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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-governm
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Standard requires approval by at least 75 % of the member bodies casting-a Vote.
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Introduction

The petroleum and natural gas industries involve large capital investment costs as well as operational
expenditures. The profitability of these industries is dependent upon the reliability, availability and
maintainability of the systems and components that are used. Therefore, for optimal production availability in
the oil and gas business, a standardized, integrated reliability approach is required.

The [concept of production assurance, introduced in this International Standard, enables| a common
undefstanding with respect to use of reliability technology in the various life-cycle phasgs.and covers the
activities implemented to achieve and maintain a performance level that is at its optimum in [terms of the
overgll economy and, at the same time, consistent with applicable regulatory and framgwork conditions.

Anneixes A through | are for information only.

© 1SO 2008 — All rights reserved \
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INTERNATIONAL STANDARD
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Petroleum, petrochemical and natural gas industries —
Production assurance and reliability management
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Ciated with exploration drilling, exploitation, processing and transport of petroleum, petrog
pl gas resources. This International Standard covers upstream (including Subsea), mi

ssociated activities and covers the analysis of reliability and maintenance-ef the component

vides processes and activities, requirements and guidelines for. systematic managem
ing, execution and use of production assurance and reliability technology. This is to &
ive solutions over the life cycle of an asset-development proje¢t structured around the fg
Bnts:

production-assurance management for optimum economyrof the facility through all of its life-¢
while also considering constraints arising from health, safety, environment, quality and huma

planning, execution and implementation of reliability technology;

application of reliability and maintenance data;

feliability-based design and operation:improvement.

fandards on equipment reliability and maintenance performance in general, see the IEC 603
International Standard designates 12 processes, of which seven are defined as corg
ance processes and addressed in this International Standard. The remaining five processes
eracting processes @nd are outside the scope of this International Standard. The interactio
ction-assurance (processes with these interacting processes, however, is within the ¢
ational Standatd)as the information flow to and from these latter processes is required tg

ction-assurance requirements can be fulfilled.

nternational Standard recommends that the listed processes and activities be initiated only i
dered\to add value.

nternational Standard introduces the concept of production assurance within the systems and operations

hemical and
stream and
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production-assurance programme (PAP).

2

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 14224:2006, Petroleum, petrochemical and natural gas industries — Collection and exchange of reliability

and

maintenance data for equipment

© 1SO 2008 — All rights reserved
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3 Terms

31

, definitions and abbreviated terms

Terms and definitions

For the purpose of this document, the following terms and definitions apply.

3141
availability

ability of an item to be in a state to perform a required function under given conditions at a given instant of
time, or in average over a given time interval, assuming that the required external resources are provided

See Figure G

3.1.2
common ca

failures of different items resulting from the same direct cause, occurring within a relatively-short time,

these failures

3.1.3

corrective mpaintenance

maintenance

perform a required function

See IEC 600

3.1.4

deliverabilit
ratio of deliy
elements, su

See Figure G

3.1.5
design life

planned usage time for the total system

NOTE D¢
allowed to fail

3.1.6

down state
internal disa
function duri

NOTE TH

!

.1 for further information.

ise failure

are not consequences of each other

that is carried out after a fault recognition and intended to put an itém into a state in which

50-191:1990, Figure 191-10 2], for more specific informatian.

y
eries to planned deliveries over a specified period of time, when the effect of compens

ch as substitution from other producers and downstream buffer storage, is included

.1 for further information.

sign life should not be confused with MTTF (3.1.25), which is comprised of several items that m
within the design life of the system as long as repair or replacement is feasible.

led state oftan item characterized either by a fault or by a possible inability to perform a red
g preventive maintenance 2]

is state is related to availability performance.

vhere

t can

ating

ay be

uired

3.1.7
downtime

time interval during which an item is in a non-working state [2]

NOTE

be either planned or unplanned.

3.1.8

downstream
business process, most commonly in the petroleum industry, associated with post-production activities

EXAMPLES

Refining, transportation and marketing of petroleum products.

The downtime includes all the delays between the item failure and the restoration of its service. Downtime can

© 1SO 2008 — All rights reserved
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failure

termi

nation of the ability of an item to perform a required function

NOTE 1 After failure, the item has a fault.

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

3.141

0

failure cause

root
circu

cause
stances. dllring dneign, manufacture or use that have led to a failure [2]

NOTEH Generic failure cause codes applicable for equipment failures are defined in ISO 14224:2006,) B

3141

failuge data

data

3.141

Characterizing the occurrence of a failure event

P

failufe mode

effec

by which a failure is observed on the failed item

NOTEH Failure-mode codes are defined for some equipment classes(in 15O 14224:2006, B.2.6.

3141

B

failuge rate

limit,

if this exists, of the ratio of the conditional probability:that the instant of time, T, of a failure o

within a given time interval, [z, (¢ + Af7)] and the length-of this interval, Az, when At tends to zero,

item

See |

s in an up state at the beginning of the time interval

SO 14224:2006, Clause C.3 for further_explanation of the failure rate.

NOTH 1 In this definition, t may also denbtethe time to failure or the time to first failure.

NOTH 2 A practical interpretation_of-failure rate is the number of failures relative to the corresponding op
In some cases, time can be replaced by units of use. In most cases, the reciprocal of MTTF (3.1.25) can
predigtor for the failure rate, i.e. theJaverage number of failures per unit of time in the long run if the units a
an idgntical unit at failure.

NOTH 3  The failure rate)can be based on operational time or calendar time.

3.1.1
fault
state

h

of an<item characterized by inability to perform a required function, excluding the in

prevantive maintenance or other planned actions, or due to lack of external resources [2]

an item falls
iven that the

erational time.
e used as the
Fe replaced by

bbility during

NOTE ATaultIis often a result of a Tallure of the item Itselt but the state can exist without a 1allure.

3.1.1
fault

5
tolerance

attribute of an item that makes it able to perform a required function in the presence of certain given sub-item
faults [2]

3.1.1
item

6

any part, component, device, subsystem, functional unit, equipment or system that can be individually
considered [2]

©I1SO

2008 — Al rights reserved
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logistic delay
accumulated time during which maintenance cannot be carried out due to the necessity to acquire
maintenance resources, excluding any administrative delay [2°]

NOTE

Logistic delays can be due to, for example, travelling to unattended installations; pending arrival of spare parts,

specialist, test equipment and information; or delays due to unsuitable environmental conditions (e.g. waiting on weather).

3.1.18

lost revenue

LOSTREV
total cost of |

3.1.19

maintainable item

item that co
hierarchy du

See ISO 142

3.1.20

maintenanc
combination
item in, or re

3.1.21

maintenance data

data charact

3.1.22

maintainabi
(general) abi
can perform
procedures ¢

See Figure G

3.1.23

maintenanc
ability of am
to maintain a

NOTE
maintained.

TH

3.1.24
mean time b

ast ar deferred pmdur‘finn due to downtime

hstitutes a part, or an assembly of parts, that is normally the lowest level in‘the equig
ing maintenance

24:2006, Annex A, for examples of maintainable items for a variety of equipment.

=

of all technical and administrative actions, including supervisory actions, intended to retq
Store it to, a state in which it can perform a required function42

brizing the maintenance action planned or done

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

.1 for further information.
b support performance
pintenance organization, under given conditions, to provide upon demand, the resources reg

n item, under a-given maintenance policy [?]

e given conditions are related to the item itself and to the conditions under which the item is use]

etween failures

ment

in an

ich it
tated

uired

d and

MTBF

expectation of the time between failures [2]

NOTE

3.1.25

The MTBF of an item can be longer or shorter than the design life of the system.

mean time to failure

MTTF

expectation of the time to failure [2]

NOTE

The MTTF of an item can be longer or shorter than the design life of the system.

© 1SO 2008 — All rights reserved
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3.1.26

mean time to repair

MTTR

expectation of the time to restoration [2]

3.1.27
midstream
business category involving the processing, storage and transportation sectors of the petroleum industry

EXAMPLES Transportation pipelines, terminals, gas processing and treatment, LNG, LPG and GTL.
3.1.2

modification
combination of all technical and administrative actions intended to change an item [2]

3.1.2p
observation period
time period during which production performance and reliability data are recorded

3.1.3D
operating state
statelwhen an item is performing a required function [2]

3.1.3E
operating time
time |nterval during which an item is in an operating state [?]

3.1.3R
perfgrmance objectives
indicative level for the desired performance

NOTH Objectives are expressed in qualitative or quantitative terms. Objectives are not absolute requirements and
may Re modified based on cost or technical constraints.

3.1.3p
perfgrmance requirements
required minimum level for the performance of a system

NOTEH Requirements are'‘normally quantitative but may also be qualitative.

3.1.34
petrgchemicals
business category producing the chemicals derived from petroleum and used as feedsjock for the
manufacture ef\a variety of plastics and other related products

EXAMPLES Methanol, polypropylene.

3.1.35

preventive maintenance

maintenance carried out at predetermined intervals or according to prescribed criteria and intended to reduce
the probability of failure or the degradation of the functioning of an item [2]

3.1.36
production-performance analysis
systematic evaluations and calculations carried out to assess the production performance of a system

NOTE The term should be used primarily for analysis of total systems, but may also be used for analysis of
production unavailability of a partial system.

© 1SO 2008 — All rights reserved 5
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production assurance
activities implemented to achieve and maintain a performance that is at its optimum in terms of the overall
economy and at the same time consistent with applicable framework conditions

3.1.38

production availability
ratio of production to planned production, or any other reference level, over a specified period of time

NOTE

as substitution from other producers and downstream buffer storage. Battery limits need to be defined in each case.

This measure is used in connection with analysis of delimited systems without compensating elements such

See Figure G

3.1.39
production
capacity of a

NOTE 1 P
performance.

NOTE2 TH

.1 for further information.

berformance
system to meet demand for deliveries or performance

pduction availability, deliverability or other appropriate measures can be used to express prod

e use of production-performance terms should specify whether it represents a predicted or h

production peffformance.

3.1.40
redundancy
existence of

3.1.41
reliability
ability of an i

NOTE 1
probability.

TH

NOTE2  Sg

3.1.42

more than one means for performing a required function [2]

em to perform a required function under given conditions for a given time interval [2]

e term “reliability” is also used as a measure of reliability performance and may also be expressed

e Figure G.1 for further information.

reliability ddta

data for reliab

NOTE R4

3.1.43
required fun
function, or g

ity, maintainability and-maintenance support performance

liability and maintainability (RM) data is the term applied by ISO 14224:2006.

ction
ombkination of functions, of an item that is considered necessary to provide a given service [2

Liction

storic

as a

3.1.44
risk
combination

3.1.45
risk register
tool to log, fo

NOTE

of the probability of an event and the consequences of the event [20]

llow up and close out relevant risks

Each entry in the risk register should typically include

description of the risk,

description of the action(s),

© 1SO 2008 — All rights reserved
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— responsible party,
— due date,

— action status.

6

survival probability

R(1)

likelihood of the continued functioning of an item, as given by Equation (1):

wher
than

3.1.4

R(t)=Pr(T > 1)

(1)

e Pr is the probability that 7, the time to failure of an item, is greater than ¢, a time equal
D

7

up state

state

of an item characterized by the fact it can perform a required function, l@assuming that

resoyrces, if required, are provided [2]

NOTH This relates to availability performance.

314
upst

B
eam

busirfess category of the petroleum industry involving exploratioh*and production

EXAMPLES Offshore oil/gas production facility, drilling rig,intervention vessel.

3.1.4

D

uptime

time

3.1.5

nterval during which an item is in the up state [2]

D

variapility

varia

NOTH

ions in performance measuresifor different time periods under defined framework conditions

as wind, waves and access to certain repair resources.

to or greater

the external

The variations can be a,result of the downtime pattern for equipment and systems or operating factors, such

3.2 | Abbreviations

BOP blowout preventer

CAPE capital expenditures

ESD emergency shut down

FMEA failure modes and effects analysis
FMECA failure modes, effects and criticality analysis
FNA flow-network analysis

FTA fault-tree analysis

GTL gas to liquid

HAZID hazard identification

© 1SO 2008 — All rights reserved
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HAZOP hazard and operability study

HSE health, safety, environment

LCC life-cycle cost

LNG liquefied natural gases

LOSTREV lost revenue

LPG liquefied petroleum gases

MPA Markov process analysis

MTBF mean time between failure

MTTF mean time to failure

MTTR mean time to repair

OPEX operational expenditure

PAP production-assurance programme
PNA petri net analysis

POR performance and operability review
RBD reliability block diagram

RBI risk-based inspection

RCM reliability-centred maintenance
ROV remote operated vehicle

SIMOPS simultaneous operations

SRA structural-reliability analysis

QA quality assurance

4 Produc¢tion:assurance and decision support
41 Frameworkconditions

The objective associated with systematic production assurance is to contribute to the alignment of design and
operational decisions with corporate business objectives.

In order to fulfil this objective, technical and operational measures as indicated in Figure 1 may be used during
design or operation to change the production performance. Figure 1 shows 21 factors that to a greater or
lesser degree can have an effect on production performance. Some of these factors are purely technical and it
is necessary that they be adhered to in design; others are related purely to operation. Most of the factors have
both technical and operational aspects, e.g. a bypass cannot be used in the operational phase unless
provisions have been made for it in the design phase. In addition, there are dependencies between many of
the listed factors.

8 © 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=1dd3097e57bcfde0df07a44007982f0d

This imposes two important recommendations for production assurance to be efficient.

4.2

The

optin
limite
cons

Examples of constraints and framework conditions that affect the optimization process are

ISO 20815:2008(E)

Production assurance should be carried out throughout all project design and operational phases.

Production assurance should have a broad coverage of project activities.

Choice of technology
Redundancy at system level
Redundancy at equipment or component level

Technical measures

Operational measures

Optimization process

equiremen
criteria;

Fumctiomatdependencies
Capacities
Instrumentation/automation philosophy
Reduced complexity

Material selection

Selection of make
Man-machine interface
Ergonomic design

Protection from the environment
Reliability testing

Self-diagnosis

Buffer and standby storage
Bypass

Flaring

Utilization of design margins
Spare parts
Maintenance'strategy
Maintenance support

Figure 1 — Design and operational measures that affect production performance

main principle for optimization of design or selection between alternative design solutions
ization within givencconstraints and framework conditions. The achievement of high perfarmance is of
d importance unless-the associated costs are considered. This International Standard can,
dered togetherdwith 1ISO 15663 (all parts).

statutéry-health, safety and environmental regulations;

is economic

therefore, be

acceptance

requirements to design or operation given by statutory and other regulatory bodies' regulations;

project constraints, such as budget, implementation time, national and international agreements;

conditions in the sales contracts;

technical constraints.

© 1SO 2008 — All rights reserved
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The optimization process can be seen as a series of steps as follows (see Figure 2 for an illustration).

a)

b)
c)

d)

e)

f)

)]

10

Assess the project requirements and generate designs that are capable of meeting the project
requirements.

Identify all statutory, regulatory and other framework requirements that apply to the project.
Predict the appropriate production-assurance parameters.

Identify the preferred design solution based on an economical evaluation/analysis, such as net present
value analysis or another optimization criterion.

Apply the optimization process as illustrated in Figure 2. Be aware that the execution of the optimization
process|requires that the production assurance and reliability function be addressed by qualified [team
memberg.

If requir¢d, the process can be iterative, where the selected alternative is further refined and alternative
solutiong identified. The iterative process is typical for “gated” or threshold project-execution phases.

Sensitivity analyses may be performed to take account of uncertainty in importanbinput parameters.

© 1SO 2008 — All rights reserved
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Start:
Identified alternative - Modify solution
solution

Y

Solution
acceptable with project
constraints? ?

Can the solution be
modified?

Yes No
Y \
Reliability/ | | Performance evaluation/prediction ) )
maintenance of acceptable solution Discard altémative
data input + solution

I Economical evaluations
Cost data input ! valat

Does solution meet
business criteria?

Have all alternative

No solutions been
assessed?

l Yes

End:
Management decision —
Select alternative or
terminate project

a8  Typical project eGhstraints include HSE requirements; technical feasibility; compliance with acts, rules apd regulations;
econgmical constraints; schedule constraints.

Figure 2 — Optimization process

4.3 Production-assurahce-programme
4.3.1 Objectives

A production-assurance programme (PAP) shall serve as a management tool in the process of complying with
this International Standard. It may be either a document established for the various life-cycle phases of a new
asset-development project or a document established for assets already in operation. As production
assurance is a continuous activity throughout all life-cycle phases, it shall be updated as and when required. It
may contain the following:

— systematic planning of production-assurance work within the scope of the programme;

— definition of optimization criteria;

© IS0 2008 — Al rights reserved 1M
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definition of performance objectives and requirements, if any;

out, by whom and when;

methods for verification and validation;

a level of detail that facilitates easy updating and overall coordination.

description of the production-assurance activities necessary to fulfil the objectives, how they are carried

statements and considerations on interfaces of production assurance and reliability with other activities;

Annex A of
contents.

The PAP is t

ne only mandatory deliverable from this International Standard.

The life-cycl¢ phases indicated in Table 2 apply for a typical asset-development project. If"the phaseq

specific proje

Major modifi
project. The

4.3.2 Proje

It is necessa
objectives fo

ct differ from those below, the activities should be defined and applied as appropriate.

Cations may be considered as a project with phases similar to those -of an asset-develog
equirements to production-assurance activities as given for the relevant life-cycle phases ap

ct risk categorization

ry to define the level of effort to invest in a production-assurance program to meet the bus

the level of t¢chnical risk in a project. It is, therefore, recommended that one of the first tasks to be perfg

is an initial c
assessment

htegorization of the technical risks in a project. This enables project managers to make a ge
bf the level of investment in reliability resources‘that may have to be made in a project.

The project ffisk categorization typically varies depending on a number of factors such as financial situ

risk attitude,
guidance on

Projects can

medium

low risk.

The features
transition fro
However, th

high riskj;

etc. Hence, specific risk categorization,schemes may be established. However, to provide
the process, a simple risk categorization scheme is outlined below.

be divided into three risk classes:

risk;

that describe the three risk classes are further outlined in Table 1. Typically, there is a gr,
m one~risk class to another. Hence, a certain degree of subjective assessment is req
b Ajustification for the selected risk class for a project should be included in the produ

assurance pr

his Tnternational Standard suggests a model for the production-assurance programme, (PAP)

in a

ment
ply.

ness

r each life-cycle phase. In practice, the production-assurance effort required is closely relafed to

rmed
neral

Ation,
some

Adual
lired.
Ction-

drammaea-issued-durina-the feasibilibvor concepnt nhase
gaRetssdea-adHRgtHe1easSioht/-of RGEPpHPHRESE

The project risk categorization (high, medium and low) is further applied in Table 2 (see 4.3.3) to indicate what
processes should be performed for the different project categories.
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Table 1 — Project risk categorization

ISO 20815:2008(E)

envirbnment

Technology Operating Technical Organizational Risk class @ Description
envelope system scale scale and
and complexity complexity
Mature Typical Small scale, low |Small and Low Low-budget, low-risk project
technology operating complexity, consistent using field-proven equipment in
conditions minimal change |organization, low the same configuration and with
of system complexity the same team under operating
configuration condition similar to previous
projects.
Mature Typical Moderate scale | Small to medium Low or Low- to moderate-risk project
technology operating and complexity organization, medium using field-proven gquipment in
conditions moderate an operating efivelgpe similar to
complexity previous prejects byt with some
system and efganizational
complexity.
Novel or non- | New, Large scale, high |Large organization, | Medium or Moderate- to high-rfsk project
matufe extended or | complexity high complexity high b using either novel dr non-mature
technology for | aggressive equipment or with rlew or
a new or operating extended operating| conditions.
extenjded environment Project involves large, complex
opergting systems and management

organizations.

@  The term “low or medium” indicates that projects comprising the indicated features can be classified as either low-
risk pfojects, likewise for the term “medium or high”.

b The novel or non-mature technology should have a potential significant impact on the project outcome to be classifig

isk or medium-

d as high-risk.

4.3.3

Production-assurance activities should be carriéd out in all phases of the life cycle of facilities to
bcisions regarding feasibility, concept,- design, manufacturing, construction, installatiof, operation,
enance and modification. Processes-and activities shall be initiated only if they are ¢

to d
main

Programme activities

contr|bute to added value of the project.

The

Production assurance should consider organizational and human factors as well as technical asps

Important tasks of production assurance are to monitor the overall performance level, manage
the cpntinuous identification of the need for production-assurance activities. A further objective
ance is {6 _contribute technical, operational or organizational recommendations.

assu

The processes and activities specified in the PAP shall focus on the main technical risk items initi
throughi-a* top-down screening process (see 4.3.2). A risk-classification activity can assist

production-assurance activities ‘specified in the PAP shall be defined in view of the 3
available personnel resources; ‘budget framework, interfaces, milestones and access to data
information. This is necessary to'reach a sound balance between the cost and benefit of the activ

provide input

pnsidered to

ctual needs,
and general

ty.

bCts.

eliability and
bf production

ally identified
n identifying

perfi

HH l + Fypay la 1ol o | - + 4 Aataila ol 1 + o fall
AT TCC=UITuiar SysSteliims UTrat SImuuiu vT SUVje Lo TTTIoUTT Ut iancu artary Sto daifuTUTnTuwW=upy.

The emphasis of the production-assurance activities changes for the various life-cycle phases. Early activities
should focus on optimization of the overall configuration, while attention to critical detail increases in the later

phases.

In the feasibility and concept phases, the field layout configuration should be identified. This also includes
defining the degree of redundancy (fault tolerance), overcapacity and flexibility, on a system level. This
requires establishing the CAPEX, OPEX, LOSTREYV, expected cost or benefit of risks and revenue for each

alternative.

These financial values are, in turn, fed back into the operators’ profitability tools, for evaluation of profitability
and selection of the alternative that best fits with the attitude towards risk. Optimal production availability for
field layouts requires that overemphasis on CAPEX is avoided, and it is recommended that this be achieved

© 1SO 2008 — All rights reserved
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through long-term partnering between suppliers and operators, as well as between suppliers and their sub-
suppliers. Such long-term relationships ensure mutual confidence and maturing of the technology. Early direct
involvement of the above parties with focus on the overall revenue in a life-cycle perspective is advised. This
means, for example, implementing the resulting recommendations as specifications in the invitations to tender.

An overview of the production-assurance processes is given in Table 2 and Clause 5, while descriptions of the
recommended activities for the processes are given in Annex B and Annex C.

The production-assurance processes defined in this International Standard are divided into two main classes:
core processes and interacting processes. The main reason for this split is to indicate for which processes a
potential production-assurance discipline is normally responsible and for which processes other disciplines
(e.g. project management, QA, etc.) are normally responsible. However, all processes can be equally

important to ensure success.
Table 2 proVides recommendations (indicated by an “X”) on which processes should be performed|as a
function of tHe project risk categorization (see 4.3.2). The table also provides recommendations:(indicated by
an “X”) as to|when the processes should be applied (in what life-cycle phase).
Production-agsurance requirements (process 1) can be used to illustrate the interpretation’of the table] This
process, which is further described in Annex B, should be implemented for medium="and high-risk projects,
and performed in the feasibility, concept design, engineering and procurement life-cyclé phases.
Table 2 + Overview of production-assurance processes versus riskdevels and life-cycle phaségs
Life-cycle phase
Prodyction-assurance processes for asset development Pre-
contract Post-contract awargl
award
o
-
=
2 © 4 2
o o 8 = = @
S| 5|3 2| %l e8| 2| €
5| &8¢ 2l | 22| €| E|S
= = = e = £ o =
o | x o 2 = @ o o o w
x 2 1= Process name and number ° B S @ 5 A P
T E IR 5| 5| 8|8|S|5|8
z | 3|5 “l1e| §|lal| s s
5| 3 |2 s | Y = | 8
12T o S| &
= =
2| 8
c |2
— X X |1. Productionsassurance requirements X X X X — | — || —
X X X |2. Production-assurance planning X X X X X X X
— X X |3. DPesign and manufacture for production assurance — X X — X X X
X X X |4..>Production assurance X X X X X X X
— X X 457 Risk and reliability analysis X X X — | — | — || —
X X X~|6. Verification and validation X X X — | = = =
X X X | 7. Project sk management X X X X X X X
— | — X |8. Qualification and testing X X X X
X X X |9. Performance data tracking and analysis — | — — | — | — X X
— | — X [10. Supply-chain management — | — — X — | — | —
X X X [11. Management of change — X X X X X X
X X X |12. Organizational learning X X X X X
a Including front-end engineering and design (FEED).
b Including pre-engineering and detailed engineering.
¢ The following production-assurance processes are within the main scope of work for this International Standard: 1, 2, 3, 4, 5,
6 and 9.
NOTE It should be noted that a process can be applicable for a certain risk class or life-cycle phase although no “X” is indicated
in this table. Likewise, if it can be argued that a certain process does not add value to a project, it may be omitted.
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4.4 Alternative standards

There are a number of national standards and International Standards and guidelines that support and direct
the implementation of production assurance and reliability activities in projects.

Table 3 shows how the production-assurance and reliability processes described within this International
Standard link to some of these standards. Work processes carried out in accordance with these standards can
be considered to also satisfy the requirements for relevant processes in this International Standard.

The alternative standards listed in Table 3 are not normative for this International Standard.

The lstof stardards—im Tabte 3 s Tonextraustive—Other-standards Tmay afso cover specific Teguirements in
this International Standard. If alternative standards are referred to for compliance to specific regufrements, it is
the r¢sponsibility of the user to demonstrate such compliance.
Table 3 — Alternative standards
Standard > g § .0

. LE| 558 E| 2|32 £ 52|=_|E |®

Sof| SEIBE5 2 |v2| S |8E e’ | oS | EE|E |

g5 g8 528 ¢ | ST |68 |LEfSe| S5 (S |Ey|®2

ggg g% 51"3"“ c x® | EF5 | Qo0 'E§E | 8T | 20 gE’ 'EE

852 88 |a8s5| & |22 |82 | 58| L2 | EG| 22| RS | &5

Sws5| c|logs8 § |EE |E5 |82 |28 | 50| 52| E5| 28

C8Z LS I8EG 5 |wB|E>(ES |8 s | @S| BT | 6"

- S| ap["EF B s | = ~ <] a¥| S . o

0N [e) = - o . = © - — -~
© = o 0 o = —
Q) . b=
<

IEC $0300-1 3! X X — — — — — — — — —
IEC §0300-2 [l — X — X 2 X — — — — — _
IEC ¢0300-3-2 5] — o]l o] ~AT=l=1=]1=1x1]=1]=1=
IEC $0300-3-4 [ x | — | = N [ x| = =1 =1 = 1]|=] =
IEC $0300-3-9 [30] — — Wa — X — X — — — — —
IEC $0300-3-14 [ — — - — X — — — — — — —
DNV{RP-A203 [22] — - — — — — — X — — — —
AP| RP 17N [32] X X X X X X X X X X X X

5 Production-assurance processes and activities

The
i.e. cpre processes and interacting processes. The main reason for this split is to indicate for whi
a potenti . s . .

(e.g. project management, QA, etc.) are normally responsible.

roduttion-assurance processes defined in this International Standard are divided into two main classes,
Ch processes
er disciplines

Annex B provides recommendations for the core production-assurance processes and activities that may be
carried out as part of a production-assurance program in the various life-cycle phases of a typical asset-
development project.

Projects other than asset developments, e.g. drilling units, transportation networks, major modifications, etc.,
have phases that more or less coincide with those described in the following. The activities carried out can,
however, differ from those described.

Hence, the production-assurance program may be adapted for each part involved to ensure that it fulfils the
business needs.
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In addition to the core production-assurance processes and activities described in Annex B, a number of
interacting processes is described in Annex C. These processes are normally outside the responsibility of the
production-assurance discipline, but information flow to and from these processes is required to ensure that

production-performance and reliability requirements can be fulfilled.

Figure 3 illustrates which processes are defined as core production-assurance processes and which are
considered interacting processes. Details regarding objectives, input, output and activities for each of the

processes are further described in Annexes B and C.

16
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Figure-3.~ Core and interacting production-assurance processes
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Annex A
(informative)

Contents of production-assurance programme (PAP)

A.1 General

This |International Standard introduces the concept of production assurance (see Scope) elmd provides

procgsses and activities that culminate in a production-assurance programme (PAP) documeni (see 4.3.1).

This fannex suggests a model for that document. A PAP (see 4.3) should cover the topics cdvered in A.2

through A.8.

A.2 |Title

Prodliction-assurance programme (PAP) for ..... [insert the description of-the project].

A.3 [Terms of reference

A general description of the PAP similar to the following may,be given:

a) purpose and scope;

b) sgystem boundaries and life-cycle status;

c) revision control showing major changes since last update;

d) distribution list which, depending on the content, shows which parties receive all or parts of the PAP.

A.4 |Production-assurance philosophy and performance objectives

A degcription of the philesophy and performance objectives similar to the following may be given:

a) description of overall optimization criteria (see 4.2);

b) definition—=of performance objectives and requirements (see Annex F) with references to [performance
targets; objectives and requirements in contract documents and any separate documents thgt may further
gpecify the targets, objectives and requirements, e.g. loss categories and battery limits to define what is
inctudedand-what s excludedimthetargets;

c) definition of performance measures.

A.5 Project risk categorization

A description of the project risk categorization (see 4.3.2) should be included in the PAP to justify the selection
of production-assurance programme activities.

© 1SO 2008 — All rights reserved
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A.6 Organization and responsibilities

A description of the production-assurance organization with corresponding authorities and responsibilities
should be clearly stated in the PAP. Descriptions similar to the following may be given:

a) description of the organization and responsibilities, focusing on production performance, internal and
external communication, responsibilities given to managers and key personnel, functions, disciplines,

sub-proj

ects, contractors and suppliers;

b) description of the action management system, defining how the production-assurance activities
recommendations and actions are communicated, evaluated and implemented;

c) descript
related t

A.7 Activity schedule

A description

— overviey
to Table

— list of th
activitied

— clear st
relations

A.8 Refer

References are made to key project documentation and relevant corporate or company standards.

on of the verification and validation functions specifying planned third-party verification-act
b production assurance/reliability (if any).

of the activity schedules similar to the following may be given:

of the production-assurance activities during life-cycle phases, which may contain a table s
2 to indicate past and future production-assurance activities;

showing the main project milestones and interfacing activities;

tements of the relationship between the various production-assurance activities, e.g. input/d
hip, timing, etc.

ences

vities

milar

b plans or references to other documents containing the plans for production assurance/religbility

utput
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Annex B
(informative)

Core production-assurance processes and activities

Production-assurance requirements — Process 1

This

brocess is administrative by nature and supports the economical optimization process (s€€4

formulating production-assurance requirements. The main activity for this process is relatedto-cq

amory

Unng
other

Optin
appr(

This
optin

The
perfo

In th

g relevant parties. Production-assurance process 1 is described in Table B.1.

cessary limitations in the form of unfounded performance requirements sholld be avoidsg
wise favourable alternatives from being rejected during the optimization process.

hal production availability in the oil and gas business requires a .standardized, integra
ach, as this clause provides for asset development.

is an economic optimization problem, with defined framework conditions and cons
ization problem involves both production-assurance and interfacing processes.

constraints from other disciplines as outlined in Figure2’ should be considered together
rmance measures (see Annex G) in the optimization process.

b feasibility and concept phases, the asset configuration should be identified. This also

degrg¢e of redundancy (fault tolerance), overcapacity and flexibility, on a system level. T

estab
Thes
viabil

lishing the CAPEX, OPEX, LOSTREYV, expected cost or benefit of risks and revenue for eac

.2) aiming at
mmunication

d to prevent

ed reliability

traints. This

with relevant

includes the
his requires
h alternative.

e financial values are, in turn, fed back into the operators’ profitability tools, for evaluation o
ty and selection of the alternativethat best fits with the attitude towards risk. Optim

f economical
| production

availability for field layouts requires that.overemphasis on CAPEX be avoided, and it is recommended that this

be aq
their
toget
pers{
spec

sub-suppliers. Such long-terti-relationships ensure mutual confidence and maturing of th
her. Early, direct intervention of the above parties with focus on the overall revenue i
ective is advised. TFhis“means, for example, implementing the resulting recomms
fications in tender documents.

hieved through long-term partnering between suppliers and operators, as well as between $uppliers and

technology
a life-cycle
ndations as
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Table B.1 — Production-assurance requirements — Process 1

Process Life-cycle phase(s)
elements Feasibility Conceptual design Engineering Procurement
Objective Provide tentative Provide production-assurance |Allocate the Ensure that the
production-assurance requirements for the selected |production-assurance |relevant
requirements for various |asset-development option(s) [requirements from the | manufacturers at each
asset-development concept phase to the |level of the supply
options subsystems, as chain understand what
required reliability is required,
and with which
refrapitity starmdargs to
comply
Input Alternative asset- The selected asset- Output from the Output fromrthe
development plans development plan, with the concept phase engineéring phas¢
estimated production
availability formulated as a
system requirement in the
invitation to tender
Alternative field-layout
configurations
Production-availability analysis
Production- }ldentify additional Initiate estimation of the Define and allocate Ensure that the
assurance Jconstraints production availability for the |the production- reliability requirenpents
activities . o asset-development options assurance are included in the
Initiate ('estlmatl'on Of the . féquirements to the tender documenty,
fhroductlct)ndava:lablllty :or These eftlénfates are - subsystems, as through interfacing
€ asset-developmen aggre.ga’ ed irom each maig required with the procurement
options specified as input | supplier’s scope of supply; as organization
on a system level defined by the asset This definition is based
. . development on the production- Planning, reporting
Planning, reporting and . , availability analysis and follow-up for {he
follow-up for the Planning, reporting and follow- :
. ; . . requirements
requirements up for the requirements Planning, reporting
and follow-up for the
requirements
Output Production-availability Preduction-availability Subsystem Subsystem reliabflity
estimates for the asset- _| estimates for the asset- production-availability |requirements,
development options development options specified | requirements for the including with whigh
specified as input as input, allocated according | selected option, as reliability standards to
Estimated produgtion :.’c]:c gsgglyaln supplier's scope |required comply
availability foréeach This includes the Other relevant
option, formulated as a Other relevant qualitative or applied subsystem qualitative or
system requirement for quantitative production- reliability data quantitative
the option to be selected |assurance requirements production-assurgnce
Other relevant requirements
Other relevant qualitative qualitative or
or-quantitative quantitative
production-assurance production-assurance
requirements requirements

Specification of performance objectives and requirements are further described in Annex F.

B.2 Production-assurance planning — Process 2

This process is relevant for all life-cycle phases and relates to planning and management of the production-
assurance process. The main production-assurance management tool shall be the production-assurance
programme (PAP).
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An overall PAP for an asset may be considered to coordinate or replace separate project PAPs on lower
levels.

Further requirements for the PAP are described in 4.3 and in Annex A. Production-assurance process 2 is
described in Table B.2.

Table B.2 — Production-assurance planning — Process 2

ele

Process

ments

Life-cycle phase(s)
All

Obje

Ctive

To establish and maintain a production-assurance programme (PAP) (see 4.3) to en
production-assurance requirements are fulfilled

sure that the

Input

Project plans. Required to schedule the production-assurance activities before decisions are made and

after the required information is established
Project risk categorization

Output from process 1 production-assurance requirements (see Clause B.1)

Prod
assu
activ

Liction-
ance
ties

A production-assurance programme (PAP) shall be established.and updated for assef
projects. The required contents of the PAP are the production-assurance performang
organization and responsibilities and activity schedules (see ‘Annex A). The core of th
assurance program defines the activities required to comply \Wwith the constraints (see Figu
production-assurance requirements (see Clause B.1). l.ethis activity requires scheduling of
production-assurance activities for the relevant risk levelhand project phase. The product

activities should be performed in a timely manner in order to support decisions before they aje made.

The extent of the production-assurance programme (i.e. amount of planned activity) should
the project risk categorization as described ‘in~4.3.2. This means that an asset-develo
defined as high or medium risk normally is comprised of more production-assurance activitig
risk project.

-development
e objectives,
e production-
re 3) and the
the tabulated
on-assurance

be based on
ment project
bs than a low-

Outp|

Initial production-assurance programme (PAP)
Updated PAP for later life-cycle phases, including the following:

status and reference toldocumentation for the scheduled PAP activities;

documentation of the, fulfilment of the production-assurance requirements (alternatively,
evidence);

reference to ‘the risk register (see Clause C.2); all mitigating actions arising from th
assurance program should be transferred to the risk register for follow-up and close-out

NOTE A-close-out report for production-assurance activities upon completion of a project can be us

references to

e production-

bful.

B.3

Syst

Design and manufacture for production assurance — Process 3

ian should be

performed during all life-cycle phases, except the feasibility and procurement phase where this process is
considered less relevant. Identification of improvement potentials should be based on observed in-service
performance data and analyses. Production-assurance process 3 is described in Table B.3.
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Table B.3 — Design and manufacture for production assurance — Process 3

Process Life-cycle phase(s)
elements All (except feasibility and procurement)
Objectives Identify the need for improved system reliability performance or reduced risk in a project to ensure that
performance requirements are not compromised
Based on tracking and analysis of performance data, identify and communicate potentials for improved
equipment or system reliability or risk reduction to the system or equipment manufacturers
Inputs Output from process 1: Production-assurance requirements
Output from process 9: Performance data
Output from process 5: Reliability-analysis results
Output from process 5: Production-availability results
Output from process 5: Risk-identification results
Production- || The specific production-assurance and reliability-management activities related to this proces$ are
assurance performed within other processes. Hence, the only additional activity that should be_performed fof this
activities process is related to the communication of the potential reliability-improvementOor risk-redyction
requirements or proposals to the right recipient.
Output Reliability-improvement or risk-reduction proposals
B.4 Prodyction assurance — Process 4
This process|is relevant for all life-cycle phases and relates to the management, follow-up and documentation
of the produgtion-assurance process and demonstration that the preduction-performance requirements are
adhered to. Production-assurance process 4 is described in Table B:4.
Table B.4 — Production assurance — Process 4
Process Life=cycle phase(s)
elements All
Objective Reporting and follow-up of the production-assurance activities to manage and demonstratg the
production-assurance process
Input Production-assurance requirements (see Clause B.1)
Production-assurance planning/(see Clause B.2)
Output from the productien-assurance activities (see below)
Production- || Reliability assurance’{management and demonstration) is comprised of reporting and follow-up qf the
assurance production-assurafeg activities and should be performed for all the project phases.
activities Follow-up of the.production-assurance process: A follow-up system for production assurance should be
applied to ensure progress of the PAP activities and the resulting actions that are transferred to @ risk
register. Arisk register or a similar document should be used as a production-assurance demonstfation
document:
Output Proeduction-assurance demonstration document, which contains evidence that the production-assufance

requirements are fulfilled

B.5 Risk and reliability analysis — Process 5

This process covers the actual performance of the production-performance analyses, i.e. risk and reliability
analyses. Production-assurance process 5 is described in Table B.5.

It is necessary that optimal technical safety and reliability be designed into new projects and integrated into
the design process through all the design phases. In traditional design processes, technical safety and
reliability aspects are generally not considered until some verification of equipment or components is required.
This is usually too late in the system design process to obtain an optimal design. Hence, early design for

reliability is n

22

ecessary to support the project development.
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The objective is to define a process that can be used to integrate reliability considerations into the design
process, thus representing a pro-active approach.

The feasibility- and concept-phase reliability activities should focus on the optimization of the overall
configuration and identification of the critical subsystems, while attention to the details of critical subsystems
increases in the engineering phase.

Table B.5 — Risk and reliability analysis — Process 5

Process Life-cycle phase(s)
elements Eeasibility Conceptual design Engineering
Objettives To provide partial decision To provide partial decision support for To provide\pdrtial detailed
support for selecting an asset- [ selecting an asset configuration, e.g. design 'décisign support
development plan, e.g.
P P g — number and type of wells and
— topside or subsea solution; manifolds;
— capacity, pressure rating — number of pumps in a pumping station;
and pumping requirements .
for a pipeline system; — number of compressors in a process
plant
— process plant development
solution
Inputs Alternative asset-development | Selected asset-development plan, with the | Selected field|layout
plans estimated productioniavailability formulated | configuration
t i t in the invitation t . .
Output from process 2 f:n?j:ys em requitement In the invitation to Alternative design
production-assurance planning solutions, as they arise in
(see Clause B.2) Alternative field-layout configurations the design prgcess
Output ffem process 4: Production Output from pgrocess 4:
assurance (see Clause B.4) Production agsurance
(see Clause B.4).
Prodpction- | The purpose of production- TFhe purpose of production-availability The purpose ¢f production-
assufance availability analysis in this analysis in this phase is to contribute to availability anplysis in this
activities phase is to contribute to optimizing the field-layout configuration. phase is mainly to verify
optimizing the asset- . A compliance wjth
development plan. The pro.duct|on availability fqr 2or 3 requirements| since most
alternative layout-configuration options o : :
. A . ) of the decisiops influencing
The production availability for | should be established. Identify such .
: . - the requiremgnts have
alternative assetdevelopment |options by varying the parameters below:
lans shouldbe established already been made.
P " |— faulttolerance, i.e. redundancy; However,
The pararmeters below are ] recommendatjons for spare
guidahee to establish — proven versus novel solutions; parts should Qe
L C established.
2 S fault tolerance, i.e. — simplicity, e.g. minimizing the number
redundancy; of required connections, which are
potential sources of failures;
— proven versus novel ) )
solutions:; — overcapacity, e.g. partial or complete

flexibility, e.g. possibility for
alternative routings,
reconfigurations and future
expansions;

maintainability, e.g.
minimizing the amount of
downtime required for
maintenance.

fuifitment of the design intentof the
system in a degraded mode of
operation;

flexibility, e.g. the possibility for
alternative routings, reconfigurations
and future expansions;

maintainability, e.g. minimizing the
amount of downtime required for
maintenance.
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Table B.5 (continued)

Process Life-cycle phase(s)
elements Feasibility Conceptual design Engineering
The purpose of the equipment- | The purpose of the equipment-reliability The purpose of the
reliability analysis is to screen | analysis is to screen the delivery project to |equipment-reliability
the delivery project to identify | identify the critical parts, which are then analysis is to screen the
the critical parts, which are then | studied in more detail to identify possible delivery project to identify
studied in more detail to improvements. the critical parts, which are
identify possible improvements. N . . then studied in more detail
A reliability-analysis technique may be : . ;
N . . to identify possible
A reliability-analysis technique | selected (see Annex 1) .
T IMProvermnerits.
may be selected (see Annex I).
A reliability-analysis
technique may be’selgcted
(see Annex).
Output Production-availability Production-availability estimates for the Production-availability

estimates for the options
specified as input

options specified as input estimates for the optio

Identified risks (for transfer to the risk specified as input
Identified risks (for transfer to | register; see Clause C.2)
the risk register; see

Clause C.2)

to the risk register; se¢
Clause C.2)

Identified risks (for trapsfer

B.6 Verifi

The main olpjective of this process is to ensure that the implemented solution is in compliance wit

requirementg
process has
sense that th
process itse
described in

cation and validation — Process 6

in the production-assurance programme. The&“production-assurance verification and valig
an important interface with the design review and other technical verification activities i
e production-assurance aspects should, be-addressed in the review. However, the design r
f is normally the responsibility of engin€ering departments. Production-assurance proces
Table B.6.

Table B.6 —Verification and validation — Process 6

h the
ation
h the
bview
5 6 is

Process Life-cycle phase(s)
elements Feasibility, conceptual design and engineering 2
Objective To ensure that¢the implemented production performance is in compliance with the requirements ip the
PAP
Input Output frem process 4: Production assurance
Outputdrom process 7: Project risk management
Production- | The production-assurance verification process is comprised of document control and design review} The
assurance [€SSence of the document control IS 10 check that the assumptions, selected methods, input data, results
activities and recommendations are reasonable.
The production-assurance validation process is comprised of a final check of the predicted/implemented
production performance versus the requirements in the PAP. The essence of the validation is to check that
all the activities scheduled in the PAP are completed and that all entries in the risk register are closed out.
Compliance with ISO 9000 series is regarded as an alternative fulfilment of the verification and validation
process.
Output PAP updates including reference to the closed out activities and actions in the risk register.

a

Installation, commissioning and operation are covered in process 9 (see Clause B.7).
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B.7 Performance data tracking and analysis — Process 9

This process covers the complementary parts of process 6 (Verification and validation) in the sense that it
represents the “verification” and “validation” of the production performance during installation, commissioning
and operation. Production-assurance process 9 is described in Table B.7.

Table B.7 — Performance data tracing and analysis: Process 9

Process Life-cycle phase(s)
elements Installation and commissioning Operation
Objeftive Prepare for collection and analysis of performance | Collect and analyse operational perfor]nance data
data to identify possible improvement potenials and to
improve the data basis for future-prodyction-
assurance and reliability-managément|activities.
Input System descriptions from the engineering phase Inventory models
Performance records (e.g. from maintgnance
management systems)
Prodpction- | Prior to the operation phase, equipment inventory During operation; performance data should be
assufance models should be established to enable the start of | collected continuously or at predetermined intervals.
activities performance tracking (data collection) and analysis. [Analysis§,of the collected data should b undertaken
Reference is made to ISO 14224 for performance regularly to identify reliability improvenjent and risk
data tracking and analysis recommendations. reduction potentials.
Furthermore, collection of performance data relating
to the installation process itself should be
considered to identify potentials for future
installation performance improvements.
Outppt Inventory models Operational performance data
Installation performance data Input to design and manufacture for prpduction
assurance (see Clause B.3)
Collertion and analysis of performance data is further described in Annex E. Furthermore, Anngx G provides
examples of performance measures that can be tracked and analysed.
NOTE Data qualification is part of process 5, risk and reliability analysis.
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Annex C
(informative)

Interacting production-assurance processes and activities

C.1 Introduction

The interacti
assurance d
production p

C.2 Proje
All mitigating
risk register {
is the respon|

The risk regi

Interacting p

hg processes described in this annex are not included in the responsibility of the produ
scipline. However, these interacting processes are required in order to achieve the red
brformance.

ct risk management — Process 7

actions arising from the production-assurance program should be linked to or transferred f{
sibility of the production-assurance discipline.

ster and the PAP are the information carriers and the decision.tools with regard to risk.

ocess 7 is described in Table C.1.

Table C.1 — Project risk management — Process 7

Ction-
uired

o the

or follow up and close out, in order to have only one register for all Kinds of risks. This trangferral

Process Life-cycle phase(s)
elements All
Objective The objective of project risk managément is to ensure that all risk elements capable of jeopardizing the
successful execution and completion of a project are identified and controlled/mitigated in a fjmely
manner.
Input Transferred action items fromall the production-assurance processes
Production- [| Follow-up and close-out of all actions transferred from the production-assurance processes
assurance
activities
Output Risk register
C.3 Qualification and testing — Process 8

The objective of this testing versus production assurance is to ensure that acceptable robustness against
dominating failure modes for critical technology items is demonstrated through the qualification test program.

Interacting process 8 is described in Table C.2.
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Table C.2 — Qualification and testing — Process 8

Life-cycle phase(s)

qualification testing

Process
elements Conceptual design Engineering Procurement and
fabrication/assembly/testing
Objective Identify the technology items requiring | Ensure that acceptable Ensure that acceptable
qualification testing robustness against dominating |robustness against dominating

failure modes for critical failure modes for critical
technology items is technology items is
demonstrated through the demonstrated through the
qualification test program. qualification test program.

Input Scope of supply Output from equipment Output from eqgUipment

Design basis reliability analysis reliability analysis.

Output from production- Output frem/production-
availability analysis availability analysip.
The reliability processes should | Théyreliability prodesses should
identify the relevant failure identify the relevant failure
modes? for the technology modes?@ for the tedhnology
items tested and communicate’ |items to be testedjand
this to the engineering communicate this fo the
organization that is responsible |engineering organjzation
for establishing the“test through the risk repister, which
program through{the’risk is responsible for g¢stablishing
register. the test program.

Prodjction- | Identifying the technology items Establish gualification Establish qualificafion

assufance |requiring qualification testing by novelty |procedures procedures

activfties scoring (see .21). Perferm testing Perform testing
Establish qualification test Establish qualificafion test
reports reports

Outppt List of technology items requiring The engineering organization The engineering ofganization

should communicate the test
results regarding the relevant
failure modes to the production-
assurance discipline.

should communicate the test
results regarding the relevant
failure modes to the production-
assurance discipline.

@  The evaluation of relevant failure/modes should also consider operational experience of similar components in|addition to the
lab/qyalification test results in order)to catch possible failure events that are more closely associated with some particpilar operational
condifions and/or procedures.andy normally, not revealed by lab tests.

Reliapility testing\is-further described in Clause I.9.

C.4 |Supply chain management — Process 10

The main purpose of this interacting process is to ensure that manufacturers at each level of the supply chain
are aware of and understand the specified production-assurance requirements and take appropriate actions to
increase the probability that the specified requirements can be achieved.

Interacting process 10 is described in Table C.3.
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Table C.3 — Supply chain management — Process 10

checkpoint (¢.g. the impact on‘production availability from the change).

However, if
and/or produ

Interacting p

Process Life-cycle phase(s)
elements Procurement
Objective Ensure that manufacturers at each level of the supply chain understand the production-assurance
requirements and take appropriate actions to increase the probability that the specified requirements can
be achieved.
Input Output from process 1: Production-assurance requirements
Output from process 5: Risk and reliability analysis
Production- Lpply
assurance chain.
activities
Output Distributed production-assurance requirements for the supply chain
C.5 Management of change — Process 11
The engineefing discipline is responsible for technical changes.
The objectivgé of the management of change process versus the produetion-assurance is to ensure thiat no
changes compromise the production-assurance requirements. TheXconsequence of this is that g risk
assessment yersus the production assurance is required.
The impact qf changes should be qualitatively assessed as partof project risk management to determine the
level of efforf{ required to analyse the impact. The outcome, ofithis assessment can typically be
— no activities, for changes with minor-risk impact vefsus the production assurance;
— design review, for changes with medium-risksimpact versus the production assurance;
— equipmgnt-reliability and/or production-availability analysis, for changes with a high-risk impact versys the
productipn assurance.
The assessment of the impact @n)the production assurance from the changes should normally He an
integrated part of the design review. Hence, the design review form should include a production-assufance

the risk of ceompromising the production assurance is deemed high, the equipment-religbility
ction-availability analysis should be updated/initiated.

ocessi11 is described in Table C.4.
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Table C.4 — Management of change — Process 11

Process Life-cycle phase(s)
elements All (except feasibility)
Objective To ensure that no changes compromise the production-assurance requirements
Input Output from process 1: Production-assurance requirements
Output from process 3: Design and manufacture for production assurance
Description of the change
Production- | Assess production-assurance impacts from changes. e.q. during design reviews
assufance
activities
Outppt Input to or update of the risk register (see Clause C.2)
Performance impact assessments resulting from changes
Initiation of the equipment-reliability and/or production-availability analysis

C.6 |Organizational learning — Process 12

The purpose of the interacting process “organization learning”:in“a production-assurance persp

pctive should

be tog communicate positive and negative experiences related o reliability and production performance from

previpus asset-development projects to reduce the likelihoed that product and process failures o

repegted. The process is considered relevant for all life-eycle phases.

Interaicting process 12 is described in Table C.5.

Table C.5 — Organizational learning — Process 12

the past are

Prdcess Life-cycle phase(s)
elements All
Objeftive To ensure that product.-and process failures of the past is not repeated
Input Lessons learnt during previous projects
Performangee\data
Prodpction- | The responsibility of the production-assurance and reliability-management function in projects is to
assufance |participate in reviews of lessons learnt and other relevant experience transfer.
activities Furthermore, relevant lessons learnt in one project should be transferred into future projects.
Outppt Lessons learnt (positive and negative)
Risk register
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Annex D
(informative)

Production-performance analyses

D.1 General

Production-performance analyses should be planned, executed, used and updated in a controlled and
organized manner.

Production-performance analyses should provide a basis for decisions concerning the choiceyof-solutiong and
measures to|achieve an optimum economy within the given constraints. This implies that the analysis should
be performed at a point in time when sufficient details are available to provide sustainable’results. However,
results should be presented in time for input to the decision process.

Production-performance analyses should be consistent and assumptions and reliability data traceable.
Suitable andlysis tools, calculation models, data and computer codes that‘are acceptable to the invplved
parties shodld be chosen. Be aware that analysis tools and calcalation models are under corjstant
development,

Recommendptions given in this annex apply to the production-performance analyses of complete installations,
but can also ppply to reliability and availability analyses of components/systems with obvious modificatior}s.

D.2 Planning

D.2.1 Objectives

The objectivgs of the analyses should be:clearly stated prior to any analysis. Preferably, objectives can be
stated in a pfoduction-assurance activity.plan as a part of the PAP structure. Objectives can be to:

— verify prpduction-assurance pbjectives or requirements;
— identify pperational conditions or equipment units critical to production assurance;
— predict groduction-availability, deliverability, availability, reliability, etc.;

— identify fechnical and operational measures for performance improvement;

I ' N e ol fL 4 ol ' 4.
— compareatermatives witirrespect toaterentproaucton=assurance aspects;

— enable selection of facilities, systems, equipment, configuration and capacities based on economic
optimization assessments;

— provide input to other activities, such as risk analyses or maintenance and spare-parts planning.

D.2.2 Production-performance analysis information

The system for analysis should be defined, with necessary boundaries relative to its surroundings. An analysis
of a complete production chain can cover reservoir delivery, wells, process and ultilities, product storage, re-
injection, export and tanker off-take.
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Operating modes for inclusion in the analysis should be defined. Examples of relevant operating modes are
start-up, normal operation, operation with partial load and run-down. Depending on the objective of the
analysis, it can also be relevant to consider testing, maintenance and emergency situations. The operating
phase or period of time for analysis should also be defined.

The

performance measures predicted should be defined. In production-availability and

deliverability

predictions, a reference level that provides the desired basis for decision-making should be selected. It should
also be decided whether to include the production-performance effect from revision shutdowns, as well as
those catastrophic events normally identified and assessed with respect to safety in risk analyses.

The analysis methodology for use should be decided on the basis of study objectives and the predicted

perfopmance-measures:

D.3 |Procedure

D.3.1 Preparation

A reyiew of available technical documentation should be performed as-the initial activity| as well as
estaljlishing liaison with relevant disciplines. Site visits may be performed-and are recommended in some
cases.

Review all input documentation, establish liaison with relevant disciplines and visit sites, if necessary.

D.3.2 Study basis

The documentation of study basis has two main parts:_system description and reliability data.

The $ystem description should describe, or referio documentation of, all technical and operational aspects
that @re considered to influence the results of the production-performance analysis and that arge required to
ident}y the system subject to the analysis,é.g. design basis, piping and instrumentation diagrams, process
flow dliagrams, operation and maintenance strategies, reliability data, maintainability data, equipment criticality
information, cause and effect matrices, production profiles, equipment capacities, etc.

Reliapility data should be documented. A reference to the data source should be included. Refefence can be
madg to engineering or expertjudgement, but an historically based data estimation should be usgd if one can
be dgtermined.

The basis for quantification of reliability input data should be readily available statistics and systefn/component
reliahility data, results from studies of similar systems or expert/engineering judgement. Production and
operability review (POR) sessions can be used to predict plant-specific downtimes. In the gnalysis, the
apprgach takemfor reliability data selection and qualification should be specified and agreed |upon by the
involyed parties:

D.3.3 ‘Model development

Develop a model that includes the following activities:

— functional breakdown of the system;

— evaluation of the consequences of failure, maintenance, etc., for the various subparts;

— evaluation of events for inclusion in the model, including common-cause failures;

— evaluation of the effect of compensating measures, if relevant;

— model development and documentation.
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D.3.4 Analysis and assessment

D.3.4.1 Performance measures

Evaluate the performance of the analysed object. Various performance measures may be used. Production
availability and deliverability (whenever relevant) are the most frequently used measures. Depending on the
objectives of the production-performance analysis, the project phase and the framework conditions for the
project, the following additional performance measures may be used:

— proportion of time or number of times production (delivery) is equal to or above demand (demand
availability);

— proportign of time or number of times production (delivery) is above zero (on-stream availability);
— proportign of time or number of times the production (delivery) is below demand;

— proportign of time or number of times the production (delivery) is below a specified. Jevel for a cgertain
period of time;

— number pf days with a certain production loss;
— resourcg consumption for repairs;
— availabillty of systems/subsystems.

As a predictpr for the performance measure, the expected (mean) value should be used. The uncerfainty
related to thig prediction should be discussed and, if possible, quantified (see D.3.7).

Annex G provides a guide on the elements for inclusion.in~the performance measure for predictions and for
historical performance reporting.

D.3.4.2 Sepsitivity analyses

Sensitivity amalyses should be considered to take account of uncertainty in important input parameters|such
as alternativg assumptions, variations in/faiture and repair data or alternative system configurations.

D.3.4.3 Importance measures

In addition tp the performance’ measure, a list of critical elements (e.g. equipment, systems, operafional
conditions and compensatory»means) should be established. This list assists in identifying systems/equigment
that should ble considered-for production-assurance and reliability improvement.

For conventipnal reliability analysis, methods such as FTA, relevant reliability importance measures as found
in literature gane ‘'used.

When production availability or deliverability is predicted, importance measures can be defined by the
contribution to production unavailability from each item/event. In order to take account of the effects of
compensating measures, it can be necessary to establish the criticality list based on successive sensitivity
analyses where the contribution from each event is set to zero.

D.3.5 Reporting and recommendations

The various steps in the production-performance analysis, as described above, and all assumptions should be
reported.

The appropriate performance measures should be reported for all alternatives and sensitivities.
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Recommendations identified in the analysis should be reported. A production-assurance management system
should be used to follow up and decide upon recommendations. Recommendations may concern design
issues or further production-performance analyses/assessments. In the latter case, the interaction with the
PAP is evident. Furthermore, recommendations may be categorized as relating to technical, procedural,
organizational or personnel issues. Recommendations may also be categorized by whether they affect the
frequency or the consequence of failures/events.

D.3.6 Catastrophic events

Some serious, infrequent events will cause long-term shutdown of production. These events are classified as
catastrophic, and should be distinguished from the more frequent events which are considered in analyses of

prody
a rat
even

ction availability and deliverability. The expected value contribufion from a catastrophic eve
ner small quantity, which is an unrepresentative contribution to the production loss. Ifthe
occurs, the actual loss would be large and this could mean a dramatic reduction.in th

availability or deliverability.

The
norm
perfg

Addit

D.3.]

The

poss
of the
intery

The
shou
systel

Impo|
the a

consequences for production as a result of accidents in production and_transportation
ally considered in the risk analysis. The results from the risk analysis may be-included in th
Fmance analysis report in order to show all production-loss contributors,

onal guidance is given in Annex H.

 Handling of uncertainty

Lncertainty related to the value of the predicted performmance measure should be discu
ble, quantified. The quantification may have the form of, an uncertainty distribution for the ex

al).
main factors causing variability (and hence, uncertainty in the predictions) in the performa
d be identified and discussed. Also, facters contributing to the uncertainty as a result of]

m performance is modelled should beovered.

rtance and sensitivity analyses may be carried out to describe the sensitivity of the input d
5sumptions made.

ht is normally
catastrophic
e production

systems are
b production-

ssed and, if
pected value

performance measure or a measure of the spread:of this distribution (e.g. standard deviatipn, prediction

nce measure
the way the

hta used and
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Annex E
(informative)

Reliability and production-performance data

E.1 Collection of reliability data

E.1.1 Genlral

Systematic @
improvemen
maintaining ¢
— product

— current |

— establis}

— conditiop-based maintenance;

— identifyir
— improvin
E.1.2 Equi

A clear boun

Boundaries
categories a

— installati
— inventor
— failure d

— mainten

of production and safety critical equipment and operations. The purpose of, establishing
atabases is to provide feedback to assist with the following:

Hesign;
roduct improvement;

ing and calibrating the maintenance and the spare-parts programmes;

g contributing factors to production unavailability;

g confidence in predictions used for decision support.

pment boundary and hierarchy definition
dary description is imperative and a-strict hierarchy system should be applied.

nd equipment hierarchy should be defined according to ISO 14224:2006, Annex A. Major
e defined as follows:

bn data: description of installation from which reliability data are collected;

pta: failure-event information, such as failure mode, severity, failure cause, etc.;

pnce.data:  corrective-maintenance information associated with failure events, and plann

ollection and treatment of operational experience is considered an investment and a’means for

and

data

y data: technical description of equipment, plus operating and environmental conditions;

ed or

executed preventive maintenance event information.

E.1.3 Data

analysis

To predict the time to failure (or repair) of an item, a probability model should be determined. The type of
model depends on the purpose of the analysis. An exponential lifetime distribution can be appropriate. The

model, if it is

expected to delineate a trend, should allow the use of a time-dependent failure rate.

The establishment of a failure (or repair) time model should be based on the collected reliability data, using
standard statistical methods.
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E.2 Qualification and application of reliability data

The establishment of correct and relevant reliability data (i.e. failure and associated repair/downtime data)
requires a data-qualification process that involves conscious attention to the original source of data,
interpretation of any available statistics and estimation method for analysis usage. Suitable reliability-data
management and coordination are needed to ensure reliability-data collection for selected equipment and
consistent use of reliability data in the various analyses.

Selection of data should be based on the following principles.

— Data should originate from the same type of equipment and, if possible, originate from identical
quipment moderls.

— [Pata should originate from equipment using similar technology.

— [Ppata should originate from periods of stable operation, although early-life or start-up probleins should be
iven due consideration.

— Ibata should, if possible, originate from equipment that has been exposed/to comparable dperating and
aintenance conditions.

— The basis for the data used should be sufficiently extensive.

— The amount of inventories and failure events used to estimate or predict reliability parametgrs should be
gufficiently large to avoid bias resulting from “outliers”.

— The repair and downtime data should reflect site specific conditions.

— The equipment boundary for the originating_data source and analysis element should majch as far as
possible (study assumptions should otherwise be given).

— [Population data (e.g. operating time,(observation period) should be indicated to reflect fhe statistical
gignificance (uncertainty related to estimates and predictions) and the “technology window”.

— [DPata sources should be quoted:

Data| from event databases.“(compliant with 1SO 14224) provide a relevant basis for meeting the
recorpnmendations abover In’ case of scarce data, it is necessary to use engineering judggment and a
sensitivity analysis of input'data should be done.

E.3 |Production-performance data

Prodlictien*performance data at facility/installation level should be reported in such a way [that enables
systgmatic production assurance to be carried out. The type of installation and operation degtermines the
format—and structure of performance reporting. ANNEX G OULNNES the types ol events that it is important to
cover for a production facility. It is necessary to establish the relationship between facility-performance data
and critical-equipment reliability data. Assessment of actual performance should be carried out by the
installation operator on a periodic basis in order to identify specific trends and issues requiring follow-up. The
main contributors to performance loss and areas for improvement can be identified. In this context, reliability
techniques can be used for decision-support and calibration of performance predictions. Comparisons with
earlier performance predictions should be done, thereby gaining experience and provide feedback for future
and/or other similar performance predictions.
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Annex F
(informative)

Performance objectives and requirements

F.1 General

The specificition of production-assurance objectives and requirements can be considered for system‘dgsign,
engineering and purchase of equipment, as well as for operations in defined life-cycle periods.

In this respeg¢t, IEC 60300-3-4 should also be considered.

F.2 Specifying production assurance
The purposg of specifying production assurance is to ensure correct handling of safety and produgtion-
assurance appects and to minimize economic risk. The cost of design, pteduction and verification qf the
system with B specified level of reliability or production assurance should.be considered prior to stating|such
production-agsurance requirements.
Quantitative |or qualitative objectives/requirements may be specified: Requirements should be realisti¢ and
should be compatible with the technological state of the art. It should be stated whether the specification|is an
objective or & requirement.

a) The goals and requirements within a production-assurance specification should include, but not be limited
to the following:

— limifations and boundaries;
— application of the system;
— defipition of a fault;

— defipition of the period\of’ time for which the production-assurance requirements applies (e.g.|from
first|oil and to the endof design life);

— opefating conditions and strategies;

— env|ronmental conditions;

— maihtenance conditions-and strategies:
P T

— methods intended for application to verify compliance with the production-assurance requirements;

— when numerical production-assurance requirements are specified, the corresponding confidence
levels should be specified;

— definition of non-conformance to the requirement;

—  how non-conformance should be handled.
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following:

— production availability;

— system availability;

— survival probability at time ¢ of an item;

— time to failure;

basis of performance measures such as the

—

F.3

— time to repair;

— spare parts mobilization times.

Dualitative requirements may be expressed in terms of any of the following:
— design criteria for the product;

— system configuration;

— inherent safety (acceptable consequence of a failure);

— production-assurance activities to be performed.

Verification of requirement fulfilment

The

Data
opers

agregd between the supplier and the customer.

ethod of verification of requirement fulfilmentishould be stated. Verification can be by
eld or laboratory testing,

ocumented relevant field experience,

nalysis,

eld performance evaluation after delivery.

for calculations~should be based on recognized sources of data, such as the results 0
tional experience on similar equipment in the field or from laboratory tests. The reliability dé

btained from
ta should be
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Annex G
(informative)

Performance measures for production availability

G.1 General

Performance
for the repon
effect of dow
of events an
annex provid
reporting am

Various d¢g
comparable/

For a typical
as for histori

producti
(un)avai
addition
producti
(un)avai
addition
producti
(un)avai
addition
producti

producti

producti
contract

delivera

measures for production availability are used in analyses for prediction or planning, as-w|
ting of historical performance in the operational phase. The performance measures includ
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(un)availability of the process facilities in isolation;
(un)availability of gathering or exporting hydrocarbon/petrochemical network (volume-based);
mean volume of flared gas according to various flaring policies;

top ten contributors to losses with relative values.
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Depending on the objective of the study, the above results may be established on a year-by-year basis based
on the production profile or for only a specific production period, e.g. the production-plateau period, first year,
maximum-water-production period, etc.

The uncertainty related to the value of the predicted performance measures should be discussed and, if
possible, quantified. For details, see D.3.7.

An illustration of the relationship between some production-assurance terms is shown in Figure G.1.

Production Assurance

Availability
(item)

Availability Production Deliverability
:> (system) i availability i

Uptime Downtime

Reliability Maintainability Consequence| |Consequence| |Compensation
Design Organization of item failure| {for production| |Storage
Tolerances Resources Configuration Capacity Linepack
Design margins Tools Utilities Demand Substitution
Quality control Spares etc. etc. etc.
Operating Accessibility
conditions Modularization
etc. etc.

Figure G.1 — lllustration of the relationship between some production-assurance t¢rms

G.2 [Production availability.

Prodyction availability (and_deliverability), P, is a performance measure based on volume as defined in
Equation (G.1).

_re

B Ve (G.1)

A

wherge

'B_~is the produced volume;

Vr s areference production volume.

Various types of performance reference measures may be chosen to enable the prediction of reporting of
production availability. Ideally, the same reference level as used in production-availability-analyses phases
should be used also when reporting historical production availability during the operational phase. Some
alternative reference measures are given in items a) to e).

When presenting results of production-availability analyses, it is recommended that the mean value be
presented together with the probabilistic-distribution values to indicate the potential up- and downside range.
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a) Contracted volume

If there is a sales contract, the contracted volume is the preferred reference level. The contracted volume may
be specified with seasonal variations (swing). In that case, the swing profile should be used as the reference
level. The contracted volume may also be specified as an average over a period of time, where the buyer
nominates the daily supplies at some time in advance. When reporting historical production availability or
deliverability, the reference-level volume should be the actual nominated volumes (it is should be stated
whether these nominations are, e.g., daily, weekly, monthly or yearly based). In a prediction, a distribution of
volumes reflecting the foreseen variations in the nominated volumes should be used, but the ability of the
facilities to deliver the maximum quantity should also be assessed.

b) Design

The design
level when

apacity of the facility may be used as a reference level. This can be an appropriate refe
nly a part of the production chain, e.g. a process facility, is subject to analysis. [Fhe d

ence
B2sign
bd by
It is,
n the
ction,
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In addition tdg
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is the mean uptime (MUT), estimated by using the actual uptime observed in the field;

(G.2)

is the mean downtime (MDT), estimated by using the actual downtimes observed in the field.
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The advantage of using availability as a performance measure is that uptime and downtime is easy to
establish compared to the reference level of the volume-based measures. On the other hand, the
disadvantage is that this measure is not well suited to handle partial shutdowns. In some cases, the measure
can be modified by defining uptime and time in operation as well-years.

G.3 Other parameters

The production-availability parameter described in Clause G.2 is a single figure representing the average
performance of a defined system. However, it is only one of several parameters that can be used. In
downstream industries in particular, a wide range of performance measures is utilized.

Thes
abou
the o

supp

Whatever measures are used for an analysis, it is necessary to state explicitly the basis on w

calcu
Table

meas
categ
have
third-|

y system.

lated.

e other parameters may include or exclude specific sources of loss of production or provid
how the losses are expected to occur. In some cases, this can be of equal or greatepimg
verall production-availability figure, for example the interruption frequency can be a key elen

s G.1 to G.5 provide guidance on the events that should be included in production-availabili
and the reporting of historical production-availability for a production{system (i.e. volume-based
ures). Time-based availability predictions or statistics can apply)to the same event categori
orization for other specific operations (e.g. pipe laying) and its associated system/equipn
another format, which it is necessary to specify as required.’ Battery limits for the facilities, a
party processing, tie-ins, subsea installations, etc., should be clearly defined.

Table G.1 — Production facility'— Production loss categories

b information
ortance than
ent of a gas-

hich they are

y predictions
performance
ration. Event
nent typically
5 well as any

Type of event Comments
Wells “Wells®-eovering everything from (and including) the tubing hanger downwards
(downhole and to.tand including) the reservoir
subsea/surface)
A1 |Reservoir uncertainties\\ Production losses due to reservoir uncertainties (e.g. reservoir pfoduction less
than anticipated)
NOTE Can also be positive if reservoir produces more than anticipated; hence, it
can be necessary to alter the reference level for the performance measurpment.
A2 |Planned-reservoir Production losses arising from planned activities to the reservoir} for example,
interventions logging, fracturing, re-perforating, etc. The production-avail@bility impact
depends on test design and procedures.
The production downtime and loss caused by the activity shall e included. A
possible positive effect on the production rate should also be congidered, since
this can influence the reference level for the performance measule.
The reference level may, afterwards, be raised, but the investmént to achieve
this appears as a loss.
A3 | Unplanned reservoir Production losses arising from unplanned intervention in the reservoir. As
interventions above, the production downtime and loss caused by the activity shall be
included, and it can require that the performance reference level be altered.
A4 | Well production testing |Production losses occurring whilst well production testing to check well
production potential. Such type of reservoir testing has various production-loss
impacts, depending on the configuration, available test equipment (flowmeter,
test separator, test lines) and operational test procedure used.
A5 | Downhole well Production losses occurring until the initiation of well intervention
equipment failure
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Table G.1 (continued)

Type of event

Comments

A6 | Unplanned subsea well |Production losses arising from the repair of subsea equipment failures (also
intervention called workover), including losses related to heavy lifts. Reliability-based
contingency preparedness is anticipated.
A7 |Planned downhole well |Production losses arising from periodic equipment testing and well
interventions inspection/surveys. Also includes planned re-completions, zonal isolations,
sidetracks, SIMOPS activities, etc.
A8 | Flow assurance Production losses related to flow-assurance problems (e.g. hydrates, scaling,
(nnplgnnor‘l) WX acphglfonoc, etc )’ nvr\lnei\lnly from—and-not-accountedon-those—jtems
listed above
A9| | Post-modification Reduction or shutdown in production caused by a modification project [after

impact

run-in), for example side-tracking, re-completion, etc.

Subsea installations

Covers subsea X-mas tree, flowlines or pipelines, umbilicals, manifolds,
subsea valves and risers. Future subsea processing\is also considered.
Hence, all equipment subsea from tubing hanger/ to riser/ umbilical
topside/onshore termination

B1| | Subsea equipment Production losses occurring until subsea intervéntion starts
fail . . .
aiure This category normally also covers B4 as{an event is usually logged against
equipment.
B2| |Unplanned subsea Production losses arising from repair ‘of failed subsea equipment and| may
intervention include downhole/other intervention” required to undertake subsea répair.
Reliability-based contingency preparedness is anticipated.
B3| [Planned subsea Production losses arising from planned activities that include prevgntive
interventions maintenance, planned flew-assurance activities, testing, inspection, etq., on
equipment.
B4| | Flow assurance The production downtime and loss related to flow-assurance problems|(e.g.
(unplanned) hydrates, scaling, wax, asphaltenes, etc.).
B5| |Post modification impact | Reduction or shutdown in production caused a modification project (aftef run-
in), for example new template/manifold tie-ins
Production facilities Topside and onshore developments covering production facilities (e.d. dry

X*mas tree, flowlines or pipelines, umbilicals, manifolds, valves, etc.)

C1| | Production facilities Production losses occurring until maintenance starts
equipment failure
C2| [Unplanned preduction |Production losses arising from repair of failure, which may include jother
facilities maihtenance maintenance required to undertake repair; reliability based contingency
preparedness is anticipated
C3]| [Planned production Production losses arising from planned activities that include prevenfative
facility' maintenance maintenance (pigging), testing, inspection, etc., on equipment
C4| TElow assurance The production downtime and loss related to flow-assurance problems
(unplanned)
C5 | Post modification impact | Reduction in or shutdown of production caused by a modification project (after
run-in), for example pipeline tie-ins
Process and utilities Covers process and utility functions located topsides or onshore
D1 | Equipment failure and Production losses related to failure and corrective maintenance; the corrective
repair maintenance itself may be split, if needed. This covers failure of utility/
ancillary/auxiliary systems such as power, chemicals, etc.
D2 |Preventive maintenance | Reduction in production caused by the execution of preventive maintenance

(planned)

(e.g., due to safety-barrier procedures); includes equipment testing of topsides
safety equipment that affects production
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Table G.1 (continued)

Type of event Comments
D3 [Process/operational Process upsets due to separation problems, low set points for sensors,
problems testing/diagnosing process facilities. It also includes operator errors that cause
production losses and may also include losses due to burn-in of modification
projects and flow-assurance issues.
D4 | Post-modification Reduction in or shutdown of production caused by a modification project (after
impact run-in), for example well compression, tie-ins from other facilities, etc.
E Export facilities Covers main export activities of tanker offtake or pipelines

E1 | Offloading These are shutdowns caused by (e.g. full-storage) offloading equipment
failures, including repair activities or a tanker not being presént-due to weather
impact or technical reasons.

E2 [Downstream restrictions | These are planned and/or unplanned shutdowns, eaused byl downstream
process/pipeline/receiving facilities outside the boundary limi{s (third-party
issues). It may also cover third-party processing ‘Within a field jnfrastructure.
Turnarounds for downstream facilities are also covered in this loss category.

E3 |Flow assurance Flow-assurance problems for processed-products in pipeline, [both planned
(e.g. pigging) or unplanned (e.g. hydrate plug removal).

Production losses related to flowfassurance problems, exclusiye of and not
accounted for by the items listed above.
F Turnaround and modification —

F1 [ Turnaround Full shutdown due to integrity management or regulatory requirements
It is important to capture losses due to the planned period of the turnaround
and also losses from any unplanned extension to the turnaround.

F2 [Modification Full shutdown™ due to modification (e.g. tie-in or mpgjor module
instalment/modification). Losses arising after run-in (post-modlification) are
recorded in A9, B5, C5 or D4.

Itisdimportant to capture losses due to the planned period of thg modification
and also losses from any unplanned extension to the modificatior).
G Other _
G1 [Bad weather Production impact due to weather
G2 |Accidents or. Safety-related events or shutdown required due to safety confingency (e.g.
contingency ship-collision risk)
requireepts Downtime caused by events of a catastrophic nature should be reported
separately in predictions.

G3 _{Labour conflicts —

G4 | Environmental policies |Reduced production to accommodate environmental-discharge [imits (flaring,
produced-water disposal, etc.)

GS5—Security Terrorisn;Tiotsete:

G6 |Authority restrictions Restrictions by country regulatory bodies, national quotas, OPEC, etc.

G7 | Product quality Out of product specification (below and above specification)

deviations
H Pre-production —

H1 | Project schedule delays [Losses due to slippage of actual first-oil date from planned first-oil date due to
project delays
Wells and facility schedule losses should be reported in H2 and H3.
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Table G.1 (continued)

Type of event

Comments

H2

Wells schedule delays

Production losses due to slippage of drilling programme, resulting in the actual
reservoir potential being less than the planned reservoir potential due to wells
starting late. This can be compensated if the wells have a higher-than-
expected flow rate.

Only applicable in ramp-up and plateau phases and can require altering the
performance reference level

H3

Facilities schedule
delays

Production losses associated with equipment not being operational on the
planned start dates or taking longer to commission and ramp up to maximum

capacity

Only applicable in ramp-up phase

Table G.2 — Upstream drilling rig — Loss categories

['ype of event

Comments

Rig drilling

Reporting of drilling-rig time loss; covers platform rigs, mobile drilling pnits,
etc., and covers, for example, drilling, regular BOP and safety-equipment-
related activities, logging/coring, orienting<the well, running and cemgnting
casings/liners activities and others; exploration and production drilling

A1] [ Moving from one well to [Activities carried out to move the (ig- from one location to another, sugh as
the next removing and re-installing anchor'lines of floating rigs in offshore scenariop
A2] | Rig downtime due to rig |Activities developed to repair~equipment that is essential to proceed| with
equipment failure normal operations, includifg possible safeguards on the well for repairini; and
others, e.g. setting a.temporary plug in the well, pulling/running/repairinfg/re-
installing the BOP, other repair-related activities, including to accessories|such
as logging tools
A3| | Rig downtime due to Combating .a~possible kick, fishing activities, re-setting or correcting the
well problems wellhead installation, reaming, re-drilling, working on a mechanically ungtable
well, adjusting drilling-fluid parameters, correcting cement job, others
A4 | Waiting on operations [ Waiting' for something to proceed with intervention operations, e.g. waitipg on

weather, spare parts, materials or others

Table G.3 —Upstream installation and intervention — Loss categories

Type of event

Comments

Int¢

ervention.and workover

Covers all major intervention equipment, including platform rigs, mobile dfilling
units, coiled tubing systems, ROVs; includes checking or setting safety barriers
in the well before intervention, regular BOP and safety-equipment-rglated
activities, running/installing X-mas tree, gravel packer and tubing activitie and

others

Installation (e.g. completion, pipe-laying, subsea equipment) and intervention
(e.g. workover, manifold retrieval)

A1 |Moving from one Activities carried out to move the installation or intervention resources from one
location to the next one |location to the next one
A2 |Installation and Activities developed to repair equipment that is essential to proceed with
intervention equipment |normal operations, including possible safeguards on the well for repairing and
failure others, e.g. setting a temporary plug in the well pulling/running/repairing/re-
installing the BOP; other repair-related activities; including to accessories such
as logging tools
A3 |Waiting on operations | Waiting for something to proceed with intervention operations, e.g. waiting on

weather, spare parts, materials or others
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Table G.4 — Midstream events — Loss categories

Type of event Comments
A Pipeline Covers only line pipe, flanges, block valves, etc.

A1 Planned interventions Losses associated with planned activities that include preventive maintenance,
testing, inspection, inspection pigging, surveys, etc.

A2 Unplanned activities Production-assurance impact arising from repair of pipeline failure, including

and equipment failures | third-party damage; also includes logistic delays
Plus geotechnical problems: pipeline movement, river crossing wash outs, etc.

A3 Ftow-assurance Ftow—assurance (ilyu'latt:b, Utb.), ftow=assurance pigging—ptus failure of drag-
reducing agents

A4 Post modifications Losses associated with modification work, i.e. tie-ins

impact
A5 Downstream process These are shutdowns caused by downstream(process/receiving facilities
shutdowns and outside the boundary limit of the terminal (third-party issues).
restrictions
B Pump/Compressor station |All equipment and activities within boundary limit of the pumg/ compressor
station, including process and utilities (power, chemicals, instrum¢nt air, etc.)

B1 Planned interventions Losses associated with planned agtivities that include preventive [maintenance,
safety testing, inspection, etc.

B2 Unplanned activities Losses associated with unplanned activities, e.g. failure of prim¢ movers and

and equipment failures | utilities (instrumentation, power, etc.)

B3 Process/operational Process upsets, incllding logistic delays (e.g. on unmanned facilities); real

problems trips including operator errors

B4 Post modifications Losses assaciated with modification work, i.e. adding hew pumps/

impact compressors to increase capacity
Cc Terminal Oil/condensate terminal (all production losses described in B1 to|B4 preceding
and the events listed in C1 to C3 following)

C1 Offloading These are shutdowns caused by (e.g. full-storage) offloading equipment
failures or the tanker not being present, loading stopped due to|bad weather,
etc.

Cc2 Downstream process These are shutdowns caused by downstream process/receiving facilities

shutdowns and outside the boundary limit of the terminal (third-party issues).
restrictions
C3 Product quality Product out of specification (below or above specification)
devidtion
D LNG plants, gas plants, etc. |Including all production losses described in B1 to B4 preceding and the events
listed in D1 and D2 following)
D1 Product quality Product out of specification (below or above specification)
deviation
D2 Downstream process These are shutdowns caused by downstream process/receiving facilities
shutdowns and outside the boundary limit of plant (third party issues).
restrictions
E Other —

E1 Revision shutdowns Can be considered as excluded both in predictions and for historical reporting
(e.g. when revision shutdowns are defined in sales contracts)

E2 Accidental events Safety-related events
Downtime caused by events of catastrophic nature should be reported
separately in predictions
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Table G.5 — Downstream events — Loss categories

Type of event Comments
A Process unit unavailability Process plants typically consist of a number of process units (includes

production losses described in Table G.1 and the following specific listed
events).

A1 Product quality deviation | Losses arising from product out of specification requiring that it be
reprocessed, disposed, given away

A2 Domino losses Losses caused by shutdown/slowdown of other process units

A3 Turnarounds | osses associated with planned turnarounds (ma;ome[h,a_uls_o_f_p_m_cess units
planned well in advance)

A4 Turnaround overruns Production losses due to unplanned overrun of turnaround activities.

A5 Commercial Losses caused by production constraints due to commercialvaspects qf the
business
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Annex H
(informative)

Catastrophic events

H.1 General

Some serious, infrequent events can cause long-term shutdown of production. These events.-are|classified as
catagtrophic and should be distinguished from the more frequent events that are considered-in-the analyses of
production availability and deliverability. The catastrophic events should be treated separately in production-
performance analyses.

Typidal catastrophic events include the following:
— earthquakes;

— fires and explosions;

— blowouts;

— gabotage;

— gtructural collapse;

— major problems with casing or wellheads;
— 1liser or export pipeline ruptures;

— falling loads with large damage potential;

— ¢ther events or combinations_of events with large damage potential.

Important factors in the analysis of catastrophic events are considered in more detail in the rempinder of this
annex.

The purpose of the availability analyses is to predict the actual production availability, 4, for the ipstallation for
the time period. considered. This quantity is uncertain (unknown) when the analysis is carried|out and it is
necessary to predict it. The uncertainty related to the value of 4 can be expressed by a probabilify distribution
H(a),| with smean or expected value, A4, being the predictor of 4. A Monte-Carlo study of the production
availability, is generally performed by generating a sequence of independent, identically distributéd quantities,
for etample A4, Ay, A, from the probability distribution, H(a). The distribution can be estimated from the
sample 44, 45, 4,

In theory and as far as the uncertainty distribution H(a) is concerned, there is no problem in including
catastrophic events in this analysis. If a catastrophic event results in a production loss, z, and its associated
probability equals p, this can be reflected in the distribution, H. But using the “full distribution” makes it difficult
to predict 4 using the expected value. In this case, the spread around the mean would be very large and the
probability density could have a bimodal form very different from the typical Gaussian distribution. The
problem is that the expected value of the contribution from the catastrophic event is normally a rather small
quantity, namely p -z, which is an unrepresentative contribution to the production loss. If the catastrophic event
occurs, the actual loss would be z and this could mean a dramatic reduction in the production availability, A.
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If the time period considered is long, then the probability that a catastrophic event will occur could be quite
large and consequently the contribution p-z significant. Hence, in such cases, the inclusion of catastrophic
events is more meaningful.

H.2 Criterion for inclusion in analyses

The consequences for production as a result of catastrophic events in production and transportation systems
should always be considered, either by production-availability analysis or total-risk analysis. In general,
catastrophic events should be included in risk and financial analyses but not in production-availability analysis.
Criteria for exclusion from production-availability analyses can include the following.

— The proll>abi|ity of the event occurring during lifetime of the system is less than 25 %.

— The downtime as a result of one occurrence of the event during the lifetime results in a_reduction ¢f the
productipn availability or deliverability by more than 1 %.

It should, hoyever, be considered to refer to the predicted production-availability loss yalue estimated, if this is
a part of theltotal risk analysis. This enables a consistency check of the framework-conditions and refefence
level, makingd it comparable to predictions in the production-availability analysis.

In analyses limited to subsystems, one should consider from case to case‘whether the catastrophic ejents
should be ingluded.
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Annex |
(informative)

Outline of techniques

General

Produiction-performance analyses, such as reliability and availability analyses, are systematic evalaluations and

calculations that are carried out to assess the performance of a system. The system can for e
production or transportation system, a compression train, a pump, a process shutdown syster]
Thesp analyses are part of a production-assurance programme (PAP).

It is useful to apply the following as a guide.

— [Reliability analysis considers the first failure of two states of items (components, equipme

q

4

roduction-performance analysis considers the production from facilities with several prod
.g. offshore or onshore production systems, installation(s) or operation(s).

vailability analysis considers the uptimes of two states (rufining/not running) of items
quipment, units and systems).

ystems).

Kample, be a

h or a valve.

iction levels,

components,

nt, units and

Reliapility is mainly focused on safety. In the context>of a PAP, it may be used to evaluate the pfobability that

the fi

Avail
can |
used
comq

Some relevant analysis methods,and techniques are described briefly in 1.1 to 1.22. Reference ca

the d

1.2

A su
(FME

st failure occurs after a given period of time.
pbility is mainly focused on the time during which an item is running correctly. In the contex
e appropriate for single components.er’for production trains made of component in series. It

to perform “availability allocations” in order to establish the requirements for the provi
onents.

bcuments cited in these subclauses or to reliability-analysis textbooks for more detailed desqg

Failure modes and effects analysis

mmary ef\failure modes and effects analysis (FMEA) and failure mode, effect and critic
CA) is.given in Table 1.1.

t of a PAP, it
may also be
Hers of such

N be made to
riptions.

plity analysis
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Table 1.1 — Failure modes and effects analysis (FMEA) and
failure mode, effect and criticality analysis (FMECA)

Analysis elements

Summary

Analysis description

Two bottom-up techniques for analysing and establishing systematically the effects of potential

failure modes

Objective of analysis

An FMEA is a systematic technique for establishing the effects of potential failure modes within
a system. The analysis can be performed at any level of assembly. This can be done with a

criticality analysis, in which case it is called an FMECA.

FMECA is a semi-quantitative analysis, where the failure probability and the consequence

are—ysed—to—assess—the r\r!t!r\a!!ty nf each fa!!ulrn mode—lt—-is—a defnmahr\ methodole

data
gy to

increase the inherent reliability of a system or product. It is an iterative process of ident
failure modes, assessing their probabilities of occurrence and their effects on the_ sy
isolating the causes, and determining corrective actions or preventive measures."Whe
analysis is done from a functional standpoint, it is usually performed at a plapt or unit
whereas if the focus is on the hardware, it usually descends down to thge, maintainablg
level. The amount of data required is different depending on the focus (see\TFables 1.2 to |
details).

While it is most often used in the early stages of the design progess-to improve the inh
reliability, the FMECA technique is equally useful in addressing.'System safety, availa
maintainability, or logistics support.

fying
stem,
h the
evel,
-item
4 for

erent
bility,

Reference to
standards

existing

MIL-STD-1629 [21]
IEC 60812 (1987-05)[10]

Overall need
information

for

The analysis is an inductive and systematic process in which individual failures at comp
level are generalized into potential failure modes at system level. The structured m
consists of the following steps:

a) system definition (both from functional’and hardware standpoints);

b) identification of failure modes, (it is necessary that it include the operational
environmental conditions preserit when failure occurs);

c) determination of causes+(uhderstanding of the failure mechanism and identification
lowest level in hierarchyjaffected);

d) assessment of effects (in terms of system performance, reliability, maintainability
safety);

e) identification.of detection means (to verify that suitable detection means exist for all d
failure_modes);

f)  classifications of severity (to assign priorities to corrective actions; typically with 3
levels);

bnent

pthod

and

f the

and

Fitical

or 4

g)~estimation of probability of occurrence (from failure rates based on experience or public

data bases or classification into 3 or 4 levels by using engineering judgement);

h) computation of the criticality index (a combination of the probability of occurrence an
severity of the failure);

d the

A determination of corrective action Ih\l ohmunahnn the cause of the FQuInrn decreasin

their

probability of occurrence, |mpr0V|ng fallure detectlon or reducing the severlty of the fai

lure).

.3 Fault tree analysis

A summary of the fault-tree analysis (FTA) is given in Table 1.2.
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Table .2 — Fault-tree analysis (FTA)

Analysis elements

Summary

Analysis description

This is a graphical, top-down method used to analyse the logical links between failure of an
overall system and the failures of its components and to perform probability calculations.

NOTE 1
NOTE 2

FTA deals only with two-state components and systems.

It can be used to analytically calculate the unavailability of a production system, but is not suited

to assess its production availability when several production levels must be taken under consideration.

NOTE 3
using FTA.

Except when some hypotheses (e.g. no repair) are met, unreliability cannot be assessed by

Objettive of analysis

There are several objectives such as the following examples:

build a graphical representation of the combinations of the individual cempag
that lead to failure of the whole system and, by doing so, obtain ‘the"Boo
linking the undesirable event (at the whole system level) to thevfailure of
components;

analyse qualitatively the reliability/availability (see Notes t to 3) of th
identifying the combinations of basic failures leading/ta the undesirable
combinations of failures are the so-called “minimal-cut sets” (coherent §
implicants” (non-coherent FT);

analyse semi-quantitatively the reliability/avaifability (see Notes 1 to 3) of t
sorting its minimal cut sets (or prime implicant) in order of decreasing probab

calculate the probability of failure (see Notes 1 to 3) of the whole system;

evaluate various importance factors™in” order to assess the impact of the f
individual components;

evaluate the impact of the individual input uncertainties over the result(s).

nents failures
ean equation
the individual

b system by
event. These
FT) or “prime

he system by
lities;

ailures of the

Refefence to existing
standards

IEC 61025 [11]

Overhll need for
inforation

A fault tree representsia Boolean process, which is used to calculate the pro
corresponding overalhevent from the individual probabilities of the basic events ap
formula. Therefore,-the inputs used are the pure probabilities of failures, which it is
evaluate fromsthe-reliability parameters of the related components:

probability of failure;

failure rates, repair rates;

test interval, test efficiency, human error, etc.

FTA is also a very good support for performing common-cause failure analys
analyses and uncertainty analyses.

bability of the
pearing in the
necessary to

bs, sensitivity

The fault tree can also be used in combination with a cause-consequence diagram to analyse

underlying causes of the event failure.

.4 Reliability block diagram

A summary of a reliability block diagram (RBD) is given in Table 1.3.
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