig
7 (=

5.4 Other unit/ cas-

cading failure

Failure caused by the failure of another equip
unit, subunit or maintainable item (cascading fa

ment
lure)

5.5 Other None of the above codes applies. Specify cau

free text

Se as

5.6 Unknown No information available relatedto the failure d

ause

a  The data
5.6 codes.

b See furth

pcquirer should judge which is the most important cause if more than one exist, and try to avoid the 5.

br information in B.2.3.2 and also F.3.2.

b and

B.2.3.2 Co

Common c{
ISO/TR 124
cause failur
which the ¢
collection o
one of the it
first or mos
For all the o

For exampld
(design errq
lines, the fd
which typic
the failure d
topside equ
configuratid

If there is n
shall be rec
have been a
failure to bé

mmon cause failures

juse failures are already defined in other standards, such as IEC 61508:2010
B9:2013. RM data collection shall take such failures.into account. How to deal with conj
s depends on the taxonomy level (ref Figure 3) where the collection is done and the ley
mmon cause failures occur. If a common cause failure occurs on the same level as the
- any level above, the failure should be registered for each individual item. However,
ems should be selected where the actual failure cause is described. This item should b
[ severely affected, if this is possible tonidentify. Otherwise, this item is selected rand
ther failed items, the failure cause.should be labelled with “common cause”.

p, if a failure on a subsea umbilical reveals that all cores have been wrongly config
r), and data is collected on.maintainable item level, in this case the individual umb
llowing procedure is recommended: Record one failure for each of the umbilical
h1ly consist of power/signal lines and hydraulic/chemical lines. For only one of these, r
ause as “design error’? For all the others, record the failure cause as “common causg
pment units, commen cause failures can typically occur for driver/driven unit, or pa
ns of rotating.equipment. In those cases, the method as described shall apply.

jore than _one' failure on any level below the unit where data is collected, only one f4
prded. Hewever, the record shall indicate that several units on a lower hierarchical
'fected.If contaminated lubrication oil causes damage on several subunits, there is onl
e récorded on the equipment unit. The subunit failed, shall either be labelled “severd

and
\mon
el on
data
only
e the
bmly.

ured
ilical
ines,
cord
”. On
rallel

ilure
level
y one
11” or

show a list d

f all affected subunits.

Sometimes, seemingly simultaneous failures are actually consequences of each other. According to
ISO/TR 12489:2013, 3.2.14, this is not a common cause failure. Consequently, only the first (initiating)
failure shall be recorded. An example of this is malfunctioning of the lube oil pump and subsequent
bearing failure due to overheating. In this case, the failure shall only be recorded on the lubrication
subunit.

See also information in F.3.2 with respect to common cause failures and relations to systematic failures.
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
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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 Periodic Failure discovered during preventive service, replacement or
maintenance overhaul of an item when executing the preventive maintenance
programme
2 Functional 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 Inspection Failure discovered during planned inspection, e.g. visual in-|Schedyled activities
spection, non-destructive testing
4 Periodic condition |Failures revealed during a planned, scheduled condition
monitoring b monitoring of a predefined failure mode, either manually or
automatically, e.g. thermography, vibration measuring, oil
analysis, sampling
g Pressure testing ¢ |Failure observed during pressure testing
4 Continuous condi- |Failures revealed during a continuous conditioh monitoring of
tion monitoringb |a predefined failure mode Continuous moni-
Y, Production inter-|Failure discovered by production upset;reduction, etc. toring
ference
ts Casual observation | Casual observation during routine or casual operator checks,
mainly by senses (noise, smell;smoke, leakage, appearance, etc.)
g Corrective mainte-|Failure observed during €orrective maintenance
nance Casualloccurrences
1p On demand 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.)
1L Other Other obsérvation method and/or combination of several methods | Other
a  {pecific notation for fire and gastdetectors, process sensors and control logic units: The codes abgve should be
interpreted as follows:
fupctional test: periodicifunctional testing
casual observation: field'‘ebservation
pefiodic CM: abnormal state discovered by control room personnel (no fault annunciation)
continuous CM: fault annunciation in control room (audible and/or visible alarm)
b (ondition monitoring implies use of specific equipment and/or algorithms to monitor the condition of the equipment
with[respect te predefined failure modes (note that “test” and “inspection” are separate codes). Condition mdnitoring (CM)
can be furtherdivided into:
1) periodic CM: periodic condition monitoring includes techniques such as thermography, off-line vibration
meaduring, 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.

¢ Pressure testing and functional testing are two different types of tests with different purposes to reveal external or
internal leakage, as also reflected in Annex F.4.

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.
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Table B.5 — Maintenance activity

Code |Activity Description Examples Usea
Number
1 Replace Replacement of the item by a new or re-|Replacement of a worn-out bearing |C, P
furbished item of the same type and make
2 Repair Manual maintenance action performed to|Repack, weld, plug, reconnect, re-|C
restore an item to its original appearance|make, etc.
or state
3 Modify b Replace, renew or change the item, or a|Install a filter with smaller mesh di-|C, P
part of it, with an item/part of a different|ameter, replace a lubrication oil pump
type, make, material or design with another type, reconfiguration etc.
4 Adjust Bringing any out-of-tolerance condition|Align, set and reset, calibrate, balanee}C,|P
into tolerance
5 Refit Minor repair/servicing activity to bring|Polish, clean, grind, paint, coat; lube, |C,|P
back an item to an acceptable appearance, | oil change, etc.
internal and external
6 Checkc The cause of the failure is investigated,|Restart, resetting,.no)maintenance|C
but no maintenance action performed, or|action, etc. Particularly relevant for
action is deferred. Able to regain function |functional failures, e.g. fire and gas
by simple actions, e.g. restart or resetting. |detectors, subsea equipment
7 Service Periodic service tasks: Normally no dis-|e.g. cleaning/replenishment of consum- | P
mantling of the item ables, adjustments and calibrations
8 Tegt Periodic test of function or performance |Function testof gas detector, accuracy|P
test of flow meter
9 Ingpection |Periodicinspection/check: a careful scru-}All types of general check. Includes|P
tiny of an item carried out with or witheuit| minor servicing as part of the inspec-
dismantling, normally by use of sen$és |tion task
10 Ovierhaul Major overhaul Comprehensive inspection/overhaul |C,(P
with extensive disassembly and replace-
ment of items as specified or required
11 Combination |Several of the above activities are included |If one activity dominates, this may|C,|P
alternatively be recorded
12 Other Maintenance activity other than speci-|e.g. protection activities C,|P
fied above
a C: uded typically in correctivesmaintenance; P: used typically in preventive maintenance.
b Mod|fication is not definéd-ds a maintenance category, butis often performed by persons trained in the maintefance
disciplines. Mpdification to a major-extent can have influence on the operation and reliability of an equipment unit.
c “Chelck” includes thé\both where a failure cause was revealed but maintenance action was considered eithgr not
necessary or pot possiblé tocarry out and where no failure cause circumstances could be found.
For correctjive .maintenance, this information describes the type of restoration action that| was
performed. [ln general the predommant restoratlon act1v1ty should be coded when several actiyities

are involve 1cpa11 5 uludu_y shottdtavea pll I'lty
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.

. 1 llC LUUC LdLCgUl ICD lelaLC ] UVCl uauu auu

“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.
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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.

For preventive maintenance, this information describes the type of preventive action being performed.
In general, the most predominant maintenance activity should be coded when several activities are
involved. If there is no predominant task, again this should be coded as “combined” and additional
information on the various activities listed in a free-text field if provided.

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

B.2.6 Failure modes

For subsea
P equipment
ypes:

Failure modes should normally relate to the equipment-class level in the hierarchy.
equipment, however, it is recommended to also record failure modes on lower leyvéls in th
hierdrchy (e.g. “maintainable-item” level). The failure modes can be categorized irito three

a)

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

b)

‘)

See glso Table 3, and note some of the failure modes may apply on other levels

Failufre modes are presented in Tables B.6 to B.14 fox each main equipment category shown
Tabld
each

pecified function lost or outside accepted operational limits (e.g. Spurious stop, high o

failure indication is observed but there is no immediate and‘critical impact on the equ
function [these are typically non-critical failures related'to some degradation or in
¢ondition (e.g. initial wear)].

B.15 presents a summary of all failure modes. Recommended failure modes are p
main equipment category (see also list of equipment presented in Table A.4):

fotating (combustion engines, compressors, electric generators, gas turbines, etc.);

mechanical (cranes, heat exchangers, heaters and boilers, pressure vessels, storage tanks,
¢lectrical (uninteruptable power supply, power transformers, frequency converters, et
gafety and control (fire and gas detectors, input devices, control logic units, valves, noz
gubsea (subsea production control, subsea wellhead and X-mas trees, risers, subsea pu

yvell completigh.(surface wellhead and X-mas trees, downhole safety valves, electrical
Iumps, etcy;

rillings(subsea blowout preventers (BOP), surface blowout preventers (BOP), top driv

ell “intervention (surface well control equipment, subsea well intervention:

utput);

ipment-unit
cipient fault

in Table A.4.
resented for

piping, etc.);
C.);

zles, etc.);
mps, etc.);

submersible

s, etc.);

bpen water

Theade b b )
Imter vention, etcj;

marine (e.g. jacking and fixation).

In the following Tables B.6 to B.14, showing the recommended failure modes, the codes shown apply to
equipment classes marked with “X”. The proposed abbreviated code for the failure modes are given in
the first column of the tables. The failure mode “other” or “unknown” are needed in case failure modes
do not apply. If many failures with “other” are recorded, this can later create a basis for a new failure
mode to come in these tables.

© IS0 2016 - All rights reserved 185


https://standardsiso.com/api/?name=63a04eae711d838b3403d2bfb4dffda0

ISO 14224:2016(E)

Note that some examples apply to only some of the equipment classes in the table they appear. See also
Table 3, and note some of the failure modes may apply on other levels.

NOTE The failure mode codes in Tables B.6 to B.15 are issued as part of Annex B, but are also shown in an
Excel document that is available at http://standards.iso.org/iso/14224. This facilitates the use and application of
these codes by the users of this International Standard. Some of the tables have notes that are not shown in the
Excel document.
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Table B.13 — Well intervention — Failure modes

IS0 14224:2016(E)

Equipment class code WC (0)
Description Examples Surface Subsea
well
. well .
Fail- inter-
control .
ure equip- vention:
mode ment (for Open
code . water
well inter- |,
. interven-
vention) .
tion
BRD Breakdown BreakdowT, Serfous danage (SerZure, breakage), X X
and/or major process fluid leak
CSF Control / Signal failure No, or faulty monitoring or regulation, failure to X X
transmit or receive command or data, failure to
actuate function
DOP Delayed operation Opening/closing time below spec. X X
ELP External leakage - process |Well fluids X X
medium
ELU External leakage - utility |Hydraulic oil, lubrication oil, coolant,‘mud, X X
medium water, etc.
ERO Erratic output Oscillating or instable operation X X
FCO Failure to connect Failure to connect connector X X
FCU Failure to cut Shear cut valve unable toctit equipment X X
FTC Failure to close on demand |Doesn’t close on dethand X X
FTD Failure to disconnect Failure to disconfiect connector X X
FTF Failure to function on Failure to respond on signal/activation (e.g. fail- X X
demand ure to shear)
FTO Failure to open on demand |Doesn’tepen on demand X X
FWR |Failure while running Unable to run equipment or tools X
HIO High output Output torque above specifications X
ILP Internal leakage - process,|Leakage process medium contaminating utility X X
medium medium, Leakage internally of process fluids
ILU Internal leakage - atility Leakage internally of utility fluids, Loss of X X
medium lubrication
LCP Leakage in elesed position |Leakage through a valve (e.g. ram-valve) in closed X X
position
LOO Low output Output torque below specifications X
OTH Other Failure modes not covered above X X
PLU Rlugged choked Choke or Kkill line plugged X X
POW Insufficient power Lack of or too low power supply X X
PTF Power/signal transmis- Power/signal transmission failure X
sion failure
SET Failure to set/retrieve Failed set/retrieve operations X
SPO Spurious operation Unexpected operation X X
STU Stuck Tools becoming stuck in the BOP or X-mas Tree X X
UNK  |Unknown Too little information to define a failure mode X X
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Table B.14 — Marine equipment — Failure modes

Equipment class code JF
Failure|Description Examples Jacking
mode and fix-
code ation
AIR Abnormal instrument |False alarm, faulty instrument indication X
reading
BRD Breakdown Breakdown, serious damage (seizure, breakage), and/or major X
process fluid leak
DOP Delayed-operation Openingielosingtimebelow-spec: X
ELU Extlernal leakage - Hydraulic oil, lubrication oil, barrier oil, coolant, water, etc. X
utility medium
FRO Failure to rotate Failure to rotate X
FTF Failure to function on |Doesn’t start or open on demand or failure to respond on signal/ X
derhand activation
FTL Failure to lock/unlock |Doesn’t lock or unlock when demanded X
HIO High output Output torque above specifications or overspeed/output above X
acceptance
[HT Inspfficient heat Cooling/heating below acceptance and/or héat transfer too low X
trapsfer
INL Internal leakage Leakage internally process or utility fluids X
LBP Low oil supply pres- |Low oil supply pressure X
surje
LOO Low output Delivery/output/torque/perfexrmance below acceptance X
NOI Noise Abnormal or excessive noisé X
OHE Ov¢rheating Machine parts, exhaust,cooling water, etc. X
OTH Other Failure mode(s) notcevered above X
PDE Parfameter deviation |Monitored pagameter exceeding limits, e.g. High/Low alarm X
PLU Plugged/ choked Flow restriction due to contamination, objects, wax etc. X
POW Inspfficient power Lack of/ox too low power supply X
PTF Power/signal trans-  |Power/signal transmission failure X
migsion failure
SER Minor in-service I:oose items, discoloration, dirt X
prdblems
SPO Spyrious operatiofi False alarm, premature closure/stop, unexpected operation/fails to X
operate as demanded
STD Strictural'deficiency |Material damages (cracks, wear, fracture, corrosion, decay) X
UNK Unknown Too little information to define a failure mode X
UST Sp riaols cfn}:\ ”nnvpnr‘fnﬂ shutdown X
VIB Vibration Abnormal/excessive vibration X

Table B.15 — Overview — Failure modes

Failure Failure mode description On-demand
mode code type failure
AIR Abnormal instrument reading
BRD Breakdown
CLW Control-line-to-well communication
CSF Control / signal failure
a  See also footnote g in Table F.1 with respect to safety equipment.
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Failure Failure mode description On-demand
mode code type failure
DOP Delayed operation X
ELF External leakage - fuel
ELP External leakage - process medium
ELU External leakage - utility medium
ERO Erratic output
FCO Failure to connect X
FCU Failure to cut X %)
FLP Failure in lightning protection system (\Q\
FOF Faulty output frequency ™ v
FOV Faulty output voltage '\q‘}/
FRO Failure to rotate \”

FTC Failure to close on demand &Q X
FTD Failure to disconnect \\J X
FTF Failure to function on demand <) O X
FTI Failure to function as intended /)O\ X
FTL Failure to lock/unlock &\X X
FTO Failure to open on demand A\\)‘ X
FTR Failure to regulate ,&\w X
FTS Failure to start on deman@_\& - X
FWR Failure while running A’\‘O
HIO High output \_O
HTF Heating failure:,‘(-\,{‘
[HT Insufficient @\transfer
ILP Internangékage - process medium
ILU Inteﬁl@ﬁakage - utility medium
INLa I,n{éfdal leakage
LBP \CM oil supply pressure
LCP ¢ ) Leakage in closed position
LOAQy Load drop
@Q?“‘ Loss of buoyancy
.00 Low output
&?\ MOF Mooring failure

% NQI Noise
NOO No output
OHE Overheating
OTH Other
PCL Premature closure
PDE Parameter deviation
PLU Plugged/ choked
POD Loss of functions on both pods X
POW Insufficient power
PTF Power/signal transmission failure
a  Seealso footnote g in Table F.1 with respect to safety equipment.
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Table B.15 (continued)

Failure Failure mode description On-demand
mode code type failure
SBU Sludge build-up
SER Minor in-service problems
SET Failure to set/retrieve X
SHH Spurious high alarm level
SLL Spurious low alarm level
SLP Slippage
SPO Spurious operation
STD Structural deficiency
STP Failure to stop on demand X
STU Stuck
UBU Global buckling
UNK Unknown
UST Spurious stop
VIB Vibration
VLO Very low output
WCL Well-to-control-line communication

a  Seealso footnote g in Table F.1 with respect to safety equipment.
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Annex C
(informative)

Guide to interpretation and calculation of derived reliability and
maintenance parameters

C.1 | Interpretation rules for commonly used failure and maintenance parameters

C.1.1 General

Thoygh this International Standard does not cover data analysis in the \briead sense, this annex
incll:[les some recommended interpretation rules and basic calculation "formulas commonly used
when analysing reliability and maintenance data. For a more in-depth dassessment of thig subject, we
recommend textbooks on the subject and some of the standards listed\it’the Bibliography at the end of
this International Standard. For the qualification of new technology; refer also to textbooks on expert
judgéments, e.g. Cooke (1992).

In addition to the definitions given in Clause 3, Annex C gives¢some interpretation rules for commonly
used|terms encountered in data collection and projects.

ISO/TR 12489:2013 does also provide useful informatiofiregarding various reliability and mpaintenance
parameters for use in reliability modelling and calculation.

C.1.2 Redundancy

Redyndancy may be applied as follows:

a) passive (cold) standby: redundancy wherein part of the means for performing arequifed function
is needed to operate, while the remaining part(s) of the means are inoperative until neqded;

b) active (hot) standby: redundancy wherein all means for performing a required function are
intended to operate simultaneously;

) ixed: redundancy where a part of the redundant means “is on standby” and angther part is
lactive” (example=-three means, one active, one in hot standby, one in cold standby).

EXANPLE1 Redundancy can be expressed as a quantitative measure, viz. equipment redundancy|factor (ERF).

EXAMPLE 2<3 units times 50 % gives an ERF of 1.5.

(See plsae definition of redundancy in Clause 3 and distinction between “hot” and “cold” stalndby versus

“« 4 /] 3 ) 2 0 D 1)
up time/aowinrtinre Hro-S-1

For redundant systems, parts can fail without a failure of the system. This should be taken into account
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). Note also the definitions for “failure on demand” (see
3.30) and “failure due to demand” (see 3.25). In the estimation a distinction should be made between:

a) failures occurred before demand occurs (undetected failures until revealed by real or periodic test
demand);
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b) failures occurring when demand occurs (due to demand itself).

Many failure modes (see Annex B) are such failures, and could be either type, but failure mechanism
coding may enable to differ between “a” and “b” (see also C.3.4). Table B.15 shows failure modes which
are on-demand related.

Furthermore, for some equipment, collected reliability data are also used to estimate the failure rate as
a function of demands or number of cycles, rather than time, as explained in C.3.4. In this case, the total

number of demands should be recorded. Two types of demands should be included (Ref. Table 5):

a) test activation of the item normally done as part of preventive maintenance (e.g. function test of a
fire and gas dpfp(‘rnr)-
b) automatic, or manual, activation of an on-demand function during operation (e.g. closure pf an

ESD val

For reliabili
to define m
such data cg

For some eq|
and terming

For rotating
and boilers,
running, lik

ve).

Ly data collection where such demand related failures are to be recorded, it is impo
re specifically the physical characteristics of the demands for the specific’equipment
llection will cover.

uipment classes, like e.g. Piping, Heat exchangers, Risers, Filters and-strainers, Power c
tions, the term, ‘demand’, is not meaningful.

equipment and some other equipment classes like Conveyors and elevators and He
demand is interpreted as start-up. Thus, stopping the eqaipment, or any adjustment W
e the speed of a VSD motor, is not to be interpreted as.a;demand.

For some mechanical equipment, like Cranes, Loading arms~and Winches, demand is defined b

operation it

For valves,
closed or no|

For safety a
any activati

self for which it is made.

rmally open. For control and choke valyes, any adjustment is regarded as a demand.

hd control equipment or other equipment normally in stand-by mode, demand is defin
b1, either test or real activation (e,g. real trip) during operation.

rtant
that

hbles

aters
rhilst

y the

both opening and closing is counted as a-demand, regardless of the valve being normally

bd as

The probabllity of failure on demand.is:calculated as the average fraction of time spent in the failed
state, as shgwn 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 indepghdent events.
Two events,|A and Bjare independent if the occurrence of A is independent of that of B. Mathematically
speaking, tHat mé&ans that the conditional probability of occurrence of B given the occurrence of A, P(B
| A), is simplyequal to P(B).
Therefore, by using the definition of conditional probability:

P(B | A) =P(AnB) /P(A)=P(B) (€.1)
This implies that:

P(AmB):P(A)-P(B) (C.2)

When two events have the above property, that means that they behave independently from each other
and they are said to be stochastically independent.

Independent

206

failures are, of course, a particular case of independent events.
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C.1.5 Dependent failures

When the occurrence of one event depends of the occurrence of one or several other events, these
events are said to be dependent.

In this case, the above Formula (C.2) is no longer valid and it is necessary to replace it by Formula (C.3):

P(AnB)=P(A)-P(B)

(C.3)

Therefore when the dependenc1es are not taken under Con51derat10n the results are underestlmated

the c

Com
com
comi

C.1.6 Common cause failure (CCF)

See (
fails

cominon cause failures which only make the items unavailableA€g. loss of power supply).

case,)

A co
sam

The
a)
b)
)

Item
them

f

q

[tem
gene

Item
to id

Whe
failu
unre

internal failures (design error, installation error, bad set of components, etc.);

ncepts of common cause fallure and common mode fallure have been 1ntroduced

bonents that fail due to a shared cause normally fail in the same functional‘mod
non mode is, therefore, sometimes used. It is, however, not considered to_Be a prec
nunicating the characteristics that describe a common cause failure.

lefinition in 3.5. Note the distinction between the type of common cause failures, wh
the items (e.g. component overvoltage) which have to be repaired separately, and

the items have not to be repaired.

nmon cause failure is the simultaneous or concomitant failure of several component]

[CF can be split into several categories:

ailure of utilities (electricity, compressed air, etc.) or external aggressions (environme

ascade failures (the failure of A'leads to the failure of B, which leads to the failure of C

5 listed in a) are consideredias CCF only if the level of analysis is not sufficient in orde
explicitly.

5 listed in b) are mere/difficult to analyse: experience proves their existence but thei
rally not identifiedwveéry easily.

5 listed in c) dregenerally related to the process itself and can be difficult for the reliah
bntify.

h the.analysis is too difficult or not possible, a f-factor is generally introduced to sp
e rate, A, of a component into an independent part, (1-5) x A, and a CCF part, f x A. TH

This is why

b, The term
ise term for

ich actually
the type of
[n the latter

s due to the

cause. Therefore, each time the failures are not completely independent there is a possipility of CCF.

ht, fire, etc.);

etc.).
r to identify
[ causes are

ility analyst

lit the basic
is avoids an
btential CCF.

hlistic result, but is only an estimate in order to take into account the existence of a p

Refer to the shock model described in ISO/TR 12489:2013, Annex G.

It should also be noted that the analyst should be careful of what data is being used; see B.2.3.2. See also
ISO/TR 12489:2013, 5.4.2.

C.1.7 Common mode failures (CMF)

See definition in 3.6.

The notion of common mode failure, CMF, is often confused with the notion of CCF, although it is a little
bit different: a CMF occurs when several components fail in the same way (same mode). Of course, this
can be due, in turn, to a CCF.
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C.1.8 Trips

Shutdown of machinery refers to the situation when the machinery is shut down from normal operating
condition to full stop. Two types of shutdown exist.

a) Trip (see definition in 3.93).

b) Manual shutdown: The machinery is stopped by an intended action of the operator (locally or from
the control room).

For some equipment, spurious stop is defined as a failure mode (i.e. UST, see Table B.15) that can be
either a real trip or a spurious trip depending on cause.

C.1.9 Failure occurrence classification

In conjunction with reliability analysis, e.g. FMECA, one can not necessarily have the-access or need
for statisticpl reliability data, but may have to use qualitative judgement. Table C.1'may be used to
categorize fhilure occurrences, which can later during more in-depth analysis be verified with hidtoric
reliability data.

Tabje C.1 — Failure occurrence classification (modified, IEC 60812:2006, Table 5)

Failure mode occurrence |Rating Frequency Probability
Renjote: 1 < 0,010 per thousand.itéms <1x10-5
Failyire is unlikely
Low: 2 0,1 per thousanddtems 1x10-4
Reldtively few failures 3 0,5 per thousand items 5x10-4
Moderate: 4 1 per thousand items 1x10-3
Occgsional failures 5 2 perthousand items 2 x10-3
6 5per thousand items 5x10-3
Higlh: 7 10 per thousand items 1x10-2
Repgated failures 8 20 per thousand items 2 x 10-2
Very high: 9 50 per thousand items 5x 10-2
Failfire is almost inevitable~| 10 2100 per thousand items 21x101

C.1.10 Failure consequence classification

Risk is a cgmmonly used-term describing a triplet of, possible events, possible outcomes and the
associated uyncertaintie$ of the events and outcomes (for one definition, see e.g. ISO 31000:2009). Aq part
of a typical fisk assessment, is estimating the likelihood of hazardous events that can occur and gf the
consequences expécted to follow from the events. Note that these consequence is a systemic property
and that the|effect of a given failure mode can change according to way it is used within a system.

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 I to XV], 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. IS0 17776:2000.

The recording of failure and maintenance impact data for failure events is addressed in Tables 6 and 8.
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Table C.2 — Failure-consequence classification

Consequences Category
Catastrophic Severe Moderate Minor
Failure that results in | Severe injury, illness | Minor injury, illness | Less than minor injury,
death or system loss or major system or system damage |illness or system damage
damage
Safety [ Vv IX XIII
— Loss of lives |— Serious per- |— Injuries — Injuries not
. Vital safe- sonnel injury EequLlrlnngedlcal EequLlrmngedlcal
ty-critical systems | — Potential for |~~~ S
inoperable loss of safety func- — Limited — Minpr effect on
tions effect on safety safety, function
functions
Environmental | Il VI X XIv
Major pollution Significant pollution |Some pollution No, or negliglible, pollu-
tion
Production I VII XI XV
Extensive stop in pro- |Production stop Productionstop Production §top minor
duction/operation above acceptable below-acceptable
limita limita
Operational 1Y VIII X XVI
Very high mainte- Maintenance cost Maintenance cost Low mainteance cost
nance cost above normal a¢* at or below normal
ceptable 2 acceptable a
a It is necessary to define acceptable limits for each‘application.
C.1.11 Analysis of failures
Failures that occur and that are judged to be in the unacceptable category in Table C.1 require that
specific reporting and analyses be done in order to find measures to prevent such failyre from re-
occufring (e.g. improved maintenance, inspections, modifications, replacements etc.). $ome useful
analytical methods are summarized below.

a) Reliability system modelling (e.g. Monte Carlo simulation, Markov analysis, reliabjlity growth
odelling etc.) isteecommended for all critical-service equipment for the comparison pf reliability

or various propoesed system configurations to provide input to concept selection in the development

f the designdbasis. Specifically,

sensitivity studies to identify the component failures or human errors, or both} having the
greatest impact on system reliability (this information can be used to improve the feliability of
individual components or to provide a basis for modifying the system configuration during the
project proposal)

— evaluation of operational inspection intervals that have direct impact on predicted system
reliability,

— establishment of the amount of inspection and testing required for certain system elements.

b) Pareto analysis can be utilized to establish the plant’s list of “bad actors” based on the highest
failure rates or total maintenance cost. Bad Actors’ can also be related to cost of lost production
and unacceptable level of safety.

c) Root-cause analysis is recommended in the following cases:
— failures of severity types I to VIII;

— systems defined as “bad actors” by the operating facility.
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d) Equipment lifetime analysis, such as Weibull analysis, is recommended on equipment types having
five or more common mode failures with severity levels I to XII.

NOTE
1

Common causes of failures can be classified as follows.

Infant-mortality failures (Weibull-shape parameter § < 1,0) 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 (f = 1,0) most often result from 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-

2)
mainten
3) Early wd
include ]
in repaif
Weibull
4) 0Old age ¥

the smalller the variation in the times to failure and the more predictable the results! Typical failure

with old|
to replad
Weibull

ATICE PrOGTAIIIES (ITTOTE T1g0T0US COMAItION MO tOTITgE )

ar-out failures (1,0 < 8 < 4,0) can occur in the normal design life of the equipment andmost

or replacement of critical components can be cost effective. The period for overhaulis read o
blot at the appropriate £ life.

vear-out failures (f = 4,0) most often occur outside the normal design life. The steeper the slop|

age wear include stress corrosion, erosion, material property issues, éte/Preventive maint
e parts that produce significant failures can be cost effective. The period for overhaul is read d
blot at the appropriate £ life.

C.1.12 Safety critical equipment

For some e
consequenc

C.2 Avail

C.2.1 Nor
See definitiq

Note the dis

bs can be useful. Some recommendations on this'are given in Annex F.

ability
malized definition

nin 3.3.

tinction between the terms\availability and reliability;

availab

“Availability
function thg

C.2.2 Mat

item workingat a given instant (no matter what has happened before);

Iity:
reliability: item working-continuously over a whole period of time.

t cannot bednterrupted over a whole period of time.

hematics of availability

It is with

o}

often

ow cycle fatigue, most bearing failures, corrosion and erosion. Preventive maintenance resfilting

ff the

e (P),

odes
ance
ff the

Huipment, like safety-critical equipment, more specific definitions for a failure and its

” characterizesva function that can be interrupted without any problem and “reliability,” a

he“mathematical definitions that the sitnation is clarified In fact there are se

veral

mathematic

al expressions for “availability” concepts.

Pointwise or instantaneous availability, A(t), 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 61508:2010. See also ISO/TR
12489:2013, 3.1.12)

The instantaneous availability, A(t), at time, ¢, is given by Formula (C.4):
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A =Ps(0)

where Ps(t) is the probability that item S is in a up state at time, t.

(C.4)

— Mean availability for a given mission (over a given period of time), Am(1,¢2), is the average of the
pointwise availabilities over the time period, from t1 to tp: t1<<t<<ty. This is given mathematically
by Formula (C.5) (see also ISO/TR 12489:2013, 3.1.13):

1
An(erer) = T JAlE) e

\

Thes|

b)

Note|
asyn

EXAN
repal

Whe
stead

This

C.2.3

yil

(C.5)

Ltl

|Steady state” (or asymptotic) availability, Ags, is the limit of the mean availability fora'g

vhen the time period goes to infinity, as given by Formula (C.5) (see also IS@/TR

3.1.17):

i =lim1A

B et

(¢)de

e definitions show clearly the difference between the various “availabilities,” specifica

or the pointwise availability, we are interested only in thefact that the item works w¢
equired (no matter if it has failed at some previous moment, provided it has been re
nd has not failed again);

or the mean availability, we are interested in the same, but averaged over a given pe

This corresponds to the ratio of the effective working time over the whole duration un

that in most, but not all, of the cases, afterZa certain time, the pointwise availability
iptotic value called “steady state” availability, which is equal to the above “steady state §

PLE For a simple repairable item wsith only two reliability parameters [failure rate (A;
Ir rate ()], the pointwise availabilityisiequal to Formula (C.7):

l(t)zl— {1—exp[—(l+u)t}}

h t goes to infinity, we) obtain the asymptotic value, as given by Formula (C.8), whic
ly state availability:

A+ u

_ M
A 1

as

availapility is the “technical” or “intrinsic” or “inherent” availability of the item (see al

Measures and estimates of mean nvailnhilify data records

ven mission
12489:2013,

(C.6)

fi1

y:

1l when it is
paired since

Fiod of time.
ler interest.

' reaches an
wailability”.

see C.3) and

(C.7)

h is also the

(C.8)

so C.2.3.2).

C.2.3.1 Mathematics of measures and estimates of mean availability data records

The interest of the availability concept within the application areas of this International Standard is
the relationship existing between data collected in the field and the mathematical meaning of the mean
availability over a given period.

When planning to collect measures and estimates of mean availability (the term “availability” is defined
in Clause 3, see also 7.1.2), two types of mean availability and the sum of the two should be considered.

a) Operational availability, 4, is given by Formula (C.9):
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Ap=MUT / (MUT + MDT) (C9
where
MUT is the mean up time, estimated by using the actual up time observed in the field;
MDT is the mean down time, estimated by using the actual up and down times observed in the field.
b) Intrinsic availability, 4j, is given by Formula (C.10):

A;=MTTF / (MTTF + MTTRes) (C.10)
where
MTTRes is the mean time to restoration, estimated by using the active maintenance'times obsgrved

in the fields; see Table 4 and Figure 4;

MTTF is the mean time to failure, estimated by using the actual up times.observed in the field.
c) Mean elppsed time between failures, METBF, is given by Formula (C.11):

METBF £ MTTF + MTTRes (C.11)
where MTTF and MTTRes are as defined above.
C.2.3.2 Udes of measures and estimates of mean availability data records
A1 and A, afre not equivalent, except when MDT is egtial to MTTRes. Generally, 4j is of interest to

a
reliability ellfgineers, while 4, is of interest to maintenance people.

These estim
is in the up 4

Be aware th|
repair durat

ations explain why the unit of availability is expressed as the proportion of time(s) the
tate.

at though MDT, which is made of several delays (detection, isolation, spare parts, stan
ion, re-instatement, etc.),.and MUT, which is normally close to the MTTF, the operat|

item

d-by,
ional

availability |depends on the combined aspects of the reliability performance, the mainterjance
performanck, the maintainability_performance and the maintenance support performance. Thergfore,
this is not an intrinsic property’of the item itself but a property of that item within the contex{ (the
whole installation, procedures, maintenance policy, etc.) where it is used.
Depending g¢n the interest of the user, only a part of the down time may be considered. Extra delayp due
to required pxternalresources other than maintenance resources may be excluded from the estimption
in order to gerforma more intrinsic estimation, such as given in Formula (C.12):

A7 =MTTF)/ (MTTF + MTTRes) (C.12)
which is an estimate of the theoretical formula given in Formula (C.13):

A =K (C.13)

A+ U

In the same way, the time spent for preventive maintenance can be included or not in the evaluations.

The above single formula for evaluating the two reliability parameters, A and p, is not sufficient. It is
necessary to evaluate A and u separately based on the observed MTTF (or MUT) for the failure rate, and
the observed MTTRes (or MRT, a part of the MDT) for the repair rate.
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As the amount of data collected increases, the estimations become closer and closer to the true
mathematical values. The uncertainties can be managed through classical statistical analyses.

It is quite common to define the operational availability based on the down time related to the sum of
both corrective and preventive maintenance. The term “technical availability” is also sometimes used as
an alternative to “intrinsic availability.” In the latter case, down time related to corrective maintenance
only shall be included in the calculations. The operational availability per year, Aoy, and the technical
availability per year, ATy, can then be calculated as given in Formulas (C.14) and (C.15), respectively:

8760 (¢ +1tp)

AO’y p—— (C.14)
8760 —t.
ATJ = a0 (C.15)
whertte
tc is the time for corrective maintenance;
tp is the time for preventive maintenance.

C.3 | Failure rate and failure frequency estimations

C.3.1 General

C.3.1.1 Mathematics for failure rate and failure frequency estimation

The [‘failure rate” is a classical reliability parameter, denoted by the Greek letter, A (I3mbda). The
failure rate is sometimes linked to the reliability parameter “failure frequency” (or “avdrage failure
frequency”), denoted by the letter w andalso called the (average) unconditional failure intensity. See
defirjitions of the two terms in Clauseé 3.

The average failure frequency istan average frequency, w, of failure (i.e. a number of failures per unit of
time). It is easy to calculate anmestimator, w, of this frequency from historical RM data by dividing the
number of observed failures;’n, of the considered item by its cumulative working time [operational
time) during the same period of time, as given by Formula (C.16):

w=n/XTTF, (C.16)
wherre
n is the number of observed failures;
TTF; is the ith time to fail (i.e. ith duration of functioning observed from the field).

NOTE1 wisa function of time t and it asymptotically approaches 1/ MTTF.

In Formula (C.16), TTF; means the ith “time to fail” (i.e. the ith duration of functioning) observed from
the field. So, this is actually the estimator of 1/MTTF for a repairable item (component/system). This w
is usually a function of time t, but asymptotically it approaches 1/TTF;.
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In practice, the term Y TTF; in Formula (C.16) is often replaced by the total operational time of the units
investigated; see the example below.

NOTE 2  Formula (C.16) is true only if an exponential failure distribution (constant hazard rate for the system)
is assumed. In case a component does not have constant hazard rate, the asymptotic rate for the system is not
reached until after several changes of the component (renewal process). Such an interpretation means that the
number of failures over a (long) time period (0, t) “on the average” is equal to w x t. Or, more generally: if a
number of items with the same constant average “failure frequency,” w, are observed over a total operational

time, ¢, then the mean number of failures observed over this period asymptotically equals w x t.

EXAMPLE
units, i.e. uni

In the above
equals 1/w

An average failure frequency of 3 x 10-4 failures per hour means that on the average 30 failures
will occur during an operational period of 100 000 h. It is emphasized that we are talking here about repairable

s that are repalred immediately after failure.

example, we state that in the long run the mean elapsed time between two failures,of 3
= 3 333 h, which is also equal to the sum of MTTF and MTTRes (valid only for'repai

items, and provided the item is as good as new after repair).

=> valid onl
to failure. S
same from

The term “f]
books) used
t, (since the
t and t + dt|
distribution|
also be expf
time, ¢, as gi

FO) =1

where R(t) i

Nevertheles
time, t, ther
given in For
much confu

y for repairable items It is important not to confuse this TTF;j of 3 333 h'w/ith expected
nce the average failure frequency is assumed constant, the probability of a failure i
h to 100 h, from 3 300 h to 3 400 h and from 9 900 h to 10 000 h:

hilure rate” (or Vesely failure rate, see e.g. ISO/TR 12489:2013J is sometimes (e.g. in
synonymously with the term “hazard rate.” Also, this raté\s generally a function of
start of operation of the unit). Then, A (t)dt is the probability that the item fails bet
provided it has been working all over [0, t]. This fungtion, A (£), then defines the lifg
of the units (i.e. the statistical distribution of the timeto first failure). This distributio
essed in terms of the probability, F(t), that the item will fail before it has been operat]
ven in Formula (C.17):

R(®)

5 the probability that the item will survive a time period, t.

S, it can be demonstrated mathematically that when the hazard rate, A(t), is constant]

the average failure frequency (w) and failure rate (A), both have the same estimat
mulas (C.16) and (C.17). In that case, we can use the term “failure rate” without causin
sion (but we still have tweo different interpretations).

The assumpition that the failureZrate (hazard rate) is constant (= A) over the whole life of the concg

item means

R(t) = ex

FiO =1

In this case,

that the probability of the item to survive a period, t, is given by Formulas (C.18) and ({
p(-A x 1) (

exp (W t)

unit
rable

time
s the

text
time,
veen
time
N can
ing a

£.17)

over
pr as

o too

rned
[.19):

£.18)

£.19)

A= 1/MTTFE.

C.3.1.2 Uses of failure rate and failure frequency estimation

In the general situation, the hazard rate, A(t), of the item’s lifetime is often assumed to reflect three
periods: early failures, useful life and wear-out failures (see Figure C.1). During the early failure period,
the A(t) is normally decreasing, during the useful life it is more or less constant and during the wear-out
period it is increasing, i.e. the curve, A(t), has the so-called bathtub form (see Figure C.1).
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>

Failure-rate function

Early-life failures Useful-life phase Wear-out phase

<
-

A
 J

B

Figure C.1 — Bathtub curve for hazard rate (“failure rate™) of a unit

If eafly failures are treated separately and units are taken out of service before they arrive
the gdssumption of constant hazard rate can be reasonable. This estithator gives no inform|
form| of the hazard-rate curve. Assuming that the hazard rate {S\constant, this is also an €
the cpnstant hazard rate. If a constant hazard rate is assumed‘where wear-out failures are p
components or spare parts, the reliability is underestimated for low operating time and ov|
for hjgh operating time. With regards to the time to first failure, TFF, the constant hazard r
is totally misleading. Nevertheless, a more sophisticated statistical analysis can be p
determine if the hazard rate is decreasing, constant ot increasing and to evaluate the para
another reliability model such as Weibull for components or the Power law for repaired sys

In thpt case, it is necessary to take into consideration the various durations of the TFFs.

The

standard methods for estimation-ef a constant failure rate based on the observed

failures over a given time of operation are described in C.3.2 and C.3.3.

C.3.2 Estimation of failurerate

C.3.2.1 Maximum likelihood estimator of a constant failure rate

The

where

n

T

maximum likeliltlood estimator, , of A is given by Formula (C.20):

n
| = —
T

Time

at wear-out,
ation on the
stimator for
resentin the
erestimated
hte estimate
brformed to
meters with
tems.

number of

(C.20)

is the number of failures observed;

is the aggregated time in service, measured either as surveillance time or operating time.

Note that this approach is valid only in the following situations:

— The number of failures for a specified number of items with the same constant failure rate, A, are

available for a given aggregated time, 7, in service;

— Atleast one failure is observed (n = 1) over time, 7.
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In “classical” statistical theory, the uncertainty of the estimate may be presented as a 90 % confidence
interval with a lower limit, Liower, and an upper limit, Lypper, as given by Formulas (C.21) and (C.22),
respectively:

Lower = %20’95W (C.21)
L, = iz 0,05;v (C.22)
pper— 2z
where
z0,95; v is the upper 95th percentile of the y2-distribution (chi-square) with v degrees of freedom;
z0,05; v is the lower 5th percentile of the y2-distribution (chi-square) with v degrees.of freedpm.

NOTE1 Tle chi-square distribution can be found in most textbooks on statistics or in e.g. SINTEF (2009).
NOTE 2  Other confidence limits can also be used depending on application.
EXAMPLE Assume that n = 6 failures have been observed during an~aggregated time in sqrvice

T = 10 000 hours. The failure rate estimate, , expressed as failures per hodr as given in Formula (C.Z0), is
calculated as

2="6.10"*
T

The 95 % cqnfidence interval, from Formulas (C.21) and (€¥22), is calculated as

1, 0,95;2N, 1, 0,05;2(N+1) |1
27 21 20 000

Z0,95;12, ! z 0,05;14 :(2,6.10*4, 11,8-10*4)
20 000

The estimate and the confidence intervals are fllustrated in Figure C.2.

A

<a
&

\J

>

1 2 3 4 5 6 7 8 9 10 11 12
Failure rate (failures per 104 hours)

Figure C.2 - Estimate:and 95 % confidence interval for the example calculation of the failure{rate

C.3.2.2 Estimators and confidence intervals for a heterogeneous sample

Most of the time, a sample is constituted of items which come from different installations with different
operational and environmental. We are here dealing with heterogeneous data, corresponding to
different kind of equipment.

Such data are clustered into k classes, which are assumed to be homogeneous. So, a heterogeneous
sample is the combination of several more or less homogeneous samples.

Starting from data assumed to be clustered into k (homogeneous) classes, each class is represented by
some index i withi=1, -, kin the following. For the ith class, the following data is assumed available:

— the class size mj, which stands for the number of equipment in the ith class,
— the total number nj of failures for all the equipment of the ith class,

— the cumulated operational time t; for all the equipment of the ith class.
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In order the failure rate estimate 4. to take into account the data of all classes (n;j, ti )1 < I <k (and not

only (nj, tj )), a Bayesian approach is next proposed. The variation of the failure rate between classes
may be modelled by assuming that the failure rate is a random variable with some distribution given by
a probability density function m(2).

The mean failure rate is then:

0 = jx 7 (2)da (€.23)
And the variance is:
i 2
¢ = j(x—e) 7 (2)da (C.24)
0
The following procedure is used to calculate the heterogeneous estimator 2
a) (Calculate m,S1,52, V, V*,uand V as follows:
k
L Z i
m= 'k—_, (C.25)
=11
k
§, =3, (C.26)
i=1
k
§,=572, (C.27)
i=1
— 12
|k (n, i)
=y ——, C.28
>, - (C.28)
i=1 i
= (V—(k—1)m)2—, (C.29)
$17 -5,
1 X
= =\l
M= P Z "~ (C.30)
i=1 !
[ )2

k
- 1T
V= L _ , C.31
— ztr uJ (€:31)
1
b) Derive to compute E+ and V¢:

Ve = max{V*,V} (C.32)
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k
- 1 1 m
E, = — C.33
t k 1 z m T, ( )
Z, - i=1—+V, I
I: ~
ﬂ + Vt TI
Ti
c) Estimates for (4, a) are next derived through:
B =-t, (C.34)
Ve
a = BE| (€.35)
d) So, the global estimate for ii can be expressed as follows:
~atn; i
A =—=1— (€.36)
ﬁ +Ti

Taking ¢ € |0, %}, an approximate credibility interval with level 1-€ ford{ is

r 3 r 3
. . 1-2
qo}+ni,[ +7; [2]’(1&+ni,ﬁ+ri ( ZH

Or, equivalently

r €| r €
U4n, 12 [E] Usn 12 (1 B EJ

2([§+‘L'I.) 7 2([§+‘L'I.)

C.3.3 Estimation of failure rate with zero failures — Bayesian approach

C.3.3.1 Ggneral
NOTE The Bayesian approach is not always accepted by safety authorities (e.g. in the nuclear field).

The classicdl approachydescribed above has difficulties when the observed number of failures is ero.
An alternative apprdach which handles the situation with zero failures is to use a Bayesian appijoach
with non-informative prior distribution. When n failures have been observed during time, ¢, the fqilure
rate estimate, /in'the posteriori distribution is given by Formula (C.37):

it 1 (C.37)
2t
which, in the case with zero failures, reduces to Formula (C.38):
i=L (C.38)

2t

C.3.3.2 Constant confidence-level estimator
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