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Foreword

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

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
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planation of the voluntary nature of standards, the.meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence to
le Organization (WTQO) principles in the Technical Barriers to Trade (TBT) see www
reword.html.

This document was prepared by Technical Committee, 1SO/TC 67, Materials, equipment and offs
structures |for petroleum, petrochemical and natural gas industries, Subcommittee SC 7, Offs
structures.

Alist of allfparts in the ISO 19901 series can-lie-found on the ISO website.
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Introduction

Structural integrity management (SIM) is the implementation of engineering, inspection, maintenance,
monitoring and remediation activities required to demonstrate the fitness-for-service of a structure for
its intended application throughout its total service life and prevent/mitigate severe or catastrophic
health, safety, environmental, or structural events. The SIM process provides a proactive approach to
monitor, evaluate and assess structural condition and establish a procedure to validate the fitness-for-
service of an offshore structure.

The purpose of SIM is to provide a process for demonstrating the integrity of the structure throughout

its intended total service life. Approaches to dealing with SIM vary depending upon field life,
strycture and the sophistication of regional infrastructure where the structure is located:In
factlors can influence the philosophical approach to the specification of SIM which can-var

inv
of i
con

SIM
new
tha

lving emphasis on the use of monitoring equipment to one with a preference for the ex
nspections. Additionally, design decisions on safety factors, design margins)‘corrosion

ponent redundancy and system reliabilities will influence the SIM strategy-ahd progran.

the type of
turn, these
iy from one
ensive use
protection,

process choices are made in the design (e.g. selection of materials, condition monitoriry
' or proven technology, robustness of design, redundancy, and fabrication/installatio
will influence SIM activities during the operations phase. Implementation of a SIM

benlefit significantly from design decisions, such as providing access for inspection and main
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The
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ISO

vides information on the condition of the structure,»which can be used to understa
emerging risk from operating the topsides, and provide information for determining t
tegy for mitigating that risk. A well-implemented §IM process will maintain the structui

jal SIM development begins early as part ofithe structure’s new design or reuse, ideally

be generated during the design by thé.project team and ultimately handed over to the
rating team. Once commissioned, the effective operation of the structure is conting
vided SIM philosophy and design,;'documentation from the project team. These delive
gn documents, drawings, computer models) are most useful to the operating team

complete, up-to-date (i.e. reflect as commissioned installation), organized, in a usable

lily accessible. To provide'sustainable SIM, the project team and operating team work coll
ing the project in defining the necessary SIM deliverables.

platform operatihg-team is responsible for validating that the design data are compreh
plete. In addition, the operating team is responsible for demonstrating that the SIM|
form to the Qpetrator’s risk criteria, regional regulations and that the SIM strategies ar
bd on location infrastructure and capabilities. National and regional regulations can r
Lmentation in a form suitable for verification or for review by a regulator.

19904-1[2] is applicable to the integrity management (IM) of hull, moorings and marine

service for the operational life of the platform and through the decommissioning procesy.

g systems,
methods)

rocess can

tenance.

M process is used to develop an inspection scope, program and frequency that, when executed,

hd present
he ongoing
e’s fitness-

during the

Icture’s concept and select stages. Most of the initial SIM data, strategies and program philosophies

structure’s
ent on the
rables (e.g.
when they
format and
hboratively

ensive and
strategies
b workable
equire SIM

systems of

exis

ting floating offshore structures. However, this document is applicable to the structur

management of the topsides structural components of floating facilities.

| integrity

1SO 19905-1[¢l is applicable to the IM of the legs, primary hull structure, spudcans, jacking-systems and
marine systems of existing mobile jack-up offshore structures and for setting the limit states. However,
this document is applicable to the structural integrity management of permanently located jack-ups.
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Petroleum and natural gas industries — Specific
requirements for offshore structures —

Part 9:

St

Thi

subjected to known or foreseeable types of actions.

Thi
of f

Thi

modlules, crane pedestals, helideck, drilling derrick, skid beams, flare booms, exhaust toy
tower, conductor support frames, and lifeboat davits. In addition, it is applicable to compli

fou

stryctures related to offshore structures-(e.g. underwater oil storage tanks, bridges and
struyctures), to the extent to which its'requirements are relevant.

Thi
a)
b)
‘)
d)
e)

2

ructural integrity management

Scope

5 document specifies principles for the structural integrity management (SIM) of effshore

5 document specifies requirements and provides recommendations applicable to the follo
xed steel offshore structures for the petroleum and natural gas industries:

caissons, free-standing and braced;
jackets;

monotowers;

towers.

5 document is applicable to topsides, including but not limited to the main decks, deck leg

hded structures, steel gravity structures, jack-ups, other bottom founded structures

5 document contains requireiments for planning and engineering of the following tasks:
integrity management data requirements;

in-service inspection-and integrity management of both new and existing structures;
assessment ofexisting structures;

evaluationiof structures for reuse at different locations;

evaluation of structures for their future removal.

structures

wing types

s, topsides
wers, radio
hnt bottom
and other
connecting

Normrative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 19900, Petroleum and natural gas industries — General requirements for offshore structures

ISO 19901-1, Petroleum and natural gas industries — Specific requirements for offshore structures —

Par

t 1: Metocean design and operating considerations

ISO 19901-2, Petroleum and natural gas industries — Specific requirements for offshore structures —

Par

©IS

t 2: Seismic design procedures and criteria

02019 - All rights reserved
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ISO 19901-4, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 4: Geotechnical and foundation design considerations

ISO 19901-5, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 5: Weight control during engineering and construction

ISO 19902, Petroleum and natural gas industries — Fixed steel offshore structures

ISO 19906, Petroleum and natural gas industries — Arctic offshore structures

3 T Fat 2 dofinitionc
errT ULl AT I1IIIIINIVUIIY
p

For the purposes of this document, the terms and definitions given in ISO 19900, 1SO199(1-1,
ISO 199012, ISO 19901-4, ISO 19901-5, ISO 19902 and ISO 19906 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresse

1%2]

— ISO Online browsing platform: available at https://www.iso.org/obp

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

31

anomaly
in-service survey measurement, which is outside the threshold acteptable from the design or most
recent fitness-for-service assessment

3.2
assessment
detailed qyalitative or quantitative determination of the structural component or system strength

3.3
assurance
process to[confirm that SIM (3.21) is performgd-in conformity with the procedures set out in the SIM
policy and written description

3.4
collapse
loss of the |oad-bearing capacity of the platform through failure of one or more structural componehts

3.5
continual jmprovement
ongoing implementationeffindings of reviews to improve the SIM process

3.6
defect
imperfectipn, fault, or flaw in a structural component

3.7
emergency response plan

written document associated with an asset, which defines the actions intended to protect people, the
environment, and property from adverse consequences associated with emergency situations

3.8

inspection program

scope of work for the offshore execution of the inspection activities to determine the condition of the
structure

3.9
inspection strategy
systematic approach to the development of a plan for the in-service inspection of a structure

2 © IS0 2019 - All rights reserved
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3.10
mitigation
limitation of negative consequence or reduction in likelihood of a hazardous event or condition

3.11

non-conformance

insufficient strength or inadequate performance of a structure or structural component relative to a
limit state or performance level (3.13)

3.12
non-redundant
plafform for which its global capacity is reached when one of its primary structural elements reaches

staflement of the performance required of a system, item of equipmeént; person or procedure, which is

avajlability of alternate load paths in a structure following the loss of connection of orle or more

ection strategies, developed from an evaluation of the risk associated with a structuge with the
intgntion of tailoringinspection scope and frequency to risk magnitude and location

3.1£
stryictural analysis
deteérmination of the effects of actions on structures and their components

3.2
struetural-assessment
interpretation of available information including available analysis results used to confirm or otherwise
the integrity of the structure

3.21

structural integrity management

SIM

systematic multi-step cyclic process intended to assure structural integrity and functionality of a
structure throughout its total service life

[SOURCE: ISO 19900:2019, 3.51]

© IS0 2019 - All rights reserved 3
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3.22

tolerable risk
level of risk deemed acceptable by society in order that some benefit or functionality can be obtained,

but in the knowledge that the risk has been evaluated and is being managed

3.23

weight database
live document containing the present base and factored, dry and operating weight and CoG data for an
installation’s substructure and topside, broken down by module and by engineering discipline

4 Symb

The follow]
symbols af
subscripts

ols

ng is a summary of the main symbols that are used throughout this document. Many other
e locally defined where they are used. Local use includes main symbols with(oné€ or more

when a more specific use and associated definition of the symbol is intended!

deck area

metocean or seismic hazard curve correction factor
drag coefficient

moment reduction factor

seismic reserve capacity factor
resistance coefficient of variance
diameter

existing fatigue damage

future fatigue damage

environmental action

metocean action with peturn period of RP
metocean 100-yr actien

cumulative probability of fatalities
intolerablenumber of fatalities
frequency-number

peérmanent action

significant wave height

span or length

number of fatalities

probability of failure

lateral soil resistance versus local pile displacement

variable action

© ISO 2019 - All rights reserved
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Q-z pile end bearing resistance versus pile tip displacement
r resolving vector
RP return period
S internal force
t-z axial soil-pile shear transfer versus local axial pile displacement”
T thickness of a structural element or plate
Tioh dominant natural period
U current speed
WihA wave-in-deck action
WiJA wave-in-jacket action
participation factor
@ modal displacement
partial safety factor
A deflection with subscripts for various component effects
10) dynamic coefficient
5 |Abbreviated terms
ACHM alternating current field méasurement
ADS atmospheric diving suit
ALK abnormal level garthquake
ALS accidental praabnormal limit state
Co(Q centreofgravity
CoV] coéfficient of variance
CP cathodic protection
CP1 cone penetration test
CS critical structure
CVI close visual inspection
DLM design level method
ELE extreme level earthquake
FMD flooded member detection
GVI general visual inspection

© IS0 2019 - All rights reserved 5
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health, safety and environmental
living quarters

management of change

magnetic particle inspection
non-destructive examination

remotely operated vehicle

HSE

LQ

MOC

MPI

NDE

ROV

SMR

SRA

TR

ULS

UR

USM

WiD

6 SIMfi
6.1 Gen
SIM is usg
overloadin
and repair
6.2 Lim]
In the desi
component
The most s
structure
for verifyiy
assessmen

strengthening, modification and/or repair
structural reliability analysis

temporary refuge

ultimate limit state

utilization ratio

ultimate strength method

wave in deck

indamentals

bral

bd to manage the effects of deterioration, damage, changes in actions and accide
p. In addition, SIM is used to establish-the framework for inspection planning, maintena
of a structure or group of structures.

t states and performance levels

bn phase, exposure levels and limit states are specified for the structure and/or struct
S.

evere consequerices are categorized through defining exposure levels appropriate for
[SO 19900).450-19900 further details the process for specifying appropriate limit states

htal
nce,

iral

the
and

1g that suchUlimits are not exceeded. For fixed steel structures, ISO 19902 details the design/

L criteriavfor the highest exposure level, L1, which covers manned and high environme

pollution e

kposed'structures. These criteria are supplemented in ISO 19901-3I2] for topsides and 19

for structulres in'arctic and cold climate regions.

htal
D06

Other limit states can be specified by stakeholders, such as those on L1 and L2 structures that cover
potential financial and reputational events.

Where several limit states are associated with the same hazardous event, these can be termed

performan

ce levels.

6.3 Fitness-for-service assessment

Fitness-for-service assessment leads to an approximate likelihood of exceeding the limit state for
a given hazardous event, which combined with a consequence model gives an estimate of risk. This
allows the operator to specify risk-based inspection plans.

© ISO 2019 - All rights reserved
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Motives for performing fitness-for-service assessments should be established prior to selecting the
assessment method. Motives can be driven by desire to optimize an inspection program and/or the
desire to understand the cost-benefit in determining the effectiveness of a mitigation strategy.

Fitness-for-service evaluation is detailed in Clause 9 while the assessment procedure is detailed in
Clause 12.

6.4

Management framework

The operator shall establish and maintain a management framework that provides evidence to the

Corp

app

Thd
whi

Thd
intq

Cor
oth

roach to demonstrate the structure is fit-for-service.
ch are used together with the SIM process to deliver structural integrity.

SIM framework should align with the HSE and business objectives and should have th
rrelated elements:

policy, which sets out the intention and direction of the operator with/respect to SIM;

written description, which documents the processes and proeedures adopted by the o
the management of the structural integrity;

organization and personnel, which provides the reporting lines, accountabilities,
responsibilities, and competencies required for the personnel;

SIM process, which is used for demonstrating fit:for-service assets based on asset inform
asset from inception to decommissioning;

procedures, which are followed for the implémentation of the required activities;

MOC, which is used to identify and monitor changes;

validation, which is used to meaSure and verify the implementation against a set of defin
continual improvement, which reviews the process periodically and implements require

e of the management ffamework is the SIM process (see Clause 7) as illustrated in Fig
er elements mainly spport this core process.

le lifecycle

management framework refers to the integrated systems, work processes and documentation,

e following

perator for

roles and

ation/data

bd metrics;
d changes.
ure 1. The

© IS0 2019 - All rights reserved
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SIM Policy

'

Written Description
'
Organisation and Personnel
SIM Process
Data - Evaluation §
L
g
[}
A 3
]
> - =1
Y 2
o
=
Strat 5
Program - rategy @
\
Procedures C
QD
Validation

Continual Jmprovement

Figure 1 — Management framework

6.5 Design

SIM should be established-during the project phase, and should include a systematic and iterafive
review of risks. Links between design, operations, inspection and maintenance should be addregsed
during desjgn.

The operator should/identify the hazardous events to the structure and structural components and
their assodiatedirisks, and subsequently develop strategies to manage these risks. This should include
identifying the.inspection, maintenance and monitoring requirements and possibly adjusting|the
structural design to accommaodate the SIM requirements (see Clanse 10)

Before the start of operations of a new or newly acquired facility, the SIM data generated during the
project or available from the previous operator should be made available to the operations team
responsible for structural integrity. Handover to operations should include:

— transfer of design, fabrication and installation data;
— identification of critical structure for the substructure and topsides;
— initial risk assessment;

— initial long-term plans for inspection, maintenance and monitoring.

8 © IS0 2019 - All rights reserved
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Design should incorporate SIM operational learnings and experience into new designs or brownfield
modifications, including:

site-specific criteria;

damage to existing structures and the causes;
vessel activity in the region;

local regulatory requirements;

dprnmmiqcinning requirements and rpgllla'rirmc'

6.6

SIM
per

Top|
of t

SIM
stry

6.7

As 1
sha

The
a fit

NOT
extq
by t

Topsides

shall include topsides structures with focus on structural components)that provid
sonnel in the event of an incident or accident.

sides SIM shall address the interfaces with other discipline-specificintegrity programs 3
hird-party packages included on the topsides.

of a topsides structure shall be consistent with the SIM pracess principles used for the
cture.

Continued service

he structural components age and the structure-approaches the end of its service life, th
| demonstrate that the structure is fit-for-sefyvice during the extended service life.

-for-service condition through the planned extended total service life.

E To extend the design servicé life, the assessment initiator occurs at the time the operator
nd the operational service beyond the presently approved design service life. The initiator is n
he age of the structure, but rather when the decision is made to extend the operational service |

occyr at any time during the structure’s service life.

6.8

Offs
SIM

Structural integrity interfaces

hore structurésyhave inspection interfaces, which should be understood and managed
process. Structural integrity interfaces include:

topsidés’/ support structure connection;

boundary between above and below water inspection;

general operational experience relating to structural integrity, including appurtenaneed.

e safety to

nd the SIM

supporting

e operator

operator shall demonstrate that risks.are at tolerable levels and the structure can be mafintained in

proposes to
bt triggered
fe. This can

within the

— activities performed by other disciplines (e.g. caisson internal inspection) or equipment vendors.

Inspection interfaces between topsides and support structures for SIM can vary by platform type.

7

SIM process

The SIM process involves the periodic evaluation of data to define mitigation strategies and programs.

The

a)
b)

SIM process shall consist of four primary elements, as illustrated in Figure 2:
data;
evaluation;
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c) strategy;
d) program.
Design Data update
Data = Evaluation Strategy - Program
Managed system for Evaluation of Overall inspection Detailed work scope
the archival and structural integrity philosophy and for inspection
retripval of inspiration and fitness - for - strategy and criteria activities and offshore
ata and other service; development for in - service execution to obtain
pqrtinent records of remedial actions inspection quality data
S¢e clause 8. See clause 9. See clause 10. See clause11.
Figure 2 — SIM process
8 SIM data
8.1 General
Anin-service data management system containing SIM data shall be established and maintained for

total servi

Data shall
data, inspe
changes in

Data shoul

installation phases of a project.

Data for SI

e life of the structure.

include information from the original designof the structure, fabrication and installa
ction findings, effects of damage and deterioration, structural analyses, overloading,
loading and/or use.

1 be collated into a data management'system at the completion of the design, fabrication

M system should include:

] design criteria;

ration data (e.g. framing, number of legs, deck elevation);
data (e.g. reserve’strength and residual strength);

on data_reported from in-service inspection findings (e.g. performance of corro
tion system, component degradation and/or deterioration);

on‘data reported from on-line monitoring;

the

Fion
and

And

bion

operational data (e.g. platform age, weight control data);
fabrication data (e.g. fabrication welding quality and occurrence of rework);
transportation/installation data (e.g. pile driving records, reported damage);

SMR data (e.g. structural modifications and/or structural repairs/strengthening);

or previous assessments);

laboratory tests);

a) origin
b) config
c) design
d) condit
protec
e) condit
f)
g)
h)
i)
j)
design
k)
)
10

updated knowledge on geotechnical methods for determining soil capacity;

analytical data (e.g. analysis results and assumptions on condition and criteria used in the original

structural component capacity data (e.g. published capacity of tubular members or joints from
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criteria data (e.g. updated knowledge for metocean, seismic, ice and/or collision assessment

actions);

incident/accident data (e.g. fire, blast, collision, dropped object event or metocean, seismic, ice

extreme or abnormal event);

learning from similar platforms.

Missing data

ata is missin

g made and hence unjustly prevent potential development.

this can force using conservative assumptions during inspection planning or an
neering assessment. This can lead to unnecessary inspections being performed or prevert upgrades

e original design data or as-built drawings are not available, assessment data@may be dbtained by

measurements of dimensions and sizes of structural members and appurtenahces.

ght audits should be performed to monitor and validate the dry and éperating loads,
uts, laydown areas and other structures, where there is little or no ongoing weight mon
frol.

Data management

fured and communicated to the structural integrity €ngineer. Structural models and top
hbase should be kept synchronized.

h management should be integrated across thie stakeholders with differing overlapping
grity objectives, including:

field concept development;

front end engineering design;

detail engineering design;
fabrication;

installation and h@ok-up;
verification/classification;
periodicinspection and monitoring;

interventions to mitigate inspection findings that could compromise the structural inte

equipment
toring and

topside weight database should be maintained and kepfup-to-date with weight, CoG changes and
modlifications (i.e. additions, relocations and removals). Proposed weight and CoG changes

should be
bide weight

structural

brity;

perviodic review of SIM - identifying trends and updating the inspection strategy;

brownfield development from concept through to commissioning;

decommissioning.

Data management should be integrated across disciplines, including:

process equipment, tiebacks - weight control;

— pipeline/riser integrity — structural integrity of appurtenance supports and global loading;

drilling and work-over campaigns.

© IS0 2019 - All rights reserved
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9 SIM evaluation

9.1 General

Evaluation

Evaluation

shall be performed throughout the total service life of the structure.

of the structural integrity data shall be performed as new information/data is collected.

Evaluation shall be used as a basis for establishing or adjusting the inspection, maintenance and
monitoring strategies (see Clause 10). The evaluation may address the overall structure or structural

componen
Findings f1

that th
requir

thatre

9.2 Dats
Evaluation

In instancg
available, :
from the
SIM strate
informatio
facilities td

9.3 Hazards, hazardous events and degradation mechanisms

Evaluation
accordancg

NOTE

events, and

9.4 (riti

CS is a pal
environme
considered
barrier usq

CS identifi

h/data is out-of-date, evaluation can provide a resommendation to survey the structure

swhere dnmngp aoradverse conditions have arisen or occurred

om the evaluation shall conclude either:

e structure, or critical structural components, is fit-for-service between inspections
bs on-going scheduled maintenance/monitoring/inspection (with a specified/scope), or

medial measures (immediate or longer term) are required.

1 evaluation
should account for the SIM data collected in the manner recommended in Clause 8.

s where the information/data recommended for inclusign/as part of the evaluation is
in evaluation may be performed recognizing the inherent uncertainties and assumpt
missing information. However, missing informatien/data can affect the evaluation
cy/program for the structure. Where structural’data is not available, or the condi

collect the required information.

shall include review of hazards;’ hazardous events and degradation mechanism;
with ISO 19900.

s such can reduce structuralresistance.

cal structure (CS)

't of the structure or structural components, loss of which will cause specific life-saf
ntal pollution or financial consequences. CS is typically a structural barrier that has b
in terms of robustness to prevent an event from causing a major incident or is a struct
d to pfovide mitigation and de-escalation in the event of an incident.

afion and categorization should be used by the operator to understand the consequencg

and

not
ons
and
[ion
and

in

orrosion, fatigue, seabed scoutrand liquefaction are degradation mechanisms rather than hazardous

ety,
een
iral

s of

CSloss an

1 11 L 1 1 . £ LI | 1 I CILMAAL - 1 h h - 1
SIHOUIU TOIT LIIC DASIS TOT TISK=DASTU SINI SUIAdLEZICS TCLUINITICIIUCU I LIS GO CUIIICIIL.

9.5 Risk

9.5.1 Ge

neral

The operator should adopt risk-based approaches to manage structural integrity. The structure or
structural component risk should be established and used to optimize the inspection, monitoring or

maintenan

ce activities required to confirm fitness-for-service.

Risks are evaluated based on the product of the potential consequence (see 9.5.2) and the estimated
likelihood (see 9.5.3).

12
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Risks should account for the actions from hazardous events and degradation mechanisms causing
reduction in capacity to resist the actions.

Risks evaluated as outside of the tolerable risk limit shall be managed through operational mitigations
in conjunction with the inspection, monitoring and maintenance activities.

9.5.2 Consequence

Structure exposure level and limit states shall be reviewed during evaluation and amended to reflect
any changes in data, such as change is use (e.g. conversion from manned to normally unmanned
p]affnrm) or rh;mgp in pprr‘pivpd risk (p g solitons or infr:qgrnvifv waves not considered Qignificant at
desjgn phase considered significant in the operational phase following collection and assessment of
addjitional data).

Additional limit states may be specified by the operator, including limit states (perfoymance evels) that
cover potential financial and reputational events.

9.5{3 Likelihood
SIM data should be evaluated to determine the likelihood of exceeding-alimit state.

Thd likelihood that a structure will exceed an ALS hazardous event (metocean, ice, seismic, collision
or Jome other foreseeable hazard) may be determined from an‘assessment of the structurf against a
range of return period abnormal/accidental actions or actiofycombinations.

Lik¢lihood of exceeding a limit state should be determined by quantitative methodd, although
quallitative or semi-quantitative methods may be usedysee 12.3.

9.5/4 Risk presentation

Risk may be presented in a variety of ways to communicate the results of the analysis tp decision-
malkers and inspection planners.

Ong goal of the risk determinatioh is to communicate the results in a common format that each
stalkeholder can understand. This can be achieved by presenting the risk in the form of a rhatrix. The
risj presentation should differentiate between the type of hazardous event and the consequence of
exceeding the limit state.

9.6 Demonstratingfitness-for-service

The expectation-s.that the all criteria applicable in design (e.g. ISO 19902) should also be|verified in
ass¢ssment.

Asspssment>shall be documented with specific emphasis on assumptions made and cplculations
performed where the verification process differs from those specified in ISO 19900 and ISO 19902 (or
1S0[19901-3[2] or ISO 19906, as relevant), in the manner permitted below.

If one or more assessment criteria cannot be verified as acceptable (i.e. UR >1,0), then site-specific data
may be used in assessment verification, e.g. use of measured steel material properties rather than SMYS
values, pile driving records from the installation phase, etc.). Linear-elastic and non-linear analysis
methods may also be used to verify that the factored resistance exceeds the effects of factored actions
or action combinations (as per ISO 19900).

The findings of the structural reliability analyses performed during the calibration of ISO partial
safety factors may be used to justify modest reductions in the quoted safety factors for the site-specific
design/assessment situation, e.g. the environmental action factor for an L1 exposure level structure
specified in ISO 19902:2007, Annex H is a rounded up from the value calibrated and recommended.

Where site-specific data cannot confirm that all assessment criteria are verified, risk assessment
may be performed in accordance with the operator’s policies and procedures, or as agreed with
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the regulator, as relevant. In this instance, risk assessment shall include quantative calculation or
qualitative estimation of the likelihood and consequence of exceeding the limit state concerned, and the
risk mitigation measures to be performed.

Risk mitigation measures can include increased frequency and/or volume, monitoring, strengthening,
installation of new safety barriers, unmanning, shut down of hydrocarbon flow and reduction of
hydrocarbon inventory, etc. Physical risk mitigation measures should be favoured over analysis-based
and procedural measures.

Approval of risk assessment and associated risk mitigation measures can involve disciplines beyond
structural engineering and can also involve external organisations such partners and regulators.
Consequenitly, any such requirements are beyond the scope of this document.

Several as§essment methods are available for demonstrating that a structure or structural eomponent
is fit-for-s¢rvice. These assessment methods include linear elastic analysis and nonlinear” analsis
approaches, see A.9.6.

9.7 Assgssment

9.7.1 General

The assesgment is part of evaluation is illustrated in Figure 3. Recommmended methods of fitness{for-
service asgessment are provided in Clause 12.

If the evaluation determines that the operational risk has become more onerous, some leve]l of
engineerinlg assessment analyses shall be performed to determine whether the risks are tolerablg or
mitigation|measures are required.

Initiator No

Ddta = Evaluation Triggered?

A

y

Strategy > Program

Yes

Assessment

Figure 3 — Assessment within the SIM process

Assessmerft should*use quantitative techniques to demonstrate that, for every hazardous event,|the
risks are folefable. Assessment is typically step-wise with increasing complexity and is typidally
accomplisied by performing a structural analysis of the structure or structural component.

If the evaluation indicates that the operational risk has increased, an assessment should be performed
to determine whether the risks are tolerable or whether risk reduction or mitigation measures are
required.

9.7.2 Assessment motive

Motives for performing a structural assessment vary and should be established prior to performing the
assessment. The selection of the assessment method is influenced by the assessment motive, which can
include:

a) Supporting an evaluation - for structures where the evaluation has determined that an assessment
of the structural strength is required, an assessment should be performed to demonstrate that the
structure is fit-for-service.
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b) Categorizing the structural likelihood of exceeding the limit state; for risk-based SIM strategies an
assessment should be performed to determine likelihood and provide input into categorizing the
structural risk.

c) Supporting an inspection program - an assessment should be performed to determine the
structural locations required for inspection and for setting inspection anomaly threshold reporting
requirements.

d) Supporting a monitoring program - structures that have monitoring as part of their SIM strategies
should be assessed to provide information on the threshold that would indicate a change in the
structural condition. In situations where monitoring provides a life-safety mitigation measure the
actions and triggering thresholds should be determined such that life-safety risk is,maintained
below the specified limit state.

e) |Supporting a mitigation strategy - structures that have included planned mitigatioh as part of their
SIM strategies an assessment should be performed to provide information on the operating limits,
which can include:

— evacuation ahead of predictable events;

— re-manning after an event;

— hurricane preparedness;

— triggering of monitoring action thresholds.

f) |Determining the probability of exceeding a limit stdte.

9.7|3 Assessment initiators

Duiling evaluation, operator shall provide recommendations for changes that can increase the platform
opefrational risk, including:

— |changes in condition;

— |changes in action;

— |changes in criteria;

— |changes in consequenge;

— |changes in use.
9.8| Mitigation measures

9.8/1 _General

If itlcannot be demonstrated that the risks are tolerable risk reduction measnres shall he imblemented.

Procedures and plans shall be established in case of mitigation measures.

Risk reduction should be addressed at each stage of an assessment and may be used in lieu of a more
complex assessment.

Mitigation of structural risk should be evaluated even if the life-safety, environmental pollution and
financial risks are tolerable. If the risk reduction benefit exceeds the cost of implementing the mitigation
the operator should perform the mitigation.

Mitigation measures may include structural modifications or changes in operational procedures that
reduce loads, increase capacities or reduce the consequence of failure. Modifications to inspection and
monitoring programs may be implemented to identify further deterioration.
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Mitigation measures may be implemented in isolation or in conjunction with each other. The choice of
measures and their extent depends on the source of risks to structural integrity and their magnitude.

9.8.2 Consequence reduction

9.8.2.1 Life-safety

Life-safety mitigation measures should involve permanently demanning the platform, or temporarily
un-manning the platform during a forecasted extreme event.

9.8.2.2 Hnvironmental

Consequenice of failure mitigation measures should include one or more of the following:
— installption of subsea safety valves;

— removpl or reduction of hydrocarbon storage or inventory volume;

— removpl or re-routing of major oil lines;

— removpl or re-routing large volume gas flow lines;

— permapnently or temporarily abandon non-producing wells;

— isolati¢n of the pipeline to reduce the potential volume of hydroearbon release.

9.8.2.3 Abnormal storm preparedness

Advanced planning should be used to reduce abnormatl*storm risks as well as improve post stprm
response.

Abnormal [storm preparedness plans should bedeveloped covering general storm preparediess
activities and structure-specific response activities.

Checklists and platform-specific guides can-assist during the evacuation process.

9.8.3 Likelihood reduction
Likelihood|reduction methods-can include:

— increaped inspection,and/or monitoring;
— removhl of a knowsidamaged component;
— load rdduction;

— localized strengthening and/or repair;

— global strengthening and/or repair.

10 SIM strategy

10.1 General

The operator shall develop a SIM strategy, which sets out the process for delivering the integrity
management of its assets in line with the SIM policy and tolerable risks.

The SIM strategy shall identify the mitigation, monitoring and inspections to be included in the
continuous risk reduction requirements for the structure and SC components.
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The SIM strategy should be compiled into a document that is periodically reviewed and updated,
including the evolving risks in the operation. The strategy should detail the program objectives and
the targets that should be met to demonstrate fitness-for-service and continuous risk reduction. The
strategy should identify the single points of accountability and responsibility for delivering the steps in
the program.

Plans should reflect the overall SIM philosophy, which varies depending upon the design margins,
field life, type of structure and sophistication of local infrastructure. These factors can influence the
philosophical approach, affecting the extent of future maintenance activities as well as varying the

degree of reliance between inspections and monitoring activities to demonstrate fitness-for-service.

For[a new platform or platform reuse the overall SIM strategies should be developed
early concept selection and front-end engineering stages of the design. Inspection, men
maintenance plans should be developed during the later detailed design stages of(q platf
ideglly performed early enough that potential plan implementation and exectution isst

ad
the

SIM
Thd
dur]

10.

10.
An

The
The

essed within the design. Additionally, development of the plans should include full part
operating team to confirm that the design, SIM strategy and SIM programcare aligned.

strategy should identify the frequency and type of activities required{for the structural cq
se activities should be based on maintaining the structural integrity.ofthe SC component
ing the data evaluation.

2 Inspection strategy

2.1 General
nspection strategy shall cover the total service.life of the structure and structural comp

inspection strategy shall provide the framework for the surveys.

Figlire 2).

The
req
dry|

The
sery
foll
and

Thd
wh
det

inspection strategy shall bel a’dynamic or a “living” document, meaning that
1irements can change due todnspection results or changes to the structure (e.g. changes
and operating weight or CeG;'discovery of damage and/or addition of new risers).

inspection strategy should be periodically reviewed, and as required updated, througho

Fice life based on receipt and evaluation of new data/information (usually through ay
bwing the receipt of’additional inspection reports, results of structure reanalysis or as
other data or{nformation pertinent to structural integrity).

inspection/strategy should be developed from the engineering evaluation (see Clay

brioration, defects and damage.

uring the
oring and
prm reuse,
les can be
cipation of

mponents.
5 identified

pbnents.

inspection strategy should account for(the interdependence between the SIM process phases (see

inspection
in topsides

ut the total
hendments
sessments,

se 9) that,

bn implémented, can determine within a reasonable level of confidence the existence anld extent of

Th

inspection strategy should address the topsides, substructure and splash zone,

and should

account for:

inspection motives (see 10.2.2);
inspection type (see 10.2.3);
inspection method (see 10.2.4);
inspection frequency (see 10.2.5);

inspection scope (see 10.2.6).

Scopes of work may be included in the strategy or may be developed as separate documents in
accordance with the operator’s overall management framework.
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10.2.2 Inspection motives

Inspection strategies should serve as proactive measures to detect damage and deterioration as well as
provide information on the condition of the structure that should be used to confirm that the structural
components remain fit-for-service.

10.2.3 Inspection type

10.2.3.1 General

SIM inspeq

10.2.3.2 S
Scheduled

10.2.3.3 U

Unschedul
following ¢
soon as pra

- 1 1.1 £ 1 1 1 h - 1 1 1 1 h -
LIOITI ST AdtlCygy SIIOUIU dCCOUIIL 10T SCIICUUICU HISPECLIVILS dlIU UIISCIIcduIcu IS peCLiolls.

cheduled inspections

nspections should include baseline inspections, periodicinspections and special inspecti

Inscheduled inspections

bd inspections should be performed to provide information oncsthe structural condi
potential overload event or incident. An unscheduled inspection“should be performe
ctical after the occurrence of:

a signi

Well intery
the topside
inspection
evaluation

10.2.4 Ing

Inspection
the conditi

a gene
a close
floode

a non-

a signi[icant environmental event (e.g. storm, earthquake, mudslide);

icant accidental action (e.g. vessel impact, dropped object, explosion).

Fention or maintenance campaigns can increase the likelihood of accidental damage
s. Therefore, these events should be treated.as"a potential overload case and a post-ey
can be planned. Unscheduled post-event dnspections should be developed based on
of the available data, including event/incident reports.

pection method

scope of work may include one o0t more of the following inspection methods to underst
pn of the structure:

ral visual inspection (GVI);
visual inspection, (EVT);
1 member detéction (FMD) complementing GVI and CVI;

Hestructive\examination (NDE).

DNS.

[ion
1 as

for
rent
an

and

fied

Selection ¢f appropriate inspection method(s) for a given task shall be determined by quali

personnel

based on the goals/objectives of the inspection and the sensitivity, effectiveness, reliab

i|lity,

cost,and a

mi]qhi]ify of the various tools and fpr‘hniqnpc

10.2.5 Inspection interval

10.2.5.1 General

SIM inspec
— period

— period

tion strategy shall specify inspection intervals for:
ic above water inspection (see 10.2.5.2);

ic underwater inspection (see 10.2.5.3);

Periodic above water and underwater inspections should be performed at an interval consistent with
the structural integrity strategy adopted by the operator. Underwater inspection intervals should be

18 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=577bea173ed783266a19968e7c629d98

ISO 19901-9:2019(E)

developed using a risk-based approach. However, the consequence-based (default) inspection program
based on worldwide experience provides a predefined in-service inspection program that may be used
if operators choose not to implement a risk-based inspection strategy.

10.2.5.2 Periodic above water inspection

10.2.5.2.1 General

Above water inspection shall include the topsides structure and jacket structure above the waterline.

10.

Int

abope the waterline shall be inspected annually using GVI.

Use| of other inspection techniques (i.e. CVI and/or NDE) may be included with the annu

sho
con
det

ext¢nt and possible cause.

10.
Wh

intdrvals may be set that account for the risk associatedwith possible failure of the CS. The

div

inspection should be determined from the completioh date of the baseline inspection.

Risk-based intervals should account for the.Ppossible CS failure mechanisms and the
brioration/degradation mechanisms in the risk evaluation. The risk-based intervals shoyld account

det
for

p.5.2.2 Consequence-based inspection interval

he absence of a risk-based in-service inspection strategy, the topsides structure andjacke

1ld be selected based on the type of expected deterioration/degradation-and the pres
dition of the topsides CS. A CVI and/or NDE inspection should be performed when the GV]
brioration/degradation and/or damage that require more detailed-inspection to dete

P.5.2.3 Risk-based inspection interval

bre the operator has adopted a risk-based structural integrity strategy, the topsides CS

ded into system, sub-system or component level as@equired. Timing for the first risk-bas

the following possible deterioration/degradation mechanisms:
coating breakdown;

corrosion;

fatigue;

fretting;

erosion;

passive fire protection (PFP) degradation;

physical damage (e.g. vessel impact, dropped object);

t structure

al GVI and
ent known
[ discovers
brmine the

inspection
CS may be
bd topsides

associated

belt loosening/failure;

other material degradation.

10.2.5.3 Periodic underwater inspection

10.2.5.3.1 Consequence-based inspection interval

In the absence of a risk-based in-service inspection strategy, periodic underwater inspections shall
be performed at intervals in conformance to Table 1. The consequence-based inspection interval
requirements only address the concerns of safeguarding human life and protecting the environment.

©IS
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Table 1 — Underwater consequence-based inspection program intervals

Exposure level GVI CVI NDE
L1 structures Every 3 years Every 6 years Determined from CVI in-
Or as determined from GVI spection findings
findings
L3 structures Every 5 years Every 10 years Determined from CVI in-

Or as determined from GVI spection findings

findings

10.2.5.3.2| Risk-based inspection interval

Timing for|the first risk-based underwater inspection shall be determined from the completion dafe of
the baselinle inspection.

Platforms with higher consequence appurtenances can require more frequent ingpection than that
based on the structure’s risk-based interval. In addition, the risk-based interval can require adjustnpent
to account ffor the service life or present condition of the cathodic protection syStem.

Setting of intervals between inspections greater than 10 years requires the operator to demonstrate that:
— exposure level is L3;

— risk oflexceeding all ULS and ALS have been quantified through‘a USM;
— inspecfion trends are understood;

— annual drop cell CP readings are performed and are acceptable.

Risk-based inspection intervals can be optimized thiough the use of a quantitative risk analysis that
accounts for the annual risk of platform collapse frfom metocean or seismic hazards and the increage of
this risk dye to time-dependent degradation.

10.2.6 Ingpection scope

Inspection| strategy should develop(s¢opes of work for each of the surveys specified as part of|the
inspection| The strategy should address the different inspection motives and should include scopds of
work for:

— baseline inspection;
— above water periodicinspection;
— underyvater péeriodic inspection;

— special inspéection;

— unscheduled inspection.

For each survey identified as part of the inspection, a work scope should be developed which
specifies the data recording and defect/anomaly reporting requirements. A system for reporting and
documenting anomalies and defects should be in place so that data can be collected for an engineering
evaluation.

10.2.7 Pre-selected inspection areas

Where the structural integrity strategy determines that CVI or NDE is required, the selection of the
welded joints to be surveyed should include an evaluation of:

— data collected from the baseline survey;
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general inspection findings in the offshore industry;

the significance of members and joints to the platform system capacity;
the platform robustness and damage tolerance;

joint and member stresses and stress concentrations;

joint fatigue lives.

During design and subsequent assessment, member and joint action effects should be recorded and

used to define requirements for future survevs

10.3 Maintenance strategy

A structural maintenance program is a component of the overall SIM strategy, complen
inspection and monitoring plans. Maintenance programs for structures shotld" cover the

enting the
corrosion

confrol systems such as coatings and impressed current systems. The maintenance tasks and schedules

shopld be developed based on good practices, equipment vendor guidelines‘and operator ris
critpria.

Topksides structure is protected from atmospheric corrosion by thie coating system which
durfng fabrication or commissioning. If the coating system is miaintained during the total §
a significant degradation mode that can reduce the load carrying'ability of the structure wil
mitjgated. A risk-based coating maintenance program will require that higher risk areas be pz

Maintenance strategy should account for:

coating/fabric maintenance program;

grating replacement schedule.

Maintenance should be specified accounting for the importance and use, knowledge of the
of the components, environmental conditions and the protection against external actions.
cony

acc¢ssible for inspection.

10.4 Monitoring strategy

10.4.1 General

Monitoring may-be/used in combination with an inspection plan to enhance the level and
congition and operation data used to confirm fitness.

If i
wit
dat

onitoring is used in lieu of scheduled inspections, the monitoring program shall be d
hintheé inspection plan to confirm monitoring program execution (i.e. occurring as plan
h evaluation and personnel competencies).

k tolerance

is applied
ervice life,
have been
inted first.

durability
Structural

ponents that are essential to the stability and resistance of a structure should, as far as possible, be

quality of

bcumented
hed, timely

Different types of monitoring strategies can be implemented to address expected degradation due to

defined mechanisms. Monitoring strategies should produce monitoring data regarding d
rates or indicators for risk change, including:

weight and CoG monitoring (see 10.4.2);

deck elevation monitoring (see 10.4.3);

natural frequency monitoring (see 10.4.4);
corrosion protection monitoring (see 10.4.5);

metocean monitoring (see 10.4.6).
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Monitoring programs often require specialty equipment, continuous data recording, periodic
calibrations, plus specialty software and personnel to evaluate the data.

The project team and operating team shall confirm that adequate infrastructure and support can be
provided to maintain the monitoring program in the long term.

Guidance should be provided on the specific activities that should be performed, when they should be
performed, what should be measured, who is responsible for recording the data and maintaining it, and
who should review, evaluate and communicate the results. Additionally, threshold criteria should be
defined such that they indicate an anomalous condition that would trigger an evaluation.

10.4.2 Wgight and centre of gravity (CoG) monitoring

Operationdl topsides weight should be managed by an operational weight management procedure that
provides abasis for monitoring and assessing the magnitude and locations of loads.

Weight of fopsides is likely to change during operational life due to modifications and’upgrades. This
should be honitored and managed through the introduction of periodic weight audits and followingthe
weight conftrol procedure.

Laydown areas should be monitored to confirm that the weight limits specified in the original design
or assessmjents are not exceeded. Laydown areas are sometimes not included in an operational wejght
management procedure.

ISO 19901}5 provides recommendations that should be followed: for typical procedures, cominon
topside operating philosophy, drilling matrix, and list of coincideht operating loads.

10.4.3 Deck elevation monitoring

Continuou$ monitoring of the deck elevation above atéference water level may be used as part offthe
structural [integrity strategy. This may include GBS, differential tilt surveys, radar or other reflective
signal techinology.

10.4.4 Najtural frequency monitoring

Continuou$ monitoring of the platformithatural frequency may be used as part of the structural integfrity
strategy. Response characteristicssheuld be compared over time to determine if the natural frequengies
have decrdased or if the mode shapes have changed. Changes in mass and the distribution of mas$ on
the deck afe a normal part offoperations. These (and other effects) provide a background variatiop in
response characteristics. Ifthe response characteristics have changed, this can be attributed to spme
form of strjuctural failuré

10.4.5 Cofrosionjprotection monitoring

Results from GP and anode surveys should be monitored to determine if the corrosion protection system
is working|ifrline with design expectations. Monitoring and trending of corrosion protection can agsist
with early identification of issues by highlighting abnormal CP readings or increased anode usage.

10.4.6 Metocean monitoring

Metocean data may be monitored to confirm the actual environment a platform encounters (which
may be used in subsequent fatigue assessments) and may help validate certain aspects of the original
metocean basis of design.

10.5 Evacuation strategy

A personnel evacuation strategy should be developed if a performance standard is dependent on the
personnel being relocated prior to the occurrence of a foreseeable event. The evacuation strategy
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should account for the duration, the speed of development, the speed of movement and the extent of
event conditions.

Advanced planning can reduce risks as well as improve post-event response. Written evacuation
preparedness plans should be developed covering both general preparedness activities and structure-
specific response activities. Checklists and platform-specific guides can assist during the evacuation
process.

10.6 Marine site investigations

Marine g ostigations—should-beavailable conformance tg 01-2 9901-4 and
1SO[19901-8I4], Prior to performing an assessment, the marine site investigation engineeririgyparameters
shojild be reviewed and a new site investigation/analysis should be performed if the paramsdters are no
longer valid or if data are missing (see 8.2).

11(SIM Program

11.1 General

The SIM program represents the execution of the detailed work-scope and should be pefformed to
conplete the activities specified in the SIM strategy.

Thg SIM program shall include the activities defined within\the SIM strategy over the total service life
and|include:

— |an inspection program (see 11.2);

— |a maintenance program (see 11.3);

— |a monitoring program (see 11.4);

— |areuse program (see 13);
— |a decommissioning and removal-program (see 14).

To ¢omplete the SIM processydata collected during the SIM program should be incorporatefl back into
the|SIM data management system. Consistency, accuracy, and completeness of inspection, mpintenance
and monitoring records @re important, since the data form an integral part of the SIM process. Specific
reqpirements for the execution of the work scope, including data recording and reporting requirements,
sholild be defined within the inspection, monitoring and maintenance plans.

11.2 Inspection program

11.2.1<General

If a 1u1ua}ico alrtT d;DLUVCI Cd that call lJUtCllthl]ll_y affcx.t Dtl uut\.u a} ;utcsl ;ty, LUllduLtUl ) rlsers and
J-tubes or appurtenances, personnel should perform an evaluation to determine if additional inspection
and/or remedial measures should be performed. Additional inspection can require use of more detailed
survey techniques.

If above water damage is detected, NDE should be used when visual inspection cannot determine
the extent of damage. If the above water inspection indicates that underwater damage is possible, an
underwater inspection should be performed as soon as conditions permit.

11.2.2 Specifications

Inspection program should establish specifications for inspection activities and establish procedures
for quality assurance, quality control, and data validation.
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Inspection specification should, as a minimum, include:
— anomaly reporting requirements;
diver and ROV operator qualifications;
NDE technician qualifications;

notification requirements following discovery of an anomaly (e.g. flooded member);

measurement procedures (e.g. dents, bows, holes);

sensors and instrumentation;

reporting formats and procedures;

photography and video recording procedures.

11.2.3 Ingpection method

11.2.3.1 General

Selection
based on t

pf an inspection method(s) for a given task shall be determined by qualified persomnel
he goals/objectives of the inspection and the sensitivity, effectiveness, reliability, cost, pnd

availability of the various tools and techniques.

11.2.3.2 (eneral visual inspection (GVI)

GVI shall be performed to determine the condition of the ntembers, joints, or components selected for
inspection

If above water damage is detected, a record of the damage should be made to allow engineering
personnel to determine if repairs or further inspection (e.g. NDE) are required.

Damage refords should include measurements, photographic documentation, and drawings. If the aljove
water suryey indicates that underwater damage could have occurred (e.g. a missing boat landing or
unrecordedl damage exists), an underwater inspection should be performed as soon as conditions perit.

11.2.3.3 (
Coating su

The survey

oating survey (including passive fire protection)
rvey shall be perfermed to detect deteriorating coating systems and corrosion.

should reportthe type of coating systems for the components inspected (i.e. Monel cladd

or elastomlers on the,splash zone members and jacket legs, paint on the conductors) and record

locations 4

nd extent of coating deterioration. ISO 4628l may be used for specifying the degre

ling
the
b of

rusting of ¢oatings by comparison with pictorial standards.

11.2.3.4 Survey of underwater cathodic protection

Survey of the underwater cathodic protection shall include a below water measurement over the water
depth of the cathodic protection system by silver/silver chloride drop cells or other approved drop 057
accepted cells.

The reference cell should be within 1,0 m of the structural component being inspected.

11.2.3.5 Appurtenance and personnel safety devices surveys

Appurtenances and personnel safety devices include handrails, grating, stairs, swing ropes, boat
landings, helideck, bridges, supports to risers, survival craft supports, crane pedestals, communications
tower deck connections, and structural elements supporting evacuation routes and TR.
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11.2.3.6 Air gap survey

In operational areas of known or suspected subsidence, the above water inspection shall include a
survey of the gap between the cellar deck bottom of steel and the water level. For other areas, the deck
elevation should be measured on a periodic basis to provide up-to-date information.

For accurate air gap measurements, wave radars should be used. Alternatively, measurements may be
made with a plumb line and recorded against the time of measurement to allow later agreement with
tidal information or changes. Suspected subsidence or differential settlement of the structure should be
recorded.

11.2.3.7 Close visual weld/joint survey

The close visual weld/joint survey should be used to detect and size visual cracks in‘dr-adjdcent to the
welf and confirm the extent of corrosion of the steel surface and areas adjacent to the weld.

11.2.3.8 Damage survey

If damage is found during the visual survey, a follow-up survey should be performed to gbtain data
for the damage evaluation. The survey should identify the location‘and should include djmensional
megsurements to measure such quantities as damage size and geometry, member out-of-stfaightness,
cratk length and depth, corrosion pit size, etc. The survey should’beextended to inspection fgr collateral
danpage (e.g. a heavily dent-bowed member, bulging or buckled ¢ould have cracks at the menjber ends).

11.2.3.9 Supplemental surveys

Abdve water inspection may include supplemental.surveys to characterize damage as specjfied in the
scope of work (e.g. NDE, material sampling, wall thickness measurements).

Bolt tightness checks should be performed-~to confirm that the bolt nuts used for conngecting and
attgching topsides components are not loose:

A spttlement and tilt survey should:bé performed during the scheduled above water [nspection.
Settflement can induce stresses in\the platform members and at the deck structure, and can be
prefipitated by seabed subsidence. Differential settlement in case of fixed platform can indufce stresses
at the deck structure.

Unrhanned aerial vehicles, (UAVs) may be used for high-altitude inspections on structureg (e.g. flare
booms and drilling towers). However, such surveys should be verified and certified for reliability and
fit-fpr-service.

11.3 Maintenance program

Maintenance activities should follow the program specified in the maintenance strategy] The most
important facet of a maintenance program is being proactive and preventative. Not fompleting
maintenance tasks or associated repairs can result in a “reactive” program, increasing fthe risk of
failures and diminishing the fitness-for-service of the structure.

As part of the inspection plan work scope and structural integrity program reviews, checks should be
made to confirm that critical maintenance has taken place. If the maintenance has not taken place the
affected CS should be treated as in an anomalous condition. Actions should be taken to work off the
maintenance backlog and confirm execution of future tasks.

11.4 Monitoring program

As the monitoring data are collected, the information should be reviewed to determine whether
anomalous conditions exist that would warrant further evaluation. The data review should be
performed periodically based on the monitoring plan.
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As part of the inspection plan work scope and structural integrity program reviews, checks should be
made to confirm that the essential elements of the monitoring plan (e.g. data collected, post-processed)
are taking place. If the maintenance has not taken place, the affected CS should be treated as in an
anomalous condition. Similarly, if the monitoring device is damaged or not functioning, the affected CS
should be treated as an anomalous condition. In either instance, actions should be taken to reinstate
the monitoring plan and the anomalous condition evaluated based on the SIM processes recommended
in this document.

12 Assessment

12.1 Gen

Assessmen
hazardous
structure 4

An assessment should include the following:

establi

gather
select

genera
perfor

Assessmen
methods W
criteria is
conservati

deternpine if the assessment verifies the limit state-assessment criteria.

bral

t should use quantitative or semi-quantitative techniques to demonstrate that, ifor ev
event specified, the structure and structural components, including the jacket prin
nd foundations, does not exceed the specified limit states.

sh motive for assessment (see 9.7.2);
assessment information (see 12.2);

hssessment method (see 12.3);

te assessment model (see 12.4);

m assessment (see 12.5,12.6,12.7,12.8,12.9, 12;10~and /or 12.11);

t is typically step-wise from qualitative methods, if applicable, to quantitative anal
rith increasing complexity but reduging conservatism. If verification of all the limit s
not achieved, then the assessment may be re-performed with a more complex, but
7e analysis method.

An assess

For struc
that either

12.2 Assé

Structure
seabed su
should ver

t)Ires that do not achieve-the limit state verification, risk reduction options shall be initig

ent should demonstrate thatithe structure achieves the limit state verification.

reduce the likelihoed (prevention) and/or reduce the consequence (mitigation).

ssment information

hould he~assessed based on its present condition, accounting for damage, repair, sc
bsidenee)'or other parameters potentially affecting its fitness-for-service. The oper
fy thatassumptions made are reasonable and that the data is accurate and representatiy

actual concilitions at the time of the assessment, or for future modifications.

ery
ary

/Sis
fate
less

ted

pur,
htor
e of

Data should be up-to-date and reflect the condition at the time of the assessment. This information
should be available from the SIM data management system (see Clause 8).

12.3 Assessment method

12.3.1 Ge

neral

Assessments may use semi-quantitative or quantitative methods that can include using:

— simplified procedure;

— platform similarity;
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previous assessment;

prior exposure;

design level methods;
ultimate strength methods;

structural reliability methods.

Structural reliability methods are not a requirement of this document. However, for structures

req

liring a more (‘nmplptp assessment structural reliability can be used

Seld

12.

Lik
exp
con

ction of the assessment method should be based on Table 2.

8.2 Qualitative method

tlihood of exceeding a limit state may be established using a qualitative method that useg judgment,
erience and knowledge on the structural aspects to categorize the“structure or|structural
ponent.
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Table 2 — Assessment method selection

Method
. . Quantitative
Semi-quantitative - -
Design level Ultimate strength
. . . . Line- Line- Static |Dynamic| Struc-
Simpli- A Previous | Prior . .
- Similar- ar-elas- | ar-elastic non- |nonline-| tural re-
fied pro- . assess- expo- | .. . gy et
ity ticanal- |redundan-| linear |aranaly-| liability
cedure ment sure . ac . . d .
ysis?® cy analysis sis analysis®
Increasing complexity
| D
Reducing conservatism
Assessment trigger . .
Change in
platform Yes Yes Yes Yes Yek
condition
Change in
estimated Yes Yes Yes Yes Yes Yes Yes Yes Yek
actions b
Change in
assessment Yes Yes Yes Yes Yes Yes Yes Yes Yek
criteria
Change
in conse- Yes Yes Yes Yes Yep
quence
Change in Yes Yes Yes Yes Yep
use
Assessment motive ‘ xO
Suppor'g Yes Yes Yes Yes Yes Yes Yes Yes Ye
evaluation
Categorize
likelihood Yes Yes Yes Yes Yes Ye
Support
inspection Yes Yes Ye
program
Support
mitigation Yes Yes Ye
strategy
Determine
. Ye
probability
a  Linear-e]asticvanalysis with nonlinear foundations.
b Change imactiomstuetoWibAcan requite theuse of s ommear assesstrent methotd:

¢ Includes seismic response spectra analysis.
d  Includes seismic time-history analysis.

¢ Notarequirement of this document.

12.3.3 Semi-quantitative method

12.3.3.1 General

Likelihood of exceeding a limit state may be established using a semi-quantitative method that
categorizes a structure based on a set of rules relative to other similar structures. The ranking system
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should determine a likelihood based upon key information that accounts for the strength, and the
extreme, abnormal or accidental action.

Likelihood categorization system should identify the parameters affecting structural strength and
actions (e.g. platform type (drilling, production, wellhead), year designed, number of legs, bracing
scheme, water depth). Parameters that indicate the strength has deteriorated or is not up to present
standards increase the likelihood of exceedance. In addition, parameters that indicate that extreme,
abnormal and accidental actions can increase in frequency or severity increase the likelihood.

12.3.3.2 Simplified procedures

Simlplified procedures exist for the fitness-for-service evaluation of existing structures§y[The use of
these procedures requires knowledge of the assumptions upon which they were based, as| well as an
understanding of their application and limitations. The loadings used in a simplified'procedure should
be yalidated as being conservative compared to the quantitative methods recommended in 12.3.4.

12.8.3.3 Previous assessment

A previous assessment of a structure may be used if the analysis repre§ents the present configuration
and| condition of the structure, and represents the applied actions to verify the limit state.

If a[USM is required by the assessment initiator, a previous DLMsshall not be used.

12.8.3.4 Prior exposure

An plternative to a quantitative assessment is to use prior event exposure, provided the strjucture has
suryived with no significant damage. Prior exposuré-uses the survival of an event that is klhown with
confidence to have been as severe as, or more sevete than, the event required to demonstratg limit state
verlfication.

For| metocean or seismic events, prior exposure should be performed by comparing the expected
maximum base shear to which the platform has been exposed, from measurements or|calibrated
hin¢lcasts, with the base shear required for the limit state verification.

Prigr exposure comparison should account for:

— |uncertainty of the prior-exposure event actions;
— |uncertainty in theplatform ultimate strength;
— |degree to whieh the platform’s weakest direction was tested by the prior exposure actidns;

— |possible changes in condition and/or topsides weight or CoG since the prior exposure.

12.8.3.5Similarity

Assessment results for one structure may be used for another structure if the structures hre similar
with respect to jacket framing, steel material, soil properties and pile geometry, structural condition,
topside mass and geometry, water depth and actions.

An assessment based on similarity shall not use a structure which itself has been demonstrated as fit-
for-service based on an assessment by similarity.

12.3.4 Quantitative methods

12.3.4.1 General

Likelihood of exceeding a limit state may be established using a quantitative method that uses explicit
probabilities, or implied probabilities based on a DLM to categorize the structure or structural
component.
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12.3.4.2 Design level method (DLM)

DLM is the method used for designing new platforms, as recommended in [SO 19902, where a structure
is designed on a component-by-component basis.

DLM should be performed using linear analysis with nonlinear soil springs. DLM may be performed
for the ULS and/or the ALS. The ISO 19902 ALS includes WiD action effects. Therefore, if the ALS is
used to demonstrate that the structure achieves the limit states it is not necessary to undertake a USM
(nonlinear) assessment. Also, the ALS may be used in-lieu of a ULS.

A reference action vector with partial action factors should be used together with a characteristic

capacity a

capacity e

12.3.4.3 U

12.3.4.3.1

USM shoul
nonlineari
maximum

USM invol
assessmen

if the strug

Provisions

static anal

dynamic, t

Cyclic degr

Nd partial resistance factors to give a design action and a design capacity. IT the de
ceeds the design action effect, the component has achieved the limit state.

Jltimate strength method (USM)

General

1 be performed using static or dynamic nonlinear analysis techniques that include matg
y and geometric nonlinearity by finite displacement or finite straiirtheory to determine
hctions that the structure can sustain with in the relevant limit state.

[ used in a DLM. Local failure of structural members, joints or foundations is inconsequer
ture’s capacity achieves or exceeds the required limit state.

in this document for the ultimate strength meth@d generally apply to structures whe
ysis adequately represents structural responSe: For dynamically sensitive structure
me domain, nonlinear pushover analysis may-be utilized.

adation of the member capacity, joint capacity and soil capacity should be represented b

evolving force-deformation relationship.

12.3.4.3.2

Nonlinear
to withsta
predicted,
modelling

capacity as

Ultimate st
an increme

Static nonlinear analysis

methods are intended to demonstrate that a structure has adequate strength and stab
nd the ultimate strength-loading. Local overstress, and member or joint failure may
without global collapse. At this level of analysis, stresses have exceeded linear levels

well as post-buckling behaviour, rather than linear action limits.

rength is typically determined using nonlinear structural analysis software, which apq
ntally incxéasing lateral action to the structural model until limit state is met. The lat

action shoyld be representative of the actions acting on the structure at the limit state.

12.3.4.3.3

bign

rial
the

bes performing an assessment of the structure’s capacity;‘as opposed to the comporent

tial

e a
S, a

y an

lity
be
and

of overstressed members, joints, and foundations should adequately recognize ultinpate

lies
bral

Dynamic nonlinear analysis

A dynamic nonlinear analysis may be performed as a more accurate assessment option to a static
nonlinear analysis when dynamic response is significant or when damage is predicted to occur
during the duration of the hazardous event (e.g. to confirm no collapse occurs during the highest and
subsequent waves in the abnormal storm or the highest and subsequent accelerations in an abnormal
earthquake).

Dynamic nonlinear analysis involves performing an analysis in the time-domain using the time-history
action vector for a given return period of the hazard. Member or joint fracture due to low cycle fatigue
should be included in the evolving the force-deformation relationship.
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12.3.4.3.4 Structural reliability analysis (SRA)

SRA may be used to assess the limit states of a structure including the effects of uncertainties in the
actions, resistances and modelling. The inherent or physical randomness in the basic variables (known
as aleatory randomness) should be represented together with epistemic uncertainties originating from
lack of sufficient data and shortcomings in the model’s representation of reality. Epistemic uncertainties
can be reduced by collection of more data or by further investigation regarding the modelling of actions
or the modelling of resistance.

12.3.5 Fatigue analysis

Dynamic spectral fatigue analysis (ISO 19902) is typically used to determine the fatigue live$ at tubular
joint welds and circumferential welds on tubular members. Deterministic fatigue analysfs or time-
hisflory fatigue may be used.

In addition, the following should be used to avoid the calculated fatigue lives being overly copservative:
— |local joint flexibility;

— |realistic rather than conservative loading of members’ subject te‘\intermittent wettirlg near the
water surface;

— |application of the hydrodynamic load on members near the water surface by multiple vertical
diagonal segments to accurately model the rapid attenuation of hydrodynamic load with} depth;

— |use of MacCamy-Fuchs[34] method to determine the €} as a function of wave frequendy for large
diameter legs.

Actjons should be based on the actual structural configuration over the period being asgessed (e.g.
actfial number of conductors or risers, drill rig;and position). Future planned or temporary actions
shopld be assessed.

As |part of the evaluation/assessmentprocess for future total service life, accumulatfed fatigue
degfradation effects may be calculated;

Where CVI and/or NDE underwater inspections are made and known damage is assesged and/or
reppired, fatigue analyses may-not be required before the next inspection interval.

Underwater non-destructiveinspection of a welded joint may be used to reduce estimated agcumulated
fatigue degradation if there is no evidence of surface cracking. This information may be used o establish
an gcceptable RBI interval that accounts for the inspection method and length of in-servicfe exposure
of the weld to fatigue? Monitoring fatigue-sensitive joints, and/or reported crack-like indicaftions, is an
acceptable alternative to analytical verification.

12.4 Assessment model

12.4.1” General

The assessment model should accurately represent the structural configuration and should account for
the present condition as reported from the condition assessment (see 12.2).

12.4.2 Tubular members

Assessment of the resistance of structural tubular members shall be performed in conformance to
1SO 19902.

In addition:

a) Tubular members should be modelled using local joint flexibility (see UK HSE report 2001/056/4¢l),
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b) For structures in regions subjected to low temperatures, the fracture resistance of exposed
connections made of steel not originally specified for low temperature service should be included
in the resistance model.
c) Approach to member and joint resistance should be adopted for nonlinear analysis methods and:
— computed peak axial load of critical compression members should be calibrated, by adjusting
the initial lateral imperfection, to match the mean of test data for capacity of tubular columns,
in conformance to ISO 19902;

— post-peak axial load versus end shortening of tubular compression members should include the
effects of local plastic buckling.

12.4.3 Copnections

Strength of connections should be represented in the analysis model in conformance\to 1SO 19902.

For tubula
embedded

12.4.4 Co

Conductor§
in the asse
system and

12.4.5 Damage

12.4.5.1 (

Residual c4
analytical
system cay]

12.4.5.2 I

Axial capa
structures
slamming

impact eve
affecting r

Effects of
straightne
as unable t}

I joints in tension, first cracking capacity should be used. Nonlinear shellyelement moq
into the beam element model of the platform, may be used.

nductors

(drilled and grouted or driven) should be modelled with p-y springs and should be incly
ssment model. The conductors provide additional lateral feuhdation support to the platfi
the conductor guide framing should be modelled to accoufit for conductor loading to the jag

feneral

techniques. The residual capacity of the component may be used in the evaluation of
acity.

)ented tubular members

ity of a transversely loaded brace can be reduced due to the presence of a dent. In offs}

braces are susceptible'to wave loadings, particularly near the water surface, where w
during storms can-impose lateral loading on these members. Tubular members undet
ht can suffer dentihg’and bowing of the member. The most significant geometrical param
bsidual strength)is the dent depth.

member bowing on the capacity of the member may be incorporated by using the ou
bs of théxdamaged member. For an initial assessment, the dented member should be tred
p carty-the load.

els,

ded
brm
ket.

pacity of a damaged component may be determined through simplified methods or detajiled

the

ore
ave

an
bter

-of-
ted

Dented tu

ulars mayv be modelled explicitly using nonlinear software by simulating a collision usi

ng a

shell element model or a beam element model (if the software has the capability to represent dents in

beam elem

ents).

12.4.5.3 Uniformly corroded tubular members

A reduction in the thickness of a member may be used to model the reduction in strength for uniform
corrosion. Thickness reduction should be consistent with the quantity of material removed due to
corrosion. Member should be evaluated as an undamaged member with reduced wall thickness. Using
minimum local thickness (i.e. averaged over the worst 60-degree arc) is conservative even though the
reduction in thickness is not constant throughout the member length.
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12.4.5.4 Locally corroded tubular members

Localized corrosion (i.e. pitting and/or holes) can reduce the member capacity. In lieu of a refined
analysis, the strength of members with severe localized corrosion should be assessed by treating the
corroded part of the cross-section as non-effective and using methods like those provided in 12.4.5.2
for dented members.

12.4.5.5 Cracked tubular members

Static tensile strength of a partially cracked tubular joint may be estimated by reducing the affected joint

str ngfh hy some fraction or hy removing the mnmhnrl/}'ninf weld connection from the structural model.

Profided the material is ductile under service conditions, the reduced joint strength may-bg estimated
frorK simple methods, based on the use of reduced area or section modulus in proportion|to the lost
areg on the failure surface, or based on more extensive numerical analysis using finite elemgnt analysis
modlels or experimental evidence.

Parfially cracked tubular members can reduce member capacity. In lieu of a refined analysisa partially
cra¢ked member with the cracked area loaded in compression can be treated in a similar[manner to
that of a dented member (i.e. using a reduced capacity). For tensile loads or tensile bending moments,
an g¢ngineering fracture mechanics assessment may be used as partofithe assessment.

If a|cracked joint or member is in tension for the pushover eveft, it should be demonstrated that its
cappcity will not be degraded by low cycle fatigue duringsthe’ RP storm, unless such degfadation is
represented in the structural analysis.

12.4.6 Repaired and strengthened elements

Members and joints element properties should be ' modified to account for the local or globdl effects of
reppir/strengthening.

12.4.7 Foundation model

12.4.7.1 General

The soil resistance model for{piled (drilled and grouted or driven) foundations shall be in conformance
to IF0 19901-4.

12.4.7.2 Pile capacity
Andlyses shall be’pérformed using the following:
a) |DLM - characteristic soil parameters;

b) |USM * best estimate (mean) or characteristic soil parameters in in conformance to ISO 1p901-4.

Theultimate capacity of the pile shall be the cumulate of the {-Z Springs at compatible z displacements
down the pile length plus the end bearing (g) for the compatible z at the pile tip.

The sum of the peak t and the peak g overestimates the soil capacity, if they do not occur at the same
pile head displacement. Static p-y curves for lateral soil response should be used for ultimate strength
assessments.

12.4.7.3 Available soil data

A soil boring that was not drilled at the location of the platform or was not drilled using modern
methods of sampling and testing may be used. However, the validity of the sampling techniques should
be determined, and if a nearby boring is appropriate for the platform location, otherwise a site-specific
boring should be used.
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12.4.7.4 Pile driving records

Pile driving records as well as soil boring logs may be used to provide additional insight on the soil
profiles at each pile location, and to infer the elevations of pile end bearing strata. The records can
assist in re-estimating the axial pile capacities. Although not always available, these records are useful
for verifying the soil stratigraphy or the final pile penetration. If pile driving records are used the pile
hammer performance should be reviewed (see ISO 19901-4).

12.4.7.5 Piles

Piles shall be-included in the assessment maodel using an approach that represents the soils using

nonlinear §prings (p-y, t-z and Q-z).

The assessment model may account for a conservative (i.e. lower bound) effect of ageing on pile capafity
(see A.12.4{7.2) and a continuum model for the soil may be used.

To represgnt the vertical soil displacements down the pile length, the pile axial flexibility shal|l be
modelled (rather than rigid piles), see ISO 19901-4.

Piles should be modelled to include the structural effects of jacket leg extensiensbelow the seafloof.

For linear-elastic analysis with nonlinear foundations and for static nonlinear analysis, the analsis
shall include cyclic degradation at the event RP and loading rate enhan€ement.

For a dynamic nonlinear analysis, the soils should be represented.

—e

— using glasto-plastic springs (p-y, t-z and Q-z) with hysteretic:damping and post-holing (i.e. format
of a gap around the pile, if any);

on

— with radiation soil damping when a seismic analysis-is performed;

— with cjclic softening of the soil in the evolutien of the elasto-plastic soil springs (p-y, t-z and {2-2)
in timg.

12.4.7.6 Rile groups

Representing pile groups shall account for vertical and lateral pile group efficiency at the ultinpate
capacity of|the pile group.

Soil springs (p-y, t-z and Q-z) shall be defined for the displacement magnitudes that can be realized in
the analysis as the piles plungeor pull-out.

12.4.7.7 Mudmats

Additional|contribution to pile capacity from mudmats may be included, but should be limited to|the
total soil cfpacity due to pile loading combined with mudmat loading. Mudmats should not be included
in areas whére the soils are granular and are liable to scouring.

12.4.8 Material strength

If data is available, the actual (coupon test or mill certification) or mean yield strength may be used
instead of specified minimum yield strength (SMYS).

12.5 Assessment for gravity hazard

12.5.1 General

If weighing records of the topsides are not available, then the calculated topsides permanent action
should be used. The mean permanent and mean variable topsides action should be used. Coincident
operational actions, including drilling actions, should be applied in conformance to ISO 19901-5.
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12.5.2 Design level method (DLM)

Permanent and variable actions for assessment should be determined in conformance with ISO 19901-5.

12.5.3 Ultimate strength method (USM)

A static nonlinear analysis may be used to verify the limit state against the gravity load hazard for soil
and structure in stillwater conditions at a system level rather than at the component level as in the
stillwater DLM. In a static nonlinear analysis for the stillwater the permanent dead actions, variable

acti
dea

ons and stillwater buoyancy should be initially applied followed by incrementing the permanent

actions and variable actions until the p]nffnrm r‘n”:\pcnc
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Metocean analysis should accoiint for the following:

Ind

atic nonlinear analysis should be performed where critical components of the structjure have a
d action (permanent and variable) to metocean action ratio of 80 % or more and these chmponents
e URs exceeding unity in a stillwater linear-elastic analysis. The static nonlinear analysis for the
water should be used to verify the limit state (as a system) for the gravity lead hazard in stillwater
ditions can be achieved by local yielding and redistribution with strains lifnited to the tegring limits
pbmmended in ISO 19900.

6 Assessment for metocean hazard

b.1 General

r to performing an assessment of the structure, and prior to performing complex analyges, such as
htic or dynamic nonlinear analysis, the quality, methodology and accuracy of the metocefn analysis
luding the amount and quality of raw metocean data) should be evaluated.

ome shallow water locations, the system strength of platforms with large decks can bg governed
vind actions, rather than wave and/or currétit actions. In such cases, the platform systegm capacity
1ld be assessed against the maximum, wind criteria in combination with the associated waves,
Fents and surge.

b.2 Metocean criteria

independent extremes of'the metocean variables (e.g. wave, winds, currents and crest elevations);
long-term distribution of metocean processes (i.e. annual distribution of storm peaks sea states);
short-term distribution of metocean processes (i.e. distribution of crests in a sea state);

relevant parameters associated with extremes (i.e.,, wind speed, current speed and depth, wave
heights;"wave periods, kinematics factors).

bpendent extremes should be determined in conformance to the approaches recommended in

100044

ISO

17JU171.

12.6.3 Crest elevation

When assessing air gap, the annual probability of exceedance of the total water surface elevation shall
be determined by an approach that includes the combined probabilities of:

exceedance of the stillwater-level (including storm surges, astronomical tides);
settlement and subsidence of seabed;

wave crest height including spatial statistics to account for finite deck area (different from point
statistics);
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change in water-level.

Wave crest height distribution shall be determined in conformance to ISO 19901-1.

12.6.4 Metocean action combinations — Jacket

Metocean action combinations shall be calculated in conformance to ISO 19902 accounting for
variations in magnitude and direction.

To avoid excessive conservatism, the wave, current and wind parameters may be determined from a

response b

ased metocean analysis as recommended in ISO 19902.
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-based metocean analysis determines the coexisting wave, current and wind paranié

ith the required return period. Other forms of metocean analysis involving inputting w|
d wind parameters, with defined return periods, will typically result in a larger metoc
that determined by the response based analysis.

ns on a platform are dynamic in nature. For most design water depths; these actions 1}
ely represented by their static equivalents. For deeper waters (i.e:'greater than 122 m)]
forms are more flexible (i.e. natural period greater than 3 s), ornthe platform is dama
action should be applied or a dynamic analysis performed. The inertial action should
l in conformance to ISO 19902.

tocean action combinations — Deck

le metocean action combinations for the deck.

ffect shall be added to the maximum jacketdoad effect unless it can be demonstrated
ts should be separated in time, based on-anappraisal of the time history results.

WiDA shalll be based on analysis of the interaction between wave event and deck structure

geometric
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modelling of the underside of thedeck, including girders that affect the WiDA) by using eit
test results;

htum flux that accounts(forthe spatial and temporal convergence; or

computational fluid dynamics (CFD) that accounts for the spatial and temporal convergence,

e effects of compressed air;
btte method:!

cturesythe primary mitigation strategy for the wave-in-deck actions should be rai
ther mitigation strategies may be deployed that either reduce the likelihood or reduce
ce-(see 9.10).
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input to a metocean action calculation, will produce the most realistic exceedanee‘estinpate
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can
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demonstrated that the air gap is sufficient to av@id wave-in-deck impact, the assessnent

that
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12.6.6 Directionality of metocean hazards

In some locations, representative storm tracks and topographic features can provide fetch limitations
on wave heights from specific directions, or tidal or general circulation currents can be in a predominant
direction. For assessment in such situations, different wave, wind, and/or current magnitudes may be
used for different approach directions, provided data are available to derive them.

However, the operator shall confirm that the overall reliability of the structure is not compromised by
using lower directional environmental conditions.
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12.6.7 Design level method (DLM)

12.6.7.1 Ultimate limit state (ULS)

ULS should use E;, to determine the URs, with characteristic capacities for structural components and
characteristic soil parameters (see ISO 19901-4), together with partial action factors and resistance
factors in conformance to ISO 19902.

To achieve the limit state, URs of members and joints shall not exceed unity.

Axial capacity of a pile is acceptable if the capacity of the foundation system, with partial resistance
factfors in conformance to ISO 19902, can resist the applied actions. In addition, the deck.g¢levation is
reqiired to exceed the elevation of the wave crest for the wave with return period of RRyeafs.

12.6.7.2 Abnormal limit state (ALS)

ALY should use Epp to determine the URs, with characteristic capacities for structural comppnents and
soil| together with partial resistance factors of unity and partial action factors of unity. Deck elevation
is npt required to exceed the elevation of the wave crest for the wave withyreturn period of RP years.

UR¢g of members and joints shall not exceed unity.

Axipl capacity of a pile is acceptable if the capacity of the foundation system can resist the applied
actions.

12.6.8 Linear-elastic redundancy method

Ling¢ar-elastic redundancy method is similar to the ALS option of the DLM, but is performed by removing
meinbers or joints with a UR > 1,0, until the URs-of remaining members and joints are less than unity.

Othler equivalent linear methods can be used, if they can be justified to provide conservative or similar
restilts as nonlinear methods.

12.6.9 Ultimate strength method\(USM)

12.6.9.1 General

USNI shall:

a) |include an inertial dynamic amplification factor (DAF) in accordance with ISO 19902;
b) [use mean (bést estimate) values for structural component resistance parameters;

c) |use mean/(best estimate) values for soil strength parameters.

12.69:2" Static nonlinear analysis

A metocean static nonlinear analysis should be initiated by incrementally applying the metocean
action Epp, where Epp is the metocean action combination having the required return period. The static
nonlinear analysis requires the structure not to collapse when Epp is applied and the strains are within
the tearing limits recommended in ISO 19900.

A static nonlinear analysis should be performed for each wave direction or by use of the omni-
directional metocean action Epp.

12.6.9.3 Dynamic nonlinear analysis

A metocean dynamic nonlinear analysis (or time-history analysis) may be performed for the critical
wave sector directions. The annual probability of platform collapse is the sum of the directional
probabilities of platform collapse.
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Dynamic nonlinear analysis (or time-history analysis) should use the following manual iterative

approach:

Demonstrag

select a trial RP;
determine the time varying WiJA for the selected RP;
determine the corresponding WiDA time history, and factor to account for uncertainty;

apply the time varying WiJA together with the WiDA time history.
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38

nd scaling of the acceleration time-history should be based on ISO 19901-2, including:

use of linear scaling, spectral matching or a conditional mean spectrum (see Reference [33]);

range of interest;

orientation of ground motion components;

sites close to controlling active faults.
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Spectral acceleration, which is used as the basis of the action vector for seismic analysis, should be
derived in conformance to ISO 19901-2, which gives Formula (1):

Sa,ALE (Tdom):CC ><§a,Pf (Tdom)

where

Pf
RP

= 1/RP;
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is the return period for collapse of the platform rather than return period of the
ous event.

structural models with a coarse representation of the topsides, the acceleration time-hi
ELERp or ALERp at the topside support points may be used to create response spectra fo
ponse spectra analysis of a detailed topside model.

/.4 Directionality of seismic hazards
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blerograms relative to the platform axes.

/.5 Design level method (DLM)

19901-2 where ALEyp is the RP associated with the abnormal/accidental limit state. [
financial risk due to seismic hazards are als@provided in ISO 19901-2 where ELEyp is thg
pciated ultimate limit state.
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The axial:eapacity of a pile is acceptable if the capacity of the foundation system, with partia]resistance

factlors in'conformance to ISO 19902, can resist the applied actions.

Seismic action vector for a response spectra analysis should be determined directly from the spectral
acceleration S, 4, (T;) and the modal participation factor for the nth mode, L, :(pZ;Mr , Where r is a

resolving vector of cosines of the angle between the direction of the ground acceleration and the
direction of the structural degrees of freedom.
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12.7.6 Ultimate strength method (USM)

12.7.6.1 General

For structures subjected to base excitations from seismic events, either of the following two methods of

analysis may be used to verify the required limit state:
a) static nonlinear analysis or extreme displacement method, or

b) dynamic nonlinear analysis.

12.7.6.2 Static nonlinear analysis

Seismic agsessment using a static nonlinear analysis shall be performed in conformfance
ISO 19901

12.7.6.3 Dynamic nonlinear analysis

Seismic agtion vector for a seismic dynamic nonlinear analysis (or time-history analysis) shq
be determjned by scaling the accelerograms from 7 recorded earthquakes’to match their sped
accelerations with S, 4, ¢ (7).

Seismic asgessment using a dynamic nonlinear analysis (or time-histeryanalysis) shall be performe
conformanice with ISO 19901-2.

12.8 Ass¢ssment for collision hazard

12.8.1 Gepneral

Kinetic engrgies for the abnormal and operational gollision events should be determined from a haz
curve for & given annual probability of exceedance. Collision actions, for abnormal and operati
collision events, should be evaluated at the following locations:

— boat-lgnding impacts;

— protecfive guard impacts;

— brace impacts;

— leg impacts;

— riser impacts;

— condugtor impagts;

— impacts onstruts or cantilever supporting the TR (or LQ).

vith

uld
tral
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nal

Collision assessment should be performed using the following steps:

— define the collision scenarios and collision energy (mass and speed);

— define a deformation mechanism and calculate the energy absorbed by elastic and plastic
deformation of the actual structural element(s), by denting and bowing of the impacted member

together with elastic and plastic deformation of the remainder of structure and by deformatio
the vessel by use of action-deformation curves;

n of

— define the element fracture capacity and check potential collision of the vessel with critical
structural or hydrocarbon risers or conductors following the initial jacket brace fracture using the

residual kinetic energy of the vessel;

— check that the element joint capacity can transfer the impact forces;
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check that the surrounding elements have the capacity to sustain the redistributed forces from the

impacted member together with the permanent actions.
check that the global structural integrity is not impaired during a collision;

check if the damaged structure can resist the gravity metocean and seismic action
specified return period.

s within a

Methodology relies on an examination of each of these energy absorbing mechanisms to establish their
maximum potential absorption capacity and the associated impact force and to identify intervening

fact

ors that can limit the maximum energy capacity from being fully realized.
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B.2 Collision zone

vertical extent of the collision zone is assessed based on:
vessel draft;

maximum operational wave height;

maximum and minimum tidal elevation.

upper elevation of the collision zone is defined as the maximum still water elevatid
t probable maximum wave crest (for the limiting sea state‘for supply vessel operation
ximum freeboard of the supply vessel.

lower elevation of the collision zone is defined as<the minimum still water elevation
t probable maximum wave trough (for the limitingsea state for supply vessel operations
kimum draft of the supply vessel.

B.3 Collision criteria

ision hazard curves should be developed to give the magnitude of the vessel kinetic ¢
Ction of return period of the hazard.

ision hazard curves should, be developed for platform supply vessels, diving suppd
rgency response and rescugvessels, fishing vessels, and passing vessels (powered and
5ing vessels have a low probability of collision, their collision hazard does not require ass

B.4 Directionality-of collision hazards

bctional collisien data may be used in collision linear or nonlinear analyses. Use of omni-
jsion data is,onservative in linear or nonlinear analyses.

B.5 Gollision assessment method

n plus the
s) plus the

minus the
minus the

nergy as a

rt vessels,
{rifting). If
essment.

directional

Coll

ision should be performed using a USM (i.e. using static or dynamic nonlinear analysis t

echniques).

Analysis should be performed using a model that represents the as-is condition of the platform and
should be performed in the following stages:

12.

apply in-place actions (topside weight and gravity - stillwater conditions);
increase the impact action to the required energy;

perform a post-impact analysis.

9 Assessment for ice hazard

Ice hazard curve and action vector should be determined in accordance with ISO 19906.
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12.10 Assessment for explosion hazard

Blast hazard curve and action vector should be determined in accordance with FABIG Technical
note 14[25],

12.11 Assessment for fire hazard

Fire scenario events and heat dose hazard curve should be determined in accordance with
FABIG Technical note 13[24], The material properties in a static or dynamic nonlinear analysis should be
degraded in accordance with FABIG Technical note 13[24],

13 Reusq

Ay~

13.1 General

If the operator requires relocating and reusing the platform, the SIM processcshould be used to
demonstralte that the platform structural aspects are fit-for-service at the new location.

Platform r¢use should address:

fatigug (see 13.2);

materials (see 13.3);

inspection (see 13.4);

removpl and reinstallation (see 13.5).

Structures|that are reused shall conform to ISO 19902 design requirements.

eria for reuse shall be in conformance €0 ISO 19902 rather than the assessment criteria of

ent. However, once a reuse platformis.installed, this document may be used.

Design crif
this docum

13.2 Fatigue in reused structures

Fatigue sensitive locations in reused structures (e.g. tubular joints) shall be inspected in conforma
to 10.2.6.

nce

The calculd
prior in-se
location.

The sum o)
intended r

ition of fatigue daiage shall include allowances for fatigue damage accumulated during
Fvice period(s)-and transportation phases, in addition to the design service life at the

f the exiSting accumulated fatigue damage, D1, and the future fatigue damage, D2, for
buse period shall not exceed a value of 1,0, including the fatigue damage design factors

the
hew

the
for

both periogls (se€ [SO 19902).

13.3 Steel in reused structures

Type and grade of steel used in primary structural members of platforms removed and reinstalled at
new sites shall be determined from the original records.

If information on the type and grade of steel used is unavailable, 225 MPa minimum yield strength
and NT toughness class should be used for the design analysis at the new location. In addition, tubular
sections of unknown steel type and grade with outside diameters typical of drilling tubulars (e.g.
51/2in,95/8 in, 13 3/8 in should be avoided or removed from existing structures. Reused platforms
having tubular connections in which the heavy wall joint-cans were fabricated from other than
Class CV1 (or better) steel should be inspected, including UT inspection to detect the occurrence of
unacceptable defects.
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Chemical composition and mechanical properties of materials should be verified for consistency with
the assumptions made for the design analysis at the new location. Properties of steel of Group II or
higher should be confirmed.

Mill certificates or other documentation from the original fabrication with the material traceability may
be used. If material certificates are unavailable, or if there is doubt about the correlation of certificates
with the locations of steel within the structure, specimens should be taken from the structure and

tested by a laboratory to confirm chemical and mechanical properties.

13.4 Inspection of reused structures

13.4.1 General

When structures are evaluated for reuse, inspection and testing should be performed
suitjability for the intended application. In-situ inspection should take into accountts ability
a thorough inspection and the possibility of further damage during removal and transportat

Inspection programs prepared for evaluating reuse candidates shall conform to the inspec
of work recommended in 10.2.6.

Additionally, inspection should be performed to verify the absence, of damage which can
strycture’s ability to withstand actions imposed during each pphase of removal operation
priqgr location.

Deslign assumptions should be verified by inspection, inclirding material composition and
conpection condition and extent of corrosion or other degradation due to prior service.
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Asspssment of the condition of used structures should begin with a review of existing docimentation

from the original construction of the structure, together with results of in-service surveys. |
danpage or repairs, for which investigation and\assessment has not been performed, should b
and assessed in conformance to the assesSment requirements in Clause 12. Such damage
from environmental overload, ship collisions and operational activities. Validation of repa
and| their condition should be performed.

13.4.2 Initial condition assessment of structural members and connections
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odic in-service inspections of the structure should be reviewed. Where documentaf
the extentofiinspection and weld qualities are consistent with present criteria, inspect]
ted to ad investigation of in-service damage due to overload and fatigue.

WhereNDE documentation is not available, an initial spot survey of the structure should

proyide information for the assessment and to assist in the formulation of an inspection pla

Lvidence of
e reviewed
can occur
ir systems

using NDE

ind during
ion exists,
ion may be

be made to
h. The spot

survey shoutd inctude a generat visuat inspection of the whote STTUCTtUTe to detect Structl
(e.g. parted connections, missing members, dented or buckled members, corrosion damage).

13.4.3 Extent of weld inspection

al damage

Extent of weld inspection performed on a reused structure should be determined from assessments of
the utilizations of members and joints in the structure in prior service and future reuse. The inspection
of welds at joints, where they are fatigue-sensitive, should be directed to the higher stressed areas
where fatigue cracks are more likely to initiate.

Weld inspection may take place with the structure still at the previous location, or with the structure
removed from the water.

However, the requirements for the extent of the inspection shall be the same.
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13.4.4 Corrosion protection systems

Integrity of corrosion protection systems should be verified in accordance with ISO 19902 and the
cathodic protection verification provisions recommended in Clause 10.2. Verification should include
assessment of remaining anode materials, anode connections, impressed current functionality and
the condition of protective coatings (e.g. splash zone coatings and wraps), and possible hidden damage
under coatings.

13.5 Removal and reinstallation

B

TOTTT

14 Decommissioning and removal

14.1 General
At the end pf field life, the operator shall implement a decommissioning plan.

During the|total service life, the SIM process should be used to demonstratethat the structural aspgects
remain fit for decommissioning and removal.

The decommissioning process should be followed to plan, and implement the removal, disposal or rquse
of the strug¢ture, equipment and associated pipelines and wells.

14.2 De:])mmissioning process

The decommissioning process involves ceasing operations at the end of field life including permanehtly
abandoning wells, disposing of hydrocarbons and chemicals, making the structure safe, and remoying
the faciliti¢s for reuse or disposal.

14.3 Pre-{decommissioning data gathering

Pre-decommissioning data gathering should be performed to gain knowledge of the structure and
associated|facilities. The SIM strategysshould integrate with the decommissioning planning procegs to
align late tptal service life structuralinspections to collect the condition data.

14.4 Planning and engineering

Data collecdted from the pterdecommissioning activities should be used to develop the decommissioning
plan. Enginjeering should be performed to allow selection of the preferred execution plan to verify fhat
environmental and/life-safety risk has been addressed. Structure removal plan should identify|the
primary cdmponents that are to be removed and reused.

Removal shauldiinclude site clearance procedures that take account of applicable specifications, indugtry
Standards, otatutul )’ aud I Cs u}atux ‘y I C\iull ClllClltD. T‘y l.}lba]ll)’, thCDC ) Cs u}at;uua I Cl/lblll C1 ClllUVCl} Uf the

components above the seabed and piling removal to at least five meters below the seafloor.

Structural components left above the seafloor (e.g. bottom sections of jackets, suction piles with
appurtenances, pipeline exchange manifolds and subsea wellhead that have been permanently abandoned)
can require placement of navigational aids for shipping. This should be part of the removal plan.

Structural components can be transported to shore by lifting onto material barges for transport to
shore. A wet tow can be used to transport jackets to shallow water and then set horizontally and lift
onto a material barge.

Analysis for the removal plan should include actions during the removal process and the analysis should
be performed using linear-elastic techniques. ISO 19902 should be followed for structural modelling,
strength of tubular member and strength of tubular joints.
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14.5 Well decommissioning

Well decommissioning involves the permanently abandonment of the well bores and eventual removal
of the conductor. In many cases, it can be advantageous to permanently abandon wells as they
become non-productive or uneconomic to reduce the potential environmental, life-safety or financial

consequence of platform failure.

14.6 Facilities decommissioning

Facilities decommissioning involves the flushing, cleaning and removal of process equipment and

facifitiesas-weHasthe removalandenvironmentalysound-dispesalefwaste streams:

14.7 Pipeline decommissioning

The pipeline decommissioning plan depends on geographic location and/or\national dr regional
regplations. Pipelines can be decommissioned in-situ or completely-\removed. Hor in-situ
decpmmissioning, the pipeline can be disconnected from the platform dand’left in plac¢ following
clegning, plugging and burying at the ends.

14.8 Conductor removal

Conductors from the well tree to below the seafloor are usually-severed at a suitable distanc¢ below the
seafloor and the upper portion removed prior to the substracture (jacket) decommissioning. Planning
for onductor removal should be integrated with the overallSIM strategy as complete or partjal removal

of c

14.

Bef
bel
and|

Subject to national and regional regulations, the structure may be toppled in place to form 2

pw the seafloor. The substructure andxtopsides may be removed in one or more lifting

bnductors can be effective in reducing the likelihood‘of platform failure (see 9.5.3).

O Structure removal

bre removal of the substructure (jacket), the foundation piles should be severed at a suital

recovered to shore for disposal or reuse.

le distance
operations

n artificial

reef or transported and placed at.a‘designated reef site. Leaving the lower part of the jacket{in place as
areef can be an acceptable alternative.

Struiictural removal actiyitie€s should be integrated with the late life SIM strategy for the [El;ltform to
verlfy that the structuralintegrity of the platform is consistent with safe access for decommissioning
opefrations.

14.10 Site clearance

Aftér the platform is removed, the area should be cleared of debris in accordance with th¢ execution
plan. The'execution plan should take account of applicable specifications, industry standard$, statutory
ancﬂ‘regulatory requirements.
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(informative)

Additional information and guidance

| anywhere in the world;

) any design code;

ed to any degree of engineering sophistication;

ted with any welding procedure/specification;

bd in any year;

[ to any operational history;

y containing design deficiencies or fabrication defects;

y experiencing degradation or damage from a variety of sources.

the historical response of these structures to the environment and their structural fitn
as they have aged. Rlatforms installed since the late 1970’s provide a more uniform de
ave incorporated.fimany of the lessons learned during the design, installation and opera
eneration platforms.

ginal safety margins can have been altered due to damage, deterioration or changes in
riginal'design.

f the design process has resulted.in a varied assortment of structures since platforms w
ed offshore in the late 1940’s: Platforms built prior to the late 1970’s exhibit a wide diver
Criteria and fabrication techniques. Assessment effort of the offshore industry has b

this
the

rere
Sity
een
PSs-
bign
fion

hore industry. has matured, the implicit levels of risk has changed. In addition, as structyres

use

A.2 Nor

) £,
1IdUVT ITITITIICTS

No guidance is offered.

A.3 Terms and definitions

No guidance is offered.

A.4 Symbols

No guidance is offered.
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A.5 Abbreviated terms

No guidance is offered.

A.6 SIM fundamentals

A.6.1 General

The SIM fundamentals apply to any structure, and SIM for floating structures or jack-ups is not

con
rec
exc
hul

A.6

Fut
con
req

Lim
of 4
con

Example performance level are provided in Table A.1.

ceptually different from that for fixed structures. Many of the SIM processes, requirements and

mmendations in this document are equally applicable to floating structures and jack-up
bption to the applicability relates to the fitness-for-service assessment, which is not\ay
s, moorings and marine systems.

.2 Limit states and performance levels

ire structural integrity strategies can be influenced by the margin that the structure oy
ponent is below the limit state / performance level, e.g. a structure that is close to the limfit state can
1ire more inspection and repair if degradation mechanisms are likely to further reduce i

it states include specification of criteria for strength, stiffness, @nd stability. However, th
dequate strength is not always sufficient to meet the lintit states; serviceability and business
finuity after a hazardous event are also important.

Table A.1 — Performance level

s. The only
plicable to

structural
LS capacity.

P provision

fatd

lities

Performance level Description of performance level

Opg¢rational Occurs when the hazard:¢auses vibration, displacements or motions that exceqd the
limits acceptable for pérsonnel health and safety or exceed the limits for operapility of
production and or life’safety equipment.

Terpporary loss of |Occurs when the hdazard causes a limited interruption to production for post-eyent in-

production spection and tepair (damage is mostly to secondary structures).

Prdlonged loss of Occurs when the hazard causes a major interruption to production for significgnt subsea

production and topside repairs to the primary structure. Although repairs are required, they are cost
effective and the platform is not condemned. Possible permanent tilt of the platform after
theZ®event does not affect future operations including access to the wells.
Typical damage includes severed brace members, cracked welds at joints or pupching
shear “tear out” of the chord wall.

Asget loss without |Occurs when the hazard causes damage that cannot be repaired cost effectivelly and de-

commissioning of the platform is required. However, as the platform does not ¢
structure performs its function to prevent fatalities.

ollapse the

Damage is not repairable and decommissioning of the platform is required.

Typical damage includes multiple severed brace members, tearing of a leg due to local
plastic buckling, multiple cracked welds at joints or punching shear “tear out” of the
chord wall and/or a permanent tilt of the platform that the prevents future operations

including access to the wells.

Asset collapse with
fatalities

Occurs when the hazard causes collapse of the platform during the hazardous event with

a proportion of the PoB becoming fatalities.

An example of the possible performance levels that can be established for a fixed offshore structure
jacket system is provided in Figure A.1 in the form of a load/displacement curve for a typical hazardous
event. The figure illustrates five possible performance levels:

1) platform remains operational;
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2) business is disrupted, due to post-event inspection and minor repairs, with temporary loss of
production;

3) business is disrupted, due to post-event inspection and major repairs, with prolonged
production loss;

4) platform remains upright, but is condemned, and crew can be safely evacuated; personnel fatalities
are unlikely (ALS);

5) platform collapses and fatalities occur

NOTE Tis i o N ik kot L £, 1 1l JALC
TS TAarCTtO SPCUITy a e STAtC/ PCTTOTTITATIC T TCV T DTy UTTU TY LT

L

Sy

Key
operatipnal

temporpry production loss
prolonged production loss
asset ldss without fatalities
asset cqllapse with fataliti€s
displacgment

load

N U W N R

Figure A.1 — Example performance levels

A.6.3 Fitness-for-service assessment

No guidance is offered.

A.6.4 Management framework

A.6.4.1 General

SIM requires the setting of clear objectives/targets and regular review, with deviations from the
expected outcomes being addressed through corrective action.
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Management framework is the means of demonstrating that the personnel (competencies and job
descriptions), policies and procedures, systems, processes and resources that deliver structural
integrity are in place, in use and are performed when required over the whole lifecycle of the asset.

SIM aligns with the HSE and business objectives of the operator through a management system with

three interrelated elements:

Managing elements, which define a consistent set of policies and business principles which create the
requirements that the structural integrity aims to achieve. These requirements are non-negotiable.

Functional elements, which define the integral, critical functions of SIM. Each of these

functional

A.6

Leg

damage for hydrocarbon production, processing, storage and export facilities. In some ins

reg
intq

Thd
pro
and|

A.6

For
ide
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req
gro

elements 1s found to varying degrees 10r each stage of the asset lifecycle, Irom Concep
through to decommissioning.

Supporting elements, which provide critical system support to the structural-integri
in achieving its objectives. This support is provided by persons and organizations n
managed by other business processes that influence structural integrity results.

4.2 Policy

islation in most countries requires a policy on the prevention of major accidents and env

1lations are prescriptive and dictate specific activities and‘schedules. The operator’s SI
nded to complement regulations.

SIM policy sets out the intention and direction with respect to the structural integi
Cesses and activities. These are aligned with the operator strategic plan and other corpor
typically include:

defining the intentions and direction of the@rganization with respect to SIM;
integrating and align SIM with the corporate business plan and other policies;

being reviewed periodically and be-¢ommitted to continual improvement of the SIM pro
being documented and communicated to parties involved in SIM;

being matched by a commitment to make resources available for the implementation of

4.3 Written description

ease of reference; a written description is typically brought together into a single doc
tifies techrical and budgetary responsibilities and cover the role and management
liers. Thewritten description is reviewed periodically and updated to reflect changes in

1irements; processes, personnel and documentation as required throughout the life of a |

fual design

y function
ot directly

ronmental
tances, the

M policy is

ity related
hte policies

Cess;

Lhe policy.

iment that
bf external
monitoring
platform or

ip of ‘platforms. The written description is usually reviewed following mergers and acquisition of
addiitional assets to confirm its continued suitability.

Written description provides the operator with an auditable mechanism of the approach for the
management of structural integrity and typically includes:

©IS

description of the assets included in the framework, including their function(s) and performance

and condition requirements;

organizational structure and the roles and responsibilities, and reporting lines of personnel, by

which the operator delivers the SIM strategies;

definition of the process and rationale involved in the inspection, testing, and preventative
maintenance activities by which the operator delivers and assures the structural integrity;
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— SIM related procedures and reporting formats by which the operator validates that the structural
integrity processes are followed;

— Identification of the procedure for risk assessment and risk management;
— reference to the emergency response plan;
— documentation of the structural incidents that can lead to an emergency response;

— process by which the operator performs periodic review and continual improvement of the SIM
strategies;

— arrangements to capture lessons from in-service performance of structures and feed this back|nto
the mgnagement arrangements to seek continual improvement;

— limits |and interfaces against a specific responsibility for the structural componénts and [the
structyiral system;

— codes and/or standards required by local regulations or the codes and/or stahdards in which|the
SIM prpcess is based;

— detaild of the computerized information systems that will be used to support these activities.

A.6.4.4 Management of change

The operafor should maintain an MOC system for temporary<and permanent changes to prodess,
equipment} operations and organizations.

Weight chalnge should be recorded in a weight database system. ISO 19901-5 contains recommendatjons
on operatignal weight databases, their custodianship andSIM interfaces.

The operagor should use the MOC to identify and~monitor SIM-related changes. Additionally, SIM
practitiondrs should participate in the MOC process’by supporting the associated risk assessments pnd
approvals for a SIM-related change.

MOC shoulfl be used for structural integrity-related changes, including:
— overdye activities;

— managing deficiencies;

— tempofary changes;

— permajnent changes;

— changgs to thehazards;

— changgs te.regulations, standards and specifications.

MOC item fortemporary on=comnforing condition repair stoutd-betlosed once permmanent actions are
completed. The process should track modifications throughout the asset lifecycle to confirm that input
data reflects operations at each stage.

A.6.4.5 Procedures

Procedures provide criteria that can be measured, so that the effectiveness of the procedures can be
monitored, including:

— Procedures for investigating to determine the root cause(s) following a structural integrity incident.
Findings and recommendations from incident investigations that affect the platform structural
components are captured during periodic review/updating of assets risk assessment and fed back
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into the SIM process. To assist in the reduction of possible future incidents, the findings from

incident investigations are shared.

Procedures for emergency response and control preparedness that interfaces with the platform
evacuation, escape and rescue (EER) plan. The emergency response plan set out the means in which

parties are alerted in the case of an emergency.

Procedures for competency management that can be aided by putting in place a policy for
recruitment, retention and succession planning of the operator staff and contractor staff to provide
continuity of personnel. In many instances, competency management extends to external suppliers.

Procedures for non-conformance management that put In-place a reporting process tg
that the recommended actions to resolve non-conformance are approved.

cesses and documentation that typically constitute the procedures include:
regulatory and operator reporting requirements;
SIM policy;

risk management;

protective systems documentation;

project and operating procedures;

competency management;

non-conformance management;

management of change;

emergency response related to structural Integrity;
intervention and repair;

incident reporting and investigation;

performance management;

documentation and gentrol;

project data handover;

information/and data management;

data evaluation;

fitneSs-for-service assessments;

dIlUIIldly IIIdI1d gCIIICTIL,

inspection strategy;

inspection program;

key performance indicators;

integrity statements;

performance standards;

operational weight control procedure, including the topside operating philosophy;

weight control database;
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A.6.4.6

annual weight report summaries;
integrity summary reports;
structural assessment models;

performance monitoring reports.

Investigation of incidents

A structural integrity-related incident or near miss can be an indication that the framework for

structural ntegrity 1s incomplete. Every instance ol unexpected failure, damage or operational up
and excurdions beyond design limits represents an opportunity to learn about the structural integ
of the assets.
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ergency response and control

emergency response plans for each structural failure mode is a proactive means
he operator with a rapid response in the event of an emergency. The-response plans ca
to reflect the identified hazards with a process put in-place for p€rjodic review to con
hns capture changes in risk and/or address new hazards that are created during the t

hlidation

lidation is used to confirm that the SIM process is being performed in conformity with
b set out in the SIM policy and written descriptien’and that the SIM process complies ¥
requirements.

includes a periodic review to identify gaps-between actual performance and the plan,
Feed corrective actions. The review consists largely of interviewing personnel and review
integrity related records. The results_of the review are documented and communicate
mmary report.

view determines whether the SIM processes:

eting the SIM policy and-strategy objectives;

eting the operator legal obligations with respect to SIM;
naging structurabintegrity risks;

pen implemented, maintained and recorded;

the results of previous reviews and the action taken to rectify non-conformance;

providle infermation on the results of the reviews to senior management.
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Prior to acquisition of a structure, a due diligence exercise is performed to ascertain the structural
condition and status of operating and maintenance records. On divestment of a structure, a record of
the structural integrity data transferred to the new operator is retained.

The operator periodically performs a gap analysis of its structural integrity process against the written
description. The objective of this gap analysis is to identify gaps in the present structural integrity
processes employed by the operator. The gap assessment compares the present processes against the
future requirements for structural integrity and provides recommendations for closing gaps.

Review is based on the results of risk assessments of the structural integrity process, in-service
incidents or unexpected performance, as well as the findings from previous findings. Reviews can
be applied (or required) following incidents or failures. Where possible, reviews are performed by

52 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=577bea173ed783266a19968e7c629d98

ISO 19901-9:2019(E)

personnel (internal or external) who are independent from those having direct responsibility for the
activity being examined.

The operator typically reviews the structural integrity policy and the objectives of its structural
integrity processes to decide whether the process warrants inclusion of a verification approach.
Structural integrity processes usually involve independent validation to confirm that the quality of the
work is controlled and the accuracy of the data and robustness of the decision making is validated.

A.6.4.9 Continual improvement

the asset.
Progesses degrade with time, and management processes are no exception to this. Structixal integrity
profgesses can provide opportunities for the operator to adopt risk-based approaches;.elinpinate low-
valye work, minimize failures and continuously improve.

Continuous monitoring and review is performed to confirm that structural™integrity framework
renjains fit-for-service. Changes will inevitably occur over time in personmnel;”corporate ptructures,
management systems, and operatorship of assets. These changes can affect ah organization[s ability to
maintain structural integrity to required levels.

Continual improvement requires the measurement and gathering of data for the performance metrics
for the adopted structural integrity processes. Performance data @re analyzed and trended over time
to provide point-in-time evaluation and performance trends,The structural integrity perfprmance is
repprted and reviewed on a regular basis.

Finglings from the structural integrity process validation are used to improve their approach to
stryctural integrity. This includes assessing the pefformance against defined leading and lagging
performance indicators. The leading indicators foéus on management of the work process elements
and the lagging indicators focus on the results of‘the processes. The combination drives efficiency and
effectiveness.

Opportunities for improvement are captutred by proactively seeking, applying and sharing sound
praftice, behaviours and systems. Structural integrity practitioners share lessons learned infrelation to
stryctural integrity across their organization.

A.6{4.10 Organization

Objgctive of defining the strirctural integrity organizational structures is to provide the accoyintabilities
of ihdividuals and to set-out their activities, interactions, lines of communication and inteffaces. The
orghnizational structure covers each aspect of the structural integrity process and repgesents the
accpuntability flow and reporting relationships. The organizational arrangements are compined with
defined roles and responsibilities and the competency requirements for those involved in the structural
intggrity pracess. The organizational arrangements are communicated so that personnel arje aware of,
and acceptitheir responsibilities and the reporting relationships.

A.6{4:11 Roles and responsibilities

The operator typically provides structural integrity engineers and practitioners with job descriptions
and competency profiles. Job descriptions define the responsibilities and activities of structural
integrity related activities, together with the required attributes, competencies, qualifications,
experience, training and certification (where required by regulators). Auditable self-assessments can
be made against the job description profiles as part of periodic performance appraisals.

Roles and responsibilities can vary depending on the organizational set-up, complexity, number
of platforms and regulatory requirements. The custodian of structural integrity is identified with
job description and authority and the roles and responsibilities of other support staff, contractors,
specialists, etc., is defined.

The operator typically verifies that personnel whose work affects the structural integrity have
defined roles and are assessed as competent for the tasks required of them. Roles and responsibilities
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of personnel between the operations, maintenance and technical integrity groups are typically
documented in writing and communicated.

A.6.4.12 C

apabilities and resources

Throughout the total service life, the operator can require access on an as-needed basis of a range of
skills to complete the structural integrity activities, which can include:
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structural engineering;

weight engineering;

hnical engineering;
ban specialists;

P operations;
ampions;

tion coordinators.

or is responsible for structural integrity, which includes competency of its personnel,
pility with respect to the competency of external contracters. The operator should ac

the assurance of competence within the internal organization and to external contrac
the structural integrity process. Their understanding of the training received is verif
bmpetence assessed, at regular intervals.

integrity can often be one skill in an individual’s overall skill set and can be of greate
prtance as defined by the job requirements,\For those individuals involved continuously {
integrity, the “structural integrity praetitioners”, their skill level is typically greater
breadth of the structural integrity process.

br group of engineers involved with'the structural integrity process are typically:
r with the SIM information.on the platform being addressed;

pdgeable about degradafion processes and remedial measures;

enced in offshore stiuctural engineering;

of the differente between design and assessment engineering;

sant with.risk-based engineering decision making;

enced-n inspection planning;

edgeable and certified in the use of inspection tools and techniques;

and
t as

nt customer when purchasing services from external contractors. Competency managengent

[or's
ied,

r or
vith
and

of general inspection issues in the offshore industry.

A.6.5 Design

No guidance is offered.

A.6.6 To

psides

The differences between the topsides and supporting structure are how they change over time, and
what activities are performed to maintain the various components for the total service life. Topsides
are more likely affected by corrosion due to coating failure, increase in member loads due to additions

to the tops

54

ides and wear and tear / damage caused by daily operations.
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A.6.7 Continued service

Concept of ‘life extension’ is that there is a time or amount of ‘service’ when the structure would be
considered for retirement, but where, with certain processes and criteria, service life can be extended
for a further period.

Over time the structure, process plant, safety systems and other facilities comprising the platform
are subject to ageing mechanisms that can lead to deterioration in their condition and degradation of
their capacity, with a potential effect on the safety, functionality and fitness-for-service in the longer
term. Many structures are designed for a design service life of 20 years to 25 years, which were set for
investment appraisal purposes. Where the effects of ageing are slow, or can be mitigated and managed

through inspection, maintenance and replacement, there is clearly potential for extending the

A.6

Thd
sevi

©IS

.8 Structural integrity interfaces

bral of the activities listed require isolation and/or shutdown:

crane pedestal and boom rest / crane slew ring, crane cab and boom;
lifting equipment supports/ runway beams and gantry cranes;

riser supports / risers;

drilling derrick / rig skidding system / rig recertification;

flare tower / flare tip and pipelines;

lifeboat davits / lifeboat and lifeboat lifting equipment;

helideck and supporting structure / helideck certification;
integrated storage tanks / pressure systems;

major pipe supports / pipelines;

major equipment supports /Aequipment;

internal caisson inspection' / pump maintenance;

coating inspection~/\passive fire protection (PFP).

ddition to the inspéction structural integrity interfaces, the SIM process can require interf
geotechnical'engineers;
metocean engineers;

eaythquake engineers;

cervice life.

following interfaces are commonly encountered in topsides structural inspection, Moting that

acing with:

risk engineers;

well engineers;
operational personnel;
inspection personnel;
service providers;

document controllers.

02019 - All rights reserved

55


https://standardsiso.com/api/?name=577bea173ed783266a19968e7c629d98

ISO 19901-9:2019(E)

A.7 SIM process

A.7.1 General

The SIM process provides a means for the operator to predict how a structure performs when damaged
and/or overloaded by application of techniques including analysis, testing, monitoring, etc. Once this
structural behaviour is known and understood, an inspection program tailored to the lifecycle can be

designed and implemented.

Further to mamtalmng as fit- for service, SIM prov1des 1n51ght into how structural lntegrlty affects

decision mak

is based upon an appraisal of the structure in conjunction with a topside and undéerwater survey
planned mpintenance program.

When implemented, the SIM process can be used to demonstrate that the technical integrity of offsh
assets is mlaintained for their intended total service life. In summary, SIM can be used by individ

nto
ove
vith

can
ach
and

ore
hals

or groups ¢f individuals who contribute to the structural integrity over the lifecycle from the design/

project phase, through construction and operations, to decommissiohing and removal.

SIM improyes operational effectiveness by enhanced HSE perforntance, and improved business retu
through infreased availability of the facility. SIM uses the ideftification of hazards to communicate
manage the structural risk in a cost effective and consisteritmanner.

SIM provides the opportunity for the operator and engifieers to adopt risk principles for developing
strategies.

A.7.2 Bepefits

Potential blenefits of SIM include:

rns
and

SIM

— Prioritlization of inspection resources - structures and components can be prioritized gn a

consequence, risk or reliability-basis.

— Increaped knowledge of @ssets — SIM requires evaluation of available data and assessments, which

provides knowledge onrthe structure’s condition, strength and fatigue resistance.

— More effective MOE - records can be reviewed and maintained, thereby allowing transfe
knowledge andlearning for the operator and improving decisions.

— Planndd maintenance in lieu of on-the-spot repairs or modifications.

" of

I 1 lad £ fao VPPN P2 fao +l d o 3= etk 11 H 3
- ncreaseahHow TCU St UT a St ot TaT S CUTTOTCIOTL, ST g T anu ratrg ot T eSS tant T Carr arro vy cre

time to engineer a repair. Review of assessment can result in delayed or no repair.
The following principles apply to SIM:
a) hazardous event control;
b) component structural integrity;
c¢) redundancy and alternative load paths;
d) consequence reduction;

€) emergency response;

sed
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rationalization.

f)

A.8 SIM Data

A.8.1 General

A.8.1.1 General

Evalu

ations and assessments are only as accurate as the engineering methodology and the

lity, the operator can develop specifications which detail underwater measurement {
sonnel qualifications, survey limits, anomaly criteria, etc.

qu
per

Essential aspects of SIM are the validity, extent and accuracy of the structure's data and
hisory. Accordingly, records of original design analyses, fabricatioh, transportation, i

data used.
sumptions,
le is when
the dent is
An prevent
pbrove data
echniques,

inspection
stallation

(ing
rets

luding piling) and in-service inspections, engineering evaluatipfis, repairs, and incident$ should be
ined by the operator for the life of the structure and transfefred to new operators’ as nefcessary.

Up-to-date information is required for the SIM process. Information on the original design, fabrication
and installation (including results of structural analyses), in-service inspections, engineering
evaluations, structural assessments, modifications, strengthening, repairs, and operational incidents,
all ¢onstitute parts of the SIM knowledge base.

A.8/1.2 Design data

Deslign data should be collected and retained by the operator over the total service life of thg structure.
Deslign data should be collected duringthe project design phase.

Desdlign data is the baseline data that represents the structure at installation and includes a broad

speftrum of information.

Othler design data the operator should obtain from the project and maintain over the total
are|design computer niodels. Models can be used to assess future changes over the total sef
be Incorporated intg-an emergency response plan to assess major damage resulting fromj
stofms, or deterigtation.

Typiical examples of design data include:

origipal and present operator;

Service life
vice life or
accidents,

ofiginal and present function and use of the structure;

location, water depth and orientation;

structure type - caisson, tripod, 4/6/8-leg, etc.;
number of wells, risers and production rate;

other site-specific information, manning level, etc.
design contractor and date of design;

design drawings and material specifications;

design codes;

© IS0 2019 - All rights reserved
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A.8.1.3 Fabrication and installation data

FabricatiO{I processes can produce a vast quantity of information regarding the(eonstruction pf a

basis of design;

design criteria (e.g. metocean, seismic, collision, ice, fire and blast);
deck clearance elevation (underside of cellar deck steel);
operational criteria - deck loading and equipment arrangement;

soil data and pile capacity data with geotechnical design method, including geohazard data (if
applicable);

piles and conductors - number, size._ and dpqign penetration;

appurtenances - number, size list and location as designed.

structure and its predicted response to actions. Fabrication and installation inspection data provjdes
informatiopn about the initial structure condition and have a direct bearing on the in-service inspection
strategy.

Typical exdmples of fabrication data include:

Typical exdmples_ ofiinstallation data include:

58

fabricgtion contractors’ details;

approved for construction drawings or as-built drawings;
inspecftion results following fabrication/construction;
fabricdtion, welding, and construction specifications;

mill certificates and material traceability documentation;
constrjction tolerances and compliance/deviation records;
weld ipspection records;

anomdly, defect, repair and remédial action records;
quality assurance records;

material datasheets;

weighing reports with weighing certificates.

installption contractor details and date of installation;

pile driving records;

conductor driving records;

conductor installation and well top hole construction records;
pile grouting records (if applicable);

records of field modifications, damage or repairs;

transportation records (severe weather / motions).
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A.8.1.4 Condition data

Platform condition data should include the changes to the data that can occur during the total service
life of the structure and represents the present as-is and possible future condition of the structure.

Condition data should be divided into two categories:
— historical condition data, relating to changes made to the structure;

— present condition data, relating to the surveyed condition of the structure.

Ty ical pvamp]pc of historical condition data include:

— |post-installation / baseline inspection records;

— |in-service inspection records - subsea and topsides;

— |in-service structural maintenance records - subsea (if any) and topsides;
— |corrosion protection records - CP potentials, anode grades and details'of anode retrofitg;
— |strengthening/modification/repair (SMR) data - descriptions, analyses, drawings, and dates;
— |seafloor profile data with scouring around structure legs;
— |condition monitoring data;

— |settlement / subsidence records (if applicable).

Typlical examples of as-is condition data include:

— |all decks - actual size, location and elevation;

— |all decks - existing loading and equipmént arrangement;
— |field measured deck clearance elevation (bottom of steel);
— |production and storage inventory;

— |appurtenances (i.e. list, sizes, and locations);

— |wells - number, sizefand location of existing conductors;
— |above water sufvey results;

— |underwatersurvey results;

— |structuxal MOCs;

— |mitigation plans;

— maintenance records;

— inspection scopes of work.

A.8.1.5 Operational data

Operational data should include knowledge on the actual structural performance and provide a
benchmark for understanding some of the assumptions and uncertainties used in the structural design.

Operational data should include information on:
— changes in topsides deck weights and CoGs;

— platform exposure to storms, earthquakes and other environmental events;

© IS0 2019 - All rights reserved 59


https://standardsiso.com/api/?name=577bea173ed783266a19968e7c629d98

ISO 19901-9:2019(E)

— platform exposure to accidental events;
— envelopes used in operating platform equipment.
Typical examples of operational data include:

— operational loading history - records of weight additions, relocations and removals;

— metocean loading history - extreme events including descriptions dates and platform performance

during event;

— seismigcloading histary (if applicable) - descriptions dates and platform performance during event;

— accidental loading history - collisions, dropped objects and other accidental loads;
— loading and offloading operations (e.g. crane reach, faces of platform used);
— drilling structures and future drilling campaigns;

— access|limitations (e.g. exhausts, flares, underdeck areas);

— vessel joperations;

— helicopter operations;

— walk-tp-work or bridge landing structures and their use;

— caisson pump retrieval and maintenance operations;

— wells/¢onductors in use on the platform;

— well intervention philosophy/strategy;

— additignal modules, caissons, conductors;

— expandling or over utilized laydown areas;

)

— (Crane 'eplacements;

tie-bac
operat
equipn

manag

ks from other platforms ar fields;
ional incident data;
nent layout;

ement of change documentation.

SIM engingers are‘tasked with interpreting the variable operating load combinations that occur from

movable lopds, (e:g: drilling equipment set, setback drillstring, hookload, piperack casing loads, layd
loads, BOP§)<In conjunction, weight control information can be usefully collated into a sketch sho
. . . . . ) ~dother

topside module-designations, geometry weight repo ocation-ofreportedd pa de
movables, grid lines, eastings and northings, elevations, and the CoG origin point.

A.8.1.6 Engineering data

Engineering data should include information on the methods, decisions and data used to demonstrate

that the platform structural aspects are fit-for-service.

Engineering data should include documentation on work performed to confirm fitness-for-service
and can include hazard studies, risk assessments, calculations, analysis, structural analysis and/or

structural models.
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Typical examples of engineering data include:

— damage evaluation data - descriptions, analyses and dates;
— hazard analysis;

— hazard curves;

— engineering evaluation screening records;

— anomaly register;

— |assessment basis;

— |assessment models;

— |risk registers;

— |cost-benefit analyses;

— |incident root-cause analyses;
— |performance levels;

— |structural models.

A.82 Missing data

Maintaining structure and inspection data cannot be&’overemphasized. Evaluations and agsessments
arelonly as accurate as the engineering methodology-and the data used therein. Missing or [ncorrectly
megsured data can force the making of conserydtive assumptions during an engineering assessment.
Examples of insufficient data affecting the poténtial or perceived structural integrity include:

— |lack of knowledge of the structure that can prevent the addition of additional facilities if spare
capacity cannot be exploited;

— [lack of information on a dent depth and location that requires the assumption that the derjtis located
where it will cause the highest strength reduction.

A.8.3 Data management

Hisforical data is the€-cornerstone of informed structural integrity assurance and a $ystem for
refgrencing and archiving documents relating to the SIM process provides a means to cpnnect the
varjous stakeholders.

A.9 SIMEvaluation

A.91-General

As new data is collected (e.g. through periodic inspections, because of accidental events, from planned
modifications, or from additions to the platform) an engineering evaluation of data should be performed.

If the evaluation determines that the structure operating risk has increased, some level of engineering
assessment should be performed to determine whether the structure is fit-for-service or whether risk
reduction or mitigation measures are required.

Evaluation can incorporate engineering judgement, operational experience, research data, qualitative
screening analysis and predictive techniques to assess the effect that new data has on the SIM strategy.
Evaluation should be based on a qualitative analysis of the structure and can include a review of results
from a previous design or assessment structural analysis, without performing a detailed assessment.
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The results from the evaluation are used to develop and implement an inspection strategy. The program
is the implementation of the inspection, maintenance and repair work scopes, as defined from the SIM
strategy.

An assessment typically involves an analysis of the structural system that minimizes the inherent
conservatism used in the design or most recent assessment. Conservatisms can be a result of the
uncertainty used to establish design parameters that, from knowledge gained in operating or advances
in technology, can justifiably be removed.

Evaluation is the ongoing process that reviews the present condition of the structure compared to that
when it was last assessed and other parameters that affect the structural integrity and risk levels to

confirm or] otherwise that the limit states are verified. This process identifies repair or maintengnce

requiremehts to achieve the limit states. Evaluation should identify the risk associated with operafing

the assets find differentiate between those hazardous events that can result in global or local'/damage.

SIM evalugtion is the application of engineering to evaluate the effect that new information/datalhas

on the fitngss-for-service. Risk-based approaches can be beneficial in the evaluationthat enables rjsks

to be calcujated and related back to tolerable values. This can provide justification forfuture activities,
priorities gnd implementation timing.

The follow|ng distinguishes evaluation from assessment:

a) Evalujtion is an ongoing process, whereas assessment is triggereddy certain initiators.

b) Evalugtion is typically qualitative, based on engineering judgnient, and is sometimes supportedl by
simple| or approximate calculations.

c) Evaluj]tion can incorporate operational experience, and’reference to research data, qualitative
screenfing analysis and predictive techniques to assess the effect that new data has on the structpiral
integrity strategy.

d) Upon receipt of inspection data, an evaluatiomjs performed, even if no defects are found (e.g an
inspecfion strategy can be modified based-gn trends in cathodic potential readings).

e) When damage, defects or deterioration are found, an evaluation is performed to determine if njore
inspecfion is required on an urgent basis to further define the extent of the damage (e.g. whethler a
primafy component is affected, infwhich case an assessment can be required).

f) Potentjial benefits of remedial-measures can be qualitatively determined by an evaluation dr, if
requirpd, can be quantitatively determined by an assessment using one of the analysis methods.

g) Assesgment allows for.the use of remedial measures in lieu of the pursuit of further, more detajled,
analysjs.

Evaluation| is performed throughout the total service life and used to confirm that the structpral

integrity, mitigation strategies and established risk levels are still valid to achieve the limit stdtes.

The evaludtioh.addresses the overall structure or structural components where damage or advérse

conditions|hdve arisen or occurred.

Findings from the evaluation are used as a basis for supporting or adjusting the integrity strategy and
integrity program, and can conclude either:

— that the structure or structural component is fit-for-service between inspections and requires on-
going scheduled maintenance/monitoring/inspection (with a specified scope), or

— that remedial measures (immediate or longer term) are required.

A.9.2 Data evaluation

Some of the data that should be evaluated to determine the strength and fatigue performance of fixed
steel offshore structures are provided in Table A.2.
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Table A.2 — Evaluation factors

Data

Evaluation

Structure age, condition, original
design situations and criteria and
comparison with present design
situations and criteria

Remaining total service life, desire to extend service life

Consult with operating and maintenance personnel to see if they have
observed conditions (e.g. corrosion evidence, movement in conductor
guides or riser/J-tube/caisson supports, deformations or deflections,

unusual vibrations, change in platform sway response to waves) that

require evaluation

Analysis results and assumptions

Computed utilizations and fatigue lives

for prigimatdesigmor previous as-
sespments

Original design code and version
Original soil data and geotechnical design

Degree of sophistication and conservatism in the deSign/assegsment
analyses

Amount of conservatism used in design again$t'the required lmit states.

Intentional overdesign for fatigue to reduce‘periodic inspectilon re-
quirements

Material specification

Strjicture reserve strength and
strjictural redundancy

Fatjgue life

Sensitivity to metocean criteria
Amount of conservatisih-present in the SN curve
Amount of conservatism present in the SCFs

Method used totestablish the nominal stresses

Degree of conservatism or uncer-
tainty in specified abnormal hazards

Data source

Degree’of-certainty or conservatism in abnormal hazard cond|tions
(waveseurrent, wind) and design assumptions (marine growth, earth-
quake spectra)

Sensitivity of storm actions to RP. For example, difference in npagnitude
of actions is there between the 10 year, 100 year, and 1 000 yepr events?

Relative severity of sea states for fatigue and extreme/abnornjal condi-
tions, since fatigue can be important in instances where operational sea
states are not far below extreme/abnormal conditions

Marine growth type (hard, soft), percent coverage, thickness, yariation
with depth, roughness

Extlent of inspection during fabri-
catfon and after transportation and
installatien

Falrieation quality and occurrences
of newark or rewelding

Unusual or special circumstances, rework/rewelding, wind infuced
vibrations/fatigue

Extent of inspection during fabrication
Fabrication quality

Welding procedures and specifications

Damage (including fatigue damage)
during transportation or installation

Extent of inspection after transportation

Severity of transport conditions and actual exposure (e.g. transocean
versus local tow)

Occurrence of damage during installation
Extent of inspection after installation

Extent of deviations from design assumptions (e.g. air gap between deck

and mean sea level)
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Table A.2 (continued)

Data

Evaluation

Operationa
previous in

of other str

| experience, including
-service inspection re-

sults and lessons from performance

uctures

Degree of vigilance in reporting/evaluating accidental events. Extent
of deviations from design assumptions (e.g. sea states, marine growth,
platform purpose)

Modifications and additions of risers, service caissons, topsides, etc.
Occurrence of damage

Absolute years of service

YEArs Of SETVICE relative to design Service 1iie
Subsidence

Scope of prior inspections

Tools and techniques used

Anomalies discovered

Trends identified

Failures or problems encountered with certain-gdmponents under cer
tain conditions

Success of similar structures in same afea/region

Modificatid
or strength

ns, additions and repairs
ening

Underlying causes necessitating repgir’or strengthening

In-service performance of repairsior strengthening

Occurrence
and abnorn

of accidental, extreme
hal events

Criticality
operations

f structure to other

Structure |
area, watep

hcation (geographical
depth)

Regional experience

Structural
available

monitoring data, if

Potential rd

use or removal intents

For older s
the design

tructures, the age of thé design provides a clue to possible deficiencies or conservatisms in
that assist in developing an inspection program. As offshore technology has evolved, lesqons

learned fr¢m in-service problems, as well as new experimental data and analytical capabilities Have

been incor
made in ar

— designl

— founda

bas including:

tion design;

— materi

1 cp]pr‘h’nn;

requirements for joint cans;

porated in updated versions of various design codes. For example, improvements have Heen

— calculation procedure for metocean actions;

— S-N curves.

If cracks occur, they are most likely found at:

— joints in the first horizontal conductor framing below the water surface (normally resulting from
fatigue);

— the main brace to leg joints in the vertical framing at the first bay above the seafloor (normally due
to extreme or abnormal metocean/seismic events);
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the perimeter members in the vertical framing at the first level below water (normally because of
collision);

poorly designed connections in which the arrangement of components, accessibility and quantity of
weld metal required make weld quality difficult to achieve.

Extent of knowledge about metocean, seismic or ice conditions varies for different regions of the
world. The degree of certainty in establishing design data for sea states, current, wind, marine growth,
seismicity and corrosion rates is not uniform. The amount of conservatism used to account for the
possible lack of knowledge can vary for different regions, even among different operators within a
given region. Inspection planners require an understanding of these uncertainties and conservatisms.

Sonlle North Sea operators have adopted a strategy of intentionally overdesigning comptlments of a

stru
life}
Suc
CVI
of t
req

Qud

(cture for fatigue (such that the computed fatigue lives are 10 times higher than the)des
with the goal of reducing/eliminating the requirement for an underwater CVl-and or N
h strategies are legitimate ways of trying to minimize the lifecycle cost of\inspection
and/or NDE surveys should be performed for new structural concepts atleast until
he performance has been gained. The strategy of overdesigning for fatigue does not pt

1irement for periodic above water and underwater GVI.

ign service
DE survey.
. However,
experience
eclude the

lity of structure fabrication and extent of inspection during fabrication and installation

bea

ing on the strategy for in-service inspection. One of the mainmotives for in-service i

as adirect
pection is

detection of unknown fabrication defects (usually in weldments}«or installation damage. If the incidence
of these defects can be reduced through increased fabrication/installation inspection, be
materials and improved welding procedures, in-service inspection requirements can be dect
opefrator has the flexibility to adopt stricter practices¢nthese areas to reduce in-service
reqpirements.

Inspections can be more efficient and cost-effective when planned with knowledge of the

his
In-9

per
and

A9
No

A9

A9

ory and design/fabrication peculiarities of the structure.

ervice inspection requirements can be<asitively or negatively affected by lessons learne
formance of other structures. Such kirowledge provides an incentive for the operator tq
share technical lessons from ingpections to benefit the industry.

.3 Hazard, hazardous events and degradation mechanisms

buidance is offered.

.4 Critical structure (CS)

4.1 General

Sonpe regienal regulators require CS to be identified for major accident hazardous events, wh

acc
orn

dent is"defined as an event involving major damage to the structure with the potential t

ter quality
eased. The
inspection

pperational

d from the
cooperate

bre a major
cause five

hore fatalities or an incident which results, or is likely to result, in significant adverse efflects on the

env

4 i
T'UITITICTTIC.

Part of the structure whose failure can cause or contribute substantially to a major accident is safety and
environmentally critical, as is a part which is intended to prevent or limit the effect of a major accident.
Some regional regulators define these as one of the safety and environmental critical elements (SECEs).
A verification scheme for the inspection, maintenance and repair of each safety and environmental
critical elements is typically required by the regional regulator.

A.9.4.2 Major accident
Examples of CS whose loss can result in a major accident (five or more fatalities) include:

— jacket and pile system (individual members or joints in a jacket are not CS);
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— topsides primary steel that provides direct supportand stability of the LQ or TR (individual members

or joints in a topside are not CS);
— temporary refuge;
— helideck and helideck support structure;

— bridges and bridge support structure;

— TEMPSC (totally enclosed motor propelled survival craft) davits and support structure;

— musterarea walkwavs and support structure

A9.4.3 ajor environmental event

Examples ¢f CS whose loss can result in a major environmental event include:
— condugtors;

— condugtor centralizers;

— condugtor guide framing.

A.9.4.4 Major accident prevention or mitigation

Examples ¢f CS that are intended to prevent or limit the effect of-aumajor accident, directly or by los

a preventign or mitigation barrier:

Direct escdlation:

— risers pr pipelines, riser clamps, riser guides and efmergency shutdown valve supports;

— hydrog¢arbon pipework supports;

— process equipment tie-downs.
Escalation|due to loss of a mitigation bacrier:
— riser apd conductor protection-frames;
— fire wall and fire wall suppborts;

— blast wall and blast wall’supports;

— fire pump enclosuzés;
— fire pump caissons and supports or guides;

— droppé¢drobject protection.

A.9.4.5 Personnel safety

Examples of CS whose loss can result in one or more fatalities include:

— walkways (including their supporting structure), handrails and stair treads;
— drilling rigs (and masts), substructure, tie-downs and skid beams;

— communication towers and support structure;

— crane pedestals and support structure;

— exhaust stack support structure;
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runway beams and their connections.

4.6 Financial loss

mples of CS whose loss can result in significant financial loss to the operator:
flare boom and support structure;

caissons and supports (other than fire pump caisson);

primary topside structure (other than that providing direct TR support).

A9

A9

In developing an inspection strategy for a fleet of platforms, one approach is ta categorize th

bas

In 4
infd
leg,
like
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of ¢
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A9

A9

Con
orf

Life
fata
con
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and
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(eg
of 1
det
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.5 Risk

5.1 General

bd on the risk posed to the operator by each platform.

qualitative approach the determination of the likelihood of exceeding a limit state is |
rmation on structural configuration to determine its “baseline” susSceptibility (e.g. tripg
versus 8 leg), as well as its present condition, based on inspe€tion that can influence t
lihood (e.g. damaged members). As an example, and althgtgh deck level is the most
hmeter for metocean hazards, a 1960’s vintage 6 leg, K*braced platform has a higher

er standards, (e.g. incorporating joint cans), and has an inherently more redundant
figuration since it has 8 legs and is X-braced.

5.2 Consequence

5.2.1 General

sequence is governed by the mostcritical of the life-safety consequence, environmental c(
nancial consequence categories.

-safety consequence in [ISO19900 and in this document is not a function of the number
lities. However, the operator or regional regulator can require an F-N approach wherg
sequence is a function of the number of potential fatalities.

hincial consequence should account for the anticipated losses to the operator, other
industry. Financial consequence should include possible repair costs, lost productior
clean-up cests. A driver for the financial categorization can be the possible damage
the sit@iation where a community/state/country will suffer significant financial loss

brndines the financial loss category to suit its tolerance of risk, with the agreement of th

re_applicable.

e platforms

ased upon
d, versus 4
he baseline
important
likelihood

xceedance than a 1980’s vintage 8 leg, X-braced platform. The newer platform is designed to

structural

nsequence

df potential
life-safety

operators,
revenues,
to society
bs because

he interruption of production). Financial consequence categorization assumes that the operator

e regulator

A.9.

5.2.2 F-N Curve

An F-N curve (see Figure A.2) specifies the intolerable cumulative probability of fatalities (F) as
a function of the number of fatalities (N). The F-N curve for fatalities due to non-structural hazards
is summed with the F-N curve for hazards for fatalities from a hazardous event, and then compared
against the operator's and/or regulator's F-N requirements.

The intolerable F, F; ;, is specified as F;,; x N™ = constant, where, if risk aversion is included, m is greater
than 1,0 (typically m = 1,5) as illustrated in Figure A.2 from CCPS[13l, If a platform collapses in an
abnormal storm, then the number of fatalities (N) is likely to equal the PoB as rescue of personnel in the

water would be unlikely.
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Figure A.2 — Life-safety F-N curve (including risk aversion)

Life-safety risk

1000

risk can be measured by the individual risk and the group (or societal) risk. Indiviglual
risk per apmnum (IRPA) includes hazards that offshore personnel can be exposed to, and includ
| of the operational risks (ewg. helicopter transfers and hydrocarbon blast and fire ri

the structural failure risks\n determining the tolerable risk.

boions, operators andregulators have a structural integrity strategy to unman spe
bn forecast of the sea-State exceeding a predetermined magnitude. In these situations,
bmonstrates thatthe annual life-safety risk while the platform is manned is smaller than

Criteria.

hnum can\be measured by temporary refuge impairment frequency (TRIF) and incly
ht personitel can be exposed to in the TR (or LQ), including smoke and gas ingress, heat st

rgenceof the TR (or LQ) by global or local collapse of the platform.

In the US

S a
5k s)

Fific
the
the

des
Fess

ulf of Mexico, n]affnrmc are unmanned (pvar‘nnfprﬂ for full- nnnn]nhnn hurricanes and

the

operator demonstrates that the minimum life- safety limit state is achleved for the winter storm and
sudden hurricane metocean hazards.

Scenarios that can result in fatalities are:

foundations) during a hazardous event;

fatalities from loss of TR (or LQ) integrity by sudden platform collapse (topsides, substructure or

fatalities fromloss of TR (or LQ) integrity by platform collapse (topsides, substructure or foundations)

because of sustaining severe damage during a hazardous event followed by progressive component

failure

s during the same hazardous event;

during a hazardous event;

68

fatalities from loss of TR (or LQ) integrity by sliding or toppling because of local topside collapse
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fatalities from loss of TR (or LQ) integrity due to escalation of a hydrocarbon release

because of

structural failure of risers, pipework or conductors or their supports from the substructure,

underdeck or topsides;

fatalities from escalation due to loss of protective barrier for fire and/or blast;

fatalities from escalation due to loss of protective barriers for vessel collision or dropped/swinging

objects;

fatalities due to loss of supports for evacuation, escape and rescue.

5.2.4 Regulators

cently, regional regulators can require different limit state verification criteriafor
vever, all are consistent in recommending that risk reduction measures should-be as
mple:

US regulator, using API RP 2SIM[ for metocean hazards, specifies thepéquired minin
period of the action, RP,, having an annual probability of exceedance of'1/RP,, that caug
of the platform based on mean values of resistance parameters.

US regulator, using API RP 2EQMY] for seismic hazards, specifies the required minim
period to collapse of the platform, RP.. The calculation of P, accounts for the uncertd
resistance parameters by convolution of the hazard cufve with the slope of the frag
If E; 509 is the action having an annual probability ef ‘exceedance of 1 in 2 500 yearn
minimum required capacity is C, x E, o, based on méan values of resistance parameter

Norwegian regulator, using NORSOK N-006[4%;specifies the required minimum retur
the action, RP,, having an annual probability\of exceedance of 1/RP,, that causes coll
platform based on characteristic values of résistance parameters.

If the platform does not collapse, buf sustains damage, when resisting the action W
period RP,, then a further performance level is required to demonstrate that the pla
not collapse during the remaindéiof the hazardous event in which the action with ret
RP, occurred. This includes demonstration that the damaged platform does not coll
2nd 3rd etc,, largest actions during the remainder of the hazardous event (e.g. metocean
event) and includes the nequirement that further damage from component failures dur
3rd etc., largest action§_and due to low-cycle fatigue in the remainder of the hazardo
accounted for. The hihimum capacity requirement of C. x Epp based on mean values of
parameters is apptoximately equal to the capacity requirement of Epp based on chd

ISO 19901-2and API RP 2EQM2 methodology.

Norwegian regulator, using NORSOK N-006[40], requires that shutdown and unmanning
is determined in a way that verifies that the structural reliability of the facility with
onboard is not less than for manned platforms (NORSOK N-006[42]) and is assumed to

life-safety:.
bessed. For

um return
es collapse

um return
inty in the
lity curve.
5, then the

D.

h period of
hpse of the

rith return
[form does
urn period
ipse in the
or seismic
ng the 2nd,
is event is
resistance
racteristic

values of resistance parameters. NORSOK N-006[40] methodology is therefore compatible with the

procedure
personnel
give a life-

safety limit state objective in accordance with the ALS requirement of NORSOK N-001[3¢

1k

e) UK regulator requires the life-safety risks for individuals and groups on the platform to be less

©IS

than 1/1 000 per annum.

IRPA (see UK HSE[#7]) is an individual’s probability of fatality per annum and accounts for the sum

of the probability of fatality due to the following hazards:

— collapse of the platform or local structural collapse leading to toppling of the TR (or LQ) while

the individual is on the platform;

— hydrocarbon explosion while the individual is on the platform;

— helicopter travel by the individual to and from the platform while individual is performing his

role on the platform (occupational risk).
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TRIF (temporary refuge impairment frequency, see UK HSE[42]) is the probability of fatality per
annum of the group of individuals on the platform and accounts for the sum of the probability of
fatalities due to the following hazards:

— collapse of the platform leading to submergence of the TR (or LQ) or local structural collapse
leading to toppling and submergence of the TR (or LQ);

— smoke or gas ingress to the TR (or LQ);

— heat stress to personnel in the TR (or LQ);

drlling rric orflar toer. the
A.9.5.3 Liikelihood

Perceived likelihood accounts for:

a) charadteristics of actions or action combinations;

b) vulnerpbility to accidental loading (e.g. proximity to shipping lanes);
c) presentstructural condition;

d) degradation mechanisms;

e) servicg¢ history;

f) reservp strength;

g) structyiral redundancy and alternative load paths;

h) fatigug sensitivity.

Structural configuration is a function of the ability of a structure to sustain component damage witjout
loss of systlem structural capacity. Toleran€e to damage is a parameter in developing a SIM inspectjon/
monitoring strategy and the associated,SIM programs.

An X or X
subjected
the absen

type of framing configuration typically provides robustness to component damage V\Ten
o abnormal actions through many alternate paths to transmit loading to the foundation. In
of accidental actions, this configuration can often allow the operator more flexibility in
and implementing dn inspection program due to the significant tolerability to component
/or overload:s

—

a D or K framing pattern does not provide alternate load paths and is less ductile when
0 abnormal actions. As such, this framing does not provide as much flexibility in developing
entifig-an inspection program.

subjected
and imple

A9.5.4

presentation

Typical matrices for the life-safety consequence and environmental/financial consequence are provided
in Figure A.3 and Figure A.4, respectively. In these figures, the consequence category and likelihood
category are arranged such that the highest risk ranking is toward the upper right-hand corner. The
operator can adopt more detailed risk assessment techniques or more complex matrices to further
subdivide the consequence category and/or likelihood. Risk categories are typically assigned to the
boxes on the risk matrix as illustrated in Figure A.3 and Figure A.4.

Risk matrices and consequence categories in Figure A.3 and Figure A.4 provide a useful basis for
presenting risk. However, the risk determination should be supplemented with additional evaluation,
if the risk level is:

— too coarse;
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— too general to address:

— specific concerns;

— aspects of performance;

— individual components.

ISO 19901-9:2019(E)

Risk matrices can be presented as symmetrical or asymmetrical (i.e. the consequence of loss of
structure or structural components is given a higher weighting than the likelihood category).

= Manned Risk Risk Risk
g2 level 3 level 2 level]
S Unmanned N/A N/A N/A
Low Medium High
U
Likelihoo%\o@lure
Figure A.3 — Example life-safety risk matrix
« ) Risk Risk Risk
8. g level 3 level 2 level 1
23
g & Low Risk Risk Risk
© level4 level 3 level 2
Low Medium High
<103 >103%and < 10 > 102
N Likelihood of failure
Figure A.4 — Example environmental pollution risk matrix
A.9.6 Demonstrating fitness-for-service
A.9!6.1 General
Linfit-states to limit life-safety risk and environmental pollution risk are independent of|remaining
serviee Lfo i o thacariclec arnymnacnirnd Ao ol oy anmaiin) Eiman ool wicly can ha pmnaciend per annum

T (et C o T T IoIs oo o it o Ut C oo T oI p T oot T oot o Coatr ot Tmtasar otr

or over the remaining total service life.

In engineering practice, it is widely recognized that although an existing structure does not always meet
present-day design standards, the structure can still be adequate or serviceable. Examples of this do not
only include fixed offshore structures, but also buildings, bridges, dams, and onshore processing plants.

[SO 19900 recognizes that the partial factor design approach inherent to limit states design has not
been developed for each aspect of offshore structures and consequently other methods can be used.
ISO 19900 states that a reliability-based approach can be used for the following:

— determination of partial action factors and resistance factors in the processidentified as calibration;

— for design, provided the consistency of SRA with acceptable design practice has been demonstrated.
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A.9.6.2 Linear-elastic analysis

Linear-analysis methods (or design level methods) that check the component ULS may be used to
demonstrate fitness-for-service.

Recommendations on performing linear-elastic analysis for the possible hazardous events are provided
in companion design standards (e.g. ISO 19902, ISO 19901-2, ISO 19906) that provide calibrated action
and resistance factors. In lieu of calibrating for different action return periods these standards may be
used to demonstrate that the platform is fit-for-service.

For structures that are likely to have decks inundated with waves, ISO 19902 ALS linear-elastic
analysis affproach may be used to demonstrate that a structure achieves fitness-for-service. However,
to investighte the potential for structural collapse induced by a metocean hazardous event with. Wave-
in-deck, ngnlinear analysis methods should be used.

A.9.6.3 Nonlinear analysis

Static or dynamic nonlinear analysis methods may be used to demonstrate that a-structure is fit{for-

service. A monlinear analysis may use representative values or mean values forresistance.

If mean values are used, the variability of a parameter’s value about its meanwalue should be included.

hat the collapse prevention limit state has been met, nonlinéar analysis methods should|use
e analysis options provided in Table A.3. Two nonlinear afxalysis options are provided which
‘e between using representative or mean resistance pararmeters. Either analysis option, wihen
mplicitly demonstrate that the structure is fit-for-service against the collapse prevention ljmit
provision of two nonlinear analysis options allows for situations where information on|the
stance parameters (e.g. yield strength from millxCertificates) is available. However, the ude of
meters without an adjustment of the characteristic RP load will invalidate the analysis redipe.

To verify t
either of th
differentia
used, will i
state. The
actual resi
mean para

Table A.3

— Nonlinear analysis recipe for collapse prevention performance level conformarce

Analysis recipe

v Conformance
Action

Characteristic action at RP in ISO 19902

Characteristic action.at RP in ISO 19902 increased by a cor-
rection factor (Cc)‘that accounts for the uncertainties in using
mean resistande parametersab

Resistahce

Structure does not exceedl

the limit state at or beforg
the applied action.

Representgtive

Mean

a  Seismic

correction fi

nonlinear analyses “\pérformed in accordance with the recommendations in ISO 19901-2 includ
pctor.

b A 1,15
representat

orrection facteif~can be used for a nonlinear analysis of a metocean event in lieu of establishing a n
ve value. Guidance on deriving a correction factor for analyses of metocean events is provided in Reference ||

ore
B5].

A9.7 As

sessnient

A9.7.1 eneral

A fitness-for-service assessment determines the design action effect combination and design resistance
of a structure or structural component, and verifies this against the required limit state.

An assessment may consist of comparing the platform response to an actual proof or extreme/abnormal
action against the limit state. However, this is typically only possible when financial risk governs (e.g.
evacuated, low consequence platforms in the US Gulf of Mexico) and the return period for the collapse
performance level is of the order of 100 years. Platforms with a return period requirement of several
thousands of years for the collapse performance level are unlikely to have experienced the required
proof load since their installation.

There are numerous methods that have evolved that can be used for performing DLM and USM
assessments that are simple to use. However, care should be taken when using such methods, including
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prior testing and verification of the method to confirm the approach and the applicability of the method
to the assessment case.

A.9.

7.2 Assessment motive

No guidance is offered.

A.9.

A.9.

7.3 Assessment initiators

7.3.1 General

No guidance is offered.

A.9{7.3.2 Changes in condition

Evalluation should periodically review the condition of the structural compaonents to deter
stryctural capacity has reduced below that used to demonstrate that the structure is fit-
The evaluation should review the condition used in the design or mostrecent assessment

ne

Ev
sho

An
per
of t
ant

A9
E

des

An
ind

)

condition.

uation should account for credible degradation and deterioration mechanisms. The nj
1ld be divided into the following categories:

time dependent where the deterioration can be observed and measured through insp
corrosion);

non-time dependent where deterioration develops quickly after an unknown incubation
inspection is ineffective (e.g. mechanical damage).

nssessment of the structure or structurali\component strength against the limit stateq
formed if the evaluation indicates that'the condition of the structure has resulted in ¢
he structural capacity. The assessment should be made for the present degraded condit
cipated additional degradation by-the planned end of total service life.

7.3.3 Changes in action

uation should periodically review the actions (metocean, gravitational, seismic, et
onstrate that the structure is fit-for-service. The evaluation should review the actions
gn or most recent\asSessment against the estimated new actions.

hssessment ofithe structure or structural component strength should be performed if the
cates that the actions on the structure have increased. An increase in action could occt

addjition of‘Cenductors not accounted for in design or the findings from an underwater insp

ind

cate that the marine growth exceeds the thicknesses assumed in design.

mine if the
for-service.
hgainst the

echanisms

ection (e.g.

period and

should be
reduction
on and the

') used to
ised in the

evaluation
r from the
ection that

One

of the most notable factors leading to changes in actions is the potential addition of w3

ve-in-deck

actions due to subsidence or revised metocean conditions. Other changes in action can include adding
a new appurtenance that attracts increased metocean action or a brownfield modification that adds
additional equipment and/or structure to the topsides.

Many historical platform failures in the US Gulf of Mexico have been attributed to waves impacting the
cellar deck, resulting in a large step-wise increase in loading. In several of these cases, this conclusion
is based on hurricane wave and storm surge hindcast results, which indicate conditions at the platform
location that include estimated wave crest elevations being higher than the underside (bottom
elevation) of the cellar deck main beams.

Inadequate cellar deck height can result from one or more of the following circumstances:

— cellar deck elevation set to only clear a lower design wave height;
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— platform installed in deeper water than its original design specified;
— subsidence of the seabed formations.

In some cases, the cellar deck elevation can be greater than the crest elevation for the Eyp action, but
the sub-cellar deck, such as a scaffold or sump deck, can be impacted by waves causing the Ep action.
The sub-cellar deck typically has a small profile and the anticipated wave loading is not expected to be
sufficient to cause collapse. However, the assessment should account for the hydrodynamic loads on
these decks and associated equipment, for either a DLM assessment or a USM assessment.

A.9.7.3.4 Changesin criteria

Evaluation| should periodically review the design/assessment structural or soil data criteria. usefl to
demonstralte that the risks are tolerable. Design/assessment criteria can change as industry Knewlddge
and capability to improve the accuracy of hazard curves increases.

Evaluation|should review the following criteria used in the design or most recent assessment agajnst
the new criteria, as a minimum:

— metoce¢an;
— seismif;
— ice;
— collisign;

— geotechnical.

An assesstpent of the structure or structural component strength level should be performed if|the
evaluationfindicates that the new assessment criterion$s more onerous.

A.9.7.3.5 |Changes in consequence

Evaluation|should periodically review the donsequence. If the evaluation indicates that the consequgnce
of exceedirg a limit state is more restrictive than that used in the design or most recent assessment, an
assessment of the structure or structural component strength should be performed.

Evaluation|should, as a minimum, review the following consequence:
— additign of accommodation/facilities;

— additign of facilitieg{e.g. additional pipelines, additional wells, or an increase in topside hydrocarpon
inventpry capacityy).

A.9.7.3.6 |Changes in use

If there ar¢ plans to change a platform’s use, an evaluation should be performed to demonstrate that
the risks are tolerable. For L3 structures that are unmanned and that have a low environmental
consequence, the change-of-use suitability should be based on an evaluation of the financial risk.

An assessment of the structure or structural component strength against the limit states should be
performed.

Examples of platform change-in-use include the addition of a pipeline crossing to an existing platform,
the use of an existing platform as a tie-back for a deepwater facility, and the conversion of an existing
platform into a receiving terminal for liquid natural gas or other non-exploration and production
activity. In these cases, the use of the structure has changed since the platform can now have a different
function, expected life and consequence.
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For example, fatigue should be re-evaluated since the structure now has a longer-term use under
perhaps different actions compared to its original design.

A.9.8 Mitigation measures

A.9.8.1 General

Mitigation can help extend the life of a structure or improve its chances of survival in an abnormal or
accidental event if employed early. Mitigation typically involves reducing actions on the structure such
as removing unused risers, plugged and abandoned conductors, appurtenances such as boat landings
andrbarge bumpersand increase deck eight etevation {deck imumdation reduction) orincyeasing the
structure’s strength.

Consequence mitigation and likelihood reduction can be addressed at any stage of/the @ssessment
profess.

Mit|gation can include active programs to minimize consequence, such as-phigging and gdbandoning
unused wells, removing inactive process equipment, relocating critical equipment., or modifications or
opefrational procedures that reduce actions, increase capacities.

Mit]gation measures can include:

— |change to operational procedures (e.g. supply vessel operatifig procedures);
— |unmanning criteria;

— |inspection of other components, or similar structures;

— |more detailed or frequent inspection of defects or damage;

— |remedial grinding of crack-like indications;

— |repair of identified damage or defects;

— |loading reductions (e.g. marine@rowth removal);

— |strengthening.
A.918.2 Consequence reduction

A.9{8.2.1 Life-saféty

If the structuralntegrity strategy includes unmanning on a forecast, then the influence of yncertainty
in weather forgcasting is accounted for in setting the wave height threshold that initiates ynmanning.
Thg wave height threshold that initiates unmanning is determined by accounting for the fingncial costs
of shutdown, demanning, re-manning and re-starting in addition to the requirement of meetfing at least
the [minimum life-safety limit state.

A.9.8.2.2 Environmental

When a platform is known to have storage for oil that can be released during a hazardous event, the
operator should demonstrate that the CS supporting oil containing pipes (e.g. risers supported from
the underdeck or substructure, emergency shutdown valves supported from the underdeck, pipework
supported from the deck or conductors) achieve the relevant environmental limit state.

Rupture of oil containing pipes can be caused by the action from the hazardous event being applied
directly to the pipe or can be due to large deformations of their supports or due to platform collapse.
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A.9.8.2.3

Abnormal storm preparedness

Examples of abnormal storm preparedness are:

Evacuation planning, including priority evacuation of platforms that are at greater risk of failure and

those that are furthest from shore. Initial evacuation of non-essential personnel should begin early.

4 LR I | < 4 |
systenysarehotavatapreaue toaanage:

a)
b)
more r
<)
d) Establ
damag
e)
A9.83 L
A.9.8.3.1
Strengther
Strengther]

reduce the

A.9.8.3.2

Revisions ¢

the risk. More frequent inspection of an area known to have damage or where damage is more li

to occur wj
increased
better leve

Monitoring

inspection
such that g

A.9.8.3.3

A.9.8.3.3.1

Design pra
and regulal

Identiffication of critical members and joints for structural integrity for post storm-inspections

obust platform.

Evacuation planning for extreme storms that occur with short notice can include evacuation to a

Development of advance plans for accessing the structure post storm, if normal access and safety

shing of evaluation guidelines and procedures for the eventual safe re-boarding
ed structure in terms of whom, how, and when.

ikelihood reduction

General

ing of the jacket structure can be an effective means of reducing the likelihood of dam

action effects.

Increased inspection and/or monitoring

r additions to the inspection and monitoring-plan to detect anomalies may be used to red

ill identify damage, enabling mitigation'to be implemented before loss occurs. Similarly
evel of inspection may be used (e;g..CVI instead of GVI or NDE instead of CVI) to provi
| of clarity on the true conditionofia CS and detection of anomalies.

may be used to help maintain a level of understanding about the condition of a CS betw
5. Monitoring can identify‘anomalous conditions that could increase the likelihood of dam
response (e.g. additipnakinspection, repair) can be implemented.

Strengtheningmodification and/or repair (SMR) techniques

General

ctices.far'SMR should take account of applicable specifications, industry standards, statut
fory.requirements.

f a

hge.

ing scheme should be designed to increase the systemseapacity to the level required to
demonstrafted that the risks are tolerable. Alternatively, it may be possible to modify the structur

e to

uce
kely
, an
le a

een
age

ory

A selection

or SMRK techniques avallable 1or likelthood reduction 1s provided In Figure A.o.

The assessment methods (see Clause 12) should determine whether strengthening or repair is required
to demonstrate that the risks are tolerable. If the structure requires strengthening and/or repair, the
assessment model should be used to develop strengthening options. Once a decision has been made in
favour of SMR, an appraisal should be performed of available SMR techniques.

Selecting a

a) safety
b) potent
c) difficu
76

nd designing an SMR technique should account for:
of diving, diving support, construction and operations personnel;
ial for use of diverless techniques;

Ity of fabrication, handling, and installation;
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d) rigging complexity and layout;

e) list support vessel type, availability, and access;

f) fit-up tolerance (clamps and members);

g) interference with conductors, jacket members, and appurtenances (e.g. sumps, caissons, anodes);
h) potential for collision with existing risers and control bundles;

i) requirements for pre-design inspection, field measurements, and materials samples;

j) |outfitting with well-designed installation aids;

k) |required weather windows.

SMR Selection

) Localized Global
Wiiege el Lt Strengthening or Repair Strengthening or Rgpair
Component Removal Gravity Loading — Member Grouting Leg -Gii(l)if :;ulus
Crack Removal Hydrodynamic Loading ! Joint Grouting External Bracing

— Component Remgqval — Structural Clamps

— Marine\Growth Removal i Welding

— Deck Raising — Bolting

Adhesives and Epoxy
Grouts
— Cold Forming

Figure A.5 — SMR techniques

Act]on’effect reduction may be achieved by removing items that contribute to the gravitatiopal loading.
Altemwwmmwwmdhat attract

metocean loading. This will be most beneficial in the upper water column where wave kinematics is
highest.

Localized strengthening or repair can be used to directly strengthen or repair a component without
altering load paths within the structure. For damaged structures, the damage will normally be left in-
place. The designer should recognize that additional actions can be attracted to the component due to
its increased stiffness following SMR or due to increased hydrodynamic loads.

Localized strengthening or repair options include:
— grout filling - members and joints;

— clamps - unstressed grouted, stress grouted, mechanical and elastomer-lined;
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— welding, one atmosphere, wet welding and hyperbaric techniques;
— weld improvement, grinding, shot peening, and toe dressing;

— member removal as a standalone repair technique;

— mechanical repair system (e.g. bolting or swaging);

— composite materials.

Design of a global strengthenmg or repalr scheme should confirm that load is dlverted away from the
damaged a = s be
designed t¢ attracta portlon of the load Wthh would otherwise have been applled to the defectiveypart
of the strugture.

and relief of hydrostatic pressure. Grouting is used to stiffen members and joints, and to‘preclude lpcal
buckling due to dents and holes. Grinding is commonly used to improve fatigue life-and to renjove
cracks. Several types of clamps have been successfully used, such as friction, grouted, and long-bolted
clamps. Stilengthening can be accomplished by adding lateral struts to improvethe buckling capacitly of
primary members, and by adding insert or outrigger piles to improve foundation capacity.

Type of re{airs usually used range from wet or hyperbaric welding, grouting, and clamps’to grinding

A.9.8.3.3.2 Damage removal
— Membeégr removal

Removal of damage by cutting-out the affected member 1s'performed, if it can be demonstrgted
during the assessment phase that the member is no letger required for the structure’s in-pjace
condit]on.

— Crack removal

Removal of cracks can be achieved by remedial grinding. In the case of cracks caused solely by
fatigug loads (i.e. not in combination with@?fabrication defect), other SMR techniques are included
in add{tion to grinding.

A.9.8.3.3.3 Gravity action effect reduction

During opération, the actual topsidés actions can be lower than those used in the design. Operati¢nal
procedures can be implementéd to reduce and control topsides actions, for example by:

— removpl of unnecessdryequipment and/or structures;
— weighf management procedures (see ISO 19901-5) with defined weight limits;

— use of lightweight drilling rigs or rig-less operations;

— use of pantilever jack-up drilling operations.

The effect of action reduction will be to reduce leg and pile stresses and pile reactions. Reduced mass
typically has a beneficial effect on structural dynamics (although not necessarily for earthquake
response), although in most instances this effect is likely to be small. One potential benefit of removing
equipment is a possible associated reduction of wind area.

A.9.8.3.3.4 Hydrodynamic action effect reduction
— Component removal

Action reduction can be achieved by removing items that attract metocean actions. This load
reduction will be most beneficial in the upper water column where wave kinematics is highest.
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Removal of non-essential or out-of-service components (e.g. barge bumpers, boat landings,
walkways, stairs, or risers) can reduce load. Boat landings, walkways, stairs and ladders can be
removed only after verifying that they are no longer part of the escape routes.

Removal of conductors can reduce action effects. However, conductors can contribute to the
capacity of the foundation. This is confirmed during the assessment process. If the conductors
increase the foundation capacity, removal of the upper portion to reduce the hydrodynamic action
effects can be an option. However, the upper portion of the conductors can also contribute to the
lateral resistance of the structure under wave loading which should be accounted for.

Removal, or relocation, of equipment on lower deck elevations can reduce action effects in the event

of wave inundation of the deck.
Marine growth removal

Action effect reduction can be achieved by the removal of areas of anomalous mari

he growth.

However, the amount of reduction required is evaluated prior to implementation. The reduction can

be sufficient (in combination with other action effect reduction measuresjto verify the 1

Measures are taken to confirm that returning marine growth do€s not cause the hy
loading to exceed the required limit state. Such measures can include installation of sli
growth preventers and/or adding periodic removal to the SIM program for the platform,

Raise deck

For platforms where the wave crest is expected to inuindate the deck, raising the deck
wave crest can reduce global hydrodynamic loading..However, the structural stability o
deck legs lengths is evaluated.

Due to the cost and operational effect of raising the deck, the cost-benefit is addressed oy
case basis. An alternative to raising the deck’is to remove or re-locate equipment and no
structures from the lower deck elevations. This results in lower hydrodynamic forc
reduce equipment damage from direct wave loads.

Deck grating instead of plating €an be beneficial in reducing vertical actions on the unde
deck by allowing encroaching water and trapped air to dissipate.

In some locations, field. subsidence has caused a general settling of the seafloor.
alternatives for this case’ often rely on reservoir pressure techniques (e.g. water or gas
However, this appreach does not recover lost height, but can be used to slow future subs

Some platformswith low decks have been strengthened by direct bracing to a modern
This allowsdoerthe placement of the process and control equipment on the new higher d

Hydrodynamic blockage and shielding

For_ structures having dense framing, hydrodynamic studies can be used to jus
Hydrodynamic forces than used in the original design. Dense framing has the effect of

mit state.

odynamic
ing marine

out of the
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| a case-by-
n-essential
bs and can

'side of the

Mitigation
injection).
idence.

structure.
bck.

tify lower
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internal shielding oI the members and can resultin lower global action eifects.

A.9.8.3.3.5 Localized strengthening or repair
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Member grouting

Member grouting, which involves filling the tubular member with grout, can be used to enhance its
axial compressive capacity. This procedure is not reliable, unless grouting along the member length
can be assured (i.e. avoiding voids at the member end). For bending strength increases near mid-
span, the presence of small voids at member ends is less critical.

Additionally, tests have shown that capacity up to the original capacity can be obtained by grouting
the dented portion or the whole length of a dented member. However, effect of the increased gravity
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loads and dynamic mass as well as possible decommissioning implications is evaluated before
grouting.

Joint grouting

Grout filling of tubular chord elements can be used to improve the static strength of the joint
and, if required, increase the fatigue life of the connections at the joint. The repair method has
the advantage of introducing no additional metocean action effects on the structure. However,
the increased chord rigidity restricts joint ovalization thereby increasing joint capacity for
compression and tension loads. In some cases, grouting can increase the moment at the joints and
this is evaluated.

Groutipg can be counterproductive for seismically loaded structures, where the grouting leads to
an increase in joint stiffness and a reduction in joint ductility. However, the effect of the<neredsed
gravity loads and dynamic mass as well as possible decommissioning implicationsci$ .€valugted
before|grouting.

Structfiral clamps

Structfiral clamps can be used to:

repair|brace members or joints of jacket structures;

connedt external bracing to additional piles in a global strengtheniiig scheme;
add new members into a structure to increase redundancy;

increape the capacity of existing members or joints;

reinstate the capacity of damaged members of joints.

Stress¢d clamps rely on bolt tension to induce hoep'stress around the member or joint to resist afxial
and bgnding loads in the structure. In many«cases the clamp is made oversized to accommodate
lack-oftfit tolerances and the annulus betweéen the clamp and the structure is grout filled priir to
bolt tepsioning - the grout acts a load transfer medium. Unstressed grouted clamps can be applied
to intafct or damaged brace members to-increase the axial and bending capacity of the member.

Structpiral clamp design requires-control of bolt strength, bolt length, fatigue design, and detaifing
to avold loss of pre-stress ovér the life of the repair. Tight fabrication tolerances are requirefl to
avoid fit-up problems during fabrication and installation procedures are essential to long-tfrm
performance.

Underwater welding

Welding is often~regarded as the best strengthening or repair technique and would be used dven
more ¢ften if-it¥was not for certain operational difficulties in its execution. There are sevpral
underyvater\welding techniques that can be used:

dry welding at or below sea surface at one atmosphere using a cofferdam or pressure-resisting

chamber;

hyperbaric welding using habitats;
underwater wet welding.

Repairs by cofferdam and hyperbaric habitat welding techniques have proven track records and
can produce high quality welded connections. The disadvantages to both are the high cost and
extended schedules associated with cofferdam or habitat design, fabrication and deployment and
the associated hazardous diving operations.

Wet welding is underwater welding, when the arc is operated in direct contact with the water.
The principal advantage over conventional welding is the ability to weld below the water surface
without the use of a welding habitat or chamber. Provided the weld is designed for low stress, fit-

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=577bea173ed783266a19968e7c629d98

ISO 19901-9:2019(E)

up can be assured, and the parent material is tested to confirm compatibility, wet welding can be a
viable solution.

— Bolting

Bolts are an integral part of steel repair clamps, and are found in riser and other pipe supports
throughout a platform. They are used for topsides repair where a bolted joint can be made in a
hazardous area without having to shut down the platform operations.

Maintaining the long-term bolt tension is critical to a safe bolt design. Proof of the applied tension at
the time of bolt installation is the normal standard for acceptance and is indicated by the pressure
applied through hydraulic equipment. sound engineering practice demands that the Joss of bolt
tension through load transfer and elastic relaxation is calculated. Additional long-termi-Holt tension
losses can occur by creep in stressed grouted and elastomer-lined clamps.

There are physical limits placed on bolt sizing, spacing and group number when-tensionjng devices
are used. In addition, corrosion of bolting materials has been a problem and material gelection of
bolts is evaluated.

— |Member removal

Structural member removal can be a staged development in a lafger repair scheme or car constitute
a repair. In either event, the structural framework is assessed'to confirm fitness-for-seifvice under
the proposed loading and revised framing configuration.

— |Member flooding

Intentional flooding of structural members tha®are subjected to a combination of]structural
and hydrostatic loading can be used as a methad for increasing the load carrying capicity of the
member. However, the effect of the increased‘gravity actions and dynamic mass as well ps possible
decommissioning implications are evaluated before flooding members.

— |Adhesives and epoxy grouts
Resins can be used as:

— |adhesives;

— |grout;

— |matrix in composite,materials.
— | Cold forming

Two broad\eategories of cold forming techniques are available: mechanical connectors arfd swaging.

A swaged connection between two concentric tubular members is formed when the ifhner one is
expanded (by internal pressure) and is plastically deformed into grooves machined in the other
niember. The technique has been used to make pile-sleeve connections. T

Advantages of swaged or mechanical connectors, which can potentially be exploited in SMR
applications, are that:

— connection can be made quickly;
— full strength is obtained immediately on installation;
— they are suitable for permanent or temporary SMR (some connectors are reusable);

— they can be installed by ROV.
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A.9.8.3.3.6 Global strengthening or repair

A.10SIM

A.10.1 Ge
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f)

82

Leg-pile annulus grouting

Grouting of the annulus between the jacket legs and piles is a method used for increasing the global
capacity of the structure. The grout causes the pile and jacket leg to act compositely. The effect can
be pronounced on jackets that have skirt piles, as the increased leg stiffness will tend to take load
from the skirt piles and move it to the jacket main piles.

Grouting of the annulus between the jacket legs and piles has the added benefit of locally
strengthening the jacket joints for bracing loads. The grout, in effect, mobilizes the pile cross-

sectioff and forces the jacket leg and pile to act In composite behaviour against joint ovalizat

thereb

Install
grout I
dynan]
main

Extern

Small {
additiq
using
additiq
with if]
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risk-b4d

statut@ry requirements;

operat
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engine

y increasing joint capacity for compression and tension loads.

htion can be difficult, if the area between the jacket leg and pile is not sealed. Addition
lipples can be sealed to prevent leakage. However, effect of the increased gravity loads
ic mass as well as possible decommissioning implications are evaluated\before grou
iles.

al bracing

blatforms, particularly cantilevered wellhead caissons, may be globally strengthened by
n of external bracing to additional piles. External braces may be attached to the struct
velded or clamped connections. This method can be exténded for larger structures u
nal external braces and piles, or sometimes by the installation of a new adjacent struct
s own piled foundation to brace the existing structure.

Strategy

neral
sting structural integrity strategies:¢an be used as part of the SIM process:

jptive approach based on consequénces;

ach is valid under different circumstances, and the choice of strategy depends on:

or’s corporate policy;

teristicsf the operator’s structures inventory;

ering\judgment;

sed approach based on likelihood of exceeding a limit state and associated consequences.

ion,

hlly,
and

[ing

the
ure
bing
ure

sched

line flexibilitv including:
(=] J7 (=]

— intervals between periodic inspections;

— promptness of post-event and post-incident inspections;

portunities to align inspections on clustered platforms.

cost, capability and availability of equipment and services, including:

— tools and specialized equipment;

rsonnel;

— deployment of support vessels and equipment;

© ISO 2019 - All rights rese

rved


https://standardsiso.com/api/?name=577bea173ed783266a19968e7c629d98

ISO 19901-9:2019(E)

— seasonal weather windows.
g) regional differences, including:
— severity and frequency of storms;
— conditions for fatigue;
— seismicity levels;

— wind speeds and/or the presence of sea ice and icebergs.

h) [reliability and applicability of inspection technique(s) (e.g. probability of detection and @ccuracy of
sizing).

A.1{0.2 Inspection strategy
A.1D.2.1 General

A.1D0.2.1.1 General

Devielopment of an inspection strategy provides a basis for flexibilityin extent and schedulinglof periodic
inspection program for a given structure. Standardization of work scopes, tools and technpiques, and
exefution procedures can promote consistent quality and reporting and lead to efficiencies.

An |inspection strategy accounts for the condition ofcthe structure through evaluation jof existing
inspection data and trend analyses, together with strength and fatigue analysis results. The strategy
is typically broad enough in scope to capture unptredictable anomalies (e.g. damage frojn dropped
objects).

Purppose of in-service structural inspection-is to determine, with a reasonable level of fonfidence,
the|existence and extent of deteriorationy.defects or damage. Data collected during an infpection is
reqpired to verify the structural integrity-of the structure.

Tw¢ contrasting inspection strategies can be used as part of the structural integrity strategy, with
appiroach being valid under the following different circumstances:

— |A commitment to ongaing’in-service inspection with the goal of reducing the possibility of major
repairs (clamps, member replacements) in the future. This approach relies on early detection of
damage and defectsywith prompt implementation of relatively inexpensive repairs and [preventive
measures. Early-detection of defects typically requires greater use of NDE techniques.

— |Minimization of in-service inspection scope where measures have been taken to reducq the risk of
damage/defects or deterioration that would require major repair efforts in the future. This approach
assumes-that in-service inspection without the use of NDE techniques will be able to detdct damage,
defects or deterioration before structural integrity is threatened. This approach can e used for
robust structures that are tolerant to damage and overload.

A.10.2.1.2 Damage tolerance

Each structure has an inherent reserve and/or residual strength, which is directly related to the ability
of the structure to provide alternate load paths after failure of a member. This redundancy in the
structural system (or robustness) is primarily associated with the arrangement of the braces within
the system. A reduction of component capacity does not necessarily imply that the system strength
cannot meet the assessment verification of limit state. This depends on whether the component is
participating in the failure sequence that produces the system collapse mechanism, or whether the
members’ structural integrity is required to release the failure mechanism.

For a robust structure, damage can result in little immediate risk to the facility. For other less robust
structures, even a small damage event can significantly degrade the global structural capacity resulting
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in a high-risk situation, justifying immediate response (e.g. demanning, shutdown, or emergency
repair). Robustness is useful for inspection planning. Robust structures typically do not require as
much inspection as other structures, since they are more damage tolerant. Information on platform
robustness can be used to identify areas of a structure that are crucial in terms of secondary load paths.
These regions should be the focus of inspections.

During the lifecycle of the structure, the operational costs and risk levels can be significantly influenced
by the framing configuration adopted at the outset. For example, a minimally braced structure typically
does not have alternative load paths to redistribute forces if a component is damaged or if applied loads
are higher than initially anticipated. Consequently, loss of a single component can be critical to overall
structural j ity — i i i i ivi i i 1ral
condition ¢f critical load paths and there can be little scope to modify the platform for enharjced
facilities af a later stage without adversely affecting safety levels. Conversely, a robust structure with
alternative load paths can be more tolerant of damage or increased action effects, offering grepter
operationdl flexibility and reduced inspection activity to provide the same assurance of safety. Franping
arrangements therefore directly affect the safety and economic performance through.the lifecycI;L of
jacket struftures.

A.10.2.1.3|Appurtenances

Appurtenapces include such items as the corrosion protection systemsfirewater caissons, export
risers and ponductors. Evidence from surveys or analytical studies ontheSe components can suggdst a
different S|M strategy for the structure For example, in-service performance of a firewater caisson|can
reveal a fatigue weakness in the component that requires more frequent monitoring and necessitdte a
change in the SIM strategy for the structure(s).

A.10.2.1.4|Surveys
An effective SIM strategy makes use of the above watér and below water survey findings. Damagg to

above wat¢r components can be an indicator of structural damage below water. In addition, the aljove
water survey can be used to determine the effectiveness of the below water corrosion protection system.

A.10.2.1.5|Fatigue issues

With the gfowth of operating experigeiice with time, it has become clear that the number of occurrerces
of fatigue fracks discovered in offshere structures is not as high as would be expected based
analysis rgsults. Projects looking :at North Sea and US Gulf of Mexico experience have documented
the resulty of over 3 200 underwater inspections. Results show that fatigue damage that exisfs is
isolated tolknown susceptible‘details. The reason for the lack of correlation between the predicted
observed fatigue performance of offshore structures is the degree of conservatism in the conventignal
fatigue dedign procedurée. This conservatism has served the industry well, allowing many structur
continue tg operateSafely well past their initial design service life.

Conventior
experience gained from inspections. Historically, this has meant that structures are more tolerant to
damage, lifeextenste — seorretse ot e o e et , _

U A U d 24 U U U U d UUIU dvCT DUCCT C T CU d C UU CL.

Fatigue damage results primarily from the oscillatory metocean loads due to waves that impact the
platform and secondarily from crane and rotating equipment loads. Stresses resulting from wave
loading and corresponding structural dynamic response are typically random and the metal fatigue
strength in the structural members have random characteristics. Therefore, fatigue prediction in
structures is a very complex task involving many factors:

— uncertainties associated with the statistical scatter in the metocean data (sea state description);
— uncertainties associated with the wave load prediction (wave theory, Morison's formulae);

— uncertainties associated with the nominal member load stress response prediction in the structural
elements (finite element model description);
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— uncertainties associated with the estimation of the hot spot stress concentration factors in the
welded connections;

— uncertainties associated with the fabrication and assembly operations;

— uncertainties associated with the fatigue damage and crack growth models (i.e. Miner-Palmgren
rule, Paris' law and S-N fatigue curves).

Therefore, during the design stage, to account for the uncertainties, some conservative choices are
customarily made. The 'nominal’ fatigue life is computed based on the 'design’ S-N fatigue curves, which
predict on the safe side the characteristic fatigue strength that are evaluated as the 'mean’ strength
baspdon laboratory tests minus 2 standard deviations.

Use|of theoretical fatigue life in establishing the extent and frequency of joint inspectiofi'shofyild account
for [the actual in-service performance of the surveyed member/joint connections,.the effects of joint
flexiibility on fatigue life, and the influence of each connection on the overall platform safety Historical
inspection data indicates that joint fatigue is not a common occurrence ifi\complex multi-planar
conpections of older platforms. However, fatigue can be more common in fixed-platforms haying stiffer
joint connections.

A.1D.2.2 Inspection motives

General motives of the inspection plan(s) include:

— |identifying mechanical damage;

— |identifying degradation or deterioration of the structure;

— |identifying design uncertainties or errors;

— |identifying areas of potential environmental or weight overload or CoG shift;
— |identifying accidental events damage;

— |monitoring of known defects ogrepair effectiveness;

— |performing due diligence prier to change of ownership or operatorship;
— |addressing statutory réqilirements;

— |confirming platforin condition prior to changing its use or reuse;

— |confirming platform condition prior to decommissioning;

— |operator's\éorporate policy;

— |other.industry or national standards and practices.

TabJé-A.4 provides examples of inspection motives (root causes of the requirement for inspeftion).

Table A.4 — Examples of inspection motives

Motive Description of limit state

Fabrication defects or instal- |Weld defects (major and minor), material imperfections, dents, deformations
lation damage

Degradation or deterioration |Corrosion, fatigue, scour, subsidence, seafloor instability

Design uncertainties or errors |Approximations (e.g. oceanographic and seismic data), analysis uncertainties
(e.g. fatigue), under-design, marine growth build-up

Environmental overload Storm, earthquake, mud slide, tsunami, ice

Accidental events Vessel impact, dropped objects, explosion, abrasion, floating debris, riser dam-
age from anchor drag on pipeline
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Table A.4 (continued)

Motive Description of limit state

purpose

Modifications from original

tors, structure life extension

Addition of personnel, topsides equipment, support framing, risers or conduc-

Repairs

Clamps, wet welds, bolting, adhesives

A.10.2.3 Inspection type

A.10.2.3.1

Scheduled
the scope

performed
inspection

Inspection
curve (i.e.
deteriorati
how regior

General

types address the various inspection motives.

al differences affect the curve.

Table A.5 — Function of inspection types

inspections are used to address the inspection motivations but allow for flexibility to'mo
pf work if unexpected damage or deterioration is detected. Unscheduled inspections
as soon as practicable following an incident or event. Table A.5 illustrates how(the diffe

strategy recognizes that the appearance of defects tends to follow @)classic “batht
clustered early in the service life, then a lull, followed by gradually ihcreasing effect]
on). However, it can be difficult to determine where on the bathtub curve a structure is

Hify
are
fent

ubl’
S of
and

Inspection type
Inspection motive -inci-
P Baseline Periodic Special Post-event Post-ini
dent
Detection df degradation or deterioration S P
Detection df fabrication defects or installa- p g g S
tion damagle
Detection df damage due to design uncer-
o P S S S

tainties or grrors
Detection df damage due to environmental g p
overload
Detection of damage due to accidental egent S P
Changes inffunction or in permanent ‘ae-

! P p
tions due t¢ modifications
Monitoring of known defectsoryepair p
effectivenefs
Change of dperatorship P
Reuse P
Decommisgioning p p
National or{r€gional regulations As required

Key

P: Primary purpose of inspection.

S: Secondary purpose of inspection.

A.10.2.3.2

Scheduled inspections

A.10.2.3.2.1 General

No guidance is offered.
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A.10.2.3.2.2 Baseline inspection

Baseline inspections should be performed to determine the initial condition of the structure for
use as a benchmark for items not included in fabrication and installation inspections, and to detect
transportation or installation damage and early appearance of defects or deterioration.

A baseline inspection should be performed within one year of installation.

Where baseline inspection data is unavailable for development of the long-term inspection strategy,
penalties (e.g. unnecessary scour protection or mitigation for a structure initially installed high) can
occur. Consequently, the review, retention and transfer of baseline inspection and fabrication data

sho
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Main mechanisms for degradation and deterioration are corrosion and fatigue. Corrosion

not
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pcilitate monitoring of structural condition trends, the baseline inspection establishés th
subsequent periodic inspections:

cathodic potential measurement stations;
scour measurement stations;

marine growth measurement stations.

D.2.3.2.3 Periodic inspection

odic inspections should be performed to provide inférmation/data on the present
bxecuting surveys with the objective of detecting deterioration, defects and degrada
(ctural components. The inspection strategy should define the inspection interval and the
be of work for periodic inspections, which can vary‘depending on the results of periodic e

a problem, provided the cathodic protectionSystem is designed and maintained. Fatigue
ir under cyclic actions (e.g. at points of(Stress concentration). Such cracks can be found

rovements in quality through(familiarity and efficiencies can be achieved when tH
ection strategy is developed for a group of structures together. When the group of stry
ilar characteristics and inspection history, reduced scopes of work can be justified (ca
be required if the structures were addressed individually). The greatest benefit is rea
inspection intervals and Scopes of work are periodically reviewed and adjusted, based o

odic underwdter” inspections should be performed to detect, measure and recol
brioration of¢anomalies that affect the structural integrity. Deterioration can include
velds and~miembers, weld/joint damage (including deformation due to overload and cr
ptigue<darnage), flooded members and mechanical damage in the form of dents, holes

g0
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instjability, hazardous or detrimental debris, and marine growth.

es¢Anomalies can include non-operating or ineffective corrosion protection system, sco
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Primary objectives of this document are to safeguard life and to protect the environment. The default
inspection requirements are based on addressing these two objectives. However, the operator has
the responsibility and prerogative to address economic and property interests in deciding whether
additional inspection is required to achieve a desired level of structural reliability and risk management
objectives. Such economic interests can include prevention of lost hydrocarbon production resulting
from shutdown.

National standards and/or statutory requirements can specify more onerous inspection requirements,
reflecting special national or regional interests or priorities for protecting human life and the
environment, minimizing waste of natural resources, preventing general economic disruption, etc.
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A.10.2.3.2.

4 Special inspections

Special inspections may include performing the following:

Monitoring inspections to verify the condition of known anomalies or damage (e.g. monitor growth

of known cracks at primary or safety-critical secondary member end connections or confirming
that damage that has been evaluated through the assessment process as not requiring a repair has
not become more extensive through fatigue, corrosion, or another mechanism).

SMR monitoring inspections to verify the condition of repairs to structural components and

appurtenances (e.g. NDE of underwater wet welds, confirming the tightness of bolts in stressed

ungrofited clamps, or inspection of swaging or mechanical connectors).

Pre-e
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Pre-de
or crit
structsy

Pre-re
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Timing of
periodic in
the platfor
weather w

r]lgineering assessment inspections to provide condition/configuration informatién of

ire or critical structure prior to performing an engineering assessment.

commissioning inspections to provide condition/configuration informatiomef‘the struct
cal structure prior to the structure decommissioning and assist in demegnstrating that
ire is robust enough to sustain the loads imposed during removal.

1se inspections to provide condition/configuration information gf'the structure or crit

special inspections can, subject to evaluation, be advanced or delayed to coincide V
spection. A separate inspection program could be reguired to provide condition datg
I structure or to allow designing and planning of répdir/strengthening work to fit seas
ndows.

the

ure
the
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ire prior to the structure reuse and assist in demonstrating that the structure is rolust
enough to sustain the loads imposed during removal and reinstallation.

vith
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SMR monitoring inspections should be performed within'one year of the repair, but may be performed

during the

Decommis
structural
accommodj

survey

survey

survey

condit

A.10.2.3.3

Post-event
members (

next periodic inspection if the repairs are not critical for the structure's fitness-for-serv

bioning and reuse special inspectionstare used to confirm the condition of the prim
components and existing lifting jpoints, cranes and other topsides structures
ation facilities and typically include:

of the topsides and substruetiire to determine the condition of the lifting points and pade
to identify suspended debris;
of the seabed surreunding the structure to determine extent of site clearance;

on of the crames)and accommodation facilities.

Unscheduled inspection

inspections are used to determine the extent of damage primarily through GVI. Mis
drrbe identified with adjacent components inspected for collateral damage. The exten

ce.

ary
and

yes;

bing
t of

damage to

connections is quantified using assessment methods. Where damage has occurred

(0O a

component, connections to that component and to successive components are inspected. Damage can
sometimes be located by looking for isolated submerged areas of little or no marine growth, indicating
possible overload.

Post-incident inspection focuses on areas local to the actual or possible impact location(s) (e.g.
inspection of members in the path of a dropped object or areas above and below water in the vicinity of
an impact). In the case of vessel impact, hidden damage can occur on the underside of members when a
vessel is lifted by a wave or by swell.

Post-event inspection strategy should:

establish a threshold for triggering inspection;
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define a nominal or default inspection scope of work (subject to modification, based on initial

evaluation when an event occurs);

specify a method for measuring or estimating the magnitude and severity of an environmental

event, accounting for the required accuracy and speed of provision of the information.

These items should be addressed before commencement of operations and should be based on a SIM

eng

ineering evaluation.

Typical methods for estimating the magnitude or severity of an environmental event include:

Striicture-specific event and incident thresholds and scopes of waork should be established

(pr

inspection activities. The inspection strategy should allow,.the flexibility to combine post

per
Ap

For

incidents are sometimes not.noted or reported. This possible difference in reporting ing

req
rep

Insj
per
and

A1l
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for winds and waves, primarily from sensors or hindcast studies;

for extreme crest elevation, local damage to handrails or other small members

for an earthquake, from accelerometers, reported Richter magnitude, andydistance fron
to platform; and

for current, from current meters.

eferably during the design), to avoid unnecessary inspection and enable quick execu

odic inspection scopes of work and adjust the interval fof the next periodic inspection.
pst-incident inspection strategy should include the folowing:
prompt reporting of incidents - operators should'establish protocols and notification pr

early involvement of personnel to judge the potential significance of the incident and
inspection scope of work;

consultation with personnel durifig offshore execution, review of findings, and ass
requirement for repairs, mitigation, future monitoring, etc.

L1 and L2 structures, ineidents are usually noted and reported. However, for L3

ire differing strategies'’between L1, L2 and L3 structures (e.g. installation of sensors wit}
brting or more frequent periodic inspections on L3 structures).

pection is more, efficient and more likely to produce the data required for analysis
sonnel are familiar with the structure and can integrate the post-incident work scopq

D.2,4\Inspection method

1 epicentre

in advance
tion of the
-event and

bcedures;

develop an

bssment of

structures,
idents can
automatic

if the SIM
, schedule,

or findingsg'with other inspection activities for the structure or group of similar structures.

Al

.2.4.1 General

The inspection strategy accounts the range of inspection techniques, the methods of deployment and
the purpose of each inspection. Table A.6 illustrates how the techniques can fulfil the requirement of
the different types of inspection, while Table A.7 lists several inspection techniques and applicable

dep

loyment systems.

© IS0 2019 - All rights reserved

89


https://standardsiso.com/api/?name=577bea173ed783266a19968e7c629d98

ISO 19901-9:2019(E)

Table A.6 — Examples of inspection motives

Inspection type
Tool or technique -inci-
q Baseline Periodic Special Post-event Post-inci
dent

Air gap measurement Initial Trends b a
Cathodic potential readings Initial Trends b
Sgcr1f1c1a1 anode condition - Existence check | Depletion check Existence
visual check
Marine gro ath measurement Annmnly detection b
Visual - without cleaning Scour Scour b Scour Dantage

Damage Damage Damage

Defects Defects Defects

Debris Debris Debrjs
Flooded m¢mber detection Damage Damage ab Dathage Damag
(FMD)
Ultrasonic festing (UT) a a ab a a
Vlsua_l - with marine growth a Selected locations ab a a
cleaning
Non-destryctive examina- a Selected locations b a a
tion (NDE)

a  Used if yarranted, based on evidence from inspection, analysis, etc.

b Use depends on what is being monitored: repair performance, knowr defects or damage, scour sensitive areas, lpcal
corrosion, high or low cathodic potential readings, subsidence, excessiv€ marine growth, etc.

Table A.7 — Inspection technique capabilities and deployment methods

Possible deployment methpds

't‘;sc‘l’l‘;’flfl‘l"’: Suitabjlity Sur- Diving RDV
face | Air | sat. | ADS
Air gap mejas- |Where air gap measurement devices are correctly set up, X
urement calibrated and maintained, continuous records of wave
heights and tide can provide very useful information on
environmental conditions. Where this can be combined with
directionality-data and ideally some method of estimating ac-
tions (e.g. straih gauges), the data can be used in analyses and
assessméntof defects and of remaining life, possibly reducing
conservatisms. Satellite surveying techniques can often be
used\te determine levels.
Marine grothtMarine growth comes in different forms, broadly divided into X X X X
recording hard (generally animal, such as mussels and barnacles) and

soft (seaweeds and kelps) Hard Urnvvfh is cpnprn”v thinner
(less effective increase in member dlameter) but rougher
(increase in drag coefficient Cy) than soft growth. Marine
growth measurements are notoriously unreliable, particular-
ly for soft growth and for single estimates for large compo-
nents. Marine growth varies with location and depth, see

ISO 19901-1. Requirements for estimation of the length, type
and extent of marine growth should depend on the structure's
tolerance to the additional actions caused by the growth.

Some structures have antifouling claddings that have per-
formed reliably for more than 20 years.
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Inspection
technique

Suitability

Possible deployment methods

Sur-
face

Diving

Air

Sat.

ADS

ROV

wit

Visual
inspection

hout ma-

rine growth
cleaning

Suitable for detection of gross damage (e.g. large deforma-
tions, severed connections, missing members), indirect signs
of gross damage (e.g. gaps in or spalling of marine growth

or surface coatings), and debris. When performed by ROV,
visual acuity should be such that the 20/20 line can be read

butbhaxidog conara SUSter- C+ ll carara nra Fnr'\lr\l\'v A aital

X

X

X

X

Oy tircv raC o CaCTro oy o teTT ot prereaoTy Srgreatt;

and stereo-photogrammetry provide the maximum detail and
accuracy.

Vis

rin
cle

hal inspec-

tiom with ma-

e growth

aning

Generally used to follow-up damage identified without clean-
ing (e.g. corrosion, visible cracks, dents, gouges, abrasion,
deformations) or targeted inspection of selected locations.
Generally, extent of cleaning is limited to that required for
inspection. When performed by ROV, visual acuity should be
such that the 20/20 line can be read by the video camera sys-
tem. Still camera, preferably digital, and stereo-photogram+
metry provide the maximum detail and accuracy.

me

Dinmpensional

hsurements

Usually to measure marine growth thickness, scour depth at
seafloor, dent size, out-of-straightness, crack length, corro-
sion pit size, etc. Generally undertaken by diversiusing tape
measures or by ROVs using scale rules and cameéras or photo-
grammetry.

N/A

Cat
pot
rea

hodic
ential
dings

Measures performance of cathodic protection system. Two
types of probes are available (proximityprobes and con-

tact probes). Both require calibratipi-in the field. Proximity
probes enable readings to be taken‘quickly and efficiently. For
efficiency, evaluation of cathodig potential can often be per-
formed with visual inspection to determine anode wastage
and its interdependency with potential measurements.

N/A

Flo
ber
(FM

bded mem-
detection
D)

Able to determine if member is flooded or not. Suitable for de-
tecting existence of.through thickness crack or other damage.

Through wall damage on the leg side of connections where the
leg is intentionally flooded or grout filled cannot be detected.

Effectiveness depends on water depth, crack size and porosity
of crackyi’e. what proportion of time is the crack open and
howlong it takes to flood. A crack open for only a few seconds
ifYedch storm can grow without the member flooding signifi-
cantly, particularly for shallow members. Finding the cause of
flooding requires further investigation with other inspection
techniques.

Procedure is relatively fast, particularly when undertaken by
DOV Do s 1d ot + 1_£, raiad

N/A

id
ov—rtroceatte yn OViareSaireXce et toor1o¥F TapTtr SEF \4\41‘1116

of structure members for gross damage.

Ultrasonic technique (UT FMD) — relatively diver intense and
requires accurate placing of the probes to achieve reliability.

Can be used to determine the water level in members provid-
ing evidence for the cause of flooding.

N/A

Radiography (RT FMD) — Readily deployable, even from
smaller ROVs. Allows for rapid coverage of many components.

Source and detector mounted to U shaped frame to permit
rapid and accurate placement.

N/A
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Table A.7 (continued)
Possible deployment methods
Inspection ooy -
technique Suitability sur- Diving ROV
face | Air | sat. | ADS

Ultrasonic Used mainly for wall thickness measurements and lamination | X X X X
(UT) - com- detection. The technique is straightforward and reliable for
pression wave |these applications. Usually performed by diver, although ROV

capability exists.
Ultrasonic Used for detecting internal volumetric indications as well as X X X
(UT) - she cracks and used to size indications found by other (surface)
wave, creepping | NDE techniques. Requires qualified UT inspector if performed
wave, and remotely (e.g. if the probe is manipulated by divers, a qual-
time-of-flight- |ified NDE inspector monitoring via a display screen highly
detection improves reliability).
(TOFD)
Magnetic par- |Used for detection of surface breaking defects. Surface X X X X
ticle inspecfion |cleaning or coating removal is normally required prior to MPI
(MPI) (also application. However, cleaning to bright metal is not always
known as MT) |necessary underwater. Different types of MPI equipment are

available including articulating yokes, permanent magnets,

coils and prods. Articulating yokes are the fastest and most

accurate.
Alternat- Generally used for sizing defects found by other NDE meth- X X X
ing current] ods, multiple measurements are required along the crack
potential dfop |length, spaced (typically 5 mm - 10 mm) in relation to the
(ACPD) resolution required. Requires cleaning to bare metal and

trained diver.
Alternating Used to locate and size (length and depth) strface flaws. Clean- X X X
current field |ing to bright metal is not necessary, as it ¢an operate through
measuremgnt |coatings. Training is necessary to avoid‘poor reliability.
(ACFM) ACFM cannot find indications in.céptain geometries such as

edges of gussets due to the edge gffect produced from the

geometry.
Eddy currept |Used to locate and size (ength) surface cracks. Cleaning to X X
(also knowh as|white metal is not necessary, can operate through coating. Can
ET) be used to inspectundérwater welds. This requires a diver

and an inspectipn'technician above water to read the screen.

Training is réquired.
Radiograpljic |Used fordetécting internal defects. Not routinely used for X X X
inspection underwater inspection of offshore structures due to health
(RT) andsafety concerns.

Options for deployment of inspection tools and techniques are addressed in developing the inspect

—n

on

program. Available deployment systems include the following, where the indicative diving depths|can

vary with regionally applied industry criteria:

a) Surface use

Surface use inspection methods that are routinely used for performing above water inspections.

b) Airdiving

Majority of inspection and NDE systems and tools are available in diver operable configurations.
Trained divers have the adaptability and dexterity to perform complex tasks and make judgments
with the benefit of tactile feedback and binocular vision normally denied to ROV operators. The
weight and size of inspection systems are not a major issue, as divers can rig and trim buoyancy
and support as required.
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Most tools can be configured to operate at depth. Air divers can operate at up to 50 m (albeit that the
working time decreases with depth due to decompression requirements) and have relatively simple
support requirements. Surface supplied mixed gas can extend the dive depth. Diving is a hazardous
occupation and divers can suffer long-term health decline. When operating in cold waters (e.g.
North Sea), the complexity of the equipment increases, as hot water systems are required.

Limitations of divers are generally high cost (particularly with a diving support vessel) and limited

operational duration due to diver fatigue.

Saturation diving

Similar to those for air diving, except that the divers stay at operating depth pj
considerable times (up to 28 days), living in pressurized chambers except when werk
gas divers dive in the range of 16 m to 300 m (typically) and normally operate jmnsatu
long-term health implications become greater and the options for assisting acdivér in
severely limited.

d) |Atmospheric diving suit (ADS)

These “hard suit”, one-person diving systems put a human on-site, but require the pilot
with manipulators. ADS can have two manipulators to deploy toolsCSystems are normal
for either bottom-oriented or mid-water working. Tool interfaces are designed or adap
the manipulators. ADS is normally selected for installation, maintenance and drilli

between members with small angles.

Advantages of ADS are rapid deployment to depth, operations to 750 m and avoidance of
exposure to the operator (pilot) and, therefore;mo’long-term health implications. ADS
transportable and suitable for deployment from some platforms. However, there ar
number of such systems available.

Remotely operated vehicle (ROV)

ROV avoids the human health and safety issues associated with having divers underwat
be used to assist divers by providing additional light and cameras, but such ROV shou
enough to avoid becoming @ significant hazard to the divers. Operational duration i

required for fixed platfori inspections.

often be developed prior to deployment.

The smallest'ROV systems are helicopter-transportable, camera-only and camera/sonz:
potential/digital- ultrasonic UT systems. Even these systems can be used to deploy 1
FMD equipment and other specialized systems subject to payload capacity. ROVs are pr
radiological FMD as radiological protection precautions are simplified.

essure for
ng. Mixed-
ration. The
rouble are

to operate
y designed
ted to suit
g support

rather than inspection programs. Its main limitation isthat the manipulator cannot always work

hyperbaric
is often air
b a limited

br. ROV can
d be small
5 normally

unlimited other than by maintenance requirements and ROVs can operate over the full depth range

Dexterity and adaptability are limited in comparison with divers, while tools for specific tasks can

ir/cathodic
adiological
eferred for

(] DDed A A crne MANAoCcMen C1 psSe

arg an he anag a garages,_malnipulators,
suction arms or grabs for stability at worksite, onboard hydraulic power units, marine growth
removal and cleaning capabilities (high-pressure water jets, rotary wire brush). Larger ROVs can
have difficulties moving within the confines of a structure and the experience of the pilot can be
critical in such circumstances.

ROVs can have weld NDE (e.g. MPI) capability and remedial grinding capability.

A.10.2.4.2 General visual inspection (GVI)

A GVI does not normally require cleaning of the inspected area, nor does it require the inspector to be
within arm’s length of the structure (i.e. no rope access, scaffolding). The items selected for this type
of inspection may be either viewed directly or using binoculars from a safe vantage point (i.e. from a
walkway, access platform, boat).
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A GVI should include the measurement of cathodic potentials of pre-selected locations using divers or
ROV. Detection of significant structural damage during a GVI should become the basis for the initiation
of a CVI or NDE inspection. The CVI or NDE inspection, if required, should be performed as soon as
conditions permit.

A GVI can be performed underwater by a diver or ROV. This should consist of a single fly-by of area and
does not normally require marine growth cleaning of the inspected area.

GVI can be specified to detect the following:

— deterioration due to corrosion on structural members or plating;

— areas (I)f generalized pitting or local pits;

— rust stpining from welds (can indicate weld failure on coated surfaces)
— deformation or fracture due to accidental or abnormal events;

— scour, peafloor instability, etc.;

— advanged fatigue cracking detectable in a visual swim-around;

— in-service damage (e.g. dents, holes, bows, cracks, abrasion, buckles ordistortion in plates, bedms,

tubula[ members, stiffeners or brackets);
— areas ¢f coating breakdown;

— debris|lodged on structural members (or piled on decks) that could damage coatings or influgnce
corrosfon;

— compressed soft or hard marine growth;

— conditjon of appurtenances;

— anode [deterioration;

— loose qr otherwise damaged pipe clamps or other appurtenances;

— loose dtructural cladding or passive fire protection;

— areas ¢f standing water on deckKs;

— damage to items that ceuld affect safety (e.g. stairways, grating, ladders, doors/hatches);
— missinig bolts;

— disturbed area$s.of marine growth.

A.10.2.4.3|Close visual inspection (CVI)

CVI should be directed at a well-defined location or part (e.g. a structural member, a welded or bolted
joint) of the CS.

CVI should deliver an understanding of the condition of a structural component that was reported as
anomalous during a GVI. Cleaning, possibly including grit blasting, can be required, depending on the
intended purpose of the CVI.

Detection of significant structural damage during a CVI should become the basis for initiation of an
NDE in those instances where visual inspection alone cannot determine the extent of damage. The NDE,
if required, should be performed as soon as conditions permit.

Above water, CVI requires the structural component to be cleaned of adherent deposits, but damaging
or removing coating should be avoided. Access should be provided that allows physical contact with the
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area in question (i.e. within arm’s length). The use of rope access inspectors and remote viewing high
definition camera systems can be used to view at height inspection points.

Underwater, CVI should consist of visual inspection of preselected locations and/or based on results
of the GVI or areas of known or suspected damage. Underwater such locations should be cleaned of
marine growth to permit inspection (e.g. closure welds for prefabricated or cast nodes). Pre-selected
survey areas should be based on an engineering evaluation of areas susceptible to structural damage,
or to areas where repeated inspections are required to monitor their condition over time. CVI of pre-
selected locations for corrosion monitoring should be included.

CVI can detect the following:

— |local damage;

— [through thickness cracks;
— |local coating failure;

— |local corrosion;

— |local pitting or grooving.

A.1D.2.4.4 Flooded member detection (FMD)

FMD should be used to complement a GVI and/or CVI to detect’through thickness cracks infthe wall of
meinbers that would otherwise be dry. FMD works on the\principle that air and water haye different
tra{lsmission characteristics that can be measured. FMD is primarily designed to detecy in-service
through-wall discontinuities such as fatigue cracks,.coftrosion holes and punctures.

Engdineering judgment should be used to determine optimum use of FMD. If including FMD a§ part of an
underwater inspection strategy the following limitations in the use of FMD should be includgd:

— |legs or members that are flooded or, grouted by design cannot be inspected using FMD;

— |FMD does not provide informatioh'on the presence of cracks prior to their becoming thfough-wall.
(i.e. insipient fatigue cracks cannot be found using FMD);

— |FMD cannot provide information on the remaining ligament of a crack;

— Junless there are cgnnections between members, FMD only inspects the specific gomponent
being tested;

— |FMD cannot.detect punching shear or fatigue failure of the chord at the ends of the member being
surveyed.

FMD can provide the operator with go/no-go information regarding the presence of watef intrusion,
but|cannetprovide information on a discontinuity existing prior to loss of through-wall intggrity. FMD
is a|cost-effective method used to verify that a total member is devoid of through-wall disdontinuities
frormasmratt bdlllp]lccl area TiviBcould |98 ovide o basetimeifused i the firstimitiat peT fodic nspection,
and could rule out unpredicted installation or design damage, e.g. anode core cracking or conductor bay
frame cracking.

Primary methods used for FMD are ultrasonic (UT) and radiometric (RT). The strategy, principles, and
surveying factors of FMD are similar regardless of the method. These FMD techniques are used in many
underwater inspection programs to detect a flooded member and to determine the cause of flooding.

There are many commonalities between ultrasonic and radiometric FMD such as predicted flooding
levels and determining the cause of flooding. However, the intervention strategy used will likely
determine the FMD method used. In addition to UT and RT FMD, other methods such as tone burst UT,
thermal systems, and other NDT systems may be available for detecting flooded members. Research
has shown that the UT and RT systems described in the accompanying recommended practice have a
high confidence level and reliability and are preferred for flooded member detection.
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Information on FMD methods and the advantages and disadvantages of including FMD as part of an
underwater inspection strategy are provided in Reference [43].

A.10.2.4.5 Non-destructive examination (NDE)

An NDE should consist of a survey of preselected locations and/or, based on the results of the CVI, areas
of known or suspected damage. An NDE survey of fatigue-sensitive joints and/or locations known to be
susceptible to cracking can be used to detect early stage fatigue cracking.

If crack 1nd1cat10ns are reported they should be assessed. Suspected false alarms should be resolved
by a secong i gue-
sensitive j¢ints, and/or reported crack-like indications, can be an acceptable alternative to analylcal
verificatiof. If crack indications are reported, they should be assessed by a qualified engineerfamiliar
with the stiructural integrity aspects of the platform(s).

Engineers gpecifying NDE should be knowledgeable of the different methods available and their relafive
merits and their probability of detection, and understand the intended purpose of the-inspection pnd
the level offinformation required from the NDE.

There are [various NDE methods available used to inspect welds for indication’s of surface crackling.
ACFM and ¢ddy current inspection (ECI) are common methods enable inspection of welds with coatings
and light stirface film. For uncoated surfaces, light oxidation is acceptable/but scale should be remoyed.
ACFM can [be used above water and underwater. For underwater inspections, the surface should be
clean of m3rine growth and scale.

In cases where ACFM or ECI identifies an indication of a crack; MPI may be warranted to contErm
and fully dharacterize the anomaly. MPI can be used to detéct cracks as well as provide a definitive
description of the extent of cracks. MPI is more manually intensive than ACFM and ECI techniques fand
it requires|clean bare metal. For coated structures, the‘paint should be removed at the suspect afea.
MPI can be used above water and underwater.

MP], as with ACFM and ECI, can only detect surface-cracks. MPI cannot provide information on the cfack
depth or continuation of the crack sub-surface,,;There are other techniques (e.g. shearwave ultrasgnic
testing) that can provide more informatior on the crack below the surface, but these can be difficult to
use effectiyely, especially in marine environments where access can be difficult.

A.10.2.5 Inspection interval

A.10.2.5.1|General

Risk-based development enables tailoring the inspection strategy around the specific features of|the
structure, pligning the;survey activities with the identified risks.

Risk can be usedsas a basis for developing an in-service inspection program. A risk-based apprdach
allows an gperator to prioritize and optimize the use of inspection resources. The risk-based strategy for
the development of inspection scopes of work requires an understanding of a platform’s susceptib{lity
to damage, the tolerance of damage, and the known condition.

A.10.2.5.2 Periodic above water inspection

A.10.2.5.2.1 General

No guidance is offered.

A.10.2.5.2.2 Consequence-based inspection interval

Consequence-based requirements do not address underdesign or design errors, unless an assessment is
performed and the assessment results are incorporated into an inspection strategy. The consequence-
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based inspection intervals assume the topside has been designed and constructed in conformance to
1SO 19901-3[2] and there is no damage that would prevent it from achieving the tolerable risks.

A.10.2.5.2.3 Risk-based inspection interval

Concept of risk is central to setting topsides CS risk-based intervals. In summary, risk is defined as
the product of likelihood and consequence of failure. In the set-up phase of the risk-based inspection
methodology for each platform, a risk assessment is made of each topside structural system. This
method is based on judgment regarding the likelihood of failure and the consequence of such a failure.
It is used in the first instance to define the inspection plans for all structural items, but it can also be

use
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lable.

litative and/or quantitative risk techniques may be used to evaluate the CS|level
bination with the collated CS conditional data. The CS risk evaluation should be’refined
he quantity and quality of inspection data increases.

some of the more critical areas with more available data, more complex.methods of asse

be used to quantify the probability of failure. It is recognized that'with time, as furth
inspection data becomes available, it can be necessary to apply morg complex assessme
nore of the structural systems.

cative inspection intervals that may be used for setting theabove water CS are provided i
actual interval will depend on the magnitude and uncerfairty of the risk, the method of
utory requirements, and the operator’s policy on acgeptable risk. The method of insp
CVI and/or NDE) to be used with the risk-based interval should be selected based on
ected deterioration/degradation and the presentknown condition of the topsides CS.

Table A.8 — Above water CS — Indicative risk-based inspection intervals

ore data is

of risk in
with time,

Esment can
er analysis
ht methods

h Table A.8.
nspection,
ection (i.e.
the type of

Consequence \O

Inspection interval

Pos

sible life-safety incident Annual Annual Annual

Pos

sible high environmental pollution(incident |1 to 3 years 1to 2 years Annual

Pos

sible low environmental pollution incident |1 to 5 years 1 to 3 years 1to 2y

ars

Top

Low Medium High

Likelihood of failure

sides CS inspectionplanning process can be divided into the following activities:
identify majoraccident hazards;
identify<CS;

defineperformance standards for the CS;

idnnfify Hpgrndafinn mechanisms forthese n]pmnnfc;

evaluate likelihood of failure for each element;

evaluate consequence of failure for each element;

evaluate risk rating and determine inspection intervals and technique;

as inspection data becomes available, loop back to refine the evaluation.

Ideally, for each CS on the risk register an evaluation will be performed that accounts for the following:

failure modes and degradation mechanisms;

condition assessment;
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— service history;

— industry experience;

— robustness and redundancy;

— basis of design;

— fatigue and strength analysis results.

Where the relevant information does not exist, or it is not practical to perform an individual review for

each CS on wwmwwwwimmwﬁthe
‘typical’ pgrameters for the purposes of performing a risk assessment and development of subségyent

inspectionfregimes.
A.10.2.5.3|Periodic underwater inspection

A.10.2.5.3]1 Consequence-based inspection interval

Consequenice-based requirements do not address underdesign or design errers,/unless an assessnjent
is performed and the assessment results incorporated into an inspection,strdategy. The consequefce-
based insppction intervals assume the structure has been designed and constructed in conformande to
ISO 19902 pnd there is no damage that would prevent it from achieving<the tolerable risks.

A.10.2.5.3]2 Risk-based inspection interval

Reasons fof selecting a risk-based approach to inspection plaftning are:

— Asystématic overview of the platform is achieved together with a breakdown of the platform’s rjsks
showing the risk drivers and risk mitigation actions.

— Inspedtion efforts are focused on items where the safety, environmental or financial risks|are
identiffied as high, and efforts applied to low-tisk systems are reduced.

— Probabilistic methods can be used in.projecting the rate and extent of degradations incorporaging
variations and uncertainties in controlling parameters.

— Consequences of failure are dcgounted for, so that inspection efforts are focused to where fhey
can have the greatest effect.\Uncertainties in the outcomes can be modelled by investigating|the
probabilities of the varioltsSloutcomes using an event tree approach.

— Contriputing to a pro-active and focused manner for demonstrating that the overall platform fisk
does npt exceed thée'risk tolerance limit set by the authorities and/or operator.

— Identiflying thexoptimal inspection or monitoring methods required to establish the deterioration

the risk, the method of inspection, statutory requirements, and the operator’s policy on acceptable risk.

Table A.9 — Underwater — Risk-based inspection intervals

Exposure level

Inspection interval

L1 structures

3to 5 years

3to5years

1to 3 years

L2 structures

6 to 10 years

3to5years

3to5years

L3 structures

11 to 15 years

6 to 10 years

6 to 10 years

98

Low
<104

Medium
>10-%4and <4 x 10~4

High
>4 x 10~4
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Table A.9 (continued)

Exposure level Inspection interval

Likelihood of failure / annum

Setting risk-based inspection intervals should be based on the susceptibility of the structure to the
various damage mechanisms that could occur. For possible cracking induced by fatigue, the time
interval to the next inspection can be estimated based on fracture mechanics and probabilistic analysis
taking the uncertainty in the inspection method into account.

Figure 9-5 in DNV-GL RP C203:2014[18] illustrates the calculated accumulated probability of fatigue
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A1l

No

A1l

Min

ire for uncertainty in S-N data corresponding to a standard deviation of 0,20 in leg
mal distribution in logarithmic scale is assumed. The uncertainty in Miner summation 1§
bgnormal with median 1,0 and CoV of 30 %. Other uncertainties on load and response at
jormally distributed with CoV of 15 % to 20 %, and the hot spot stress derivation is 3
mal distributed with CoV of 5 % to 10 %.

ertainties associated with fatigue life calculation imply that some in-sefwice inspection
ks is required during service life depending on consequence of afatigue failure and
pue life. Figure 9-5 in DNV-GL RP €203:201418] provides a first estimate of time to a first
ed on the lower graph in this figure, if normal uncertainties are-associated with the
ulation. Figure 9-5 in DNV-GL RP €203:2014[18] is derived for@ tcalculated fatigue life g
other calculated fatigue lives (Lcalc), the numbers on the-abscissa axis can be scaled
calc/20 for an estimate of time to first required inspection:

fatigue crack has no substantial consequences, an aceumulated probability of 10-2 can be
inspection is not required during the first six years based on Figure 9-5 in DNV-GI

ire will be less than 10-4 and inspection willibe required after two years based on Fi
J-GL RP C203:2014[18] if the calculated fatigu€ life (Lcalc) is 20 years.

P).2.6 Inspection scope

D.2.6.1 General

buidance is offered.

P.2.6.2 Baseline inspection scope
imum baseline-above water scope should include:
visual survey of structural members in the splash zone and above water;

visualssurvey of topsides CS (i.e. critical areas such as deck legs, girders, trusses, cra
connéctions);

N scale. A
described
e assumed
ssumed as

for fatigue
calculated
inspection
fatigue life
f 20 years.
by a factor

acceptable
L RP C203:

41181, If the consequence of a fatigue crack is stbstantial, the accumulated probability ¢f a fatigue

pure 9-5 in

he support

- 1 £ . | . de L | de el 1 1
viSUdl SUl'vCy Ul dppurtciidliitts 4dilit tLITIT SUpPpPULl'Lls (C.5. CULIUULTUL gUuIUucsS dilu COIIUU
frames);

visual survey of personnel safety devices surveys and emergency escape routes;

measurement of the deck elevation.

Minimum underwater baseline scope should include:

ctor guide

a) a visual inspection without marine growth cleaning that provides coverage of the structure
(members and joints), conductors, risers, and various appurtenances, and which includes
benchmarking the seafloor conditions at the legs/piles and inspecting for debris and damage;

b) a set of cathodic potential readings that provides coverage of the underwater structure (members

and joints), conductors, risers, and various appurtenances;
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c) visual confirmation of the existence of sacrificial anodes, electrodes, and other corrosion protection

materi

al/equipment;

d) measurement of the actual mean water surface elevation relative to the as-installed structure, with
correction for tide and sea state conditions;

e) measu

rement of the as-installed conductor top elevation;

f) tiltand structure orientation;

g) riser and J-tube contact with the seafloor;

h) seaflogr profile and scouring around the platform legs.

Scope of W
performed

A.10.2.6.3

Above wat

primarily focus on surveying the presence of damage, straightness, corrosiod-and modifications to

Above wat
— visual

— visual
conneq

— visual
damag

—  belows-

is not included in the underwater inspection-scope;

— visual
gratin

— visual
frames

— visual

— measurement of théXdeck elevation;

— CVIof

— damag

during the platform fabrication and installation.
Above water periodic inspection scope

er inspection scope of work should be tailored to the inspection metivations and sh

br periodic inspection scope of work should include one or moré-of the following:
survey of structural members in the splash zone and abovewater;

tions);

survey to detect deteriorating coating systems, excessive corrosion, and bent, missing
ed members;

water verification of performance of thé.cathodic protection system (i.e. dropped cell), if

survey to capture the condition se¢ondary/tertiary structures, such as walkways (handr

survey of personnelsafety devices surveys and emergency escape routes;

selectedcritical welds/joints;

€ survey.

rork for the baseline inspection should account for the type and extent of the inspect

—n

on

uld
CS.

survey of topsides CS (i.e. critical areas such as deckylegs, girders, trusses, crane support

, or

this

hils,

p) and their supports, lifeboat.davit connections, and blast walls;
survey of appurtenances-and their supports (e.g., conductor guides and conductor guide
);

CVIand/or
cannot full

NDEshoutd bespecifiedimthe above waterscope of work to be used when visuatinspec
y determine the extent of damage.

Purpose of the above water periodic inspection is to detect or verify the following:

tion

— indications of overloading, deteriorating coating systems, corrosion, and bent, missing, or damaged
members of the structure in the splash zone and above water;

— damage or deterioration to appurtenances and personnel safety, escape and evacuation devices.
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A.10.2.6.4 Underwater periodic inspection scope

Underwater inspection scopes of work should be developed using a risk-based approach. However, in-
lieu of adopting a risk-based underwater inspection strategy, the operator may adopt a consequence-
based (default) inspection scope of work.

In the absence of a risk-based underwater inspection strategy, periodic underwater inspections
should be performed using the scope of work in conformance to Table A.10. The consequence-based
inspection scopes of work only address the concerns of safeguarding human life and protecting the
environment. The consequence-based requirements do not address underdesign or design errors,
unless an assessment is performed (see Clause 12) and the assessment results are incorporated into the

msﬂ)ection strategy.

Table A.10 — Underwater consequence-based inspection scope of work

Method Scope of work

G¢VI |— Visual inspection of the above water parts of the structure.

— Cathodic potential readings of at least one structure leg using adxop cell or other suitpble
equipment.

— A general visual survey of the full structure that includesmembers, joints, appurtenances, and
appurtenance connections.

— Marine growth measurements on selected members at a representative set of elevatigns from
mean sea level to the seafloor.

— For structures with sacrificial anodes: an estimate of the approximate depletion of the¢ anodes,
original or retrofit, located on the structtre.

— For structures with impressed curreiit systems: a visual survey of the state of the anddes
and reference electrodes. Dielectric'shields should be inspected to conform that they are
undamaged, free from discontifuities, and satisfactorily bonded to the structure.

VI — CVI smaller of:

— atleast 20 primary member end connections;

— 5 9% of the totalpopulation of primary member end connections, including a miniimum of
five primary brace to leg connections.

— CVlIcritical(support members (e.g. riser and/or caisson supports).
— Inlieu®@f,CVI, FMD of the following components may be used:

—\¢atleast 50 % of primary structural members selected as representative of the fu]l structure
and covering potentially damage/fatigue prone areas (e.g. conductor guide framing in the
upper structural bays);

— support members for risers, J-tubes, conductors (first underwater framing |evel only),
service caissons and other appurtenances.

— Periodic NDE inspection may be substituted for CVI

NDE |— Marine growth cleaning (as required) and detailed inspection of representative welds at nodal
joints (member end connections) and other critical locations as determined from the inspection
program.

— Inspection of 100 % of each weld length.

Objective of the periodic inspection is to detect degradation that can reduce the reserve capacity of the
structure in the interval between inspections. Industry experience shows that general visual survey
techniques are adequate for conventional multi-leg fixed steel platforms that are inspected within the
risk-based intervals. The general visual approach should be used to confirm that the platform has not
suffered gross structural damage (e.g. heavily deformed or missing structural elements). The general
visual strategy should include surveys to confirm that the CP system is operating effectively, the extent

© IS0 2019 - All rights reserved 101


https://standardsiso.com/api/?name=577bea173ed783266a19968e7c629d98

ISO 19901-9:2019(E)

of corrosion, the extent of marine growth and, in pre-disposed regions, the extent of scour or seafloor
instability.

Structures that are not suitable for the general visual approach can include those susceptible to fatigue
damage and/or are not robust to safely tolerate minor damage. In this case, the inspection strategy
should detect the existence of such minor damage through close visual surveys concurrent with suitable
NDE techniques.

In some cases, FMD can provide an alternative to close-visual surveys (e.g. conductor guide frame and
appurtenance connections that are known fatigue sensitive connections). Reliance on more widespread
use of FMD in lieu of close visual surveys can be of questionable value for some structures (e.g. those
having single diagonal bracing framing into the legs or structures with members intentionally floeded).
In the formjer, fatigue cracks that occur, often do so on the chord (leg) side of the connection. Infseryice
experience shows these members usually do not flood the brace even after severance of thebrace pnd
will test as|dry by FMD.

Main mecHanisms for degradation and deterioration in offshore jackets are corrosign)and accideptal
damage. Imdustry experience indicates that, for multi-planar joints in multi-leg jackets, in-seryice
(actual) fatigue cracking is not well predicted by analytical techniques. Fatigue-cracking has occuired
in older jafkets mainly due to plated horizontal conductor bays, but can eccur in platforms dug to
fabrication defects, installation damage, and at improperly designed appurténance connections [e.g.
caissons, Jumps, J-tubes). As such, fatigue-based probabilistic methods)can provide an additignal
means to determine the inspection frequency and the location of weld-itispection requirements, butfcan
be very comservative in predicting cracks at end connections of primary members in newer structufes.

Subsea corjrosion is typically not a problem, provided the cathedic protection system is well designed
and maintgined. Splash zone corrosion is very common as paint or other protective coatings wear ¢ver
time and/dr are damaged or abraded.

igue cracking at joints in the first horizantal conductor framing below water is normpally
attributed o not including the vertical wave load and plating in the conductor ladder in design. It is flso
possible thlat the conductor guides frame elevation’is closer to the water surface. This could be duf to
lack of penptration of the mud mats at installation or subsequent seabed subsidence, which could refsult
in the theofetical fatigue lives calculated in"design being unconservative.

A.10.2.6.5|Special inspection scope

Special ingpection scope should-consist of a GVI, CVI and/or NDE survey, tailored to the inspecfion
motives.

A.10.2.6.6|Unscheduled inspection scope

Unscheduled inspe€tion should be performed to establish the extent of damage, and mitigation
measures (e.g. demanning, repairs and/or strengthening) required.

Typical scdpe for an unscheduled 1nspect10n should 1nc1ude a Vlsual 1nspect10n Wlthout marine gro wth
cleaning the = c - = oits),
conductors, risers, and various appurtenances and whlch 1nc1udes Checklng the seabed condltlons at
the legs/piles and looking for debris and damage.

Underwater inspection should focus on detecting damage and indirect signs of damage (e.g. areas of
missing marine growth). When an unscheduled inspection is performed following an actual or possible
dropped object, the location of the dropped object and its route of falling should be identified.

Above water inspection should be targeted based on the evaluation of the event. Inspection can include
surveying the deck/leg/hull connections and looking for tie-down failures, debris or damage.
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A.10.2.7 Pre-selected inspection areas

Effectiveness of each survey is dependent on the selection of enough inspection locations to provide
representative condition data on the overall structure.

Topsides elements selected for inspection can be based on:
— criticality of member or joint;

— effect on global structural integrity;

— consequence of F:n']nrp;

— |degree of redundancy;

— |stress state complexity;

— |strength level;

— |degree of plastic straining;

— |exposure to fatigue loading;

— |service temperature.

Topsides components, which are commonly pre-selected fordnspection, include:
— |main deck girders;

— |transitions to substructures;

— |transition frames for concrete gravity basetructures;

— |module trusses and support units;

— |accommodation module;

— |drilling rigs;

— |bridges;

— |flare booms and vent stacks;

— |cranes;

— |helidecks;

— |lifeboats'and other evacuation, escape and rescue equipment;

— |laydown areas;

— hull-deck connections;
— changes to equipment weights and support location points and deck load;
— riser guards.

While fatigue has not been a common problem for primary structural members in US Gulf of Mexico
platforms, fatigue damage and subsequent structural member failures have occurred in the upper
conductor guide framing of some older platforms. This damage can occur, if conductor framing is plated
which increases the vertical wave loading area. Conductor guides located at (-) 12 m or shallower, are
particularly susceptible, although cracking has been seen in water depths up to (-) 43 m. This type of
fatigue damage is identified by fatigue cracks at the twelve o’clock and/or six o’clock positions of the
members supporting the conductor tray and is not typically identified by standard structural strength

© IS0 2019 - All rights reserved 103


https://standardsiso.com/api/?name=577bea173ed783266a19968e7c629d98

ISO 19901-9:2019(E)

or fatigue analysis. Specific inspection of these areas should be performed for platforms with this type
of conductor framing. FMD can be useful in locating this type of damage.

A.10.3 Maintenance strategy

No guidance is offered.

A.10.4 Monitoring strategy

A.10.4.1 General

No guidand

A104.2 V
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Veight and centre of gravity (CoG) monitoring

action factors provided in ISO 19902:2007, Clause 9 are intended to caover variation|
y of direct actions from the specified representative values and as far_as’appropriate
es in predicting internal forces. To reduce the uncertainties in the weights used in
E models, the weight databases should have:

:d’

no sigificant permanent and variable weight or CoG errors or emissions;

sistent non-conservatisms in the weight estimate of the items;

trol process involves data gathering from~xwany sources, including discipline weight ix
pin contractor, the drilling contractor, theaccommodation contractor and equipment vend,
one individual does not have the time, background or skills to single-handedly man
process. Usually, a team with the.fequisite skills and background is needed to effecti
weight control. The engineer (of group of engineers) involved in the process should be:

r with weight control principles and procedures;
pdgeable about multi-discipline weights;
pdgeable about CADZextractions and downloads;
r with drilling.techniques and loads;

r with laydown and storage requirements;

r with-equipment and module weighing requirements;

familid

sistent conservatism in the weight estimate of the items (for brownfield project viability).

5 in
the
SIM

bs permanent and variable weight, with drilling modules and:in-line drilling equipnfent

put
or's.
age
Jely

rwith weight control requirements of offshore structural engineers

A.10.4.3 Deck elevation monitoring

Long term

wave radar measurements are one technique for determining the sea level elevation.

A.10.4.4 Natural frequency monitoring

On-line monitoring has the advantage of providing a continuous evaluation on the structural integrity
and can complement onsite inspection. The technique is based on the principle that in low redundancy
structures, the annual probability of failure is dominated by a few critical members. The significant
effect of critical members on structural strength implies that their failure would have a significant
effect on structural stiffness and hence a structure’s response to periodic actions (i.e. wave actions).
The loss of critical members can be detected by an on-line monitoring scheme. This will enable targeted
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assessment at damage as soon as it occurs and reduces the time to repair and therefore minimizes the
damage caused to adjacent members due to load redistribution.

Wh
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Struyictural integrity of fixed offshore jackets can be inferred from measurements of its
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A1l

en deploying a structural monitoring system, the following should be accounted for:

inspection strategy motivations;

evaluation of jacket member severance detection using a structural analysis of the platform, which
confirms that the changes to natural frequency and mode shape following a member severance, can

be measured;
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baseline measurements of as-built platform response to determine the baseline structurg

rporation of online monitoring into SIM has many potential advantages(JFor top
hodology can be effective depending on the design configuration and ability-to.identify a
critical responses.

ponse characteristics. Measurements can identify and quantifythe natural frequ
pciated mode shapes of the fundamental normal modes of the structure (i.e. at least two
y modes and one torsion mode).

ponse characteristics can be monitored on a continuous basis or by repeat measurement
rvals. Changes in the response characteristics over time can indicate a degradation of]
grity as such changes arise from the following:

severance (or severe cracking in low redundaney.jackets) of a jacket member;
reduction in foundation stiffness (e.g. due-t@’scour);
changes in the mass or distribution ofithass on the platform deck.

ponse of a structure can be measured using sensors that respond to dynamic force ¢
t commonly accelerometers or strain gauges. The signals can be recorded and stored by
data analysis and processing. ‘In setting-up the monitoring device, account should

converted to digital format should be set to allow the frequencies are captured. Sound
ired for avoidance of"aliasing and interference pick-up. Since wave action on the jacket

dominant loading source, it is worth recording wave height data in conjunction with th
h. This providesta further benefit in that platform subsidence can be detected, along

rmationcon'structural monitoring can be found in References [32] and [42].

D.4:5 ‘Corrosion protection monitoring
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No guidance Is offered.

A.10.4.6 Metocean monitoring

No guidance is offered.

A1l

0.5 Evacuation strategy

An evacuation strategy establishes procedures to temporarily relocate personnel from a manned
platform to an adjacent platform or to onshore ahead of an event that is predictable (i.e. a typhoon or

hur

©IS

ricane event, an impact from a passing vessel, a metocean sea state).
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A platform

can have an evacuation strategy, if the following requirements are met:

— A reliable forecast of the pre-determined metocean threshold being exceeded is technically and
operationally feasible, and the weather between forecast and the occurrence of the metocean
threshold is not likely to inhibit an evacuation.

Procedures are in place for obtaining forecasts and effecting evacuation prior to the exceedance

of the pre-determined metocean threshold, and these procedures are included in the platform

operations manual.

— Following the forecast of the exceedance of the pre-determined metocean threshold, time and
resourfces exist to evacuate personnel from the platform and adjacent structures that cain be
affectdd by the failure of the platform that accounts for the other demands on those resources’(e.g.
the evacuation of other manned platforms in the area).

In determihing the length of time required for evacuation, it is typical to account for:

— distanges involved;

— numbaqr of personnel;

— capacity and operating limitations of the evacuating equipment;

— type and size of docking/landings, refuelling, egress facilities on thé platform;

— metocg¢an conditions anticipated to occur throughout the evacuation effort.

A.10.6 MJrine site investigations

No guidange is offered.

A.11SIM|Program

A.11.1 Geperal

SIM program is the execution of the.monitoring, inspection and maintenance measures developed

from the structural integrity stratégy. Subsea intervention is typically reactive only, in responsg to

an inspectjon finding that can require strengthening of the platform. Regular planned maintendnce
subsea is not normally required.due to low corrosion rates.

A.11.2 Ingpection program

A.11.2.1 General

The inspeftion\/program contains two main elements: its specification and its execution. [The

qualificati(rns required for the elements are different, but complementary.

Engineers should:

— provide advice during development of work scope and schedule;

establish specifications for inspection tasks; and

establish procedures for quality assurance, quality control, and data validation.

UK CSWIP is an example of a comprehensive scheme for the examination and certification of individuals
to demonstrate their knowledge and competence. The CSWIP[L6] underwater inspection committee has
representatives from offshore operators, diving contractors, classification societies, and academia. The
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scheme covers both underwater and topsides inspection personnel. The categories of certification for
underwater inspection are as follows:

a) grade 3.1U Underwater (diver) inspector (visual, cathodic protection, and ultrasonic);

b) grade 3.2U Underwater (diver) inspector (as 3.1U plus MPI, weld toe grinding);

c) grade 3.3U ROV inspector;

d) grade 3.4U Underwater inspection controller.

EN 473[23] prnvidpc another Pynmplp nfqn;ﬂifir‘nfinn levels forthose rpqpnnqihlp for offshore i spections
and for NDE inspectors.

A.1]1.2.2 Specifications

In cpnjunction with the inspection plan, it is good practice to provide additional*detailed field guidance
for gach survey. The additional field guidance can consist of detailed inspectienwork packs of checklists
that identify each of the individual inspection locations, the inspection methods and provigle a means
to document the observations. The field guidance should include details bn required acces}, cleaning,
and equipment required to successfully execute each inspection within the survey. The detailed field
guiglance efficiently conveys the operator’s expectations to the inspection team, where gnd how to
inspect, and provides a consistent means to document inspectiaeir observations.

A.1]1.2.3 Inspection method

A.1[1.2.3.1 General

No guidance is offered.

A.1IL.2.3.2 General visual inspection (GVI)

Main objective of the GVI is to confitm that the member/component is present and to |nspect for
defects, deformation or damage. GVi-requires no prior marine growth cleaning or paint renjoval of the
conjponent and is usually performed as a first step in an inspection program. GVI is usually[performed
from the best available access'without requiring staging or rope access for hands-on inspections.
Inspection requirements-for the splash zone (sea-level up to the module support frame) age typically
covered in the topsides, inspection strategy. Although the inspection techniques available for this
arej are different ftom the subsea inspection techniques, the general process to arrive at|inspection
requirements for.structural elements is the same as that for subsea structural elements.

Struictural failire modes and degradation mechanisms for members in the splash zone, and which can
reqpire foeuséd inspection, include:

— |impact damage from ships, debris and dropped objects;

paint system breakdown and corrosion;

fatigue failure of jacket members and appurtenances due to exposure to wave loading;
protective devices (e.g. riser guards);

condition of riser and caisson supports;

escape to sea arrangements.

Structures are usually designed with a corrosion allowance in the splash zone. A coating applied during
the fabrication of the structure delays using up the corrosion allowance. When the coating starts to
break down, the structure in the splash zone should be monitored and the corrosion rate should be
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determined. This helps determining risk and estimating when a repair to this area should be developed

and execut

A.11.2.3.3

ed.

Coating survey (including passive fire protection)

No guidance is offered.

A11.2.3.4

Survey of underwater cathodic protection

No guidance is offered.

A.11.2.3.5

A11.2.3.5

The condu
the condud
(i.e. flowin

A11.2.3.5

The risers
supporting

As well as
included iy
beneath th

A.11.2.3.5

The purpo
if the pipe
accomplish
barrier. Ide
isolation.

A.11.2.3.5

A survey t
mitigate d3
or seismic

Appurtenance and personnel safety devices surveys

1 Conductor visual survey

Ftors should be inspected for coating condition, deterioration of the conductor' guide, wea
tor wall, extent of corrosion, damage, presence of shims, movement, andoperational st:
b, shut-in, temporarily abandon, or permanently abandon).

2 Riser survey

should be inspected for breakdown of coating, the extent:of corrosion, the conditio
steelwork and clamps, and operational status (i.e. live ot/out-of-service).

riser guides, the dead weight support and guide conhection to main structure should
the inspection. Guides could require ‘opening’ to‘determine the condition of the riser \
e guide.

3 Pipeline flange isolation

line riser is electrically isolated:from the structure. In general, the survey should
ed by taking measurements (e.g:resistance) on either side of an actual or potential isola
ntical measurements indicate electric continuity whereas different measurements indi

4 Attachment tie-down points

b assess the vulnerability of personnel safety equipment and tie-down points installe
mage from shoek loading and strong vibration induced from extreme or abnormal metocg
bvents or aCeidental loadings should be performed.

Attachme

the routing topsides inspection. The support can be permanent or temporary and the data shoul

!

tie-dOWn surveys are primarily a visual inspection and may be performed to coincide v

" on
itus

h of

be
vall

be of this inspection is to assess the ebndition of pipeline flange insulation kits to deternpine

be
Fion
rate

1 to
ean

vith

be

recorded t¢ allow engineering personnel to evaluate the ability of the tie-down to resist lateral loads.

A.11.2.3.5.

5 Escape routes

During the above water inspection, a visual survey of the personnel escape routes should be performed.

Escape routes consist of open decks, walkways, stairs, and landings. The routes should be established
and surveyed to confirm clear access to the escape routes is provided from locations on the structure.
Swing ropes and connections should be examined for signs of damage or deterioration.

A.11.2.3.6

Air gap survey

No guidance is offered.
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A.11.2.3.7 Close visual weld/joint survey

No guidance is offered.

A.11.2.3.8 Damage survey

No guidance is offered.

A.11.2.3.9 Supplemental surveys

No guidanceis-offered
b

A.1{1.3 Maintenance program

No guidance is offered.

A.1{1.4 Monitoring program

No guidance is offered.

A.12 Assessment

A.12.1 General

Asspssment is generic and forms one part of the SIM process and involves:

— |gathering the known facts about a structure's,cenfiguration, condition and loading;
— |analysing the structure using proven techniques;

— |comparing analysis results with the evidence from survey of the structure;

— |correlating and refining analysis'and survey.

Thip information can be used _to.make an engineering judgment on structural integrity and fitness-
for-service. As the definition/implies, assessment is concerned with real situations as opp¢sed to the
profess of new design, which)is concerned with future unbuilt facilities.

A.12.2 Assessment.information

Hazard curves and.actions should be based on the latest industry methods (e.g. WiDA should be based
on latest industry approaches for estimating the annual exceedance probability of crest height).

Quglity ofsstructural assessments is determined by the quality of the data available, see Clause 8 and
A.8|forAdists of data expected to be included and maintained in the SIM system.

g structure,
bridge) and the assessment type (i.e. simplified assessment, risk assessment, or system analysis).
However, regardless of the system or assessment type, design, condition and operational data are
required to accurately represent, compare, assess or analyze the specific system.

Missing or limited data can prevent certain types of assessments from being performed or require the
collection of additional information, generated via engineering studies or analysis prior to or during
the assessment.

Lack of data can increase uncertainty in the evaluation, assessments and analyses. In these cases, the
operator should supplement missing or lost data. This can entail performing additional inspections,
collecting current information (e.g. monitoring, weight or operations data) or in some cases performing
additional engineering studies to develop information to account for the missing or lost data (see 8.7).
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Additional above water and underwater information can be required other than that recorded during a
platform inspection. Local soils information can be required if the platform was designed using offsite

or general

area soils data.

If original design data or as-built drawings are not available, assessment data can be obtained by field
measurements of dimensions and sizes of structural members and appurtenances. The thickness of
tubular members can be determined by ultrasonic procedures for members except the piles. If the wall
thickness and penetration of the piles cannot be determined and the foundation is a critical element in
assessing the fitness-for-service of the structure, it is not always possible to perform an assessment. In
this case, it can be necessary to downgrade the use of the structure to a lower consequence of failure

category by reducing the risk or to demonstrate fitness-for-service by prior exposure

Additional
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Platform Evaluation

¢ Life Safety Category
Clause 9.5.2.2

Performance Level
Table 1
Environmental Pollution Category
; Clause 9.5.2.3

Do any assessment
initiators exist, or is there an\_ No
owner requirement for
an assessment?
Clause 9.9.3

»| Assessment not required

Yes

Assessment Information
Clause 12.3
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Figure A.6 — Assessment method selection
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A.12.3.2 Qualitative method

No guidance is offered.

A.12.3.3 Semi-quantitative methods

A12.3.3.1

General

No guidance is offered.

A.12.3.3.2

No guidand

A.12.3.3.3

No guidand

A12.3.3.4

Simplified procedure

e is offered.

Previous assessment

e is offered.

Prior exposure

The proce

ure is to determine from measurements or a calibrated hindcast, the expected maximum

base shear|that the structure has been exposed to and confirm it exegeds the base shear require
achieve the limit state.

Margin depends on the uncertainty of the wave actions duringthe prior exposure, the uncertaint
structure yltimate strength, and the degree to which the stricture's weakest direction was tested by

the exposu
incorporat|
Analogous
ice loading

Prior expo
structures

Hurricaneq

re actions. Sources of uncertainty (i.e. natural\yariability and modelling uncertainty)
bd. The margin can be substantiated by calculations to show that it achieves the limit st
procedures may be used to assess existingstructures based on prior exposure to seismi

sure is useful for relatively shorta@eturn period hazardous events for L3 exposure |
governed by financial risk.

Ivan (2004), Katrina (2005)Rita (2005) and Ike (2008) exposed thousands of US Gu

Mexico pl

forms to extreme hurricahe conditions. Many of these structures experienced metoc

conditions|close to, or larger than-API RP 2A-WSDI[2] 22nd edition, 100-year conditions. Some w4
in the centfral region reached,23.m to 27 m (75 ft to 90 ft) in height and in some instances higher,
to Ivan andl Katrina. This provides an opportunity to use prior exposure, otherwise known as “pr

testing,” to
without sig

assess the structure. Prior exposure means that the platform was subjected to and survi
nificant damage, metocean conditions greater than or equal to the assessment limit stat
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When performing.an assessment by prior exposure, account of the specific metocean conditions
during the|stormyevent, typically determined through a hindcast study, and how these compare to|the
assessmen ow

these align

E limit state, should be performed. Directionality of the waves, winds, and currents and
m b of i} , ) b di . hould 1 1d LF Tple,

if a structure experienced an action in one of the orthogonal directions, this does not mean that the
structure has been fully “proof tested” via prior exposure. The direction of action should have aligned
with the weakest of a structure’s strength directions. Also, currents and winds should be accounted for
in the prior exposure assessment.

In summary, prior exposure can be a useful method for assessments, if performed in a manner that uses
the specific actions on the structure during an extreme/abnormal event as well as the characteristics of
the structure’s strength, including orientation.

A.12.3.3.5 Similarity

Results from a DLM or USM assessment of a specific platform can be used to infer the fitness-for-service
of other similar structures, provided their framing, foundation support, service history, structural
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condition and actions are not significantly different from the analyzed structure. The following criteria
can be used to verify that two structures are “similar” for assessment purposes:

— no more than 25 km between the two structures;
— located in the same water depth;

— environmental and seismic conditions at the site of the assessed structure are not more severe than
those at the location of the structure that has been assessed;

— topsides arrangements of the two structures are similar and the topsides weights on the assessed

£ £ £ £ £l £ £ £ £ Lo+l L. pa |
Sl ituIrItc adarcv 11Ut Sl CALlUI UIIdIT LITUOSTU VUIT LIIU St utLtur v utIidu ITdos ULUTITI dootL ool U,
— |structures are of the same configuration (i.e. same number of legs and same bracing, pattern);

— |foundation arrangements are the same (i.e. same number and diameter of pilés‘with gimilar pile
penetration);

— |assessed structure has not suffered accidental damage;

— |materials and welding strengths and ductility on the assessed structure are greater than or equal
to those on the structure that has been assessed;

— |component dimensions (diameters, thicknesses and lengths) on the assessed structur¢ are equal
to those on the structure that has been assessed, except that thicknesses can be grejter on the
assessed structure;

— |soil conditions at the location of the assessed structure are no less competent than those at the
location of the structure that has been assessed;

— |ages of the structures are within 5 years.
A.12.3.4 Quantitative methods

A.1P.3.4.1 General

No guidance is offered.

A.1P.3.4.2 Design level method (DLM)

DLN metocean criteria“provided in ISO 19902 were calibrated for structures that did not|have wave
loadling on their dé€cks. It is therefore unconservative to consider wave loading on decks in a DLM, and a
USNI is required-instead.

It i generallyvmore efficient to begin with a DLM, since it is usually simpler to implement thgn the USM.
There catrbe an existing computer model that was used for design of upgrades or other mqdifications
that ean‘be readily updated for assessment.

If ongoing research is being used to determine the strength of members, the research results should
be carefully evaluated to assure applicability to the type of member and the actual in-situ condition,
its level of stress, and the level of confidence in the results. For example, the use of smaller values for
effective length (K) factors might be appropriate for members developing large end moments and high
levels of stress, but might not be appropriate for lower levels of stress.

Because of steel availability during construction and possibly other non-structural reasons, tubular
members can have steel with yield stress higher than the specified minimum. If no such data exist,
coupon tensile tests can be used to determine the actual yield stress. Joint industry studies have
indicated that higher yield stresses can be justified statistically. However, this should be justified on a
case-by-case basis for a structure or for a fleet of structures with similar fabrication histories. The use
of indentation tests to determine yield strength is not acceptable due to the large scatter in correlation
with yield strength from coupon tests.
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