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reword

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

This document has been developed by oil and gas producing operating companies and is intended
for use in the petroleum and natural gas industries worldwide. This document is intended to provide
guidance to the well operator on managing well integrity throughout the well life cycle. Furthermore,
this document addresses the minimum compliance requirements for the well operator in order to claim
conformity with this document.

It is necessary that users of this document are aware that requirements over and above those outlined
herein may be needed for individual applications.

This docutlnent addresses the process of managing well integrity during each of the well lifé\c ycle
phases, namely: basis of design; design; construction; operation; intervention (including k-oyer)
and aband¢nment. r\ .

/
The follow|ng terminology, in line with ISO/IEC Directives, is used in this document:<of'bQ
a) The term “shall” denotes a minimum requirement in order to conform to this deument.

b) The tefm “should” denotes a recommendation or that which is advised ﬁ&)t required in orddr to
conforjm to this document. é\

c¢) Theterm “may” is used to indicate a course of action permissible@ﬂn the limits of this documjent.
d) The term “can” is used to express possibility or capability. 0\\Q

In addition], the term “consider” is used to indicate a suggesti@%r to advise.
The phasep of a well life cycle have separate and disti }\S;equirements for achieving well integlrity
management objectives, but all phases have common el ents and techniques. Clause 5 discusses these
common elements and techniques. Clauses 6 to 11 discuss each individual phase and its requirements.
Additionally, each clause highlights the aspects’@ be considered within the common elements and
techniqued as applicable to that phase. ’\O

N
Figure 1 summarizes the elements which argebmmon among phases, and the relation between the phdses.

Elements common to all phases

Well integrity Organisational structure Reporting & documentation
Well integrity management Well barriers Management of change
Well integrity policy Performance standards Continuous improvement
Risk assessment Well barrier verification Auditing

Well integrity life cycle phases

Optional workflow

Basis of design Construction
phase phase

Figure 1 — Elements common to the phases of well integrity management
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Scope

5 document is applicable to all wells that are operated by the petroleum and natural g4
5 document is applicable to any well, or group of wells, regardless of their ageplocation
hore, subsea and offshore wells) or type (e.g. naturally flowing, artificial lift, {ihjection we

5 document is intended to assist the petroleum and natural gas industry(to-effectively m
grity during the well life cycle by providing:

minimum requirements to ensure management of well integrity;xand

recommendations and techniques that well operators canapply in a scalable manner
well’s specific risk characteristics.

uring well integrity comprises two main building blocks: the first is to ensure well integ
design and construction, and the second is to manage‘well integrity throughout the rem|
thereafter.

5 document addresses each stage of the well;life cycle, as defined by the six phases in a
Cribes the deliverables between each phase within a Well Integrity Management system.

The “Basis of Design Phase” identifies-the probable safety and environmental exposursé
and subsurface hazards and risks:that can be encountered during the well life cycle. Once
these hazards and risks are assessed such that control methods of design and operat
developed in subsequent phases of the well life cycle.

The “Design Phase” identifies the controls that are to be incorporated into the well d
that appropriate barriers can be established to manage the identified safety and env
hazards. The design-addresses the expected, or forecasted, changes during the well lif|
ensures that thetequired barriers in the well’s design are based on risk exposure to peo
environment.

The “Construction Phase” defines the required or recommended elements to be ¢
(including rework/repair) and verification tasks to be performed in order to achieve tH
design.' It addresses any variations from the design which require a revalidation &
identified hazards and risks.

s industry.
(including
1ls).

anage well

based on a

rity during
hining well

to f), and

to surface
identified,
ion can be

psign, such
ronmental
b cycle and
ple and the

bnstructed
e intended
gainst the

f)

The “Operational Phase” defines the requirements or recommendations and m
managing well integrity during operation.

The “Intervention Phase” (including work-over) defines the minimum requir

ethods for

ements or

recommendations for assessing well barriers prior to, and after, any well intervention that involves

breaking the established well barrier containment system.

The “Abandonment Phase” defines the requirements or recommendations for permanently

abandoning a well.

The six phases of the well life cycle, as defined in this Scope, and their interrelationships, are illustrated
in Figure 1 in the Introduction.
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This document is not applicable to well control. Well control refers to activities implemented to prevent
or mitigate unintentional release of formation fluids from the well to its surroundings during drilling,
completion, intervention and well abandonment operations, and involves dynamic elements, i.e. BOPs,
mud pumps, mud systems, etc.

This document is not applicable to wellbore integrity, sometimes referred to as “borehole stability”.
Wellbore integrity is the capacity of the drilled open hole to maintain its shape and remain intact after
having been drilled.

2 Normative references

There are lIlO normative references in this document.

3 Termis and definitions

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

122}

ISO and IE€ maintain terminological databases for use in standardization at thé following addresse

— IEC Elgctropedia: available at http://www.electropedia.org/

— ISO Onlline browsing platform: available at http://www.iso.org/obp

31
A-annulug
designation of the annulus between production tubing and preduction casing

[SOURCE: API RP 90, modified]

3.2
acceptance criteria
specified limits of acceptability applied to process, service, or product characteristics

3.3
as low as feasonably practicable
ALARP
implementption of risk-reducing(measures until the cost (including time, capital costs or other
resources/pssets) of further risk reduction is disproportional to the potential risk reducing efffect
achieved by implementing anyadditional measure

Note 1 to entry: See UK HSE.\[2Z]

34
ambient pressure
pressure ekternalto the wellhead

Note 1 to enteln-thecase-ofasurface-wellhead the pressure-is-0-kPa{0-psig)-In-thecase-ofasubseawellhead,
itis equal to the hydrostatic pressure of seawater at the depth of the subsea wellhead.

[SOURCE: API RP 90, modified]

3.5

anomaly

condition that differs from what is expected or typical, or which differs from that predicted by a
theoretical model

3.6
availability
extent to which the system/structure/equipment is capable of retaining its functional integrity

2 © IS0 2017 - All rights reserved


http://www.electropedia.org/
http://www.iso.org/obp
https://standardsiso.com/api/?name=c88ffdb4a3ccb63478ef0e77754105ff

ISO 16530-1:2017(E)

3.7
B-annulus
designation of an annulus between the production casing and the next outer casing

Note 1 to entry: The letter designation continues in sequence for each outer annulus space encountered between

casing strings, up to and including the surface casing and conductor casing strings.

[SOURCE: API RP 90, modified]

3.8

breaking of containment

confrottede y iITto threcorrtai S ystenmof imtegrity or barrie
39

casfng liner

casing string with its uppermost point inside a previous casing string and not in the wellheald

3.1¢

competence

ability of an individual to perform a job properly through a combinafign of training, der
skills, accumulated experience and personal attributes

31
component
mec¢hanical part, including cement, used in the constructiontefa well

3.17
conductor casing

honstrated

conjponent that provides structural support for the well, wellhead and completion equipment, and

oftdn used for hole stability for initial drilling operations

Notg 1 to entry: This casing string is not designed for pressure containment, but upon completion

f the well it
i and hybrid

verbalance

might have a casing head; therefore, it can be,capable of containing low annulus pressures. For subse
wells, the low-pressure subsea wellhead is@ormally installed on this casing string.

[SOPURCE: API RP 90, modified]

3.13

consequence

expected effect of an evént that occurs

3.14

containment

preyenting release of fluid

3.15%

dedp-set

clogeCto, or at, the cap rock of a reservoir or a depth where it is possible to achieve an o
preSSUTre WitlTan Nydrosta OITTIMTT TO COUNTET act The MaximuIm anticipated pressure fror
3.16

deviation

departure from a standard

3.17

dispensation

approval to operate with a deviation from a requirement

© IS0 2017 - All rights reserved
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3.18

extended leak off test

XLOT

application of pressure by superimposing a surface pressure on a fluid column in order to determine the
pressure at which a fracture propagates into the exposed formation and also establishes the fracture
closure pressure

3.19
failure
loss of abi

3.20
failure m

lity to perform as required

dde

effect by which a failure is observed on the failed item

3.21
failure m
FMEA
technique

3.22
failure m
FMECA

analysis us

mode will [result in system failure, or the level of risk associated ‘with the failure mode, or a ri
priority

3.23

fault

abnormal, undesirable state of a system element induc¢ed by the presence of an improper comman
absence offa proper one, or by a failure

Note 1 to e:]:ry: All failures cause faults; not all faultsare caused by failure.

Note 2 to enftry: System elements can include, for’example, an entire subsystem, an assembly, or a component.
3.24

flow-wetted

<surface> foming into direct conmtact with the dynamic movement of well fluids in the flow stream
[SOURCE: API Spec 11D1]

3.25

fluid

substance that has\e fixed shape and yields easily to external pressure

Note 1 to er1try: A fluid can be either a gas or a liquid.

3.26

ddes and effects analysis

Y

Wwhich identifies failure modes and mechanisms, and their effects

dde, effects, and criticality analysis

ually performed after an FMEA (3.21) which can be based'en the probability that the fai

ure
sk’s

H or

formation integrity test

FIT

application of pressure by superimposing a surface pressure on a fluid column in order to determine
ability of a subsurface zone to withstand a certain pressure

3.27

formation strength
pressure that the formation can withstand

© ISO 2017 - All rights reserved
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3.28

functionality

operational requirements of the system/structure/equipment in order to establish and maintain
integrity

3.29
hazard
source of potential harm or a situation with a potential to cause loss (any negative consequence)

3.30

hybrid well
well drilled with a subsea wellhead and completed with a surface casing head, a surface tulling head, a
surface tubing hanger and a surface tree

Note 1 to entry: A hybrid well can have either one (single-bore production riser) casing string’or tw¢ (dual-bore
progluction riser) casing strings brought up from the subsea wellhead and tied back te~the surface| equipment.
Thepe wells are typically located on floating production platforms, e.g. tension-leg platforms (TLPs).

[SOPRCE: API RP 90, modified]

lus pressure that is imposed for purposes such as gas’'lift, water injection, thermal insulation, etc.

lealf test of well barrier element by creating a differential pressure and observing for presspre change

application of pressure by SUperimposing a surface pressure on a fluid column in order to determine
the pressure at which the exposed formation accepts whole fluid

[SOURCE: API RP 59, modified]

3.37

major accident

incident such as an explosion, fire, loss of well control, release of oil, gas or dangerous substances
causing, or with significant potential to cause, damage to facilities, serious personal injury or
widespread persistent degradation of the environment

© IS0 2017 - All rights reserved 5
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3.38

major accident hazard

MAH
hazard wit

3.39

h a potential for causing a major accident (3.37)

maximum allowable annulus surface pressure

MAASP
PMAASP

3.41
operated Y
well for wh

3.42
operating
set of estal

3.43
outflow
fluids that

3.44

ry: Examples of well operating parameters include pressures, temperatures, flowrates.

vell
ich the well operator has control and management of operations

limits
lished criteria, or limits, beyond which a device or pro¢ess should not be operated

flow out of one place to another, typically outof a well

performance standard

statement,
asystem o

3.45

which can be expressed in qualitative or quantitative terms, of the performance require
" item of equipment in order for it-to satisfactorily fulfil its purpose

pressure test

application

of pressure to a pieceef-equipment or a system to verify the pressure containment capab

for the equlipment or system

3.46
primary w
first set of

3.47
productio

rell barrier
well barrier elements that prevent flow from a source of inflow

hcasing

y to

d of

lity

WL LW R E - 3

innermost stFne

[SOURCE: API RP 90, modified]

3.48

production riser
casing strings rising from the seafloor to the wellhead (fixed platforms) or casing strings attached to

the subsea

wellhead rising from seafloor to a surface wellhead (hybrid wells)

© ISO 2017 - All rights reserved
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3.49

production string

completion string

string consisting primarily of production tubing, but also including additional components such as
the surface-controlled subsurface safety valve (SCSSV), gas-lift mandrels, chemical injection and
instrument ports, landing nipples, and packer or packer seal assemblies

Note 1 to entry: The production string is run inside the production casing and is used to conduct production
fluids to the surface.

[SOURCE: API RP 90, modified]

3.5
production tubing
tublng that is run inside the production casing and used to convey produced.'fluidd from the
hydirocarbon-bearing formation to the surface

Not¢ 1 to entry: Tubing can also be used for injection. In some hybrid wells, forexample, tubing |s used as a
congluit for gas for artificial lift below a mudline pack-off tubing hanger to isolate‘the gas-lift pressyre from the
progluction riser.

[SOPRCE: API RP 90, modified]

3.5
reliability
abillity of an item to perform a required function under given conditions for a given time intdrval

3.52
resjdual risk
risK that remains after controls have been impleniented

3.58
risk
conjbination of the consequences of an eyent and the associated likelihood of its occurrence

3.5I:
risk assessment
ovefall process of risk identification, risk analysis and risk evaluation

[SOPRCE: ISO Guide 73:2009, 3.4.1]
3.5p
risk register

too] to record,follow up and close out actions related to relevant assessed risks

Note¢ 1 to entry: Each entry in the risk register typically includes a description of the risk, a description of the
actipn(s), e responsible party, the due date, and status of the action.

Py

3.5
safety-critical element

SCE

part of a facility, including computer programs, whose purpose is to prevent or limit the consequences
of a major accident, or whose failure could cause or contribute substantially to a major accident

Note 1 to entry: Safety critical elements include measures for prevention, detection, control and mitigation
(including personnel protection) of hazards.

[SOURCE: EU Directive 2013/30/EU, modified]
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3.57

secondary well barrier

second set

of well barrier elements that prevent flow from a source of inflow

[SOURCE: API RP 90, modified]

3.58

shut-in well
well with one or more valve(s) closed on the flow path

3.59

subsea wi

I

well completed with a subsea wellhead and a subsea tree

[SOURCE: /
3.60

A\PI RP 90, modified]

subsea wellhead

wellhead t

3.61

nat is installed at or near the seabed

surface casing

casing that

Note 1 to er
mud-line or

is run inside the conductor casing to protect shallow water zones and weaker formation

try: Surface casing can be cemented within the conductor casing and is often cemented back tqg
surface.

Note 2 to enftry: The surface wellhead is normally installed on this casing for surface wells.

[SOURCE: /
3.62

A\PI RP 90, modified]

surveillance

continual,
change fro

checking, supervising, critically observing or determining the status in order to iden
n the performance level required or expected

Note 1 to entry: Examples of well physicalicharacteristics include tubing wall thickness measurements, vi

inspections

3.63

sampling.

suspended well

well that h

hs been temporatily isolated from the producing reservoir

Note 1 to enftry: Componénts above the isolation device are no longer considered flow-wetted.

3.64
sustained
SCP

casingpressure

the

tify

sual

pressure ir

an’annulusthat

a) rebuilds after having been bled down;

b) is not caused solely by temperature fluctuations; and

c) isnota pressure that has been imposed by the well operator

Note 1 to entry: Sustained casing pressure can be present on wells without annular access.

[SOURCE: API RP 90, modified]
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3.65
thermally induced annulus pressure
pressure in an annulus generated by thermal expansion or contraction of trapped fluids

Note 1 to entry: On wells where there is no annulus access, sustained casing pressure can be present.
[SOURCE: API RP 90, modified]

3.66

type testing

testing of a representative specimen (or prototype) of a product which qualifies the design and,
thefefore, valldates the INtegrity of other products of the same design, materials and manytacture

3.6}
verjfication
examination, testing, audit or review to confirm that an activity, product or service is in accordance
with specified requirements

3.68
well abandonment
permanent subsurface isolation to prevent any undesired communieation between any disfinct zones
and| fluid movement out of a well using validated well barriers

3.69
well barrier
system of one or several well barrier elements that containfluids within a well to prevent ucontrolled
flow of fluids within or out of the well

3.7
weﬁi barrier element
WBE

one|of several dependent components that.are combined to form a well barrier

3.71
welll barrier plan
wel] operator’s specific programmefor barrier placement and verification in a well to preventjunplanned
flow during each stage of well-€onstruction, operation, abandonment or decommissioning

3.72
well handover
act jor process that formalises the transfer of a well, and operating responsibility, from one|competent
party to another, in¢luding the requisite data and documents

3.7
well integrity
confainment and prevention of the escape of fluids to subterranean formations or surface

3.7
well integrity management

application of technical, operational and organizational methods to prevent the uncontrolled flow of
fluids at the surface or across subsurface formations throughout the life cycle of the well

3.75
well operator
company that has responsibility for the well

3.76

well operating limits

combination of parameters established by the well operator within which the well should be operated
to ensure that all component specifications, including their applicable design or safety factors and
performance standards, are not violated throughout the well life cycle
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3.77
well status
well’s current operational function

Note 1 to entry: Functions include undergoing construction, in operation (i.e. producing, injecting, shut-in),
undergoing intervention, suspended, or abandoned.

3.78
well stock
portfolio of wells for which the well operator has operating or well integrity assurance responsibility

4 Abbreviated terms

ALARP as low as reasonably practicable

API American Petroleum Institute

ASV annulus safety valve

BOP blow-out preventer

BS&W base sediment and water

ECD equivalent circulating density

ESD emergency shutdown

FIT formation integrity test

FMEA failure modes and effects analysis
FMECA failure mode and effects and criticality analysis
FS formation strength

HPHT high pressure and hightemperature

ID internal diameter:

KPI key performance indicator

LOT leak-offtest

MAASP maXimum allowable annulus surface pressure
MAH major accident hazard

MFL magnetic flux leakage

MOC management of change

NORM naturally occurring radioactive material
NORSOK Norsk Sokkels Konkurranseposisjon

oD outer diameter

OEM original equipment manufacturer

QA quality assurance

QC quality control
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QRA quantitative risk assessment

RACI responsible, accountable, consulted, informed

ROV remotely operated vehicle

SCE safety-critical element

SCP sustained casing pressure

SCSSv surface controlled subsurface safety valve

SPM side pocket mandrel

SIMPPS simultaneous operations

SSChV subsurface controlled subsurface safety valve

SSSy subsurface safety valve

SSV surface safety valve

TO(Q top of cement

TV true vertical depth

WBE well barrier element

WINIS well integrity management system

XLOT extended leak-off test

5 |Common elements of the well integrity life cycle

5.1 General

The phases of the life cycle of afwell have common elements, methods and processes, which dre integral
to tthe management of well-integrity. This clause identifies and discusses these elements,| which are
outlined in Figure 1 in theIntroduction.

Majpr accident hazards-(MAH) and the risks they present to people, the environment and facilities in

the|oil and gas indugstry require stringent management. While this document describes requirements
and recommendations for managing well integrity, it should be realized that well integrity isjan integral
parf of assetintegrity (see Reference [22]) and process safety (see Reference [23]).

if document covers the full well life cycle, including design. Another International Standard closely
ded w1th de51gn is ISO 17776 Wthh establishes the requlrements for the effectlve pldnning and
S d process of
conductmg hazard management rather than prov1d1ng detalled requlrements as to how each individual
activity should be conducted.

Safety-critical elements (SCEs) are the equipment and systems, which provide the basis to manage the
risks associated with MAHs. The proper and reliable functioning of SCEs is hence critical to managing
MAHSs. The well operator should define SCEs in their well designs, taking into consideration applicable
regulatory statutes.

5.2 Well integrity
Well integrity refers to maintaining full control of fluids within a well at all times by employing and

maintaining one or more well barriers to prevent unintended fluid movement between formations with
different pressure regimes or loss of containment to the environment.
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5.3 Well integrity policy

The well operator shall have a policy that defines their commitments and obligations to safeguard
health, safety, environment, asset and reputation with respect to well integrity. This policy will detail
how well integrity is established and preserved through a documented management system that is
applied to all wells under the well operator’s responsibility.

5.4 Well integrity management system

The well operator should have a well 1ntegr1ty management system (WIMS) to ensure that well 1ntegr1ty

is maintain
and organi

The WIMS
risk as
organi
well b3
perfor
well bg
report
manag

contin

5.5 RisK

5.5.1 Ge|

The well o
the risk aj
the conseqg
likelihood

Techniques
integrity-r
ranked bas
ofa‘5x5

zatlonal processes

should address the following elements for the well operator’s well stock:
sessment;

zational structure (roles, responsibilities, accountabilities and competencies);
jrriers;

mance standards;

irrier verification;

ing and documentation;

ement of change process;

lous improvement process;

auditing.

assessment

neral

perator shall identify thie,well integrity hazards over the life cycle of the well and iden
sociated with these~hazards. Risk is defined by the likelihood of event occurrence
uences should theCeyent occur. The well operator should determine acceptance levels
hnd consequencé:

that can be{applied for risk assessment are listed in Annex A. The assessment of a
blated event can be depicted on a risk assessment matrix such that risk can be categorise

[iskcassessment matrix is given in Figure 2.

tify
and
for

vell
1 or

ed onthe’combined effects of consequence and likelihood of event occurrence. An example

Soding +tha all aualc antra chal

For risks e

AL na rio o antanca na eurac—arnd-aitigationc
Abb\/\/lllls CIIC VVvLIl Ul.IL/l uLUl J ubbbl)\.ullbb ICVUIO, CUILILT'UTL lllbﬂdul Co dIiIlu llllLls(A\.lUllJ SIITUUIU

1 be

put in place to reduce the risk to the well operator’s defined risk tolerance level. ALARP principles can
be used to determine whether additional controls or mitigations are required to further reduce the
level of risk.
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often

®

sometimes

seldom

rare

never
occurred
before

- OF : . :
AN . - :
none O minor major severe catagtrophic

ﬁL Increasing Consequence _’

\CO Figure 2 — Example of a risk assessment matrix

S

5.5/2 Ris%@s}er

The well@ator should establish a risk register for all the identified hazards and risks, whlich is to be
ma1n d and communicated to all relevant personnel throughout the well life cycle.

TheTiskregister should contain, butis not [imited to, the Tollowing:
— identified hazards;

— existing safeguards, mitigations and control measures;

— initial risk description(likelihood and consequences);

— plan for implementation of control measures;

— description of risk after control measures.

An example of a risk register can be found in Annex B.
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5.5.3 Well type risk profile

The risks defined in the risk register of the well(s) determine the elements of the well type risk profile
for that given asset.

The well operator may have several different types of wells that are covered by their WIMS; well types
can include e.g. water injectors, gas producers, disposal wells and oil producers. In such circumstances,
especially when developing a field, it can be expedient to develop risk profiles for each well type. The
use of such a risk profile allows consistent management of well barriers.

The well

perator should ensure that resources in its organization are available to manage |
roughout the entire life cycle of the well.

bperator should define the roles and responsibilities for all professiondly supervis

operational and maintenance personnel required for well integrity management. Roles

responsibi

Personnel
(WBEs). D
operator s
competent
phase of th
not reflect

ities should be documented, for example in a RACI matrix (see Annex ().

fompetence requirements are analogous to performance standards:-for'well barrier elemg
fferent competencies are required for the various phases of the well life cycle. The 1
hould ensure that personnel (employees and contractors) involved in WIMS activities
to perform the tasks assigned to them and that competeficies are appropriate for ¢
e well life cycle. An example of a competence matrix is¢iven in Annex D. This matrix d
the full range of competences required, but should berused by the well operator as a b

for developing a more rigorous and comprehensive matrix that' represents the range of wells, t
geographidal locations, the operating regimes and the variou§’skills required for all personnel worl
on well intggrity related activities.

The well operator should define well integrity persanniel competence requirements and the reley
training tof ensure that tasks are carried out in a manner which is safe with regard to the protec
of health, lenvironment and assets. A competence performance record should be maintained

demonstr

NOTE 1
self-study a

q

J

NOTE 2
application
competenci

5.7 Bari

5.7.1 Ge

Barriers ai

es conformance with the competenicy requirements.

ompetence can be gained through a combination of education, training programmes, mentof
hd on-the-job training (transfexr.of experience/expertise).

ee ISO/TS 17969, which_details the requirements of a competence management system
to well operations pefsorinel. The document includes example competence profiles which inc
s directly relevantteell integrity.

iers

neral

vell

o'y,
and

ents
vell
are
ach
oes
hsis
heir
(ing

rant
Fion
that

ing,

and
ude

Lem

e-defined as a combination of components or practices that contribute to the well sys

d €121 €]

reliability
Barriers m
hardw

operat

U lJl CVCllt Ul DtUlJ ullLUlltl U}}Cu I'TUIu 11UVv.,
ay be:
are barriers (equipment which is designed, installed and verified);

ional barriers (monitoring equipment, practices and procedures);

human barriers (competencies, training);

administrative controls (assignment of roles, resource provision, auditing, reviews).

For the purpose of this document, hardware barriers are addressed as well barriers; other barriers are

addressed
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in the respective clauses of this document.
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Assurance that barriers are in place and maintained throughout the well life cycle is the basis for
managing well integrity.

5.7.2 Barrier philosophy

The well operator shall define and document a barrier philosophy that specifies the principles to
maintain control of the well fluids. The philosophy should describe the barriers (well, operational and
human) and administrative controls that will be employed.

A system of multiple barriers and redundancy in well barrier elements is used to achieve a high level of
re]iqhi]ity Well reliabilitv is achieved fhrm]gh the combination of individual barriers as a svstem and is

not|the result of the infallibility of a single component.

5.7)13 Well barriers

5.7]13.1 General

A wgll barrier is a combination of one or several well barrier elements (WBES) that contain flfiids within
a well to prevent uncontrolled flow of fluids within, or out of, a well.

Theverification, maintenance, inspection and testing of well barriersare key aspects of the mpnagement
of well integrity throughout the entire well life cycle.

The well operator should track the status of each well barriekand maintain all well barrier(s) according
to the specified well operating limits.

5.713.2 Well barrier objectives
The objectives of a well barrier are to:
— |withstand the maximum anticipated edmbined loads to which it can be subjected;

— [function as intended in the environments (pressures, temperature, fluids, mechanical stfesses) that
can be encountered throughoutits entire life cycle;

— |prevent uncontrolled flow~of wellbore liquids or gases to the external environment or|within the
wellbore;

— |successfully undergo-scheduled verification tests (may not apply to abandoned wells).

Examples of typieal-well barrier elements, their functions and failure characteristics afe given in
Annex E.

5.713.3 Number of well barriers

At least two independently verified well barriers against uncontrolled outflow, along any pofential flow
or 1 bolzZ ot chonld bho el d ciybhaen o ot oo

CTISC poctT, SOt ot ot ZC O wiIc T O pTractrCaiores

Where it is not practicable to establish two independently verified barriers, a risk assessment should be
performed to confirm that one well barrier provides an acceptable level of risk to maintain containment,
including consideration of subsurface flow and the well’s capability of flowing to surface.

The primary well barrier is typically the first set of well barrier elements exposed to the pressure
source. The secondary well barrier is typically not exposed to the produced fluid or pressure but
provides redundancy in the case of primary barrier failure. Examples of barrier diagrams per phase of
operation are presented in Annex F.
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5.7.3.4 Primary well barrier

For a well, the primary well barrier is typically, but not exclusively, composed of one or more of the
following WBEs subject to the applicable life cycle phase:

— cap rock;

— drilling fluids;

— casing

cement;

— produr‘h oncasing;

— produ

— complg

tion packer;

ption string;

— SSSV dr tree master valve.

5.7.3.5 §

econdary well barrier

The secondary well barrier is typically, but not exclusively, composed of ene-or more of the folloy

WBEs subj

bct to the applicable life cycle phase;

— imperineable formation;

— complg
— casing
— blow-g
— casing
— wellhe
— tubing]
— tree aj

— actuat

etion fluids;

cement;

ut preventers;

with hanger and seal assembly;
ad with valves;

hanger with seals;

d tree connection;

bd tree wing valve opmaster valve.

5.7.3.6 Well barrier schematic

The well o
which also
constructi

The WBS n

berator shauld document the well barriers employed using a well barrier schematic (W
identifiés)the WBEs of each well barrier and the verification tests performed during
n phasée."A WBS can be used for an individual well or a well type.

otmally contains the following types of information:

ing

BS),
the

a) adrawing illustrating the primary and secondary well barriers;

b) formation integrity, when the formation is part of a well barrier;

c) reserv

oirs/potential sources of inflow;

d) tabulated listing of WBEs with initial verification and monitoring requirements against
performance standards;

e) dimensions and depth labelling (TVD and MD) for all tubular goods and cement (including TOC)
defined as WBEs;

f) calculated MAASP value for each annulus;
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maximum allowable tubing head pressure;

well information including field/installation, well name, well type, well status, well/section design

» o«

pressure, revision number and date, “Prepared by”, “Verified/Approved by”;
clear labelling of actual well barrier status, planned or as-constructed;
common WBEs across barriers;

a note field for important well integrity information (anomalies, exemptions, etc.).

An 3Y;\mplp of a WRS is prpcpnfpd in Annex F

5.7

Op¢d
wot

4  Operational barriers

rational barriers are designed to prevent deviations from safe working practices, afd to place
ksite controls into operation on equipment and work methods in order te~avoid human-related

Ex

5.7

Hur
and|

Examples of human barriers are:

Thd
tol

errll;‘s causing accidents or contributing to a hazard.

ples of operational barriers are:
detection and monitoring equipment;
processes and work instructions;
safety isolations and interlocks;

permit-to-work system.

5 Human barriers

han barriers are the skills and knowledgé-given to individuals to recognize hazards or deviations,
to take appropriate mitigating actions‘{response).

training;

recognition and response;

skills and competencies for response to risk;
experience;

supervisory-skills.

desigirand layout of equipment and their interfaces with personnel should be considerg¢d, in order
mith@iman error.

5.7.

6 Administrative controls

An organization provides the structure and culture in which well integrity and its management are
performed. As a part of this structure, administrative controls provide information on, support of and
control of activities which are directly or indirectly related to well integrity.

Exa

mples of administrative controls are:
design standards;
materials handling standards;

procedures and policy manuals;
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— change processes/escalation of decisions;

— quality assurance programme.

5.7.7 Impactbarriers

Impact barriers are usually employed to prevent damage to primary and secondary well barriers as
a result of some external impact. Such barriers can typically be conductors, crash frames, trawl net
deflectors, concrete barricades and fencing.

5.8 Performancestandardsforequipment———mm————

5.8.1 Gepneral

In well integrity management there are several kinds of performance standards. These performgnce
standards fypically specify requirements in the following areas:

— people standards for competence assessment;
— equipment (WBE): equipment performance standards and specifications;
— managgment system: standards defining key performanceindicators and audits.

This subclduse focuses on the performance standards for equipment{Other standards and requiremgnts
are coveredl in other subclauses.

The well dperator should define performance standards for"WBEs for each well type. Performgnce
standards,|supported by the risk assessment, are the basis for their design and selection, as well ag for
the development of maintenance and monitoring requifements.

The criterip to be determined for an equipment pefformance standard are the following:
a) functi:[nality — what the equipment is required to do in order to establish and maintain integrjty;

b) availability — ability of an item to"be in a state to perform a required function under gjven
conditjons at a given instant of tixfie; or on average over a given time;

c) reliability — the probability that the equipment will operate on demand when required to maintain
integrity;

d) survivpbility — the ability of a component, a piece of equipment or a system to remain functignal
for a specified period'when under attack from identified external loading events associated with a
major pAccident;

e) interagtions.and dependencies with other equipment that is critical for functionality.

Equipment] performance standards should be developed over time, as the well-type definition evolves
and as risk and hazard studies are conducted to demonstrate the level of performance necessary for
each WBE to perform its role in controlling risk. The well barriers, WBEs and equipment performance
standards should be fully established by the end of the well design stage. The performance standards
should specify the periodic inspection, maintenance and testing requirements.

An example of a performance standard is given in Annex G.

5.8.2 Well operating limits

Well operating limits are a combination of the criteria established by the well operator to ensure
that the well remains within its design limits and its performance standard in order to maintain well
integrity throughout the well life cycle.
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The well operator should establish well operating limits for each well type as a part of the WIMS. Any
changes in well configuration, condition, life cycle phase or status require the well operating limits to
be checked and potentially updated.

The well operator should clearly define the following:
— responsibilities for establishing, maintaining, reviewing and approving the well operating limits;

— how each of the well operating-limit parameters should be monitored and recorded during periods
when the well is constructed, operational, shut-in or suspended;

_ 3 ok £l Lald P £, £l 11 A3 N 3t

I b\.iull CIIICIILO 1TUlL Clll_y CIIT COIIUIU ODLLIIISD ITUL LIICT VVUTIl UlJbl auus ITITIILS,
— |actions that should be taken in the event a well parameter is approaching its defined thijeshold;
— |actions, notifications and investigations required if well operating limit thresholds are dxceeded;

— |safety systems that are necessary to protect against exceeding the well operating limits
5.9 Well barrier verification

5.9/1 General

A verification test is a check whether or not a WBE meets its.aceceptance criteria. It includes| (but is not
lim{ted to) function testing, leak testing, axial load testing (tension and/or compression) anid well load
cas¢ modelling verification.

5.9{2 Function testing

5.9/2.1 General

Function testing is a check as to whether or not a well barrier or system is operating as intended. It
shopld be realistic, objective, and the.résults should be recorded.

In ¢ases where it is neither practical nor possible to perform a leak test, function testing may be
acc¢pted on its own as verification testing.

5.9{2.2 Function testing of valves

On manual valves, the function test indicates that the valve cycles (opens and closes) correctly by
coupting the turns of the handle and verifying that the valves cycle smoothly. On actuated|valves, the
testl measuresithe opening and closing times and also confirms that the stem travels the fulll distance.
The function'test does not provide information about possible leakage of the valve.

Function\testing of ESD/SSV valves may be carried out as defined in API/Std 6AV2. This nlethod may
alsq be,applied to onshore wellhead and tree ESDs.

For some valves, where it is not possible to observe movement of the valve’s stem, it may be possible
to verify its correct functioning by observing the hydraulic signature (the control line pressure data
and hydraulic fluid actuation volumes). Examples of the hydraulic signature of a surface-controlled
subsurface safety valve (SCSSV) and a valve of a subsea tree are shown in Annex H.

5.9.3 Barrier verification testing

5.9.3.1 General

Barrier verification testing is the application of a differential pressure to ascertain the integrity of the
sealing system of the component that is part of a barrier system. Differential pressure can be obtained
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by either pressure testing or inflow testing. An example of leak rate determination is provided in

Annex .

The well operator should define the assessment methods of testing, for example:

a)

observation of flow against defined acceptance criteria; or

b) monitoring of pressure changes against defined acceptance criteria.

5.9.3.2 Pressure testing

Pressure t
sealing int

Fluids intr
not affect v
to freeze iy

This may i
— usingt

increa

adding

FSTing 1s the application of a pressure Irom a KNnown source to ascertain the mechanical
pority of the component.

bduced into the well, annuli and voids during testing should be assessed to ensuré they
vell integrity, for example the possible introduction of sulfate-reducing bacteria-or the ab
low temperature environments.

wolve:
reated water (e.g. with low chloride and sulfur contents);
5ing the pH of the test media;

a biocide and oxygen scavenger to the test media;

using

5933 1

Inflow tes
formation
cement, ca

The pressu

n-freezing fluids such as brines or hydrocarbons;

ILO
considering the use of an inert gas, such as nitrogen.

nflow testing

bing and seals are considered clgSed).

re downstream (i.e. on the.side of the WBE opposite to the remote pressure source) of]

WBE is reduced to create a pressure(differential across it, and the volume downstream is monitored

a pressure

In the case
valve is fu
the actuati
function, s

Subsurface
the manufj

increase that indicates aleak.

of a successful valve inflow test, it can be assumed that the actuation system to close
hctioning to the‘extent that the valve closes. However, it does not necessarily confirm
pn system itselfds functioning in accordance with its operating parameters, such as time
Lfficient accumulator capacity, operating pressure, etc.

safety"valves can be verified only by an inflow test after closing the valve in accordance yj

[ing, or negative testing, utilises preSsure from an existing source such as reservoif
pressure. A WBE that is normally open is tested in the closed position (elements such as

hnd

r do
lity

or

the
for

that
that
_tO_

vith
ften

icturer’s procedures. Inflow testing of subsurface controlled subsurface safety valves o

requires t}

dtphe well be lined up to a low-pressure test separator or a flare to simulate uncontrolled

flow-to-surface conditions. If unable to perform inflow testing, the well operator should maintain such

valves by e

stablishing a replacement frequency (guidance can be found in ISO 10417).

5.9.4 Direction of flow

A component should preferably be tested in the direction of flow. If this is impossible or impractical, a
test of the component in the opposite flow direction should be performed. The test in the opposite flow
direction can be of limited value in establishing the component’s ability to seal in the direction of flow.
Any component tested in the opposite direction of flow should have this documented.
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5.9.5 Effects of temperature

The effects of temperature changes should be taken into account, especially in subsea or arctic
situations, since the wellbore, flow lines, manifolds, risers, etc., cool down quickly when remotely
actuated valves are closed.

Temperature effects can influence leak test results and mask actual barrier performance, causing
inaccurate leak test interpretation. The duration of the test might have to be reviewed.

In these cases, establishing a leak test might not be possible and it may be necessary for valve testing
to rely on indirect indications, such as the temperature itself or interpretation of control-line pressure
response characteristics.

5.9/6 Modelling verification

Certain WBEs might have to be verified by suitable modelling or type testingyat the delsign stage,
singe operational testing might not be practical or achievable. Examples of such’modelling and testing
activities include:

— |wave load impact on conductors;
— |slam closure rates for SSSV’s;

— |establishing performance requirements of anticipated casing design, where it is undesirable to
pressure test against a cemented shoe.

Duiling the operational life cycle, periodic inspection of the physical condition of equipmént may be
performed to check for evidence of degradation. Modélling of the effects of the degradatjon may be
confidered.

5.10 Reporting and documentation

5.10.1 General

Datp related to well design, construction, operation, maintenance and permanent abandonnent should
be maintained and accessible throughout the life cycle of the well.

Theg well operator should define:
— |the information and’records about a well which are necessary to be recorded and stored;
— |personnel responsible for data collection and document management;
— |the length)of time that records are to be retained.

Theg well'integrity record system should contain:

— La rnpncifnry fordata and prnvidp accesstodata and documents for all apprnvpr‘l users;

— adocumented process and procedures for controlling and updating data and documents;

— data / document maintenance features to combat degradation and ensure software (where used)
interchangeability.

5.10.2 Well integrity status reporting

The well operator should define the reporting requirements to monitor the status of well integrity.
These may include, but are not limited to:

— routine reports issued on a predefined periodic basis (e.g. monthly, quarterly or annually) reflecting
the well integrity activities and issues addressed;
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— reporting on the identified key performance indicators (KPIs) (see 5.12.1);

— event-specific well integrity incidents and investigation reports;
— reporting to the government/regulator as required by local legislation.

The well operator should define the scope, recipients and requirements for acknowledgement of receipt
of all such reports.

Topics covered in the reports may include, but are not limited to, the following:

— previous well reviews_or ad hoc well reviews:

— changgs to the original boundary conditions;

— changg in the well function;

— changgs in the well fluid composition;

— changg or possible degradation of well and well-related hardware;
— MOC nptices;

— well d¢viations;

— well bgrriers;

— well integrity issues;

— scale dr corrosion issues;

— wear and tear to hardware and equipment;

— accidental damage to hardware and equipment;
— equiprhent obsolescence;

— loss of|barrier or containment;

— enviropmentally related changes;

— statut<[:“y or legislative changes;

— changgs in local proceduses and standards;

— advanges in technology that may be implemented;

— changgs to thendesign and/or design limits of equipment/material, e.g. latest manufactuier’s
bulletins or\industry standards;

— repairs to/and replacements of, well components, from valve parts to complete work over:

— relevantequipmentmaintenanceinformationinordertoimprove equipmenttechnical specifications,
reliability data and/or preventative maintenance intervals;

— changes to the well operating envelope, such as an MAASP review;

— risk register updates.

5.10.3 Well life cycle phase deliverables

At the end of each phase in the well life cycle, requirements for documentation, certification and
verification shall be met to ensure that management of well integrity is maintained.
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There are also instances, depending on the well operator’s organization, of transfers of responsibility
within a well life cycle phase. These instances have requirements regarding the stewardship of
information and maintenance of the well integrity. The well operator should define these requirements
within its WIMS.

5.10.4 Well handover process

The well operator should define the accountability and responsibility for the well during its life cycle
and the well handover process requirements.

Wekbm@@ﬁmammm&nmmmmmgﬁponsibﬂity
fromn one functional group to another and is endorsed by the use of related well handover de¢umentation.

The process should define the relevant handover phases. The phases at which the-wel] handover
typlcally occur are at least at the following transitions:

a) |well construction phase to well operational phase;

b) |well operational phase to well intervention and workover phase, ‘including mainfenance or
servicing, and back to well operational phase;

c) |well operational phase to abandonment phase.

The well operator should record the well operating limitsCand WBE status in the wel] handover
documentation. As a part of the well handover documentation (see Annex J), the well operdtor should
have a current WBS, or similar method of documenting well'barriers (see Annex F).

Harnldover documentation should include only those itefis that are appropriate and capture apy changes
in the well’s configuration, operating limits and known hazards (see Annex]).

The well operator should nominate competent personnel to be responsible for preparing, vefifying and
accepting the well handover documentation. These persons should sign and date the docymentation
accordingly.

5.11 Management of change

5.11.1 General

Theg well operator shall-apply a management of change (MOC) process to address and record|changes to
well integrity requirements for an individual well or to the well integrity management systejm.

5.11.2 MOC precess
Thg MOC preeess should include the following steps.

a) |ldentify a requirement for change.

b) Identify the impact of the change and the key stakeholders involved. This includes identifying
what standards, procedures, work practices, process systems, drawings, etc. would be impacted
by the change.

c) Perform an appropriate level of risk assessment in accordance with the well operator risk
assessment process (see Annex A). This includes:

— identifying the change in risk level(s) via use of a risk assessment matrix or other means;

— identifying additional preventive and mitigating measures that can be applied to reduce the
risk level;

— identifying the residual risk of implementing the change/deviation;
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— reviewing the residual risk level against the well operator’s risk tolerability/ALARP acceptance
criteria;

dating the risk register accordingly.

d) Submitthe MOC proposal for review and approval in accordance with the well operator’s MOC system.

e) Communicate and record the approved MOC.

f)
At the end

Implement the approved MOC.

for

review and
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Setting, tracking and regularly reviewing these metrics aids in:

— determining the effectiveness of the WIMS as currently implemented;

— identifying general trends regarding the reliability of the well stock;

— identifying general trends regarding the well integrity risk posed by the well stock.

The well operator should determine KPIs and a suitable review frequency that are appropriate to track
the effectiveness of the WIMS. These should be based on metrics that are aligned to critical objectives
of the WIMS. Examples are given in Annex K. This allows monitoring of both the performance of well

. t 1y PR 1 il £c b . s o 3 sy fy
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5.12.3 Lessons learned

Duijing the life cycle of the well, improvements that can be made to processes, precedures, designs and
equiipment will likely be identified.

The well operator should establish a formal process for capturing and“documenting sych lessons
leaiined, in order to aid in the continuous improvement process.

5.13 Auditing

5.18.1 General

The well operator should establish an audit process to demonstrate conformance with the (WIMS. The
audjit reports should provide an indication as to whicl’ parts of the WIMS are functioning adequately,
and which parts need further action.

5.18.2 Audit process

Each element of the WIMS should bethe subject of an audit. The frequency of audits|should be
established by the well operator, or asxequired by local regulation.

Each audit should have clearly defined terms of reference focused on testing conformande with the
WIMS and the effectiveness ofineeting the objectives of the WIMS.

The audit objectives, scope and criteria should be agreed in advance.

The audit team leaderisresponsible for performing the audit, and should be independent from the work
profess being audited.

The resultant ‘audit report should identify any observed deficiencies and make recommendations to
addfress such.deficiencies.

The well' operator management team responsible for well integrity should review|the audit
recominendations, and assign and track progress on action items as appropriate.

6 Basis of design phase

6.1 Basis of design phase objectives

The primary objective of the basis of design phase is to develop a basis of design that meets the
functional requirements of the well, while also creating and sustaining well integrity through the
entire life cycle. The elements of this phase are detailed in Figure 3. This work should be performed by
a competent team that understands and assesses the conditions that affect the planned well and the
functional requirements of the well over its life cycle, in order to identify potential hazards and to define
appropriate barriers that are capable of controlling or mitigating these hazards and associated risks.
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The work should follow a structured process with specific requirements, such that well integrity is
achieved through the whole well life cycle.

6.2 Organizational structure and tasl&@‘*‘

The resout
to ensure
mitigation i&}t

collaboration among individuaéi vith the relevant functional skills. The skill and experience leyels
required o

Typical are

Elements common to all phases

Well integrity

Well integrity management
Well integrity policy

Risk assessment

geolog]
reservi

drillin

Organisational structure Reporting & documentation
Well barriers Management of change
Performance standards Continuous improvement
Well barrier verification Auditing

Well integrity life cycle phases

sufficient time and comp

b considered over the 1

Fthe individuals d

ces and functional skills negdeg)to carry out the basis of design phase should be delEE:ed

N\
as where func,é.@al skills are needed include the following:
Y, geophysiqggeochemistry, geomechanics, petrophysics;
pir a@duetion engineering;

gﬁé%l testing, completion, subsea engineering;

Optional workflow a

Lessons
learned

Figure 3 — Basis &@esign phase

xO

e levels for identifying the risks, hazards and approprjate

he well. In most organizations, this task is addressed through

on the particular challenges of the well.

facilities, production operations;

intervention, workover and abandonment activities;

well maintenance/inspection and well integrity technical reviews.

Each general function may require further consultation with more specific sub-specialities in some
applications (e.g. HPHT, environmental, deep-water and sour conditions).
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The well operator should define the competence requirements and assign the appropriate personnel to
undertake the following tasks:

a) define the well objectives, such as the subsurface target, and well type (producer, injector, gas
or oil), life expectancy and productivity or injection capability with the anticipated effluent

b)

composition, and possible changes over the life cycle;

identify the anticipated rock mechanical and subsurface hazards that can threaten well integrity

over the anticipated life cycle of the well, e.g. faults, fractures, pore pressures, temper

ature, HyS,

COy, solids production, shallow gas, high pressure stringers, chalks, moving salts, permafrost,

subsidence, earthquakes;

e)

provide any information pertaining to surface hazards and anticipated changes that
well integrity over the anticipated life cycle of the well, e.g. location, environment;‘'urba
proximity to lakes, rivers, subsea, offshore, risk of ordnance, other operations or
activities, risk of subsidence, flooding;

identify the hazards associated with existing wellbores, abandoned wells) condition o
wells, related environmental issues, directional well path, etc.;

provide a combined hazard risk register from the identified and eobfirmed hazards for s
subsurface conditions for the basis of design.

Typiical sources of relevant input include:

1y

2)

3)
4)
The

haz

6.3

The
and
ove
int
Ad
che

offset wells, field operation history (downhole samples, formation pore pressures an
subsurface hazards);

local studies of surface and subsurface conditions (seismic, reservoir model, seafloor, t
subsidence) that can affect well integrity during the life cycle;

lessons learned with respect to well integrity from other wells or projects in similar cor
anticipated life cycle changes or well'operating limits that can affect well integrity.

information should be used to otitline the basis of design for the well to identify risks and
hrds with respect to well intégrity.

Well barriers

well barrier assurance process in the basis of design phase consists of identifying potent

I the well lifé eycle in accordance with the well operator’s barrier philosophy and the re
nis document.

bscription of the system for well barrier monitoring, pressure management and the ne
mical injection and inhibition should be included.

can affect
n planning,
industrial

f the offset

urface and

| strength,

bpography,

ditions;

associated

ial hazards

defining appropriate barriers that are capable of controlling both subsurface and surfzjlce hazards

uirements

ed for any

6.4

Hazard identification and assessment

A key objective of the basis of design phase is to identify the hazards related to well integrity. Annex L
contains an example of a checklist to aid in the identification of potential hazards.

The level of detail should reflect this objective and, therefore, focus on identifying hazards that:

— represent a significant contribution to overall risk if the project is realized (i.e. potentially

unacceptable risk);

— require control and mitigation through special attention and follow-up in the design phase to

achieve an acceptable risk level.

The hazards identified should be captured and documented in a risk register.
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6.5 Well integrity considerations for the basis of design

6.5.1 General information to be provided

The basis of design should contain the following information:
— project name;

— well location and target:

1) latitude/longitude of all targets,

2) target TVD depths;
3) tafget formation information (name and type of formation);
— subsuface architecture (vertical/deviated/horizontal);
— well type (gas-lift, oil producer, water injector, gas producer, etc.);
— design|pressures:
1) maximum and minimum anticipated pore pressures over the welllife cycle;
2) formation fracture pressures or gradients;
3) maximum expected wellhead pressures (flowing, shut-injor injection);
4) maximum and minimum expected reservoir pressur€over the well life cycle;
— produgtion limits:
1) maximum and minimum expected production rates (gas/oil/water);

2) expected range of fluid type compesitions to be produced or injected (e.g. sweet, spur,
cofrosive, solids content);

3) strategy of stimulation/test/treatinents and description of chemicals;
4) expected surface and subsurface maximum and minimum temperatures;

— requirpd well operating life,-in years.

6.5.2 Well objectives-and life cycle

Well objectives, and associated well integrity hazards over the well life cycle, should be defined by
the draindge strategy, including any improved recovery methods. This includes a descriptiop of
requirementsAor artificial lift, injectors for pressure support, any disposal wells and any anticipdted
changes or|ungertainties during the well life cycle.

Activities needed to be performed in the well over its lifetime should be defined. This could be planned
recompletion, conversion of producers to injectors, re-use of well by side-tracking, deepening to new
targets, and changes in objectives, planned logging and intervention activities, etc.

6.5.3 Inflow requirements

Inflow aspects of the well that could influence well integrity should be included in this part of the basis
of design, for example:

— Upper completion type: this should state if the well is a single or multi-string completion. A conceptual
completion schematic/sketch may be included (as part of the supporting documentation).

— Lower completion type, e.g. cemented, mono-bore, open-hole.
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— Sand control: sand failure assessment documentation should be included as part of the supporting
documentation. If sand control is required, the methods of sand management should be included
at this point. This may include screen selection, gravel selection, clean-up strategy, deployment
strategy, etc.

— Perforation: if perforations are required, the target intervals should be provided at this point.

— Any zonal isolation requirements due to different reservoir parameters or pressure regimes.

6.5.4 Outflow requirements

Aspects of the well outflow that influence production should be included in this part of| the basis of
des|gn, such as:

— [flow requirements for production/injection;
— |recompletion requirements over the lifetime of the well to accommodate changes in floy regime;

— |requirements for chemical injection and/or artificial lift.

6.5)5 Well location and targets

The well location and targets should be described. This includes description of different logations and
targets, with their associated identified hazards, as well as any/expected changes during thg life cycle.
The well location should include the surface location, i.e. pad-size, platform configuration, slot location
and| subsea topography.

6.56 Prognoses regarding geological formations, pore pressure, formation strength and
temperature

A description of the expected formatiops and fluids, pore pressures, formation strength and
temperatures to be encountered, including'their uncertainty, should be provided. Annex M grovides an
example of a plot of pore pressure versus formation strength. The level of detail depends oh well type
and complexity.

Thd information should cover subsurface aquifers and hazards, faults and high pressure stfingers, i.e.
pore pressure prediction, freshwater zone protection, stratigraphic prognosis, well orierjtation and
length of penetration through production zone.

6.5)7 Data acquisition requirements

The requirements-for well integrity data acquisition during the construction and operatjion phases
sholild be outlified in this part of the well basis of design. This should include:

a) |identifying data acquisition requirements during the construction of the well;

This should indicate what data are required during construction for each well section, dnd specify
whether a cement evaluation log, an extended leak-off test, a saturation log, gamma ray logs, etc.,
are required.

b) identifying data acquisition requirements during the operation of the well, related to monitoring of
barrier performance.

This should indicate what data are required over the lifetime operation of the well, and should
specify whether fibre optics, downhole pressure gauges, control sensors, etc. are required as part of
the well design.
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6.5.8 Other considerations for well integrity

Other information may be required to ensure that the well design provides the required isolation,
systems for maintenance and condition monitoring of the well barriers, as well as the well barriers for
future abandonment. This includes information pertinent to the casing and completion design. Special
considerations that are taken into account should be captured here, for example:

— any requirements for maximum and minimum well operating limits;

— well integrity isolation requirements related to identified risks, e.g. minimum formation strength at
packer setting depth to avoid risk of out-of-zone injection, ground water isolation requirements;

— any SCSSV requirements, such as setting depth, due to e.g. the risk of hydrate and solids depgsitjion;

— reservpir compaction and stresses that can affect integrity, such as shifting clay or salts; moying
permalfrost, other tectonic movement or subsidence risk;

— cemenfting and casing requirements to protect against corrosive aquifer and.éxternal corrogion
protection of surface casing;

— special considerations that can affect barrier design, e.g. artificial lift, single<barrier wells;

— cemenfing requirements, including minimum casing and plug cément heights and logging
requirgments, as well as the remedial cementing strategy;

— local regulations affecting well design;

— requirpments and available systems for well barrier monitoring and monitoring of paramefers
affectipg well integrity (sand production, H,S content,pressure, temperature, scale, paraffin, eftc.);

— intendpd operating and maintenance philosophy;
— cap rogk thickness and depth relative to top oficement column;

— time t¢ gain access to the well.

6.5.9 Prpduction and injection characteristics affecting well integrity through the life cycle

All data sHould be listed that are(pertinent to the operation of the well over its lifetime. A life cycle
productior] forecast, productien, profile and/or injection rates/profiles should be included. Any
productior] parameter information that could affect the well integrity should be included, for exampple:

— expec]fd flow/injection Tates for oil/gas/water and their expected ratios;

— deposits likely tovoccur in the well, such as scale, wax, asphaltene, hydrates, NORM, mercapfan,
merculy, etc,

— expectled microbial-induced corrosion;

— anticipated produced fluid composition, e.g. H2S, CO», solids;

— anticipated injection fluid composition, e.g. oxygen, sulfate, solids content.

6.6 Quality assurance and approval process

There should be a cross functional quality assurance process that approves the final basis of design
with documented assumptions and defined data origins.

6.7 Deliverables

The deliverables of this part of the well life cycle are the basis of design with the supporting risk register.
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The basis of design should contain the documentation required for detailed design as described in 6.5.
The risk register should be attached and the main hazards highlighted. An example of a risk register
template is found in Annex B.

Well design options should be clearly identified, described and evaluated. As part of these options,
robust well design and well integrity management through the life cycle should be especially taken into
consideration (see 7.3).

7 Well design phase

7.1 Well design phase objectives ,<\

At the well design phase, consideration should be given to well integrity over the well l(&ycl b, including
any|future interventions and well abandonment. The well should be designed so tl}'ét the wdll integrity
can|be managed for the life cycle of the well. Well integrity aspects of the design.should be [focused on
managing the hardware and systems that make up the well barriers for th l@f;e cycle. The ipput to the
wel] design phase is the “basis of design” document from the well basis of’design phase, together with
the|supporting risk register. The risk register should be updated in th@ell design phase gs the risks

areladdressed. The elements of this phase are detailed in Figure 4. \C)

Itisfrecommended that the well operator perform a review of tth\/@l design to ensure that all identified
hazprds, risks, controls and mitigations have been addressedo

Elements common t¢ all phases

Well integrity Organisational st7»:cture Reporting & documentation
Well integrity management Well barriers Management of change

Well integrity policy Performance standards Continuous improvenient
Risk assessment Well barrier verification Auditing

Well integrity life cycle phases

\\
C) ﬁ F Optional workflow

o B

_ = |
learned

Figure 4 — Well design phase

7.2 Organizational structure and tasks

The well operator should define the minimum well integrity competence requirements and
qualifications of personnel utilized to accomplish the requirements of the well design phase.
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Typical examples of functional skills that are needed include the following:
— drilling engineering;

— well-testing engineering, completion engineering, subsea engineering;
— geology, geophysics, geochemistry, geomechanics, petrophysics;

— reservoir engineering;

— production engineering;

— risk ajiessment and management;
— well integrity engineering;

— fluids engineering (e.g. drilling, completion, packer, cementing fluids).

The well gperator should define the competence requirements and assign appropriate personnd

fulfil the fdllowing tasks within the well design phase;
— casing|design;

— complg¢tion design;

— analysjs of pore pressures and rock mechanics;
— drilling and completion operations;

— well testing operations;

— well d¢sign risk management;

— material selection including corrosion and erosion analysis;
— load cgse analysis;

— specification of well and completion equipment;
— design|and installation of well barriers;

— flow agsurance;

— control and telemetry design;

— data ag¢quisition désign;

— well life cycle considerations;

— subsed design, including wellhead fatigue (if required);

— cementing design;
— abandonment (see Clause 11).

NOTE See ISO/TS 17969.
7.3 Risk controls in well design

7.3.1 Riskregister

l to

The risk register from the basis of design phase summarizes the hazards identified in the basis of design
document. Additional hazards may be identified during the well design process. All these hazards, and
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their associated risks, should be addressed and mitigated, as required, in the well design phase. An
example of the risk register can be found in Annex B.

The risk register is updated during the design phase.

7.3.

2 Lessons learned

Often valuable information and insight can be gained by analysing previous wells and especially
the problems encountered in establishing and maintaining well integrity throughout the life cycle.
Consideration should be given to creating a formal process in order to capture these lessons learned

an

7.3

The
wel
the

Act

feedback the information into the dpcign phase for new wells

3 Well life cycle risk considerations

design phase should consider risks associated with activities that may be performed
life cycle that affect well integrity. This includes designing for identified hazards in orde
risks to an acceptable level such that the well is fit for its intended purpos€throughout it

vities and risks to be considered include, but are not limited to:

during the
r to reduce
s life cycle.

future intervention to conduct well integrity remediation: frequency, type, deck loading, crane

capacity, well trajectory, BOP loading of subsea wellheads etc.;

well suspension;

change of use (e.g. conversion of producer to injecton, introduction of gas lift, installation of ESPs);

well monitoring and surveillance:

1) annulus and production/injection tubing monitoring (e.g. temperature, pres
sampling);

2) surveillance frequency;

3) assessment of well barrief(s) condition using downhole logging techniques (e.g|
calliper surveys);

annulus access on subsea.wells;

need for inhibitor injec¢tion, glycol injection;
hydrate controls;

well activitiés leading to casing wear;

risk oftrapped annulus pressures in subsea wells;

risk of wellbore collision while drilling in the proximity of neighbouring wells;

sure, fluid

MFL logs,

risk of fracturing into adjacent, abandoned or legacy wells, either while injecting
stimulation;

risk of imposed high pressure from activities in adjacent wells;
risk of fracturing into unplanned zones, cap rock or cement;
risk of subsidence or compaction of the formation due to production;

future abandonment.

Annex L provides an example of a hazard checklist.
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7.3.4 Additional considerations during well design

7.3.4.1 General

The design phase should consider factors associated with the well’s surroundings that can influence
the well integrity for the duration of the well life.

7.3.4.2 Corrosion and erosion mechanisms

Consideration should be given to the following corrosion and erosion risks and the implementation of
life cycle comtrotmeasurestomitigate themrasappropriate:

— intern
COz co
H>S co

stress

format
other (

Corrosion,
well fluids

microl
sand/s

acid cd

hl oxygen-related corrosion;

[

cracking, for example caused by bromide mud, thread compound, chloride or H3S;

rosion;

rosion;

ial-induced corrosion (MIC);
olids production;

rrosion (e.g. from stimulation fluids);

compaltibility between components (e.g. galvanic corrosion,chemical reactions between elastom
materi

als and completion fluids);
ion of emulsion, scale, wax and hydrate deposits;
hemical corrosion.

erosion and fluid compatibility models can be used to assess the level of risk posed by
to all WBEs, and should form the-basis of material selection and of methods of control fon

produced flluids, injection fluids, artificial lift fluids, control line fluids, completion / packer fluids

production

For each w
erosion. Su
load cases
based on t
with ISO 13

7.3.4.3 H

Considerat
of life cycle

chemicals.

rell barrier element, thé well operator should establish and document acceptable limit]
ch limits should be based on the preservation of well integrity for the defined well life-c
Flow and velocity-limits should be stated in the well operating limits (see 7.5), should
he forecast wellbore fluid composition and solids content, and should be set in accordd
703, NORSOKP-001, DNV RP 0501, API RP 14E or by applying similar standards / techniq

xternalhand environmental hazards

ior should be given to the following external and environmental risks and the implementat

eric

the
the
and

s of
ycle
| be
nce
Lies.

—

on

control measures to mitigate them as appropriate:

extern
extern

extern

point 1

34

al corrosion of structural components due to atmosphere;
al corrosion of structural components due to marine environment;

al corrosion of casing due to corrosive aquifers;

fatigue of structural components due to mechanical cyclic loading;
fatigue of structural components due to wave motion loads;

fatigue of subsea wellhead due to drilling or intervention activities;

oading from non-uniform loads;
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— impact of cyclic/thermal loading on strength of soil supporting the well;

— external loads on wells as a result of seismic activity, or movement of faults;
— compaction/subsidence loads;

— formation induced shear or collapse;

— mechanical structural damage as a result of dropped objects;

— mechanical structural damage associated with collisions (e.g. ships or vehicles);

— |sabotage, wilful damage or theft.

7.3/4.4 Analysis of load cases

Theg well operator should consider the effects of various individual and gombined lodds on the
conjponents that make up the well. The well should be designed to meet all anticipated loading scenarios
thrpughout the well life cycle.

Parpmeters to consider may include, but are not limited to:
— |internal pressure;

— |external pressure;

— |temperature;

— |tension;

— |torsion;

— |impact;

— |bending;

— |vibration;

— |compression;

— |wave and current loads;

— |fatigue loads as@aresult of cycling:
1) pressurecycling;

2) temperature (thermal) cycling;

3)Awave cycling;

#4)bending Moment cycing;
— point loading from non-uniform loads;
— formation induced shear or collapse.

The well operator should consider the following activities and load scenarios that can occur throughout
the well life cycle:

— drilling;
— completions;

— production;
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7.4 Well

741 Ge
Well barrisg
The well b{

a) wellb
the we
b) the fin
of the
c) well b
d) well b3
e) well b3
Additional

flow potential;

pressure testing;

evacuation of tubing/casing;

injection;

well ki

11;

well intervention;

well st
well su

well al

meet t
source

prever

prever
life cyq

imulation;
spension;

andonment.
barriers

neral

irriers for the well life cycle include:

hrriers that are needed during each stage of the well.econstruction process, as describe
[l barrier plan;

hl well barrier system that is constructed, verified and handed over for the operational p}
vell life cycle;

irriers that are in place during well intervention;
irriers that are needed during final\well abandonment;
irriers remaining after well abandonment.

y, well barriers should be'designed to:

he requirements for'the life cycle phases (for outflow and zonal isolation) for all poter
s of inflow during'the entire life cycle, including abandonment;

t the development of sustained casing pressure (SCP) over the well life cycle;

t contamination of any aquifers from wellbore by produced or injected fluids over the |
le;

prever

rs should be defined for the well life cycle in accordance with the recommendations of 5J7.3

1 in

ase

tial

vell

tundesired fluid communication between any distinct zones;

meeta

1l applicable regulatory requirements;

adhere to applicable industry standards;

prevent unintended movement of fluids within the well;

be verifiable.

7.4.2 Well barrier plan

The design phase should include a barrier plan for the well construction. The barrier plan identifies
the barriers required to prevent unplanned flow during each stage of the well construction phase.
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© ISO 2017 - All rights rese

rved


https://standardsiso.com/api/?name=c88ffdb4a3ccb63478ef0e77754105ff

ISO 16530-1:2017(E)

The barrier plan should include well barrier schematics illustrating the barriers for each stage of the
construction.

The well barrier plan should define the following:

number of well barriers at each construction stage;
well barrier elements (WBEs) required to be in place in the planned constructed well;

well barrier schematic for each casing stage;

7.4
Thd

stapdards are a set of specifications and qualification criteria that allows the well operato

des
tha
and
The

equipment and hardware to be used in the well construction process.

Thd

cementing requirements to achieve zonal isolation and/or structural integrity;
minimum shoe strength as per plan for each casing stage;

production packer setting depth and/or other WBE setting depths;

WBE-specific acceptance and test criteria, including testing, verification andysuitable m
monitoring method(s) for the WBEs;

final well barrier schematic (WBS).

3 WBE design performance standards

well operator should define well design performance standards for the WBEs. Pg

pdelling;

rformance
' to define,

gn, procure and establish verification requirements‘for all the individual WBEs, including cement,

make up the well barriers. This is intended to ensure that each WBE, once installed, me
test requirements, and that the well is designedin accordance with the well operator’s
performance standards stipulate function@nd acceptance requirements, and are used

following are examples of types of requirements described in well performance standap
Componentwear and tear allowantes over the welllife cycle, including wear during well co
A defined set of specification‘criteria at component level, for example:

a) casing connection qualification testing;

b) material corrosion and erosion resistance test requirements;

c¢) functiomtest requirements;

d) cement qualification testing;

e) « time-to-closure for actuated valves; and

ets all load
standards.

to qualify
ds:

hstruction.

£) clameoclac re fleun ratn reagiiramants for Lol (NNY4

1
T rorrIreCToYtT Vv T T ST e TIeoTOT T ooV

Cementation fluids and consumables, such as thread compound, grease and consumab
connections, valves and other hardware components.

les used in

Qualification requirements for well components and well barriers in the construction phase, for

example specifying when and where cement bond logs may be run.

SCSSV design requirements, so that the control line actuation pressure ensures fail-safe closure

in the event of wellhead failure, and which should take into account the hydrostatic col

umn of the

annulus fluid and the seawater (when relevant) above the wellhead. This becomes particularly

relevant the deeper the valve is set and for wells in deep water.
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The levels of QA/QC requirement for different well components, equipment or processes should reflect
the level of risk identified for the well. An example for a tree can be found in ISO 10423 PSL matrix.

Performance standards should be developed over time as the project definition develops and as risk
and hazard studies are conducted to demonstrate the level of performance necessary for each WBE to
perform its role. The WBE performance standards should be fully established by the end of the well

design pha

se, and are one of the outputs of the design phase of the well life cycle.

An example of WBE design performance requirements is given in Annex N.

744 Ve

ification of the final well barrier

The well p
WABESs in ad

7.4.5 E
The well

are pa
— areto
are ele

The compc
system ar
hierarchie
tested ove
wide shut-

Typically, t
1y
2)
3)
4)
5)

hydrat
hydrat
SCSSV
annuly
actuat

A cause-an
systems w
of a cause-

]

rogram should specify the testing and verification methods for the final well barriers
cordance with design performance standards.

ergency shutdown related safety systems

erator should define the well components that:

't of any emergency shutdown (ESD) safety system;
be defined as SCEs; and

ments of a well barrier.

nents that are defined as safety-critical elements (SEEs) and/or are part of an ESD sa
often raised to a higher level in maintenance frequency, traceability and repor
. The well operator should define how these wellicomponents are managed and verificat
" the well life cycle. The ESD components are.gften an integral part of a larger installat
lown system.

h

he following well components form parf.of an ESD system:
lic wing valve;

lic master valve;

s safety valve;
bd gas lift wing.valve.

d-effect diagram, or matrix, is typically used to represent the interaction of different

hnd-effects matrix.

ESD syst

and

fety
[ing
on-
on-

ESD

brking as’ awhole. This matrix is defined at the well design stage. Table 1 shows an example

the

eT_]s should be related to the overall well hook-up and the consequence of failure, i.e.

production i
time and function of any ESD valve, which would be defined as an SCE. Performance requirements for
ESD systems should be in accordance with ISO 10418.
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Table 1 — Example of a cause-and-effects matrix

Well shut down components
Subsea Steam
Surface | Upper TIV Sub- Gas-lift |injec- Beam Gas
safety master (tree surface [shut tion pump planket-
valve gate isola- safety |down Shut- / ESP ing shut
flow valve . shut- down
. tion valve valve down
wing (UMGV) valve) valve down valve
Emergency shutdown 1 1 1
level 1
Em¢rgency shutdown Closure
sency 1 2 1 1 1 sequence
levdl 2
examples
Em¢rgency shutdown 1 2 3
levdl 3
30s 30s 60s 30s 30s 30s 30s
Example closure times after
(UMGV)

7.5

The
per
sho
wel

Thd
ope
and

Thd
incl
7.6

The
con|

Contingency plans may ‘include an alternative well design, if a planned and constructed w

can

7.7

The
(sed
the

lude defined limits for the parameters listed in 9.4.3.

Well operating limits

well operating limits comprise a list of parameters and their maximum and minin
mitted during the operating phase of the well life cycle. The well start-up and shutdown |
11d include the well operating limits. The planned well operating limits are one of the out
design phase.

well operating limits are defined as the combinatien of parameters within which the we
rated to ensure that all component specifications, including their applicable design or saf
performance standards, are not violated.

se well operating limits, including MAASP) should form part of the future well operatio

Contingency planning for well construction

fingency should also include verification and assurance of well barriers.

nhot be verified.

Surveillance and monitoring requirements

requirements for the hardware and software for planned well integrity monitoring and s
9.4) ‘should be defined and specified at the well design phase. These requirements shoul
outputs of the well design phase.

um values
brocedures
puts of the

1 should be
ety factors

n plan and

design phase should verifyi'that well integrity is maintained for planned contingencies. Each

rell barrier

irveillance
d be one of

The hardware required and installation procedure should be described in the well programme. This
may include, but is not limited to:

©IS

annulus pressure monitoring systems;
access to the well for future intervention for surveillance activities;

downhole sensors and gauges.
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7.8 Well design deliverables, reporting and documentation

Well design deliverables to the well construction phase should include, but are not limited to, the
following:

— detailed well programme, including:
1) well schematic;

2) operational procedure;

3) defineddepthsforcasingshoes;
4) defined depths for any packers, SPMs, SSSVs and other items;
5) pare pressure chart and geological information (see Annex M);
— equiprhent specifications;
— updatdd risk register;
— well barrier plans, including well barrier schematics;
— planngdd well operating limits;
— design|performance standard(s) with verification requirements;

— surveillance and monitoring hardware and software specifications.

8 Well construction phase

8.1 Well construction phase objectives

The well cpnstruction phase defines the required elements to be constructed and verification tdsks
to be perfdqrmed in order to achieve the intenided design. It addresses any variations from the degign
which reqyire a revalidation against the identified hazards and risks.

The elements of this phase are detailed in Figure 5.

40 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=c88ffdb4a3ccb63478ef0e77754105ff

ISO 16530-1:2017(E)

Elements common to all phases

Well integrity Organisational structure Reporting & documentation
Well integrity management Well barriers Management of change

Well integrity policy Performance standards Continuous improvement
Risk assessment Well barrier verification Auditing

Well integrity life cycle phases

8.2
The

qu:'r
Ty

o

Lessons
learned

Figure 5 — Well construction phase
g ‘Q& p

S

Organizational structure and task.s&\Q

O
well operator should define t s§i’1inimum well integrity competence requirements and

ifications of personnel utilized to{@tomplish the requirements of the well construction

cal examples of functional skills that are needed include the following:

— |drilling engineering; C)O

— |well-testing engin%@l’g, completion engineering, subsea engineering;

— |geology, geop \, geochemistry, geomechanics, petrophysics;

reservoir @meering;

risk a ment and management;

— \Qféﬁi tegrity engineering;

phase.

fluids engineering (e.g. drilling, completion, packer, cementing fluids);
directional drilling control and measurement;

well site supervision.

Each function may require further consultation with more specific sub-specialities in some applications

(e.g.

HPHT, environmental, deep-water, and sour conditions).

The well operator should define the competence requirements and identify the appropriate personnel
to fulfil the following tasks:

pressure and inflow testing evaluation;

© ISO 2017 - All rights reserved
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formation strength testing (e.g. LOT, XLOT) and interpretation;
logging and interpretation;
cementing and cement evaluation;

evaluation of fluids, hydraulics performance, quality control of fluids;

assessment of encountered rock mechanical and subsurface hazards that can threaten well integrity,

e.g. faults, fractures, pore pressures, H;S, CO3, shallow gas, high pressure stringers, chalks, moving
salts, permafrost, subsidence, earthquakes, aquifers;

confir
avoid
enviro

updati

dq

J

NOTE

8.3 Well

The well p
and verifig
constructi

8.4 Well

During we
available fi
constructi
properly d

8.5 Bari

8.5.1 Ge|

The many
controlled,
when deliy
that equip

manufactun:ne

acceptance
be stored 4

All selecte

ation and management of the hazards associated with existing wellbores, colli
ce, direction control and assessment, abandoned wells, condition of the offset wells;.relz
mental issues, etc.;

g the risk register using the identified and confirmed surface and subsurface hazards.

ee ISO/TS 179609.

programme

fogramme is developed in the design phase, and includes specific provisions for installa
ation of well barriers during well construction. Non-cenformance or variations du
n should be addressed through MOC.

barrier schematic

Il construction, the well barrier schematic\(WBS) should be maintained, stored,
r view at any time at the well site and office’location. The WBS should be updated after

hbcumented.
ier verification

neral

validated and recorded as specified in 8.8. All WBEs should be accompanied by a quality
ered to the wellCepnstruction site. The quality file should contain documentation verify
ent suppliedi meets the well design specifications. This documentation may inclug
r's pressure test certificate, test and inspection reports, design verification reports|
inspection'certificate, and a statement of conformity. The statement of conformity shg
nd furnished in accordance with regulatory requirements.

ddmaterials and equipment that will be used to establish a well barrier shall be veri

bion
ted

fion

ing

and
the

bn of each section of the well, thus reflecting the actual situation, and any changes should be

facturing, maintenance, delivery and transferring of WBEs should be documenled,

file
ring
e a

an
uld

fied

against thewettprograrmime priorto instatiation i tie wetl:

During the well construction phase the procedures within the well programme should be followed to
ensure well integrity. When a WBE is installed, its integrity shall be verified in accordance with the
requirements of the well programme (see 7.4.4 and 8.3) and a record of the verification should be
maintained.

The following subclauses detail some specific considerations that should be addressed during
construction.

8.5.2 Wellhead movement and fatigue

Wellhead movement should be monitored during construction and any changes documented. Movement
includes, but is not limited to, growth, subsidence, tilt and twist.
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Records should be kept of the data and assumptions used to determine the consumed fatigue life for
wells subject to cyclic loading.

8.5.

3 Cement

Cement is considered to be one of the critical well barrier elements (WBE), and in many cases is a
common WBE. It is pumped and placed in a liquid state and allowed to harden in situ. This is reasonably
unique as other well barrier elements (or their component parts) can often be tested prior to
installation. Additionally, it is often difficult to repair or replace cement once it has been placed. These
factors contribute to the critical nature of this particular well barrier element.

Thd

Thd
cenj
wel

Ind
estz

following aspects of cementing can affect well integrity:

drilling fluid and hole conditioning;

centralization and casing coatings;

slurry density and rheological control;

lost circulation (ECD control);

presence of corrosive/high salt content environment;

cementing top plug landing practices and float equipmentpérformance;

post-cementing practices (e.g.settingbefore pressure tésting, perforatingrequirements, s
production, injection);

temperature.

cement should be evaluated in accordancé’with the requirements of the well prograr
enting operation was not implemented according to the requirements of the well progi

fimulation,

nme. If the
amme, the

cations observed prior, duringand after the cementing operation that can impact t
Iblishing a competent barrier element include, but are not limited to:

substantial loss of returns'while pumping cement;

significant deviation-from the cementing plan, such as inability to maintain the desired
the slurry, use of 1€s$than designed volume of slurry, etc.;

premature returns of cement slurry to surface;

lift pressuve of the cement, measured just prior to bumping the plug, which indicates
cement\(POC) is not high enough in the annulus to isolate the uppermost potential flow

fliid influx prior to, during, or after cementing;

operator should consider using additional alternative verification methods for the barrler.

e plan for

density of

the top of
yone;

8.5.

excessive casing pressure;

mechanical failure during the cement job, e.g. liner/casing, float collar and cement head failures;

poor cement evaluation log results.

4 Casing shoe testing

As wells are constructed, a casing shoe test is typically performed after a string of casing has been
cemented and approximately 2 m to 7 m (5 ft to 20 ft) of new hole has been drilled.
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Casing shoe tests serve the following purposes:

To confirm that the pressure containment integrity is sufficient to ensure that no flow path exists to
formations above the casing shoe or to the previous annulus. If such a flow path exists and extends
to a formation without adequate integrity, the seal around the casing shoe may require a repair (e.g.
by cement squeeze).

To test the capability of the wellbore to withstand additional pressure below the shoe, such that the
well is competent to handle an influx of formation fluid or gas without the formation breaking down.

To collect in situ stress data used for geomechanical analyses and modelling (e.g. wellbore stability).

To enal)le the determination of the maximum allowable surface pressure for the next hole secti

DI,

Shoe tests
pump-in te

may include formation integrity tests (FIT), leak-off tests (LOT), pressure integrity tests or

sts (PIT) and extended leak-off tests (XLOT).

A record of the results of these tests should be documented.

8.5.5 Wgllhead seal profile

The wellhdad seal profile should be protected with appropriate isolation ifiserts (seal bore protectprs)

to prevent
bushing is

damage during the various construction operations. For example, during drilling, a w
nserted so that the drill string does not damage the sealing'surface area of the seal bore

8.5.6 Tuular connections

Specific py

ocedures should be implemented to ensure proper tubular connection make-up as

manufactufrer or relevant (ISO or API) specificationsy These procedures should specify thy

preparatio

8.5.7 Ca

During we
can cause
should be
and the we
requireme

If it is antig
completing
the well pl

8.6 Risk

h and compound, required joint alignment-o¥’position, and optimum make-up values.

King wear

|| construction operations, especially in deep and/or deviated wells, rotating tool str
internal wear of the casing that can result in reduced strength of the casing. Precaut
aken to prevent such weary(e:g. use of non-rotating drill pipe protectors or hard band
nts.

operations inthat string of casing (e.g. casing calliper log). Any observed wear in exceg
in can indicate-d need to update well operating limits, design loads and MAASP.

identification and assessment

fear

per
ead

ngs
ons
ng)

Il plan should account for\casing wear such that the worn casing meets the well design Joad

ipated that excegssive casing wear has occurred, the casing should be checked for wear alfter

s of

A well shal| be constructed taklng into con51derat10n the rlsks 1dent1f1ed and documented in the de i
phase. The'se-is - 3
construction operatlons 1dent1f1ed control measures should be put in place and reviewed w1th the
construction personnel. During construction, performance of the control measures and identification
of additional risks should be continuously monitored to ensure competent barrier installation and the
risk register should be updated.

8.7 Management of change

8.7.1 Potential changes to the well plan

If conditions encountered during well construction are significantly different than expected during
design, the design shall be re-verified and/or revised to address these different conditions, using the
required MOC process (see 5.11.2).
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Any changes as a result of these reviews shall be properly documented, approved by the appropriate
level of management, and included in the well barrier schematic, if appropriate.

The well’s risk register should be updated to reflect any change in the level of risk based on the new
conditions and changes to the well plan.

8.7.

2 Suspended well considerations

During construction, well operations can be suspended for various reasons including technical,
operational and safety considerations. When suspending a well, sufficient barrier(s) should be left

in

the
con|

8.8

8.8

tfumww

whille the well is suspended. Barrier selection should consider the anticipated period of

subsurface environment, the formations penetrated at the time of suspension and a
ditions required for re-entry of the well at a later date.

Deliverables (reporting and documentation)

1 Well handover information

Well handover is the process that formalises the custody transfer of a well and/or wel

resj

The
con

ponsibility, and it is endorsed by the use of related well handovép documentation.

following well information should be included in the initial well handover documentatio
Ktruction phase to the operation phase:

stack-up drawing of the tree and wellhead providing, at least, a description of the v

SSSV status, performance standard and testrecords;
status of ESD and actuator systems;

well start-up procedures detailihg production/injection rates and predicted preq
temperatures;

details of any WBEs left inthe well (plugs, check valves or similar) or devices that ordin
require removal to allow'well production and/or monitoring;

detailed well barrier_schematic, clearly indicating both primary and secondary well b
information aboutany well integrity issues;

detailed wellbere schematic and test records (depicting all casing strings, complete
metallurg§ythread types and centralisers as well as densities of fluids left in the produgd
and annuli, cement placement, reservoirs and perforating details);

pofe pressure chart and geological information;

formations
uspension,
ny specific

operating

In, from the

hlves, their

operating and test criteria (performance standatds), test records and status (open or clpsed);

sures and

hrily would

hrriers and

with sizes,
tion string

detailed completion tally as installed (listing all component ODs, 1Ds, lengths, metallur
and depths);

wellbore trajectory, including the wellhead surface geographical coordinates;
pressures, volumes and types of fluids left in the annuli, wellbore and tubing and tree;
well operating limits and MAASP calculations;

subsea control system status and test records (if applicable).

Examples of well handover documentation and requirements are given in Annex J.
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8.8.2 Riskregister

After construction, the well’s risk register should be updated to reflect any change in level of risk based
on as-constructed information.

8.9 Continuous improvement

Lessons learned during well construction should be documented and all related well integrity issues to
feed back into the well life cycle process should be captured (see 5.12).

9 Well pperational phase A
Q’\
9.1 Well operational phase objectives ,\(1/
/
The well operational phase defines a pro-active well/field review, monitoring and maj ance pro
to ensure that the well is operated within the operating limits and to maintain i rity of the
barriers. Tracking changes in flow parameters, fluid composition, annuli pressure, corrosion or w

at these aims of the process can be achieved. The elements of t @)hase are detaile
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Figure 6 — Well operational phase
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9.2 Organizational structure and tasks

The well operator should define the well integrity competence requirements and qualifications of
personnel utilized to accomplish the requirements of the well operational phase.

Typical examples of functional skills that are needed include:
— well testing engineering, completion, subsea engineering;
— geology, geophysics, geochemistry, geomechanics, petrophysics;

J— reservolronginecering:
T T—V-OTT TSI TSy

— |production engineering;

— |well integrity engineering;

— [fluids engineering (e.g. completion, packer, cementing fluids);
— |risk assessment and management;

— |well operations and maintenance;

— |production chemistry.

Each function may require further consultation with more specific sub-specialities in some applications
(e.g} HPHT, environmental, deep-water and sour conditions).

The well operator should define the minimum competence requirements and assign the gppropriate
perponnel to fulfil the following tasks:

a) [leak testing and evaluation;

b) |sustained casing pressure evaluation and management;

c) |fluids, hydraulics performance, quatity control of fluids;

d) |confirmation and management-of the hazards associated with existing wellbores;
e) |updating the risk registerfrom the identified and confirmed surface and subsurface hagards;
f) |updating well barriér.schematics;

g) |well operationsincluding start-up, monitoring and shutdown;
h) |well maintenance, including preventative maintenance, testing, inspection, repair and replacement.

NOTE See1SO/TS 17969.

9.3| “Well barriers

9.3.1 General

The well barriers should be verified during the well operational phase through monitoring and
periodic testing. The wells should be operated within their defined operating limits, and their status
documented.

9.3.2 Performance standards

At the end of the well design phase, the well operator should have defined performance standards,
including performance verification requirements, for all WBEs specifically applicable to the operational
phase. The performance verification requirements have associated acceptance criteria against which
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the well operator’s operations and maintenance personnel should monitor, maintain, inspect, test and
verify all WBEs throughout the operational phase.

Athandover from the well construction phase, all WBEs should have been tested and verified according
to the design performance standards and associated acceptance criteria, as described in 7.4.3, 7.4.4
and 8.5.1.

The performance standards may be continuously optimised throughout the operational phase based on
lessons learned, while adhering to the well operator’s MOC process.

The criteria to be determined for a performance standard are functionality, availability, reliability,
survivabilify
to ensure that the WBEs operate as was intended when the well was de51gned

Examples ¢f relevant verifications are:

— Measufring of stem travel and time to closure for actuated tree valves in order to verify functiondlity
and availability. Function testing supplemented by valve inflow or pressure testing additionfally
demorstrates a valve’s reliability.

— Testing of relevant transducers for the well’s ESD system and their interaction with all releyant
parts ¢f the ESD system to ensure that all ESD valves will be activated‘o close as intended.

— Logging of wall thickness to ensure that erosion and wear allewances have not been exceeded
and that the relevant component (typically tubing or casingj_remains in conformance with|the
performance standard and, therefore, available.

— SCSSV|function and inflow testing to demonstrate functionality, availability and reliability of
the valve.

— Inflow|testing of gas-lift valves to demonstrate functionality, availability and reliability of the vdlve.

— Monitgring and trending of annulus pressuré&(s). Sufficient differential pressure should be applied
to be gble to detect leaks across the relevaiit WBEs to be monitored (production packer, tubinf or
casing|string, casing cement, etc.). Pressure testing of the annulus can be used to apply sufficjent
differgntial pressure and thus confirm pressure integrity.

— Pressyre testing of hanger pack{off'seals, utilizing a test port when available.
— Monitgring of chemical additives as defined in the basis of design.

— Monitgring of sand contrpl systems.

— Fluid gamples of antauli and reservoir stream.

Survivability is usually not verified by specific testing, but rather using qualification testing prior to
installation (seeiZ4.3) or modelling verification (5.9.6).

9.3.3 LeakTrates

A large part of performance criteria is associated with the ability to contain well fluids. During the
prolonged well operational phase, the occurrence of pressure build-up due to leaks in downhole WBEs
is not uncommon. Applying a zero-leak-rate policy during this phase can prove to be unrealistic, and
the well operator’s performance standards may define an acceptable leak rate higher than zero for the
various WBEs.

Using a risk-based approach, the well operator should define their acceptable leak rates and testing
frequency for individual WBEs within the acceptance criteria described below. This may, for example,
be accomplished by a risk assessment, which can also address the risk to the facility/installation when
exhibiting such a leak rate, or pressure.
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Acceptable leak rates should satisfy the following acceptance criteria, as appropriate:

— unplanned or uncontrolled leak of wellbore effluents to surface or subsurface environment: not
permitted;

— leak across a well barrier element, contained within a well barrier or flow path: see ISO 10417 which
defines an acceptable leak rate as 24 1/h (6,34 US gallons/h) of liquid of 25,4 Sm3/h (900 scf/h) of gas;

— Leakacross awell barrier to another well barrier not able to withstand the potential newly imposed
load and fluid composition: not permitted;

laal kL sk £l kL : hle s lctan d ] | &Head and fluid
ICANAUTIUSOS A VWULIT UAITIUI LU dIIULIIVT VWil UdI'TICI dUIC LU VWILITIoldIlIu LIIv 1IC VVI)’ llll}luobu 1IvU an ul

composition: see [SO 10417 for acceptable leak rates.
NOTE1 For the purposes of this provision, API RP 14B is equivalent to ISO 10417.

The acceptable leak rate may be different for different WBEs; for example, an-SCSSV flappjr valve or
gastlift check valve may be allowed a higher leak rate than a tree master valve(Fhese differing allowable
lealf rates can be catalogued in a matrix, which is referred to as the “leak rate acceptance njatrix” (see
Tabje 2 for an example) and may be included as part of a performance standard.

© IS0 2017 - All rights reserved 49


https://standardsiso.com/api/?name=c88ffdb4a3ccb63478ef0e77754105ff

ISO 16530-1:2017(E)

Table 2 — Example of a leak rate acceptance matrix

Acceptable leak rate matrix for:

Operator: XYZ

Field: ABC

Well type:  producing wells

Other: closed in thp does not exceed 2,500 psi

—

Increasing allowable leak rate

Operator to perform a risk based analysis to 5
determine allowable leak rates for various ] 3 g 2 g
barrier elements and for different well types. g on T : 3 e 3
5 k) s 2236
- =) = = Q0O = &
2 g S< FESSS |
Bt S
S o5 33«
N <3 - 28233 A
; \})
Hydraulic master valve (ESD) (]v,
Lower master valve N
&

Hydraulic wing valve (ESD)

Swab valve

Kill

wing valve

Gas

lift wing valve (ESD)

Tre¢ body

SSSy

Tubjing plug in suspended well

Bonhets, flanges and fittings

Sterh packings

Instfument lines

Confrol lines

Tubjing void

Tre¢ actuators & lines

Wellhead voids

A-apnulus valves (normally open) ‘\k
A-apnulus valves (normally closed) _O Y
B-apnulus valves

C-anpnulus valves ',,O )
Instplled VR plugs ,.\‘fj

Tub]

ng leak (sub hy(ﬂJstXtic well)
AS. S

Tubling leak (flowing well)

Gasllift valveﬁ%hydrostatic well)
=N

Gas

lift vaYsTﬂowing well)

Pro

i\f@m casing leak (sub hydrostatic well)

Production casing leak (from 9-5/8" shoe)

Intermediate casing leak

Production packer

Certain WBEs may require specialized testing with regard to monitoring and leak rate testing. These
include, but are not limited to: safety and chemical valve control lines, wellhead voids and valve removal
plugs. Leaks into or across these types of WBEs should be risk-assessed and mitigating measures put

in place.
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Leaks should be anticipated to occur at dynamic seals such as polished rod stuffing boxes or positive
cavity pump rotary stuffing boxes. Where this type of leakage is expected, mitigating measures should
be in place to capture, contain and safely dispose of the leaking fluids.

NOTE 2

The inflow testing of in situ gas-lift valves is difficult to measure and compare to the ISO 10417 leak

rate. A description of how this can be rigorously performed, together with a suggested practical alternative, is
included in Annex O.

Where verification testing reveals leak rates that exceed the acceptance criteria, these are to be
managed as per 9.7.

t wells are
IMS.

for WBEs

9.4/ Well monitoring and surveillance (\
9.4]1 General '\(]/Q
Thg well operator shall define the monitoring and surveillance requirements ,nsure tha
maintained within their operating limits, and should document these requir%ﬁge ts in the W
N
9.4]2 Monitoring and surveillance frequency %O
The well operator shall define and document the schedule, fre<t§e\ncy and type of monitoring and
suryeillance required. {<
A risk-based approach may be used to define the monitong and surveillance frequencie
bas

%
Risk-based mainteng§ce & inspection mat

bd on the risk of loss of integrity of a WBE and the Q@\hty to respond to such loss of infegrity (see
Figlire 7).
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B-Annulus

Consequence of failure :>

Figure 7 — Example of risk-based model as applied to well integrity assurance activities
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Monitoring frequency may be adjusted under two scenarios:

a) ifitis found that the monitoring and surveillance activities are resulting in a higher, or lower, than
forecast number of non-conformances; or

b) based on risk considerations such as reliability or mean-time-to-failure analysis.

9.4.3 Well operating limits

The well operator shall identify the operating parameters to be followed for each well, or well type,
and clearly specify the operating limits for each parameter. In the event that the well conditions change

during the
Any unpla
subject of g
of the well

Any planng
MOC proce

Operating
— wellhe
— produ
— maxin
— annuly
— produ

— produ

— water

— operat
— reserv,

— artific

operating phase it should be confirmed that the operating limits are still applicable.

ned event that causes the well to be operated outside the operating limits should be
n investigation to determine the causes and an assessment made for the continued.6pera
These should be addressed in the reporting (see 5.10) and auditing (see 5.13) procedure

bd deviation from, or modification to, the approved operating limits shotdld'be subject t
dure (see 5.11).

ad/tubing head production and injection pressure;

tion/injection flow rates;

um allowable annulus surface pressures (MAASP) (see 9.5.6);

s pressures, bleed-offs and top-ups;

tion/injection fluid corrosive composition (€.g. H2S, COz limitations);
tion/injection fluid erosion (e.g. sand eéntent and velocity limits);
Cuts and BS&W;

ing temperature;

pir draw-down;

al lift operating pardmeters;

— contro] line pressure and fluid;

— chemig

— actuat

al injection.system parameters;

br pressuires and operating fluids;

the
Fion
S.

an

barameters for which limits should be set may include, but are notlimited to, the following:

— well killl limitations (e.g. limits on pump pressures and flow rates);

— wellhe

ad movement (e.g. wellhead growth due to thermal expansion and wellhead subsidence);

— cyclic load limitations leading to fatigue life limits (e.g. for risers, conductor casing, thermal wells);

— allowa

ble bleed-off frequency and total volume, per annulus;

— production of naturally occurring radioactive material (NORM);

— corrosion rates;

— tubing

and casing wall thicknesses;

— cathodic protection system performance.
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The well operator may also consider capturing wellhead and tree load limitations in the well operating
limits, such as those associated with axial bending, lateral and torsional stresses applied during well
interventions.

An example of a well operating limits form can be found in Annex P.

9.4.4 Suspended and shut-in wells

A shut-in or suspended well should be monitored according to a risk-based schedule defined by the well
operator, with due consideration of the risk profile brought about by the change in flow-wetted and
non-flow-wetted companents irrespective of whether the well is hooked up to prndnr‘finn facilities.

9.4]5 Visual inspection

Visyial inspection is undertaken to assess the general condition of the surface or mud:line eqyiipment, as
well as associated protection around the well.

The items to be considered for visual inspection include the following:

— |physical damage to well equipment, barriers, crash frames or trawl-deéflectors;

— |check well cellars clean and free of debris or fluid, including surface water, build-up;
— |ancillary pipework (e.g. for pressure monitoring);

— |general condition of the well head and tree: mechanical’damage, corrosion, erosion, weal;

— |observation of leaks or bubbles: leaks and a desgription of the leak should be reported in ficcordance
with the well operator’s spill reporting procedure or regulatory requirements.

9.4/6 Well logging

Well logging techniques are often the only means of evaluating the condition of some WHEs such as
cenjent, casing, tubing, etc., either by.measuring material quality and defects or by meastyiring flow-
reldted phenomena.

These logging and surveillancetechniques may be part of a pre-planned surveillance programme, or
may be initiated in response to an event or an observed anomaly. Surveillance results frpm sample
wells may be used as andnput across wells of the same type in a field.

9.417 Corrosioninenitoring
Corfosion of sttuctural or pressure-containing components of the well can lead to a loss of welll integrity.

A well is generally exposed to two distinct corrosion processes:

a) |ifiternal corrosion that originates from produced or injected fluids, drilling mud or fompletion
brines; or

b) external corrosion that originates from contact with oxygenated water combined with chlorides,
H3S or COy, such as surface water, static subsurface water, sea water or aquifers.

Both internal and external corrosion can lead to structural integrity problems and a potential loss
of containment, if not controlled or mitigated in a timely fashion. The well operator should define
the monitoring programme and its frequency, based on the assessment of the corrosion risk to the
structural and well barrier elements. The programme may be adjusted depending on the results of
inspections performed.

Corrosion management programmes may include the following elements:

— selection of materials resistant to corrosion;
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estimates for corrosion rates for barrier elements over the design life of the well; such estimated
corrosion rates should be based on documented field experience, or modelled using recognized
industry practice;

indirect measurements, such as sampling annulus or well fluid for corrosive chemicals (e.g. H3S,

acid) and by-products of corrosive reactions;
— monitoring of chemical injection into the fluid flow path;

— monitoring of chemical inhibition of annulus fluids;

- iSOlati 19y Uf auuul; lcl Il UA_)’S\,II SUUICTLS,
— cathodic protection;
— periodiic examination of protective coatings (e.g. where accessible, to conductors, wellheads, tr

and of[structural members, such as conductors and surface casing.

9.4.8 Corrosion monitoring and prevention - external

When wells are at risk due to corrosion from external environmental infléences such as sea wi{
aquifers of swamps, the well operator shall assess the risk and define the means of protect
One methdd of protection that can be applied to protect bare steel components, such as casing
conductord, is a cathodic protection system.

The well operator should have an assurance system in place to verify that the protection system (w
applicable)|is operating in accordance with the design intent.

Further information on these systems can be obtained fromNACE/SP 0169.

9.4.9 Ergsion monitoring

The erosiop of components in the flow path within the wellbore, wellhead and tree can lead to los
well integrfity.

Particular |attention should be given tq sections in the flow path where velocity and turbulence
increase, sfich as at changes in the cress-sectional area in the completion string, and in cavities wi
the tree asfembly.

If there is pny significant change’in wellbore fluid composition or solid content, the erosion risk
velocity limits should be reassessed.

bes)
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members of the well.

In some instances, it is not possible to directly measure the effects of cumulative fatigue such as

the
appearance of cracks. A tracking and recording system may assist with the assessment of the predicted
consumed life of the components.

The conductor, surface casing (and supporting formations) and wellhead assembly typically provide

structural support for the well. Failure of these structural components can compromise well integ

rity

and escalate to a loss of containment. For each well, the well operator should assess the risk of failure of

such structural components.
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Potential failure modes for structural components can include, but are not limited to, the following:

metal corrosion;
metal fatigue due to cyclic loads;
degradation of soil strength due to cyclic, climatic and/or thermal loads;

lateral loading due to shifting formations or earthquake.

Additional considerations of failure modes should be given to subsea and offshore structural

9.4
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Figlire 8). Data should also include the wellhead temperature at the time the elevation measuy
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11 Well elevation monitoring

xpected changes in well elevations can be an indication of the degradationfstructural
well and can escalate to a level that impacts the well integrity.

fation monitoring and recording should form part of the well insp€¢tion programme
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en. Depending on the well configuration, it can be normal for the well to “grow” when tr
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Figure 8 — Example of subsidence measurement
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9.4.12 Reservoir subsidence

In some mature fields, depletion of reservoir pressure, or a reservoir pressure increase, or thermally
induced permafrost melting, have led to compaction or elevation of the reservoir rock and/or subsidence
of the overburden formation(s). Resultant changes in the tectonic stress regime can also activate faults.
This has the potential to impose significant loads on casing strings, leading to casing failure. Also, the
subsidence can undermine a platform or well pad.

The well operator should make an assessment of the potential for compaction and subsidence. Where it
is assessed to be a risk, suitable monitoring programmes should be established.

Such progrfammes may include, but are not [imited to, the following:
— surfacg measurements;

— downHole wellbore measurements;

— monitgring for downhole mechanical failures;

— monitgring for loss/reduction of production;

— seismif survey studies.
9.5 Annpulus pressure management

9.5.1 Mdnagement considerations

The well operator shall manage the annuli pressures such that well integrity is maintained throughout
the well lifg cycle.

It is advisgble to consider at least the following when managing annulus pressure based upon a fisk
assessment:

— pressure sources;
— monitgring, including trends;

— annulys contents, fluid type and.volume;

— operatiing limits, including pressure limits and allowable rates of pressure change;
— failurg modes;

— pressure safety and(relief systems;

— flow capability~of any annulus with respect to a loss of containment;

— annulysgas mass storage effect (i.e. volume of gas between the annulus’s liquid level and surfage);

— introduction of corrosive fluids into an annulus not designed to resist such fluids;

— maximum potential pressure that can occur should a compromised barrier degrade further.

9.5.2 Sources of annulus pressure
Three types of annulus pressure can occur during the well life cycle, generally referred to as follows.

a) Well operator-imposed annulus pressure.
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This is pressure that is deliberately applied to an annulus as part of the well operating requirements.
Typically, this can be gas-lift gas in the A-annulus or pressure applied in the A-annulus in order to
protect against collapse risk from trapped annulus pressure in the B-annulus on subsea wells.

b) Thermally induced annulus pressure.

This is pressure in a trapped annulus volume that is caused by thermal changes occurring within the
well (e.g. well start-up and shut-in, due to neighbouring wells, increased water production).

c) Sustained casing pressure (SCP).

or more barrier elements, which enables communication between a pressure source/withlin the well
and an annulus. If a barrier has been compromised, this by definition, means there:is a loss ¢f integrity
in the well that can lead to an uncontrolled release of fluids, which in turn can-lead to urjacceptable

Communication with a pressure source can be due to one or more of the following failure charpcteristics:
— |casing, liner, tubing degradation as a result of corrosion/erosiofi/fatigue/stress overload;
— |hanger seal failure;

— |annulus crossover valve leak in a subsea tree;
— |loss of cement integrity;

— |loss of formation integrity, e.g. depletion collapse, deconsolidation, excessive injectiof pressure,
compaction;

— |loss of tubing, packer and/or seal integtity;
— |leaking control/chemical injectionline;
— |valves in wrong position.

NOTE1 API RP 90 contains-methods that can aid in the determination of the nature of the obseryed annulus
pregsure.

NOTE 2  AnnexQ provides an example of possible well leak paths.

9.5]3 Annulu$pressure monitoring and testing

The well operator should define a programme to monitor the pressures in all accessible gnnuli. Any
chaphge insannulus pressure, increase or decrease, could be indicative of an integrity issue. The regular
mot 1tor1ng of the well tubmg and annull durlng well operations enables early detectlon of thireats to, or
inl A-annulus

pressure could indicate a change in the bottom hole pressure or the fluid level

To effectively monitor annuli pressures, the following should be recorded:

— fluid types and volumes added to, or removed from, the annulus;

— fluid types, and their characteristics, in the annulus (including fluid density);
— monitoring and trending of pressures;

— calibration and function checks of the monitoring equipment;

— operational changes.
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Where applicable, it can be useful to maintain a small positive pressure in the annuli, which should
be different in each annuli, on sections equipped with pressure monitoring, such that leaks can be
detected.

The well operator should define the need for annulus pressure testing, or integrity verification by other
methods, when;

— changing the well functionality, i.e. from producer to injector well, etc.;

— there is arisk of external casing corrosion as a result of aquifer penetration;

th 14 ] ] £ 1l £ 1t it H
- ere 1 aracoreviacirceront PUSTOIVCPTCSSUT CTTITUTITCUTTIT S

9.5.4 Frequency of monitoring tubing and annulus casing pressures

The well operator should determine the frequency of monitoring and surveillance of tubing and annfilus
casing pregsures.

Consideratiion should be given to the following items when establishing the monitoxing frequency:
— expectled temperature changes and effects, especially during start-up ané-shut-in;

— risk oflexceeding MAASP or design load limits;

— risk of|sustained annulus pressure;

— regulafory requirements;

— respor]se time for adjusting annulus pressure;

— sufficignt data for trending and detection of anomalpus pressures;

— deterigration from corrosive fluids (e.g. H2S and chlorides);

— operatling characteristics of control/injection lines (e.g. chemical injection lines, size, operafing
pressure);

— annulilused for injection;
— changing the well function, i.e\ffom producer to injector well, etc.;

— risk oflexternal casing cefrosion as a result of aquifer penetration.

9.5.5 Inyestigation ef.annulus pressure

If an anomplous annulus pressure has been identified, records and well history should be reviewef to
determine[the petential cause(s) or source(s) of the pressure.

A bleed-dowii/build-up test performed on the annulus is one method to investigate the nature of an
annulus pressure source. The well operator should establish a procedure for conducting pressure
bleed-down/build-up tests. The influx of fluids due to sustained annulus pressure can contaminate the
annulus contents; this should be risk-evaluated when performing bleed-down testing operations.

NOTE An example of a methodology for performing such tests can be found in API RP 90.

The process should include recording of surface pressures, and the volumes and densities of liquids and
gases bled off or topped up in the annulus. These values are required to investigate sustained annulus
pressure with a view to mitigating the subsurface risk of a loss of containment.

Additional information to establish the source of an anomalous annulus pressure can sometimes be
obtained by manipulating a neighbouring annulus pressure. If it is possible to obtain fluid from the
affected annulus, this can be assayed to identify the source of the fluid (referred to as “fingerprinting”).
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6 Maximum allowable annulus surface pressure

6.1 General

The maximum allowable annulus surface pressure (MAASP) is the greatest pressure that an annulus
is permitted to contain, as measured at the wellhead, without compromising the integrity of any well
barrier element of that annulus. This includes any exposed open-hole formations.

The MAASP should be determined for each annulus of the well, and be re-determined if:

there are changes in WBE performance standards;

9.5
Thd

there are changes in the service type of the well;
there are annulus fluid density changes;
loss of tubing and/or casing wall thickness has occurred;

there are changes in reservoir pressures outside the original load casercalculation.

6.2 Calculation of MAASP
following information is necessary to calculate the MAASP:

maximum pressure to which the annulus has been testéd;

details of the mechanical performance specifications, or as-manufactured performance, of each

component that forms the annulus;

details of the as-constructed well;

details of all fluids (density, volume, stahility) in the annulus and in adjacent annuli or tu
details of casing cementation, cementtensile and compressive strength performances;
details of formation strength, permeability and formation fluids;

details of aquifers interseeted by the well;

adjustments for wear, erosion and corrosion, which should be considered when deter
appropriate MAASEto apply;

bing;

mining the

when pressurevrelief devices (e.g. rupture discs) are installed in a casing, assurance that MAASP

calculationsiinclude all load cases for both annuli with the relief device open and closed

details~of the SCSSV control line actuation pressure, to ensure that the MAASP does 1
the SESSV from closing in the event that a loss of SCSSV control line integrity results i
communication between the control line and the annulus.

ot prevent
W hydraulic

Examples of MAASP calculations are found in Annex R.

The well operator should store MAASP calculations and assumptions in a data repository. MAASP
values should be available on the well barrier schematic and well records.

9.5.

6.3 Setting operating limits based on MAASP

The well operator should determine an operating range for each annulus that lies between defined
upper and lower thresholds.

The upper threshold is set below the MAASP value to enable sufficient time for instigating corrective
actions to maintain the pressure below the MAASP.
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The upper threshold should not be so high that the pressure in the annulus can exceed the MAASP due
to heating after shut-in. This is particularly relevant for an injector with cold injection medium, where
any bleed-off activities are not prioritised in an emergency situation (e.g. ESD).

The following issues may be considered when establishing the setting for the lower threshold:
— observation pressure for the annulus;
— providing hydraulic support to WBEs;

— avoiding casing collapse of the next annulus (e.g. for next annulus or voids if it is not possible to
bleed-pff;

— avoiding hydrate formation;

— accourjting for response time;

— ability|to detect potential small leaks;

— variabjlity of fluid properties;

— temperature fluctuations;

— avoiding vapour-phase generation (corrosion acceleration);
— prevernting air ingress.

For subseal wells, it is recommended that the lower threshold be-set above the hydrostatic pressurfe of
the sea wafer column at the wellhead.

The principle of operating limits is illustrated in Figure 9;

Thresholds and working pressure
MAASP “I

Upper threshold ﬁ»)) Diagnostics

\%\J
Q Bleed down

Workiing <&

presl;I:.lres%Qv \e

& S

Operator response

¢
Qﬂ. Top up and/or
apply pressure
Lower threshold 4})»)
Diagnostics

Zero

Figure 9 — Illustration of thresholds and MAASP
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The operating range is applicable only to accessible annuli that allow for pressure management, such as
bleed-down/build-up. Trapped annuli, without monitoring, should have been considered in the design
of the well.

For active annuli, i.e. annuli that are being used for injection or gas-lift, the principles of inflow testing
and monitoring of adjacent annuli should be followed. Annex O provides an example as to how inflow
testing is used for leak testing gas-lift valves.

It is recommended not to operate an annulus at a pressure that is greater than the MAASP of the
adjacent annulus. This prevents an excursion above the MAASP in the adjacent annulus, should a leak
occur between the annuli.

9.5

Wh
the

The
tim

Thd

be fnonitored and recorded. These should be compared to limits established by the well op

whyd

7 Maintaining annulus pressure within the thresholds

operating range. Conversely, the annulus should be topped up when the lowek threshold

e to bleed down should be documented for each bleed-down or top-up.

frequency of bleed-downs and the total volume of fluids recovered from the bleed-doy

bn exceeded, an investigation should be undertaken.

en the annulus pressure reaches the upper threshold value, it should be bled off te a presgure within

s reached.

type and total volume of the fluid recovered or added, all annulus and‘tubing pressuges and the

vns should
brator and,

In ghe event the annulus pressure exceeds the MAASP, this event should be investigatedl and risk-

ass

9.5

Thd
con

Wh

Thd
1)

pssed.

8 Review and change of MAASP and thresholds

well operator should define the process of annulus review (investigation) when the
ditions indicate that the pressure is sustained or a leak in a well barrier has occurred.

en such a review is required, it maybgbased on established criteria for:
frequency of annulus pressure bleed-downs or top-ups;

abnormal pressure trends¥(indicating leaks to/from an annulus);
volume of annulus bleed=downs or top-ups;

type of fluid used or' recovered (oil/gas/mud);

pressure excursions above MAASP and/or upper threshold.
review-Should focus around the following elements:

sodrde of the sustained annulus pressure based on sample and fingerprint results ca

operating

mpared to

original mud-logging data;

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

source fluid composition and pore pressure;

flow path from the source to the annulus (or vice versa) under review;
leak rate, potential volumes and density changes in annulus;
condition of the well (remaining life);

content of the annulus and liquid levels;

inflow rate and/or annulus pressure build-up rate testing;

casing shoe strength changes.
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The upper threshold, in the event of sustained casing pressure, should be risk-assessed against
pressure capacity of the outer adjacent annulus to ensure that it can contain the pressure, shou
failure occur in the annulus which has the sustained pressure.

the
Id a

If gas is the original source of annulus pressure and the well operator has confirmed the originating

source by:
— fingerprinting against original mud-logger data;
— assessing the risk of loss of containment (subsurface) based on shoe strength; and

Originf l SUUICTC PUI A>3 lJl cooury,

the well ogerator may consider recalculating the MAASP, taking into account the impact of the-ave
fluid gradignt estimated in the fluid column. Annex S provides an example about the change in MA
calculation.

9.6 Well maintenance

9.6.1 Gepneral

In the context of well integrity management, the maintenance requiremefits are those concerned
the maintepance and preservation of the established well barriers and-their elements. The well oper
shall have|a maintenance programme for those mechanical WBES that require servicing. For s
mechanical parts and components, it may be desirable to recordiand track serial numbers in ordé
maintain tfaceability of the materials, design specifications, and'performance history of compone
The maint¢nance requirements can change during the well life cycle.

Maintenange activities are the means by which the continued availability, reliability and conditio
the well balt‘riers, WBEs, valves, actuators and other coiitrol systems are periodically tested, functio
serviced and repaired.

Maintenange is conducted to inspect, test and ¢épair equipment to ensure that it functions as inten

age
ASP

vith
htor
me
r to
nts.

h of
ned,

ded

and it rempins within the limits of its performance specification. A planned maintenance progranime

sets out which maintenance activities are performed at a predetermined frequency.

The well operator should address all the identified respective components in a planned maintend
programmeg. These components typically include, but are not limited to, the following:

— wellhejad, tubing hanger dnd tree, including all valves, bonnets, flanges, (tie-down) bolts and clar
grease nipples, test ports, control line exits;

— monitgring system$. (including gauges, transducers, transmitters and detectors, corrosion prd
and/o1f coupons);

— annulys fluids;

nce

nps,

bes

S dOWn}‘ CIC Valvcs (SCSS vl SC!"C‘I ASY gac Lift s

X
) OO COV, IXO Vv, SOS I v

— ESD systems (detectors, ESD panels, fusible plugs);
— chemical injection systems.

There are two levels of maintenance, i.e. preventive and corrective:

a) preventive maintenance is carried out at a predefined frequency based on the working conditions,
the well type, and the environment in which the well is operating, e.g. offshore, onshore, nature

reserve or as directed by a regulator;

b) corrective maintenance is typically triggered by a preventive maintenance task that identifies a

failure or by an ad hoc requirement that is identified by a failure during monitoring of a well.
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The number of corrective maintenance tasks within a given period is a qualitative indication of the
quality of the preventive tasks or of the monitoring frequency. The ratio of corrective maintenance
tasks to preventive maintenance tasks can be measured against established acceptance criteria.

In cases where a well barrier cannot be maintained according to the original design specification, the
well operator should perform a risk assessment to establish the controls required to mitigate the risk
to an acceptable level.

During the well life cycle, well conditions or well usage can change. This should initiate a re-evaluation
of the barrier(s) and the well operating limits through the MOC process.

cceptance,
nance and

monitoring model in Table 3.

Table 3 — Example of a well maintenance and monitoring matrix

Well type
. Me-
High dium Low Hydrp-
Assurance task Off- Subsea |PT€% NTpres- [PTeS"  |stati¢ |Obser-
shore sure sure vation
well sure well pn-
well well' on- well on- well
Shore well on- shore shors¢
shore
Example of time based preventative maintenance frequency in months
Maip- | Flow wetted components maintenance and inspection 6 6 12 12 12 24 48
te{ |frequency
AN Non-F1 tted ts maint d in-
on-Flow wetted components maintenance and in 12 12 24 24 24 49 9%
spection frequency
Mo Example of time based monitoring frequency in days
itog- | Monitoring frequency active wells 1 1 1 7 7 14 30
g Monitoring frequency shut-in wells 7 7 14 30 30 60 90

When defining schedules and\test frequencies, the well operator should take into account thg following:
— |original equipment fnanufacturer specifications;

— |risk to environmént and personnel exposure;

— |applicableindustry-recognized standards, practices and guidelines;
— |well operator-relevant policies and procedures.

Theg welloperator should have a documented programme for investigating leaks or faults, anid a defined

tlm taimanlamant corvractiva nctionfcY hacod yinaon tha ricly
e-to-HRpremeRtecorre e ve et SoaSeaHpoeh+ieH5<

9.6.2 Replacement parts

Replacement parts should be obtained from the original equipment manufacturer (OEM) if possible,
or an OEM-approved manufacturer. Deviation from this practice should be clearly documented and
justified, and its potential impact on the well operating limits should be evaluated.

9.6.3 Frequency of maintenance

The well operator shall define and document the schedules and frequencies for maintenance activities.
A risk-based approach can be used to define the frequency, and an assessment matrix as shown in
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Figure 7 can be used in the process that can be mapped as shown in the example in Table 3. Frequencies
can also be established for identified well types, based on the well-type risk profiles.

The frequency may be adjusted if it is found that the ratio of preventive/corrective maintenance
tasks is very high or very low, once sufficient historical data have been obtained that establish clearly

observable

trends.

9.6.4 Component testing methods

The types of tests that may be performed as part of the maintenance programme and in accordance
with the pe 3
an example

9.7 Ris

9,71 Ge

The well o
barrier ele
well opera

9,7.2
A well inte

The priorit

{ assessment of well integrity failure and its management

Integrity failure ranking and prioritization

ofa well mtegrlty performance standard.

eral

perator shall assess and manage risks associated with failure(s) of.a well barrier or
ment(s). These risks can be assessed against the performance standards as defined by
or, by legislation or by industry standards.

brity failure should be risk-assessed against the criticality of the failed barrier element.

y-to-repair (response time) should be set in accordance with the risk exposure.

vell
the

The well gperator should have a risk-based responsesmodel and structure in place that provides
guidance fpr adequate resources, such as spares, tools; contracts, etc., in order to meet the respdnse
time to effpct repairs as defined in the model. The.model can be based on the concept of ALARP [see
Annex A), o that the response is commensurate-with an acceptable level of risk and risk expodqure
while conjucting the remedial action.

The well integrity response model should-iriclude, but should not be limited to:

— well-type risk profile;

— single parrier element failures;

— multiplle barrier element-failures;

— time-bjased coursef-dction.

9.7.3 W¢ll failure'model

A well fail
action and“the
matrix that 1dent1f1es the most common modes of well fallure seen by the well operator Each mode of
failure has an associated action plan and associated response period. By having agreed action plans
and response times, the well operator is better able to manage equipment, spare parts, resources and
contracts to meet the response times specified in the well failure model.

e model approach may be adopted to streamllne the rlsk assessment process the pla

A well failure model is constructed in a step-by-step approach, as follows:

a) Identify typical modes of failure, both surface failures and subsurface failures. These failure modes
can be documented in a list format or illustrated on a diagram.

b) Once the failure list is constructed, based on generic risk assessment, an action plan is agreed upon,
including resources and responsibilities required for each identified failure mode. Escalation of
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response time to multiple failures should be given due consideration, since the combined result of
two simultaneous failures can often be more severe than had the two failures occurred separately.

c) A risk-assessed time to respond to the failure is assigned to each action plan. Here it is detailed
whether the well is allowed to operate, or is shut-in or suspended during these periods.

d) Itis often useful to rank or categorize failures for the purpose of prioritization and reporting. This
may be a “traffic light” approach (red, amber, green) or a ranking system (1 to 10 for example).

By adopting a well failure model, the well operator predefines the level of risk, the actions, response
times and resources required for common modes of well failure. An example of response times is shown

1n l@able 4.
If ope or more unacceptable leak rates are found, the well operator should risk-asséss the potential
losq of containment and put mitigating measures in place as deemed necessary,byithe assessment.
Opdrating outside a defined envelope should be managed by a formal risk-based deviation system.
Any well failures which occur that are not covered by the well failure mode}-should be risk-fissessed in
the|conventional manner.
Table 4 — Example of a well failure response times and corrective action matrix
Well type
. High Medium |Low Hydro-
Failed component(s) Offshore |Subséa’ |pressure |pressure |pressure |static Obser-
well well well well well well vation
onshore |onshore |onshore |onsHore well
Example flow wetted component failure single response frequency in months
Tree master valve 1 3 3 3 3 [i 12
Flowing valve 3 3 6 6 6 1P 24
Subsurface safety valve 1 3 3 3 3 NA NA
Production packer 6 6 12 12 12 NA NA
Gas-lift valve 3 3 6 6 6 1p 24
Tubing 6 6 12 12 12 2K 48
Example flow wetted componentfailures multi response frequency in months
Tree master valve + subsurnface'safety valve 0 0 1 2 3 NA NA
allIiElefl to Tree flow wing valve + master valve 0 0 2 3 4 q 12
confluct | Example non-flow wetted component failure single response frequency in months
Cgiz;gﬁiye Annulus side qutlet valve 3 3 6 6 9 1p 12
repair | Annulus toannulus leak 6 6 6 12 12 1p 12
Sustained easing pressure investigation 1 1 1 1 1 3 2
Example non-flow wetted component failures multi response frequency in months
Sustained casing pressure + annulus valve 1 1 1 2 2 3 3
Annulus leak + sustained casing pressure 1 1 1 2 2 q 6
Examptecombinedftowwettedrand-momflow-wettedcomponentfathresresponsefreqency trrmonths
Production tubing + casing leak 1 1 1 2 4 6 6
Tree master valve + annulus valve 1 2 2 2 2 4 9
tSSEitsérlliglintermediate annulus pressure + 1 1 1 2 2 4 4

9.8 Reporting and documentation

The well operator should record and document well integrity activities in its WIMS undertaken during
the operational phase of a well, and should define the period of time that these records should be kept
available.
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The information to be recorded should include, but is not limited to, the following:

all wel

well barrier schematics;

] hand-over information;

production/injection information;
performance standards;

annulus pressure monitoring;

diagnd
fluid a
prever
correc

tracea

The well operator should define and track key performance indicators (KPIJ, which should be access

to respons

9.9 Peripdic well review

9.9.1 Wg

The well o
or shut-in
or injectio
accordancg
document

Wells shou
should est:
many factd

— curren
regula
risk to

region

stic tests performed;

halyses;

tive maintenance activities;

Live maintenance (repair and replacement) activities;

pility of equipment and replacement parts.

ble and accountable personnel. Examples of KPIs can be found in Annex K.

1 use review

perator should establish a periodic well review process for the further use of suspen|
wells. The well operator should establish:a’plan that identifies restoration to produc
h, suspension or further suspension, or, abandonment of the identified wells, which i

with the WIMS in order to mitigate the risk of loss of containment. This process sh
hnd detail the intended plan for the well, which may include its permanent abandonment

Id not be left shut-in with no defined plans for re-use or abandonment. The well oper
rs, including:

t and forecast well iritegrity status;

for timing requitements;

regional environment;

hl concurrent activities;

campa|ign activity optimization;

ible

ded
[ion
K in
uld

htor

iblish a prioritised schedule-for well abandonment activities. Prioritization can be drivep by

opportunity-based factors (e.g. rig availability).

A well should not remain a suspended well indefinitely.

9.9.2 En

d of well life review

The end of design life can differ from the actual end of life of a well. End of life can result from economic
performance considerations, deteriorating well integrity issues such as loss of well barriers, or other
factors as determined by the well operator. Any of these conditions that become evident should trigger
areview that assesses the well status for safe continuation.

If the assessment demonstrates that the well is unsuitable for continued use, the well operator should

either plan

66

to rectify the well’s condition, or plan for suspension or abandonment.
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The period for which a well life can be extended is determined on a case-by-case basis.

9.1

0 Change of well use

If a well's use is to be changed, it should be managed through the MOC process and follow the
requirements of the well integrity life cycle phases.

9.1

1 Well stock performance review

The well operator should conduct performance reviews to assess the application of the WIMS to

ad
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Thd

Wh
sho
and
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The
and
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can

Inp

FTined well StoCK. It 15 recommended that the well Stock included within the scope of
mally comprises a group of wells at a particular location, production facility or field
Ined appropriate, the well stock may be a smaller group of wells or even an individual we

primary objectives of a performance review are to:
assess whether the well stock is performing in accordance with the WIMSand its object

assess how the well stock conforms to the WIMS processes and adheres to the policies, |
and standards defined in the WIMS;

identify areas of improvement.

bre areas for improvement are identified, any changes/required to address these imp
1ld be specified and implemented. Implementation of-any changes shall follow the risk :
MOC processes as described in 5.5 and 5.11, respectively.

formance reviews should be carried out at a défined frequency determined by the we
bd upon associated risks.

ddition, ad hoc reviews should be performed as and when deemed necessary when new i
bmes available that can have a significant impact on well integrity risk or assurance proq

review shall be performed by a-gi:oup of personnel deemed competent in well integrity
who are familiar with the well operator’s WIMS. It is recommended that, where practica
e personnel involved in the review not be directly involved in well integrity management
k under review, in order {o)provide a broader perspective and to aid in identifying any
have been overlooked by those engaged in day-to-day operation of the wells under revie

erforming the review, the well operator should typically carry out the activities listed in|

he review
but, where
11.

ves;

brocedures

rovements
issessment

[l operator

hformation
esses.

principles
ble, at least
of the well
issues that
V.

Table 5.
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Table 5 — Performance criteria and associated review activitie

Performance criteria

Performance review activity

Conformance

Check that policies, procedures and processes are up-to-date, approved for use and
being consistently applied.

Compare current documented well operating limit(s) against the current in-service
condition/use of the wells.

Check that the wells are currently operating within their defined operating limits,
particularly if well condition/use has changed or original planned well design life has
been exceeded.

Examine changes to well operating limits since the last review and reasons for these
changes.

Check whether the well operating limit(s) are approaching a condition where they
cannot support the continued use of the well (including any potential to exceed the
original planned well design life).

Examine actual monitoring, testing and maintenance frequencies against planned fi
quencies to check whether planned frequencies are being achieved or, where

applicable, that a deviation from a planned frequency has beefi justified, documentefd
and approved.

[¢)

Documentdtion

Check that WIMS activities are clearly and adequately decumented in accordance with
any defined requirements, and that the documentatign isTeadily available to relevant
personnel.

Governance

Check that specified levels of authority for any.approval processes are being correctly
applied within the WIMS.

Measuremgnt

Review well integrity key performance indicators.

Identify any trends and areas of the WIMS that can require modification to address any
deficiencies indicated by the trends;

Check that any WIMS audit findings, if applicable, are being adequately addressed and,
where necessary, identify areas-where this is not the case.

Check on type and quantity,of reported non-conformances and incidents associated
with well integrity and; where applicable, identify changes to the WIMS to avoid such
issues in future.

Organizatignal
capability

Check that releyantpersonnel clearly understand their involvement in well integrity
managementprocesses and that they are competent to fulfil the requirements
specified in the WIMS.

Check thatddequate resources are assigned to address all the elements of the WIMS|in
accordance with defined requirements.

Relevance

Check that WIMS processes are up-to-date and applicable to the well stock being
assessed.

Examine basis for current documented operating limits, performance standards andl
monitoring, testing and maintenance processes. Assess whether any changes to the
WIMS are required to capture

— onhancementsto currentwell anerator nolicies and nracedures and risk
r r r

management principles and practices;
— current legislative requirements;

— any new internal or industry guidance, learnings, experience or best practices
identified since the last review;

— any supplier recommendations/notifications regarding equipment use or replace-
ment/obsolescence since the last review;

— availability, since the last review, of new or improved techniques or
technologies that might enhance well integrity if applied to the well stock.
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Table 5 (continued)

Performance criteria | Performance review activity

Risk and reliability

Check whether risk assessments are being performed in accordance with defined
standards and procedures, all relevant risks have been identified, the magnitude of the
risks are correctly defined and risk mitigation requirements have been implemented.

and procedures.

Check that risks are being managed effectively in accordance with defined standards

testing and maintenance frequencies.

Check whether the current reliability and condition of the well stock is-align|
current frequency of planned monitoring, testing and maintenance of|the wg
components.

Examine numbers and types of well anomalies encountered since the last review.

Examine failure and corrective maintenance trends relative to planned monitoring,

ed to the
11

Tinpeliness Check on timeliness of addressing well anomalies relative to defined requirg
and, where applicable, identify any processes within the WIMS that can be njodified to

enhance timeliness while still meeting defined requirements.

ments

9.12 Continuous improvement

In accordance with 5.12, the well operator should have an{established continuous improvement

progess. For the operational phase, this improvement process;should include learnings from

mal

phajse and other relevant life cycle phases, e.g. by identifying:

10

10

Thd
acti
ope

/1 Well intervéntion phase objectives

ntenance and verification tasks, which can then be uséd to provide feedback to the

non-conformances to well operating conditions:@ithin the well operating limits;
increasing and unacceptable failure rates for,various components;

number of corrective maintenance tasksyvs. preventive maintenance tasks;
frequency of exceeding maintenan€e and verification frequencies;

deviations from well surveillance plans (e.g. planned corrosion surveys);

deviations from annulus (pneéssure management procedures.

Well intervention phase

re may be.woccasions when the operational phase of a well is interrupted to carry out well ix
vities;>For the purposes of this document, a well intervention includes any activity whe
rator breaks containment to enter the well. The elements of this phase are detailed in Fig

bperations,

pperational

tervention
re the well
ure 10.
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Elements common to all phases
Well integrity Organisational structure Reporting & documentation

Well integrity management Well barriers Management of change
Well integrity policy Performance standards Continuous improvement
Risk assessment Well barrier verification Auditing

Well integrity life cycle phases

(e

g

;; o
learned

Optional workflow

7

The well intervention phase defines the minimum requir ’ﬁts for assessing well barriers prior to, jand
after a wel| intervention, which requires entering intao &stablished well barrier containment system.

Well interviention can be required in order to car;@ut the following:
— produg¢tion performance monitoring or @Tmement;

— reservpir surveillance; . O

— well inftegrity diagnostic work; O®
— repair|or replacement of do@1 ole components;

— repair|or replacement @vellhead and tree components;

— changing produci%~ r injection zones;

— plug back an@e track operations;

—  well sy s%q ion;

— final well abandonment (see Clause 17).

Where the intervention activity includes the replacement or reconstruction of well components, the
requirements of Clause 7 for design and Clause 8 for construction may apply.

10.2 Organizational structure and tasks

The well operator should establish and maintain strategic plans that include organizational capability
to effectively plan and execute well intervention activities. This includes provision for scheduled routine
well intervention activities and the capacity to react to unscheduled events impacting on well integrity.
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The well operator should define the roles, responsibilities, and authority levels required and assigned
to those involved in the planning and execution of well intervention activities. RACI charts can be a
useful way to summarize the organizational structure required for these activities.

Typical examples of functional skills that are needed include:
— drilling and completion engineering and operation;
— subsurface geology and reservoir engineering;

— specialists in wireline, coiled tubing and snubbing services;

— |logging and interpretation (e.g. calliper log, MFL log);
— | cement evaluation;

— |specialists in well services and SIMOPS;

— |risk assessment and management.

The well operator should define the well intervention competence réquirements and quplifications
of pgersonnel utilized to accomplish the requirements of the well intetvention phase. Thesg tasks are
simifilar to those found in Clause 8.

NOTE See ISO/TS 17969.

10.3 Well handover

As presented in 5.10.4, depending on the organizational structure of the well operator, thefe can be a
reqpirement to ‘hand over’ the ownership/custodianship of the well when moving from ohe well life
cycle phase to another. In the case of well interf'¥ention activities this may be, for example, o handover
from a production operations group to a well.intervention/workover team, and back again to production
opefrations.

The well operator should establish-and maintain well handover procedures to manage tHis process.
Such procedures should address thefollowing:

— |when a well handover occurs;
— |check list of items to-be.documented before handover can occur (see Annex J);
— |well records and reports to be available and generated at handover;

— [transfer of ¥oles and responsibilities at handover.

10.4 Well-intervention programme

All [well*intervention activities should be conducted in accordance with an approved pfrogramme.
The-wetHnterventiomrprogrammre—shouldaddressthre-wet-interventiomr requirenrents;as-well as the
mitigation and control measures required for the hazards and risks associated with well integrity.
The well intervention programme should contain well barrier plans and schematics, as well as barrier
verification methods prior to and after the well intervention.

10.5 Well barriers

10.5.1 General

Prior to intervention in a well, an assessment shall be made of the current well barrier status. The
assessment should identify any uncertainties in the well barrier integrity. If the integrity of a barrier
cannot be confirmed, the well operator should risk-assess the current status and determine any further
actions.
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The assessment should also address the potential for well barrier failures during planned activities,
and the contingencies required should a well barrier fail.

10.5.2 Well barrier plans

Well barrier plans/schematics should be prepared for each change in barrier configuration before and
after the well intervention, in accordance with the barrier philosophy (see 5.7.2).

This well barrier plan should identify potential leak paths, and the barriers required to be in place and
verified to isolate such leak paths. Any deviation should be followed by MOC procedures.

10.5.3 Well barrier qualification

If a WBE meeds to be repaired or replaced during a well intervention, the equipment and, matdrial
selected shiould be qualified in a manner to demonstrate fitness for purpose.

The well operator should make use of existing industry standards and approved vendor procedl]lres
covering the manufacture, inspection and quality control of components that make.up the well barriers.

10.5.4 Well barrier verification

Prior to the start of any well intervention activity, the well operater should establish the barjrier
VerificatioI procedures to be applied in order to confirm the integrity of required well barriers. Juch
verificatiof procedures may be applied:

a) immediately prior to the well intervention, for existing well\barriers;
b) duringthe well intervention activity, when barrier configuration or status is changed;

c) at thelend of the well intervention programme, as required to demonstrate the acceptable well
integrity status prior to handover and reinstatement of the well to operational phase.

In the evegnt a well barrier fails to meet the verification criteria, the well operator should Have
contingendy plans in place to maintain (or resihstate) acceptable well integrity.

For activitjes restoring or changing wellbarriers, the requirements and processes of Clause 8 shoulgd be
followed.

10.5.5 Well operating limits

Following vell intervention-dctivity, the well operator should review and, if required, update the well
operatingJimits in accardance with 5.8.2 and 5.11.
Due consideration-should be given to the following:

— changgs inndownhole hardware;

— degradation of Well COmponents;
— changes to wellbore fluid composition;
— changes in the capacity to monitor well parameters;

— results of barrier verification activities.

10.6 Risk management

The well operator should identify the key risk areas for each well intervention activity, and identify the
preventive controls and mitigation measures that are required to manage the well integrity aspects
of the activity. The risks should be documented in a risk register for the activity and be reviewed with
personnel involved with performing the intervention.
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7 Management of change

If integrity conditions are encountered during intervention which are significantly different than
expected, the intervention plan shall be re-verified and/or revised to address the different conditions
through the required MOC process (see 5.11).

Any changes as a result of these reviews should be properly documented and included in the well
barrier schematic, if appropriate.

After intervention, the risk register should be updated to reflect any change in the level of risk based on
new information.

10.
Thd
intd
infq
a)
b)
Add

11

11.

The
The

8 Deliverables (documentation and reports)

well operator should identify all information that is required to be recorded, for on
grity management after the well intervention activity. This may include,\but is not
rmation on the following:

well handover (see 10.3 and Annex J);

lessons learned (see 5.12.3).

itionally, this may include updates to:
controlled ‘as-constructed’ well records;

well operating limits (see 5.8.2);

well inspection and maintenance requirements;

risk register.

Well abandonment phase

1 Well abandonment phase objectives

well abandonment phase-defines the requirements and objectives to permanently aban
elements of this phase are detailed in Figure 11.

going well
limited to,

don a well.
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\and includes the establishment of perma
the wellbore, such that integrity is retained;with no intention of future well re-entry. T
tional local regulations that require additional tasks to be performed when abandoning a v
lhead removal, and the well operator should encompass these in their plans.

ome well operators, and some&dlatory bodies, can require the periodic inspectio
wells, the integrity of the flna ell abandonment configuration is not dependent on s
spections.

Jonment requirements ld be considered throughout the life cycle of the well, star
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abandoned. The
ent (see 5.7.2). Q%
donment activities, the well operator should identify the objectives of|
achieving such objectives. The objectives of well integrity-specific activities
ay include, but are not limited to:

erator’s barrier philosophy should address the requirements of

ng for wel
d option

ti '&of formation, injection and wellbore fluids escaping to the environment;

I
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uch
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ould be designed, constructed and maintained such that they can be
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— prevention of cross-flow of fluids between discrete formations/zones;

prevention of contamination of aquifers;

time of abandonment;

specific legal requirements.

11.2 Organizational structure and tasks

isolation of radioactive materials or other hazardous material that can remain in the wellbore at the

The well operator should establish and maintain strategic plans for the timely final abandonment of
their entire well stock. This may include long-term planning for end-of-life decommissioning activities.
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The well operator should establish and maintain an organizational capability to effectively execute
the well abandonment plans, as appropriate for its wells. The organizational structure required to
support well abandonment planning and execution may include access to expertise. Typical examples of
functional skills that are needed include:

drilling, completion and interventions engineering and operations;
cementing engineering and operations;

subsurface geological and reservoir engineering;

Thd

assigned to those involved in well abandonment planning, execution, and dny post-ab

acti
the

Thd

assigned to well abandonment planning and execution activities.

NOT

11

All

cre
req
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sch

Req
be i

11.

11.

In t
sho

B Well abandonment programme

phcorporated into the abandonment programme as applicable.

£ 4. 1 3 '
oSLllructiuldal bllslllb\,l 1115,
risk assessment and management.

well operator should clearly define the roles, responsibilities and authority levels re

vities. RACI charts can be a useful way to summarize the organization@lystructure r¢
be activities.

well operator should define the competence requirements, and ensure only competent

E See ISO/TS 17969.

well abandonment activities should be conducteéd in accordance with an approved g
hted for this phase. The well abandonment programme should address the well ab
1irements, as well as the mitigation and control measures required for the hazards
ciated with well integrity. The abandonment programme should contain well barrier
bmatics, as well as barrier verification miethods prior to and during the well abandonmer]

uirements from the well design phdse may be pertinent to the well abandonment phase,

1 Well barriers for abandonment

1.1 General

he selection of-batriers and the quantity of barriers for well abandonment, the follow
hld at least h€.considered:

identifi¢ation of potential sources of flow that can exist at the time of well abandonment];

potential future flow sources due to reservoir re-pressurization;

uired and
indonment
quired for

people are

rogramme
indonment
and risks
plans and
t.

and should

ing factors

d

| ) L H 1 - b b - £l b =l o b
LlClJlCLlUll Ul d ICS5CT VUII lﬁdullls LU PULCIllel TUL CTUSSTIIUVY LU ULIICT UISUITICL ZUILICS,
identification of potential leak paths;

options to establish permanent barriers to potential leak paths at abandonment;

capability to verify annulus cement isolation effectiveness (initially and prior to abandonment);

capability to access well sections for placement of permanent barriers;
formation compaction;
seismic and tectonic forces;

temperature;
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— chemical and biological regimes that can exist.

11.4.2 Well barrier material selection and qualification

The materials selected for permanent barriers used for well abandonment shall be qualified to
demonstrate they will retain integrity in the downhole environment to which they are reasonably

expected to be exposed.

NOTE For example, see Oil and Gas UK, Guidelines on Qualification of Materials for the Abandonment of

Wells.[25]

11.4.3 Well barrier placement, configuration and redundancy

The well dperator shall specify the requirements for barrier position, placement, configuration
redundancly for specific isolation objectives, which may include isolation of the following:

— reservpir hydrocarbon zones;

— shalloyv gas zones;

— tar andl coal zones (non-flowing hydrocarbons);

— over-pressured water zones;

— injectipn fluids (e.g. water, COz, cuttings re-injection);
— shalloyv aquifers;

— hazardous materials left in the wellbore.

NOTE For example, see NORSOK D-010[21] or Oil and Gas’UK, Guidelines for the Abandonment of Wells[24]

11.4.4 Well barrier verification

The well operator should establish verificdtion criteria, including applicable regulatory requireme

and

nts,

to confirm|that the well barrier is in placé and that it has the integrity to meet the objectives for which

it was designed.

The abandpnment barriers should'be designed and deployed in such a manner that they can be veri
during abandonment. Previously/installed well barrier abandonment elements can degrade over t
and may n¢ed to be re-verified-based upon a risk assessment.

A process fhould be in¢place to confirm barrier verification requirements have been met during |
abandonment.

11.4.5 Reference documents for well abandonment barriers

fied
ime

vell

alala ALE pandonmen

In the preparationc abandc
the currently applicable regulations.

s of

The well operator should also review, and may choose to adopt in part or in full, current industry

recommended practices. These may include, but are not limited to:

— 0Oil and Gas UK, Guidelines for the qualification of materials for the abandonment of wells;
— Oil and Gas UK, Guidelines for the Abandonment of Wells;

— NORSOK D-010;

— API/TR 10TR1.
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5 Risk management

The well operator should identify the key risk areas for well abandonment activities, and the preventive
controls and mitigation measures that are required to manage the well integrity aspects of the activity.
The risks should be documented in a risk register (see 5.5.2) and be reviewed with personnel involved
with performing the abandonment.

In planning for well abandonment activities, the well operator should clearly identify the following:

a)
b)
c)
d)

Ini
con

11.

all the integrity objectives of the well abandonment activity;

theTisksthatcam threatemrachievenment of eactrof the objectives;
the means available to control and mitigate such risks;
ability to comply with regulatory requirements.

lentifying and assessing such abandonment risks and objectives, the well-operator sho
sider:

the risks associated with any concurrent activities at the time of welllabandonment;
longer-term well ownership and liability, obligations and risk;

potential future activities at the abandonment location gr adjacent areas (surface and
activities);

potential changes in reservoir pressure and fluid composition due to future projects
processes.

6 Management of change

h1d at least

subsurface

or natural

Thg MOC process described in 5.11 shall bé&applied during well abandonment planning and efxecution of
actiyvities, in order to address any changesto the well abandonment programme.

11.

Theg well operator should identify documentation and reports which are required in order td;

a)
b)

7 Deliverables (documentation and reports)

result in final acceptance of the well abandonment and handover of the well location;

document the final well configuration at abandonment.

Infqrmation reqliired to document the final ‘as-constructed’ well configuration at abandol

incl

©IS

pde the following:

final'surveyed well surface location;

)

hment may

details of all casing strings and completion components remaining in the well;
cement tops, cement properties, type of support;

cement plug foundation or support, e.g. bridge plug;

barrier element location and composition;

well barrier schematic;

fluids remaining in the wellbore (type, properties);

hazardous material left in the well (radioactive sources, chemicals, etc.);
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The well o(t)erator should establish the requirements for long-term availability of well documentation

after abanglonment, and make provision for such requirements that address, but are not limited to:

1y
2)
3)

78

verification records of all permanent barriers;

discussion on any concerns in achieving final abandonment objectives;
final site inspection and condition report;

continuous improvement review and feedback;

recommendations for any post-abandonment activities;

updated risk register.

period| of time that records are to be kept;
accessjbility of the well records;

securgrecord storage mediums and locations.
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Annex A
(informative)

Risk assessment techniques

General
=enera:

Ris]
the}
an

am
AL/
cap
risk

Ari

A.2

A.2
like
bas

A.2
inte
fro

x assessment techniques are used to assess the magnitude of well integrity risks, an
/ are potential risks, based on an assessment of possible failure modes, or actual risk{
issessment of an anomaly that has been identified. When determining an acceptable le
ethodology called “as low as reasonably practicable” (ALARP) is often applied. Applyin
A\RP means that risk-reducing measures have been implemented until-the cost (incly
tal costs or other resources/assets) of further risk reduction is disptoportional to th
-reducing effect achieved by implementing any additional measure (See ISO 17776).

sk assessment process typically involves:

identification of the types of anomalies and failure-related.évents that are possible for
that are being assessed;

determination of the potential consequences of¢each type of well failure-related
consequences can affect health, safety, the envitonment, cause business interruptid
disruption or a combination of these;

determination of the likelihood of occurrenc¢e of the event;

determination of the magnitude of therisk of each type of well failure-related event ba
combined effect of consequence and likelihood.

Types of risk assessment

lihood of event occurrence is largely based on the judgement of qualified and competent
bd on their experience.

2 Quantitative risk assessment (QRA) is another technique that can be applied to
grity risks)'This technique also assesses both consequences and probability, but uses i

h databases on well integrity failures to quantify the probability of a given event occurring.

d whether
, based on
vel of risk,
g the term
ding time,

E potential

the well(s)

event; the
n, societal

sed, on the

1 Qualitative risk assessment can be used where the determination of both conseqyiences and

personnel,

hssess well
hformation

A2

3 Failure-mode and effects and criticality analysis (FMECA) can also be used to dete

rmine well

integrity risks. FMECA is particularly useful in establishing the types of component failure that can occur,
the effect on the well barrier and the likelihood of such failures occurring. This information can then be
used to assist design improvements and to establish the type and frequency of monitoring, surveillance
and maintenance required to reduce the risk of the failures modes identified as part of the FMECA.
Detailed risk assessment methods and techniques can be found in ISO 17776, 1SO 31000 and IEC 31010.

A.3 Risk control assessment
The bow-tie schematic is a useful methodology for identifying and documenting hazards, consequences,

barriers (number required, prevention and recovery measures), and escalation factors and controls.
Identified hazards are mitigated to an acceptable level through imposing barriers. An example of use
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of the bow-tie method is illustrated in Figure A.1. Table A.1 shows the applicability of risk assessment
tools to the various elements of the risk assessment process.

Escalation Escalation
Control of Control of

factors |~ escalation escalation / factors
factor factor

Threat 1 Consequence 1

ecovery
preparedness

Barriers to
ORI a3 measures

Threat 2 Consequen;‘é\'z

v
Con%e'lhénce 3
-
NO

O
N

o
Figure A.1 — General example of a bow-tieéematic

[#

N
Table A.1 — Applicability of tools used for risk assessn&éﬁ} (see IEC 31010:2009, Table A.1

PPN

Riiﬁgsessment process 2
I . -
Tools and fechniques Risk A\‘Q) Risk analysis Risk
identification sequence | Probability Levelof | oyaluatipn
‘C@ risk
Brainstornjing SA \\() NA NA NA NA
. A
_Struct.ured or semi-structured SA . @) NA NA NA NA
interviews SN\
Delphi (PA NA NA NA NA
Check-lists U sa NA NA NA NA
Primary hazard analysis . A9 SA NA NA NA NA
o AN
Hazard and operability studl% SA SA A A A
(HAZOP) A
Hazard Andlysis and Cfitical
Control Point (HAC@ SA SA NA NA NA
Environmehptal assessment SA SA SA SA SA
Structured V%a'\ If Technique
(SWIFT) SA SA SA SA SA
Scenario analysis SA SA A A A
Business impact analysis NA SA SA SA SA
Root cause analysis NA SA SA SA SA
Failure mode effect analysis SA SA SA SA SA
Fault tree analysis A NA SA A A
Event tree analysis A SA A A NA
Cause and consequence analysis A SA SA A A
Cause-and-effect analysis SA SA NA NA NA
Layer of protection analysis
(LOPA) A SA A A NA
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Table A.1 (continued)

Risk assessment process 2
Tools and techniques Risk Risk analysis Risk
identification | Consequence | Probability Levelof | oyauation
risk
Decision tree NA SA SA A A
Human reliability analysis SA SA SA SA A
Bow-tie analysis NA SA SA A
Relfabitity-centredraimtearce SA SA SA SA SA
Sndak circuit analysis A NA NA NA NA
Matkov analysis A SA NA NA NA
Mopte Carlo simulation NA NA NA NA SA
Bajyfesian statistics and Bayes Nets NA SA NA NA SA
FNfcurves A SA SA A SA
Risk indices A SA SA A SA
Conjsequence/probability matrix SA SA SA SA A
Codt/benefit analysis A SA A A A
l(V[Nl[l :t[i)-Ac)riteria decision analysis A SA A SA A
a JA = strongly applicable, NA = not applicable, and A = applicable
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Risk register

Table B.1 gives an example of a risk register to document risks to well integrity (see 5.5.2). Table B.2
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Table B.1 — Example of risk register
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Table B.2 — Risk register header explanation

Item in Table B.1

Explanation

ID

Each risk element should have a unique identification number for use as reference.

Hazard

An event, condition or state involving increased risk of negative impact(s).
The description should be short and to the point.

Examples of hazards: casing leak, erosion, etc.

Risk description:

A description of the cause(s)/trigger(s) that can lead to the occurrence of the
hazard.

Cause .

Risk description: A description of the consequence(s) if the hazard occurs. The consequence fefers
to the possible effects of the hazard if it occurs.

Consequenfe

Existing safeguards Existing safeguards relate to measures or barriers (technical or organizationgl)

that are already planned or in place to prevent the hazard from dcgurring.

Risk beford mitigation: The likelihood of the consequence occurring, taking into account’the existing
- safeguards. The probability is selected from predefined categories in the risk
Likelin assessment matrix.
Risk beforg mitigation: An expression for the consequence of the hazard takinginto account the existing
i safeguards. The impact is selected from predefined.categories in a risk assesg-
Consequente

ment matrix.

Risk-mitiga

Measures

ting control:

Probability- or consequence-reducing measfires to mitigate the risk. For each
risk, consider any risk-reducing controls.that have the potential to reduce risk to
within the effect of the existing safeguards.

Each measure should be evaluated ifvaccordance with the ALARP principle.

Risk-mitigd
Status

ting control:

The status of the control measure:

The status of implementatiofiYef a control measure should be described.

Risk-mitiga
Responsibl

ting control:

D

Assign each control measure to a responsible person.

Risk-mitigd

ting control:

Assign a due date for each control measure. This date is the deadline for
implementing the’'measure.

Due date
Risk after rhitigating control: | The Likelihood of the consequence occurring, taking into account the existing
- safeguards and the effects of planned control measures. The probability is

Likelib selected from the predefined categories in the risk assessment matrix.

Risk after rhitigating control: |[Anexpression for the consequence of the hazard, taking into account the

Consequenke existing safeguards and the effects of any planned control measures. The

~onsequence impact is selected from predefined categories in a risk assessment matrix.

Risk status| The status of managing the risk should be described.
Whenever a risk is closed or otherwise no longer relevant, it is recommended|to
change its status to closed. This will help in managing the risks.

Comments Any information that can be relevant to document or communicate may be
added T The COMmMments text fietd:
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Example of well integrity roles and responsibilities chart

Table C.1 provides an example of a RACI chart.

Table C.1 — Example of a roles-and-responsibility overview
- Well Production Subsurface- | Wellintegrity
Np. Activity . . . . . . .
engineering | operations | engineering | engineering
| |Well charter/field development plan C — AR I
?  |Well basis of design C — AR I
Well detailed design AR — C I
4 |Construct well AR — C I
b Calculate and set maximum
allowable annulus surface R — AR I
pressures (MAASPs)
b |Prepare handover documents AR I C —
f |Complete and validate well status AR I C —
8 Conf_ir_m a_s-constructed C C AR I
specification
) |Sign off handover document R A C I
10 |Define operating envelope;
calculate high-pressure alarm | C AR C
(HPA) and triggers
Monitor well and annuli — AR C —
Manage annulus pressure — AR C —
Carry out well maintegnance R AR C C
(preventive and corrective)
14 |Conduct anomaly.investigation C R A C
15 |[Carryout MAASP/trigger R C A C
re-calculation
16 |Conductwell integrity review C C AR C
17 |Moniter compliance with WIMS . C C A
reguiirements
18~ Review, maintain and update I I I AR
Pl ULLOS
19 |Well abandonment R A C C
R - Responsible, A - Accountable, C - Consulted, [ - Informed
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Annex D

(informative)

Example of a well integrity competence matrix

Table D.1 provides an example of a well integrity competence matrix.

Table D.1 — Example of a well integrity competence matrix
Well
No. Activity Wellsite | Sl | Petrolenm o o
intervention engineer
engineer
1 |Well glesign and load case analysis Awareness Skill Knowledge Knowledge
2 |Cementing and hydraulic ECD modelling Awareness Skill Knowledge Awareness
3 |Assedsment and well material selection Awareness Skill Knowledge Awarenegs
4 |Well barrier assessment as-constructed Awareness Skill Skill Skill
5 |Calcuflate and set MAASPs Awareness Skill Skill Skill
6 |Monitor well pressures within envelope Skill Skill Knowledge Skill
7 |Opergte wellhead and Tree valves Skill Skill Knowledge Skill
g |oberfre and equalize subsurface safety Skill Skill Knowledge | Knowledge
9 |Test Wellhead and Tree valves Skill Skill Knowledge Knowledge
10 |Test qubsurface and surface safety valves Skill Skill Knowledge Skill
11 |[Monifor annulus pressures Skill Skill Knowledge Skill
12 |Bleed down and top up annulus pressures Skill Skill Knowledge Skill
13 |Asseds well operating envelope Knowledge Skill Skill Skill
14 \l\l/ﬁi’z sain and grease wellhead gnii-Tree Knowledge Skill Knowledge Knowledge
15 |Repalr/replace wellhead and Tree valves Awareness Skill Knowledge Knowledge
16 |Repafr and replace subsupface safety valves| Awareness Skill Knowledge Knowledge
17 |Install and remove{wellhead plugs (BPV) Awareness Skill Knowledge Knowledge
18 |Insta]l and remove wellhead VR plugs Awareness Skill Knowledge Knowledge
19 |Backdseat valves and repair stem seals Awareness Skill Knowledge Knowledge
20 |Un-sting’and bleed valve pressure Awareness Skill Knowledge Knowledge
21 |Test weHlhead-hangerseat AwareRess St Krevdedge Knewledge
22 |Re-energize wellhead hanger neck seal Awareness Skill Knowledge Knowledge
23 |Pressure test annulus Awareness Skill Knowledge Skill
24 |Pressure test tubing Awareness Skill Knowledge Skill
25 |Install downhole isolation plugs Awareness Skill Knowledge Skill
26 |Recalculate MAASP Awareness Knowledge Skill Skill
27 |Annulus investigation Awareness Knowledge Knowledge Skill
28 |Review further use (life cycle extension) Awareness Knowledge Knowledge Skill
29 |Replace Tree Awareness Skill Knowledge Knowledge
30 [Run corrosion logs Awareness Skill Skill Knowledge
31 |Assess corrosion logs Awareness Knowledge Skill Skill
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Well

. engineer Well
No. Activity Well site and well Petr(_)leum integrity
operator intervention | ¢"8'Meer engineer

engineer

32 |[Kill well Awareness Skill Skill Knowledge

33 |Assess well barrier schematic Knowledge Skill Skill Skill

34 |Risk-assess and process deviations Knowledge Knowledge Knowledge Skill
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Annex E
(informative)

Examples of well barrier elements, functions and failure

characteristics

Table E.1 lfists the types of well barrier elements (WBEs), with a description of their functions
typical failiire characteristics, that are relevant during the operational phase.

hnd

Other WBEs that are not listed in Table E.1 can be employed in wells and in these cases'a sintilar
documentdd evaluation should be made.

Table E.1 — Example of WBEs, their functions and failure modées

Barrier efement Function Failure characteristic
typ (Examples)
Fluid colunfn Exerts a hydrostatic pressure in the wellbore that Leak-off into a formation
prevents well influx/inflow of formation fluid Flow of formation fluids
Formation Provides a mechanical seal in an annulus where the % Leak through the formation
formation is not isolated by cement or tubulars Not sufficient formation strengt} to
Provides a continuous, permanent and imperimeable |withstand annulus pressure
hydraulic seal above the reservoir Not sufficient formation strength to
Impermeable formation located above(the reservoir, |perform hydraulic seal
sealing either to cement/annulus iselation material
or directly to casing/liner
Casing Contains fluids within the wellbore such that they  |Manufacturing flaw
do not leak out into otherzeoncentric annuli or into .
. Leak at connections
exposed formations
Leak caused by corrosion and/o
erosion
Wear
Parted connections
Wellhead Providesimechanical support for the suspending Leaking seals or valves
casjng-and tubing strings Mechanical overload
Provides mechanical interface for connection of a
riser, BOP or production tree
Prevents flow from the wellbore and annuli to other
annuli or the environment

Deep-set tubing
plug

Provides a mechanical seal in the tubing to prevent
flow in the tubing

Leaks across the seals, internal or
external

Production packer

Provides a mechanical seal between the completion
tubing and the casing/liner, establishing the A-annu-
lus above and thus preventing communication from
the formation into the A-annulus

Leak across the external packing
elements

Leak across the internal seals

Surface-controlled
sub-surface safety
valve (SCSSV)

Safety valve device installed in the production
tubing string that is held open, usually by the
application of hydraulic pressure in a control line.

If there is loss of control-line hydraulic pressure, the
device is designed to close automatically

Lack of control line communication
and functional control

Leaking above acceptance criteria
Failure to close on demand

Failure to close within the
acceptable closing time
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Barrier element
type

Function

Failure characteristic
(Examples)

Liner top packer

Provides a hydraulic seal in the annulus between
the casing and the liner, to prevent flow of fluids and
resist pressures from above or below

Inability to maintain a pressure seal

Subsea tree

System of valves and flow conduits attached to the
well-head at the sea floor, which provides a method
for controlling flow out of the well and into the
production system

Leaks to the environment
Leaks above the acceptance criteria

Inability of valves to function

Additionally, it may provide flow paths to other
well annuli

Failure to close within the
acceptable closing time

Mechanical damage

accpss valve

Annulus Safety valve device installed in the annulus that Lack of control-line comrphunication
surfface- prevents flow of fluids from the annulus to the and functienal control
corftrolled annulus wing valve . o
Leakingabove acceptande criteria
subsurface
safety valve Fallure to close on demand
Failure to close within the
acceptable closing time
Tuling hanger Supports the weight of the tubing and prevents flow |Leak past tubing seal
from the tubing to the annulus or vice versa . .
Mechanical failure
Tuling hanger plug |Mechanical plug that can be installed within the Failure to hold pressure, feither
tubing hanger to allow for isolation efthe tubing internally or externally
Often used to facilitate the installation of BOPs or
tree repairs
Wellhead/annulus |Provides ability to monitor pressure and flow to/ Inability to maintain a prjessure

from an annulus

seal, or leaking above acdeptance
criteria

Unable to close

Cading/liner cement

Cement provides‘a continuous, permanent and
hydraulic seal along well bore between formations
and a casing/liner or between casing strings

Additionally, the cement mechanically supports the
casing/liner and prevents corrosive formation fluids
coming into contact with the casing/liner

Incomplete fill of the annjulus being
cemented, longitudinallyjand/or
radially

Poor bond to the casing/|iner or

formations
Inadequate mechanical sfrength

Allows flow from/to formations
behind the casing/liner

Cerpent plug

A continuous column of cement within an open hole
or inside casing/liner/tubing to provide a
mechanical seal

Poor placement, leading fo contami-
nation with other fluid51n the well

L £L3 3 4 L. 3 LJd+
TITSUTTICTCITC IITCCITarticar al.rength

Poor bond to the casing or formation

Completion tubing

Provides a conduit for fluid to/from the reservoir to/
from surface

Leak to or from the annulus

Wall thinning from corrosion and/
or erosion not resistant to the load
cases

Mechanical tubing
plug

A mechanical device installed in completion tubing
to prevent the flow of fluids and resist pressure from
above or below, inside tubulars and in the annulus
space between concentric positioned tubulars

Inability to maintain a pressure seal
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Table E.1 (continued)

Barrier element Function Failure characteristic
type (Examples)

Completion string |Provides support to the functionality of the comple- |Inability to maintain differential
component tion, i.e. gas-lift or side-pocket mandrels with valves |pressure
or dummies, nipple profiles, gauge carriers, con-

trol-line filter subs, chemical injection mandrels, etc. Valves leaking above the acceptance

criteria
Surface safety Provides shutdown functionality and isolation of Leaks to environment
valve(s) or well to production process/flow lines based on
— o N N Leaks across valves above
emergency UPTTatIrg IIes ot il produc ol sy stelr acceptance criteria
shut-down [[ESD) p
valves Mechanical damage

Failure to close within the'accepf
able closing time

Inability to respéng-to process
shutdown requirement over
pressuring-process

A system of valves and flow conduits attached to the |Leaks to'the environment
wellhead that provides a method for controlling the
flow out of the well and into the production system

Surface tre

w

Leaksacross valves above the
aceeptance criteria

Inability to function valves

Failure to close within the
acceptable closing time

Mechanical damage
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Examples of well barriers during the well life cycle and a well
barrier schematic
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ABC 0Oil and Gas Operator
XYZ Field Well: AA-01 Prepared by: Date @msmm=» Primary Well Barrier to the Reservoir
Welltype: 0il Producer Approved by: Date

Date Original Well Completed:

Treeis rated to:

e Secondary Well Barrier to the Reservoir

Date Workover 1 Completed:

Wellhead is rated to:

N.O. =Normally Open N.C. =Normally Closed

Date Workover 2 Completed:

Tubing israted to:

A-annulus MAASP:

Drawing Ref:

DrawingRe v:

B-annulus MAASP:

Current Well Status: Producing

Date:

C-annulus MAASP:

Swab Valvg

N.C.

Kill Wing
Valve N.C.

Lower Masfer
Valve N.O.

Top Of 13-3/8"
Cement

Top Of 9-58"
Cement

Actuated Wing
Valve

Actuated Master Valve

A-annulus Valve N.C

— Intermediate Annulus
Valve N.C.

Sub Surface Safety
Valve

20"“Surface Casing
Shoe

— 13-3/8" Intermediate
Casing Shoe

— Production Packer

— Liner Hanger

— 9-5/8" Production
Casing Shoe

Barrier Element Table

Barrier Element Element Verification

Primary Well Barrier to Reservoir

Cap Rock Xxx Equivalent MUd Wt s.g.

7" Liner Cement TOC xxx ft: TotakCmtlength xxx ft
7" Liner Hanger/Packer PTto xxx kPaw/ MW yys.g.

7" Liner PTjto XxckPa w/ MW yys.g.
9-5/8" Casing (below Packer) RTto xxx kPa w/ MW yys.g.
9-5/8" Casing Cement (below TOC xxx ft: Total Cmtlength xcx ft
Packer)

9-5/8" Production Packer PTto xxxkPa w/ MWyys.g.
4-%dZubing PTto xxx kPa w/ MW yys.g.
TRSSSV Flap pep PTto xxx kPa w/ MW yys.g.

Secondary Well Barrier to the Reservoir

Foxmation Strength at packer Xxx Equivalent Mud Wt s.g.
9-5/8" Cement (above packer) TOC xxx ft: Total Cmtlength xxx ft
9-5/8" Casing PTto xxx kPa w/ MW yys.g.
9-5/8" Casing Hanger seals PTto xxx kPa w/ MW yys.g.
9-5/8" Well head section PTto xxx kPa w/ MW yys.g.
9-5/8" Wellhead Annul us Valve PTto xxx kPa w/ MW yys.g.
Tubing Hanger Seals PTto xxx kPa w/ MW yys.g.
X-mas Tree Connector PTto xxx kPa w/ MW yys.g.
Hy draulic Master Valve PTto xxx kPa w/ MW yys.g.
X-mas Tree PTto xxx kPa w/ MW yys.g.
Well Integrity Notes:

1. the xxm of cement overlap inside the 13-3/8" is considered good
cement and was verified by logging.

— Cap Rock

— 7" Liner Shoe

Figure F.1 — Example of well barrier schematic for operating phase
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Drilling reservoir section

X Stab in

safety valve

-

Drilling
BOP

Figure F.2 — Example of well barriers during the construction phase
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Wireline intervention

Wireline
BOP

nnnnnn

Figure F.3 — Example of well barriers during the intervention phase
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Figure@— Example of the final well barriers after the abandonment phas¢
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Annex G

(informative)

Example of performance standard for well barrier elements

Table G.1 — Example of performance standard for well barrier elements

]
Description Performance Verifi- Acceptanlce
monitoring cation criteria
requirement method example
Well head/[[ree visual inspection: There shall be no external |Acceptable visual |No leaks Zero
leaks/weeps of the well head/tree, valve and instrument inspection
connectionf (visual inspection).
Wellhead/Tree valve operability: All wellhead/tree valves Acceptable test/ |Number of |18 3/4 turtls
shall be opg¢rable in accordance with manufacturer defined operate on turas
specificatiqns (number of turns). demand as per
manufacturer
specification
Wellhead/Tree valve actuation: Actuated wellhead/tree Acceptahle reé- Time 30s
valves shal| close within the required time as defined by sponsetest
operator in|the well hook up cause and effect requirements for
shutdown Based on API RP 14B.
Wellhead/Tree valve leakage rate: The valve leakage rateis | [Acceptable test/ |Ambient Gas
not greater|than the corresponding allowable leakage rate as\‘{leak rate volume/ 0,43 Sm3/npin
specified by the operator based on API RP 14B. time Liquid 'I‘
400 Scm3/in
Annulus safety valve (ASV) integrity: The ASV perforrms within | Acceptable test Pressure xx MPa
the parametters specified by the operator based eh!API RP 14B. |operates on limit
demand records
available
Annulus infegrity management (1): The-ahiiulus pressures are | Operates within |Pressure xx MPa
to be withif specified values for maximum allowable annulus |[MAASP records |limit
surface pregssure (MAASP)/trigger-and minimum values. available
Annulus infegrity management'¢2): The annulus pressure Acceptable test Accuracy |Percentage
monitoring equipment is calibrated correctly and alarms operates on
(where fitt¢d) operate at the required set points or pressures |demand records
are recordgd manually.eitregular intervals. available
Annulus infegrity management (3): The annulus pressures Acceptable test Pressure xx MPa
test is to bg withinthe wells operating limits as defined by the |operates on test
operator. demand records
available
Sub surface safety valves (SSSV) integrity: The SSSV performs | Acceptable test Leak test Gas
within the parameters specified by the operator. operates on 0,43 Sm3/min
demand Liquid
400 Scm3/min
Well plug(s) integrity test: The well plugs perform within the |Acceptable test Leak test Zero
parameters specified by the operator. operates on
demand
Gas-lift valve (GLV)/Tubing integrity test: The GLVs and GLV tubing to Inflow test |Gas
tubing perform within the parameters specified by the annulus test ac- 0,43 Sm3/min
operator. ceptable Liquid
400 Scm3/min
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Table G.1 (continued)
Description Performance Verifi- Acceptance
monitoring cation criteria
requirement method example

Hanger neck seal, control line feed through, electrical feed Acceptable test Pressure xx MPa
through and drilling spool adaptor flange (DASF)/adaptor operates on test
spool seal areas: The component pressures test is to be within |demand
the wells operating limit as specified by the operator.
Shutdowns of artificial lift pumps electrical submersible Acceptable test Shutdown |30s
pumps (ESPs)/beam pumps/electrical submersible positive operates on test
cavlity pumps (ESPCPs)/positive cavity pumps (PCPS)/jet demand
puthps gas-lift systems.
Artfificial lift systems that have capability to overpressure
floy line/wellheads or other well components, shutdown test
is tp be within defined cause and effect diagram parameters.
Lodation safety valve or production wing valve: Operates as Acceptable test Shutdown |30
defjned in cause and effect diagram as defined by the operator. |operates on test

demand
Op¢rating limit of Injection wells: Maximum allowable Operating limit of |Pressure xx MPa
injgcting pressure as defined by the operator. injection-pressure |limit

based on MAASP

of well'bore
Stehm wells Operating limit Pressure + |xx MPa/°C
Makimum allowable pressure/temperature as defined by the- ‘jof injection tempera-
opdrator. pressure/ tem- ture limit

perature based

on MAASP and

temperature

limitations of well

bore
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Annex H
(informative)

Function testing by analysing hydraulic signature

H.1 Valvesignature

The hydrafplic signature of a valve is the pressure response when (slowly) pumping or bleeding off
control-ling fluid. Analysing this hydraulic signature can reveal mechanical problems.

Subsea tree valves often have a tell-tale to indicate valve position, which can be observed/verified
by an ROV,

H.2 SCS$HV

Figure H.1|shows the typical signature of an SCSSV. The change in the slope of the curve indicates that
the flow-tybe is moving. If there is no indication of flow-tube travel’dnd a correspondingly smdgller
hydraulic yolume pumped, the flow-tube can be stuck. It is goed“practice to keep a minimum of
6 895 MPa| (1 000 psi) above the full opening pressure to ensurethat the valve stays fully open \:]hen
the well prpssures change; refer to manufacturer’s operating pfocedures for exact operating pressures.

X “1. Start to open

K & : .
& ) - change in slope as flow tube starts moving
-~
g \t 2. FOP: full open pressure
g 3 i N
E § § \ Q) - change in slope as flow tube stops moving
121 12} e
t o 3
iy ? , & -\)S“ 3. Hold open pressure
| \' 3 4 5 ® Min xxx KPa above FOP
4. Start to close
\
/ y ! 5. FCP: full close pressure
Volume pumped Volume bled off

Figure H.1 — Typical signature of an SCSSV

A good hydrauticsignature, TOWever, 1S o guarantee that the vaive 15 functioning correctly, since the
flow tube and the flapper are not connected. If the flapper is stuck, or the torsion spring that assists
flapper closure is broken, the flow tube can move all the way up to the closed position (resulting in a
good hydraulic signature) but the flapper remains open. Therefore, analysing the hydraulic signature of
an SCSSV does not prove flapper closure. The only way to prove that a flapper is closed is to demonstrate
that the well is unable to flow.

If the SCSSV is operated from a wellhead control panel, it can be difficult to obtain a clear hydraulic
signature. Under these circumstances, the control line may be disconnected from the panel and hooked
up to a small portable independent control panel or even a hand pump.
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H.3 Subsea tree

Figure H.2 shows the hydraulic signature of the production wing valve of a subsea tree that is being
opened. The drop in supply pressure and the time it takes for the valve to open are good indicators.
They can be compared with the signature from the original installation, and changes in the signature
can be an indication that something is not functioning correctly.

—PWV Function Line Pressure —LP Supply Pressure

Supplyz nressure drops as hudraulic fluid is entering the
TP T & 5

hydraulic chamber of the wing valve

A AA LSRN o ANANI R An Naan,
< Voo

The wing valve is,fully open

Draccura

AN

\ Pressure is applied to the wing valve piston
The wing valve begins to open

0o 1 2 3 4 5 6 7 8 9Ot 11 12 13 14 15 16 17 18 19 20 21 22 23 24| 25 25

Time (seconds) —>

Figure-H:2 — Signature of a production wing valve (PWV)
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