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EXECUTIVE SUMMARY

This document has been prepared by MSL Services Corporation (MSL), with contribution from EQE
Internationa (EQE), and relates to the Joint Industry Project titled, * Rationdization and Optimization of
Underwater Inspection Planning Consistent with APl RP2A Section 14°.

GOAL

The wider god of the JP was to provide industry with the data to implement the process of Structura
Integrity Management (SIM) defined in existing 1SO draft recommended practice 12, to dlow optimized
ingpection-planning without compromise to sefety.

OBJECTIVESAND DELIVERABLES

A reliable, industry-wide database was compiled from the collective inspection data amassed by
industry over the last ten years and beyond. The database contains platform, ingpection and
anomay data for over 2,000 Gulf of Mexico platforms, drawvn from the fleets of 12 mgor
operators in water depths ranging from less than 20 ft. to over 2000 ft. Detals of
gpproximately 3,000 underwater inspections have been catalogued and amost 5,000 anomalies
recorded. The screened and de-senstized database was didtributed to Participants on CD
format.

New Guiddines were developed for platform in-service ingpection, reflective of the trends
identified from ingpection data, to permit rationa ingpection programs to be established
consigtent with API/ISO recommendations 2. The Guiddlines and commentary are contained
in Section 6. The results of the platform defect trend andyses are fully reported in Section 5
and highlighted in summary form below.

The Guiddines were benchmarked and cdibrated againgt representative Gulf of Mexico
platforms to demongrate ther validity and robustness. The benchmarked platforms are
included within Section 7 as go-by examplesin the use of the Guidelines.

The rdiability and gpplicability of flooded-member detection (FMD), and other inspection
techniques, is reported in Section 8.

RESULTS OF DAMAGE TREND ANALYSES
The objective of the damage trend andyses was to find answers to a number of questions relevant to the

sructurd integrity of offshore platforms; answers substantiated with data recorded by industry over the
last 10-years and beyond.

What defects are we finding on platformsin the Gulf of Mexico?
Where are these defects occurring? What components are affected?
Wheat are the causes of the defects?

Which platforms are susceptible to defects and why?
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Platform Defects

Damage found during underwater ingpections
of platforms in the Gulf of Mexico can be Ao
divided into four categories. The categories 14%
and ther rdative occurrence are shown in Weld Defets
the figure. Neglecting non-structural defects, %
mechanicd damage is respongble for two-
thirds of the defects reported on platformsin Mechanical Defedts
the Gulf of Mexico. Corrosion 57%

20%

Mechanical Damage

Mechanica damage includes dents, bows,
gouges and separated members. The Without
figure summarizes the extent and severity Mechanical

. Damage
of mechanicd damage amongs the 71%
platform population in the Gulf of Mexico.
The two primary causes of mechanica inor Mechanical
. nor Mechanical
damage are vessdl impact and dropped Damage !
objects. The functior/ type of a platform, 26%
a shown in the bar graphs beow,
influences its susceptibility to mechanica Major Mechanical
damage. Damage
0 3%
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Dropped Object Damage by Platform Type Vessel Impact Damage by Platform Type
Weld/Joint Defects

Wed/joint defects consst of cracks, fabrication defects and joint overload failures. Defects of thistype
corrdate closdly to platform vintage, and to identifiable subsets of platforms within vintages as defined in
the figure below.
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Gulf of Mexico Platform Vintage Categories

The following conclusons have been drawn in relation to the occurrence of weld/joint defects on
plaformsin the Gulf of Mexico.

)

Wedd/joint defects occur on less than 1% of modern-RP2A vintage platforms and are
associated with ingtalation damage, fabrication defects and poor design/repair detalls.

In both early-RP2A platforms and pre-RP2A platforms, approximately 80% of weld/joint
defects result from a combination of fatigue damage and collateral damage from vessdl impact.

Fatigue damage in early-RP2A platformsis dominated by damage to the conductor guide frame
a the firgt devation below the water surface. This damage affects approximately 2% of the

vintage population.
Generd fatigue cracks have been found in around 1% of the early-RP2A platform fleet.

Early and Pre-RP2A vintage platforms where a falure of the CP system has been recorded at
some time in the service life i.e. more heavily corroded platforms, are at increased risk of

generd fatigue damage.
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Vi) Conductor bay fatigue amongst the population of pre-RP2A platforms is conggtent with early-
RP2A vintage plaforms. It occurs in a little over 3% of the vintage population; the relative
increase being a function of the increased time of exposure.

Vii) Generd fatigue damage is more widespread in pre-RP2A platforms then it is in early vintage
platforms, affecting about 5% of the vintage population.

vii)  Pre-RP2A platforms most susceptible to generd fatigue damage are those ingdled in the latter
part of the eraiin rdatively (for the vintage) deep water, generdly water depths of 100 feet or
greater. The damage occurs mogily in primary joints close to the mud line,

iX) Joint overload failure defects occur at the mud line of pre-RP2A platforms that have inadequate
deck heights (by modern criteria) and have been subject to extreme event loading.

Corrosion

Corroson defects consist of pitting/holes, crevice corrosion, fretting and genera/uniform corrosion. The
majority of corrosion damage occurs in or above the splash zone,

i) PFitting corrosion and holes are the most common rroson defects found on platforms in the
Gulf of Mexico.

if) Approximately 8% of the platform population has experienced interruption in the effective
operation of the corrosion protection system dthough it was found that such interruption is not a
good indicator of the level of corrosion on the platform.

iif) Inspection data indicates that close-visud joint ingpection is a rdiable indicator of the generd
corroded gate of the platform. This finding is consstent with reports from underwater diving
inspectors.

iv) More heavily corroded platforms, as defined by reported heavy visua corrosion of the sted
surface, have an increased susceptibility to generd fatigue damage.

Platform Anomalies

i) Marine growth measurements in excess of the APl recommended design levels are widespread
in the Gulf of Mexico.

ii) Marine growth anomalies beyond 40 feet water depth are rare in the coastal waters north of
latitude 29° and west of New Orleans (longitude —90°).

if) Marine growth thickness does not appear to increase indefinitely; a stable thickness is reached
after afew years. Annua/seasond variationsin thickness do occur.

iv) Measured data indicates that a variable marine growth profile may be preferable in design to the
congtant 1.5 inches recommended in APl RP2A and that marine growth should be considered,
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in design, beyond the 150 feet depth presently recommended in APl RP2A. The impact of
these findings is expected to be small.

V) Sesfloor scour is not a concern for the large mgority of Gulf of Mexico platforms due to the
generdly cohesve nature of the soils.

Vi) Scour may occur because of temporary seabed movements during severe storms or hurricane
events.

Vii) Debris is not generdly detrimenta to structural integrity. Exceptions are; hanging objects that
lead to fretting corrosion and metdlic objects contacting the structure and reducing the efficiency
of the CP system.

BENEFITSTO INDUSTRY

The JP has achieved its god of providing industry participants and regulatory authorities with the data
and the means to callectively implement the SIM process, enshrined within APl and 1SO codes of
practice, to dlow a rationa approach to optimized inspection-planning without compromise to safety.
The results from the J P are expected to have immediate and direct gpplication for structures in the Gulf
of Mexico and dsawhere, resulting in improved platform integrity assurance and substantid, safety,
environmenta and economic benefits. Specific benefits are highlighted in the conclusons summarized
below.

CONCLUSIONS

Inspection Intervals: Through the analysis of existing data, the J P has demonstrated that, provided an
gopropriate sructura integrity management process is implemented and maintained, the present
“default” leve of 5 year ingpections for certain categories of dructures is unnecessary, and can be
extended to 10 years, and longer, without compromising safety.

I ngpection Targeting: Through the andyss of the in-service data, the JIP has identified where to target
ingoections on different categories of platforms, thereby optimizing inspection resources without
compromising safety.

Surveys Levels: Through the andyds of exiding daa, the JP has identified differences in the
susceptibility to damage of different platforms. This has resulted in a move away from the present Leve
11, Leve 1lI, Levd 1V agpproach (increasing intengty and locdlization) to ingpections designed to locate
and quantify defects to which the platform has a known susceptibility. Traditiona Leve 111/1V surveys,
in many cases, may be rdiably limited to post-incident inspections (Specid Inspections) and, therefore,
accurately targeted.

Flooded Member Detection: The JP findings support the exigting industry position, stated in AP
RP2A, Section 14, that the appropriate use of FMD, in some cases, provides an acceptable aternative
to close-visua examinaion and may sometimes be preferable.
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Guiddines: The JP has developed guiddines for rationa ingpection planning consgtent with the
findings of the JP. The Guidelines have been benchmarked to a variety of representative platformsin
the Gulf of Mexico, and updated as appropriate.

Database: The JP provides a screened and de-sendtized inspection database containing a large
representative sample of Gulf of Mexico platforms supportive of the methodology pesented in the
developed Guiddlines.

Regulations: It is anticipated that the findings of the JP, which represent the collective input from a
wide spectrum of Gulf of Mexico operators, will lead to future changes to both APl and 1SO codes of

practice pertaining to platform integrity management.
FURTHER WORK

Damage Tolerance: Through the examination of in-service ingpection data the J P has been successful
in defining categories of platforms with different susceptibilities to damage. The scope, however, did not
explicitly address plaiform damage tolerance. The ability of a dtructure to tolerate damage will be
influenced by its robustness and degree of redundancy. These properties are defined by many
parameters of which existing damage isonly one. Other important parameters, including number of legs,
bracing configuration, grouted legs, vintage etc., are discussed in the Guidelines and their commentary.
The benchmarking exercise was aso designed to highlight the impact these parameters may have on the
ingpection strategy and program for a specific platform. Further work is required to investigate the
damage tolerance of different platform types and, importantly, to define the level a which damage
becomes sgnificant to structurd integrity for differert platform categories.

Minimum Facilities: The inspection data congdered in the JP was drawn from the cross section of
Gulf of Mexico platforms and, as such, was dominated by conventiona platform configurations, which
are most numerous within the tota population. In recent years industry has moved towards less
conventiond structura forms often collectively referred to as minimum facilities. Further work targeted
towards the in-service performance and robustness of these rdatively newer facilities is warranted.

CH104R006 Rev 0 November 2000 Page 12 of 114




1 INTRODUCTION

This document has been prepared by MSL Services Corporation (MSL) and EQE International
(EQE) for the Participants of the Joint Industry Project titled, ‘ Rationalization and Optimization
of Underwater Ingpection Planning Consstent with APl RP2A Section 14'. Thewider god of
the project was to provide industry and regulatory authorities with the datalinformation to
collectively implement the Structurd Integrity Management (SIM) gpproach enshrined within
APl and ISO codes of practice and develop a rational approach to optimized inspection
planning without compromise to safety. To achieve this god, the project has employed the
wedlth of ingpection data that has been collected by industry over the past decade and beyond
and other data complimentary to the SIM process eg. relating to ingpection techniques, in
particular FMD, to generate guiddines for the development of rationd inspection plans.

The project scope of work was designed, a the outset, to achieve four primary objectives.
These objectives are reproduced below from the origina proposal.

To develop a rdiable, industry-wide ingpection database compiled from the collective
ingpection data amassed by industry over the last ten years and beyond, particularly the
large number of ingpections that have been peformed in the Gulf of Mexico. A
screened and de-sengitized database, limited to damage and correlation of damage to
gpecific platform parameters, will be compiled for digtribution to Participants on CD
format.

To create detailed ingpection planning guiddines, reflecting the trends observed from the
database, and present practices, to permit rational inspection programs to be
established consstent with API/1SO recommendations.

To benchmark and cdibrate the guiddines againgt a representative sdection of
individud structures and update the guiddines as required.

To assess, using public domain data, other data made avalable to the JP and
interviews, the rdiability of flooded member detection techniques.

Consgtent with the stated objectives of the project, this report has been structured as follows:

Section 2 presents the background to the JP and includes an overview of the structura
integrity management process as defined in 1SO draft practice 2.

Section 3 describes the structurd integrity management approach, as it was adopted herein and
gpplied to the Gulf of Mexico platform fleet.

Section 4 describes the managed system for the archive and retrieval of inspection data, and
other relevant records, which was created under the JIP. The screened and de-senstized
database is a ddiverable of the JP and is provided herewith on compact disk. The system has
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been populated with alarge proportion of the inspection data amassed by industry over the last
ten-years and beyond for platformsin the Gulf of Mexico.

Section 5 describes the rigorous screening and interrogation of the ingpection data, the trend
analyses that were undertaken and the studies carried out to correlate reported damage to
platform structura and operational parameters. It was, of course, necessary that the data
evauation extend across the entire fleet of Gulf of Mexico platforms. In order to manage the
wide diversity of structures, criteria were established to categorize platforms nto ‘vintages
reflective of thelr susceptibility to damage and encompassing a combination of their age and
origind design criteria. Correlation studies were used to validate the vintage definitions and to
identify platform sub- categories within vintages.

Section 6 describes the ingpection strategy developed for underwater ingpection of Gulf of

Mexico platforms. The strategy was based on the results of the evauation of the underwater
ingpection data and reflected in the * In-Service Inspection Guiddines , also presented in Section
6. The Guiddines are consstent with the SIM philosophy outlined within 1SO Clause 24.

Knowledge from the underwater inspection data evauation for the Gulf of Mexico flet is the
sngle most important contributor to the development of the inspection strategy proposed herein,
dthough a number of other important consderations are essentia to a successful structura
integrity management process as discussed.

Section 7 describes the benchmarking procedures.  Inspection programs were developed for
gx platforms in order to test the robustness of the Guidelines. The platforms were selected to
represent a reasonable cross section of platforms in the Gulf of Mexico, both in terms of their
dructurd  configuration, their function and ther likeihood and consequence of falure. The
process of developing the ingpection plans represented a benchmarking of not only the
guiddines but dso the overal SIM gpproach. An iterative process of benchmarking and
updating led to improvements, which are reflected in the Guideines contained herein. The logic
process that went into the ingpection programs for each of the structures is discussed and the
ingpection programs themselves presented to act as go-by examples in the gpplication of the
inspection strategy that has been proposed.

Section 8 summarizes common NDE techniques and the gpplicability to underwater ingpection
planning. The section focuses specificaly on FMD techniques and the rdiability of this method
and how it can be used as part of the SIM process and ingpection planning in generd.
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2. BACKGROUND

The Survey Section of APl RP2A from the fifth through the seventeenth edition remained
virtudly unchanged. It recommended surveying “... on dl mgor plaiforms following exposure
to severe loading conditions, but at leest every five years, unless experience indicates that a
longer intervad issufficient.” In 1989, APl expanded the ‘ Surveys section in amgor revison to
the APl RP2A document. The section (now Section 14) included a description of four
escaating levels of survey and defined guideline survey intervas.

In Supplement 1 of Section 14 in the 20" Edition of RP2A, AP recognizes the safety and cost
benefits of rationdizing inspection planning, and says that service history, experience and
engineering andyses may be used to assgn increased or decreased survey levels. AP
catd ogues eight factors that require consideration in any such evauation, namely:

@ origina desgn/assessment criteria

2 present structural condition

3 service history

4 sructura redundancy

) criticality of platform to other operations
(6) platform location

) damage
(8 fatigue sengitivity.

Further, API recommends that the ingpection program should be compiled and approved by a
qudified engineer familiar with the structurd integrity aspects of the platform.

The offshore indugtry isin the process of creating an |SO Standard for fixed offshore structures.

Work Group 3 of 1SO Committee TC67/SC7 is charged with cregting this standard, using APl
RP2A as the basis. Clause 24 of the ISO Standard [2] is entitled ‘ In-service ingpection and
structural integrity management’, and is based on Supplement 1, Section 14 of APl RP2A 20"
Edition. 1SO Clause 24 represents a more descriptive verson of API guidance. Both dedl with
in-service ingpection as an integral part of overal sructurd integrity management (SIM). SIM is
an ongoing process to ensure sructurd integrity and fitness-for- purpose of an offshore platform
or group of platforms.

In 1988, the MMS published rules in the Congressional Federal Regidter, requiring offshore
operators to ingpect offshore oil and gas platforms, document the findings and report the results
on an annual basis. Specified in the regulation (30CFR250.142) is a 5year time intervd
between ingpections. The industry is now into its 11" year of ingpection reporting and has
completed two full ingpection cycles. The regulation permits the use of an ingpection interva
that exceeds five years subject to the gpprova by the regiona supervisor. Such extensons are
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occasiondly granted on a case-by-case bas's, subject to specific criteria defined in NTL No.
99-G12 effective June 7, 1999.

Observations from platform operating companies and from underwater inspection contractors
support the view thet routine periodic surveys are not finding damage significant to the structurd
integrity of platforms. In particular, widespread fatigue damage has not been found and, what
damage is identified, is generdly isolated to known susceptible details on specific categories of
dructure. Further, CP systems, generdly, have been shown to remain effective through the life
of the structure if gppropriate operational and maintenance procedures are employed.

These observations are supportive of a new gpproach to the ingpection requirements of existing
and future ingdlaions and may judtify reaxation of inspection intervals for certain categories of
dructure. In addition, it is feasible that they could lend weight to a move away from the current
focus on time dependant phenomena (fatigue and corrosion), which dictate periodic ingpection
intervals, towards event driven criteria such as hurricanes and incidents of accidental damage.

The gtructurd integrity management (SIM) process provides a means by which these objectives
can be achieved. SIM is described as an on-going process for ensuring the fitness-for- purpose
of an offshore platform or group of platforms. By establishing, operating and maintaining an
appropriate SIM system, platform owners/operators can rationaize and optimize underwater
inspections to better focus valuable resources. The process can judtify ingpection requirements
less than the default requirements of Section 14 of APl RP2A and inspection intervals greater
than currently permitted by regulations in the Gulf of Mexico and dsewhere in the world. In a
few ingtances, for certain types and ages of structures, more severe ingpection requirements and
shorter intervals may be determined by gpplication of the SIM process

The four phases of the SIM process, as illustrated in 1SO Clause 24, are defined in the chart

below.
Data Update
Data > Evaluation > Inspection Inspection
Strateav Proaram

Managed system for Evaluation of structural Overall inspection Detailed work scope for
archival and retrieval of integrity and fitness for philosophy and strategy inspection activities and
inspection data and other purpose; development of and criteriafor in service offshore execution to obtain
pertinent records. remedial actions. inspection. quality data.

SIM represents a rationa gpproach for ensuring fitness-for-purpose, and links the four
primary processes of Data, Evaluation, Ingpection Strategy and Inspection Programin a
logicd and sequentid manner.
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The importance of maintaining platform and ingoection data is fundamentd to the SIM
process and highlighted in both APl and 1 SO.

The Evaudion process may comprise andyticad techniques, engineering judgments,

amplified analys's, experience or use of experimenta data, and encompasses a range of
congderations including the eight noted earlier from API plus other factors such as risk
assessment (likelihood/consequence of failure), reuse/abandonment planning and service
life extension.

The choice of ingpection techniques, fequency and exploitation of amilarities anong
platforms lies within the Inspection Strategy process of SIM. This process deds with
inspection and requires appropriate knowledge platform robustness, damage tolerance
and application, operation and reliability of suitable ingpection techniques.

Asillugrated in the figure above, the SIM procedure is an on going process. The system relies
on periodic “data update” to ensure the results of new data and engineering assessments find
their way into the SIM drategy and are implemented in the ingpection program. These tasks
rely on the input of suitable quaified engineers familiar with the dructurd aspects of the
platform(s) in question. The importance of this role is highlighted in both APl and I1SO
guidance.

In the absence of an effective Sructurd integrity management system, the default ingpection
requirements of Section 14, Supplement 1 APl RP2A should be followed. Clause 24 of the
draft 1SO Guidance for Fixed Offshore Platforms aso provides a default ingpection program
(induding ingpection frequencies) for use in lieu of a managed structurd integrity management
process. The ISO default ingpection program is based closdy on that given in the above
referenced API guidance, however, more detail is provided for the scope of work for each level

of ingpection.
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3. STRUCTURAL INTEGRITY MANAGEMENT
3.1 An Overview

An overview the structurd integrity management process was provided in Section 2, which
discusses the background to this Joint Industry Project. By edtablishing, operating and
maintaining an gppropriate structurd integrity management system, platform owners/operators
can rationalize and optimize underwater ingpection to better focus vauable resources. The
process of structura integrity manegement was defined in Section 2, in four phases, asillugtrated
inFgure3.1.

Data Update

I nspection I nspection

Bzl Uit Strategy Program

Figure 3.1: The Structural Integrity Management Process

The god of the present JP was to provide industry participants and regulatory authorities with
the datalinformation to collectivey implement a SIM process for the Gulf of Mexico. This
section identifies each stage of the process and describes how it was interpreted and applied
herein to develop the methodology, reflected within the ingpection Guiddines, which dlow the
god to be achieved.

3.2 Data

The exigence of an up-to-date database of platiform information is a pre-requisite to the SIM
process. Information on the origind desgn/assessment or fabrication/ingdlation, including
results of numericad andyses and in-service ingpections, dl conditute part of the data
management sysem. The importance of maintaining and updating a data management system
cannot be over-stated. The engineering evauation is only as accurate as the data used. Missing
or incomplete data will force the use of consarvative or inaccurae assumptions. The
commentary to 1SO Clause 24 cites the following example of when a dent location is not
correctly measured, it states. ..

‘In this case, the engineer is forced to assume the dent is located where it will cause the highest
drength reduction. In some ingstances, this error could... erroneoudy trigger a more detailed
assessment...’

Section 4 of this report describes the managed system for the archive and retrieval of inspection
data, and other relevant records, which was created for the JP. The screened and de
sensitized database is a ddliverable of the JP and is provided herewith on compact disk.
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3.3 Evaluation

Data evdudion is an ongoing function within the SIM process. Evdudion requires
condderation of factors, which might affect the platform’s integrity, safety or corroson
protection, and can include:

a) Robustness and Damage tolerance eg.

Vintage (encompasses age and origind design criteria)
Configuration of primary brace framing

Number of legs

Joint details

Skirt piles versus leg piles versus grouted leg piles

b) Present condition

c) Deck eevation

d) Water depth

€) Damage susceptibility

f) Smilaitiesamong plaforms

Section 5 describes the rigorous data evauation including screening and interrogation of
platform and ingpection data and subsequent trend analyses to correlate reported damage to
platform structura and operationa parameters.

34 I nspection Strategy

An inspection strategy provides the basis for defining the detailed inspection scope of work and
frequency of ingpection. The development of the ingpection dtrategy is primarily influenced by
the data evaluation within the SIM cydle, dthough it is aso necessary to give consderation to:

Moativation for inspection: Regulatory requirements, operator requirements, platform
reuse, decommissioning, platform failure consequence and incident planning.

Avallability of ingpection techniques: Application and relighility.
Scheduling flexibility.

Section 6 describes the ingpection strategy developed for the in-service ingpection of Gulf of
Mexico platforms including the determination of gppropriate inspection intervals. The strategy is
built around the evaduation of underwater inspection data for the Gulf of Mexico fleet with due
consideration of likelihood and consequence of platform failure and present condition.
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35 | nspection Program

The ingpection program is the detailed scope of work that defines the full extent of the
inspection activities to be caried out. Operator or regulatory requirements may enforce
supplementary  documents such as survey specifications and/or personnd  qudification
requirements and certification. The ingpection program is developed from the ingpection
Guiddines, which in turn reflect the overdl ingpection drategy. Application of the guiddines
results in an ingpection program specific to each platform but with generd consstency among
families of platforms. In al cases a suitably qudified engineer should develop the ingpection
program. The engineer should be familiar with the overal SIM process in operation and with
the structura integrity issues pertaining to the platform(s) in question.
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4.1

4.2
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DATABASE
I ntroduction

The database that was developed contains platform, inspection and anomaly data for over
2,000 Gulf of Mexico platforms, drawn from the fleets of 12 mgor operators in water depths
ranging from less than 20ft to over 2000ft. Details of approximately 3,000 underwater
inspections are catalogued and almost 5,000 detected anomalies are recorded. Information has
been drawn from the databases of the MMS, from the interna records of JP Participants and
non-participant operators, and from a number of third party inspection contractors.

This report describes the content and the structure of the database. It isintended to assst users
in its gpplication to the andyss of platform ingpection and damage trends in the Gulf of Mexico.

In particular, the document covers the source of the data, the structure of the database and the
features available for data andyss.

Sour ce Data

Patform and inspection data contained in the database has been drawn from a number of
sources as defined hereunder.

United States Minerals Management Service

The JP database contains information from five sparate MM S databases. These databases
cover dl platforms ever ingdled in the Gulf of Mexico Offshore Continental Shelf (OCS). The
MMS datais divided into five pecific tables asfollows:

1. Offshore Complex Data

Patform Structural Data

Platform Location Data

Matform Removd Data

Platform Reported Damage Data

o W DN

Participantsto the JIP

Participants to the joint industry project have each provided their own platform and inspection
data. In some ingtances the data has been made available in dectronic formet, in particular,
where the operator has used the CAIRS database. In dl such instances, additiona data have
been manualy collated to supplement the dectronic data with information important to the
process of structurd integrity management of offshore facilities. In other cases, Participant data
has been collected manudly from hard-copy reports and in-house sysems. Industry
Participants were as follows:

BP Amoco




4.3

4.4

Chevron
Devon Energy
BExxonMohil
Marathon
Ocean Energy

Texaco

Other Gulf of Mexico Platform Operators

A number of operators, not presently participating in the JP, have kindly donated their
ingpection data for inclusion in the database. These operators include Conoco, Seneca, Spirit
Energy and Vastar Resources.

Software

Microsoft (MS) Access was sdlected as the software platform for the development of the JP
Database. Access was chosen for a number of reasons, as follows:

i) MS Access resides within the MS Office Professona Edition program suite, which is
widdy used within the industry and ensures effective integration with other Windows
based applications, in particular Microsoft gpplications.

i) MS Access has efficient import and export facilities for data transfer to and from many
other database formats as well as standard spreadsheet and ASCII files. This fadility
greatly assigts the population of the database from the diverse formats of the source-
data

lif) The database conssts of a series of related data tables. MS Access has in-built
facilities to permit rgpid comparison of datain different tables to help data screening and
to avoid duplication.

\Y) MS Access has powerful integrated data query functions to assst with user-friendly
population categorization and trend andysis.

V) MS Access dlows the find database to be ddivered as a stand-done Windows
goplication, which ensures a user-friendly product.

Database Structure

Platform and ingpection information is stored in the database in more than twenty separate data
tables. The data-tables are rdationdly linked to one another in a herarchicd structure. The
contents of each of the data-tables are described below. The relationships, which have been
created to link the tables, areillustrated in Figure 4.1.
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Figure 4.1: Relational Dependence of Data-Tables

In addition to the data-tables, the database includes a number of other objects. These include
queries and HTML Pages. Queries are used to cross-reference and interrogate data from any
combination of data-tables. The results are presented in a new query-table. This offers the
advantage that if the source data in a specific data-table is modified then the query autométicaly
updates. HTML Pages are used to andyze data either in data-tables or in queries or any
combination thereof. Pivot tables are typicdly to facilitate the andysis. The data from the pivot
table/s can be presented graphicaly and the Pages permit user interaction for investigation of
what-if scenarios without affecting the source data, asillustrated in Figure 4.2.

L n = = 1
HTML o e . . e

Data
Tables

» Queries
Q Pages S| o LA

Figure 4.2: Database Configuration
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44.1

442

Platform Data

The platform data-table contains fields for the incluson platform data relevant to its structura
integrity management. The data-table includes platform identification details, structura details
and selected operationa data. The platform data-table includes referentid links to five MMS
databases, which contain information relating to the complex, the structure, the location, the
remova datus and reported damage of dl Gulf of Mexico OCS inddlations. In the
development of the database and the establishment of the links, each platform was given a
unique identifier, congstent with that used in the MM S databases, essentialy a concatenation of
the complex ID number and the structure number. Also provided was a name formed from the
Area, Block and Platform number; the identification commonly used by operators. The
platform identification details and dl other details that identify specific platforms have been
removed in the delivered database, to fully de-sensitize the data

1 IHSPECTED Plabisims: Data Edib'Enliy

Figure 4.3: Platform Data

Inspection Data

For the purposes of this document and the subject database the term ‘inspection’ is used to
describe the vigt to the platform for purposes of collecting data important to the structurd

integrity and continued operation of the platform. The term ‘survey’ is used to describe the
numerous specific activities and/or nortdedtructive tests, which collectivdly make up the
complete inspection. Which surveys are carried out during a particular ingpection depends on
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the purpose of the ingpection, the level to which it is conducted and the judgment of a qudified
engineer familiar with the structurd integrity aspects of the platform.

The ingpection data-table contains fields for the incluson of information necessary to describe
each platform ingpection. Genera information includes the contractor, vessdl and ingpector
detals, the type, APl level and the duration of the ingpection, the surveys carried out and a
summary of the results of each survey. Once agan, fields containing platform identification
information or other sengitive data have been removed from the ddlivered database.

I:— INSPELT I.T;H.:H

¥ pethormeed -
& by ey O¥eld Diverr Inc. Solur Schall prosided deds iecoding
tinughmd e nspection

Tha [olloring zurspe vee paiomad durg e nopeashoe calhodic
poditicd, an, naka Qo S Hoooh e ard dabie, ke b
il proags ecpipn el ard batlon curags

Catkadio Potsisl Suvey

Catodic potenial resdings mesre bsken o the ege st 10 inderesk clating = -
10 1o the bokom udng & Sgiagll refersncs sechodes. Cslvslion sas Leken
mpanst & one b= nce pisce and iang ad hom 1025 miv' bo 032 o, &, drve
el wefmierce slschinde maz uesd e s sndby mode o a debsnes of B
o B eoporend. 1 e stiuchns CF. e g taeced om a ko 564

Figure 4.4: Ingpection Data

4.4.3 Survey and Anomdy Data

In the Gulf of Mexico, a number of underwater surveys are carried out during routine platform
ingoections. The API Levd for atypicd ingpection of a Gulf of Mexico platform is often unclear
as mogt ingpections are labeled as combinations of Levels. This issue is addressed in the
following Sections of the report, where aternative inspection Guidelines are presented. The JP
database contains separate data-tables for each of the underwater surveys in addition to
anomaly tables, which identify defects and anomalies detected during each survey. The surveys
included are as follows

Anode survey
Scour survey
Closevisud (CV) survey
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Debris survey

Flooded member detection survey (FMD)
Marine growth survey

Wed survey usng magnetic tesing (MT)
Ultrasonic wal thickness survey (WT-UT)
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5. DAMAGE TREND ANALYSIS
51 I ntroduction

This section presents the findings of an investigation of platform defects and anomalies recorded
during 3,021 underwater inspections of 2,024 platforms in the Gulf of Mexico.

The objectives of the investigation were to seek answers to a number of fundamental questions
relevant to the structurd integrity management of offshore platforms; answers substantiated with
data recorded by industry over the last 10-years and beyond.

What defects are we finding on platformsin the Gulf of Mexico?

1

2 Where are these defects occurring? What components are affected?
3. What are the causes of the defects?

4 Which platforms are susceptible to defects and why?

Section 5.2 of this report defines various defect types and survey anomalies reported in the JP
database. Four types o defect are identified including mechanica damage defects, weld/joint
defects, corrosion defects and appurtenance defects. The latter are not relevant to the structura
integrity of platforms and, therefore, are not consdered herein.  The other three, however, are
each considered in detail in Section 5.3, Section 5.4 and Section 5.5, respectively. Survey
anomadlies, in particular, marine growth, scour and debris anomdies, are the subject of Section
5.6. The findings of the various invedtigations are rought together in Section 5.7, which
presents the conclusions of the damage trend analyses.

5.2 Platform Defects and Anomalies

5.2.1 Ddinitions

A digtinction is made herein between a defect and a recorded anomaly.  For the purposes of
this report, a defect is defined as an imperfection, fault, flaw or blemish in a component of the
platform, which fdlsinto one of the categories defined herein.

A number of surveys carried out during platform underwater ingpections, however, may result in
anomaous readings but not defects. These include marine growth-surveys, scour-surveys and
debris-surveys. Congsgtent with the wording of APl RP2A, these surveys are routingly carried
out during Leve 11 ingpections and large amounts of data have been collected. The definition of
anomaous readings, however, is subjective, depending, a best, on the guiddines defined by the
ingpection-planning engineer familiar with the structurd integrity aspects of the platform, and, in
lieu of such guidance, on the interpretation of the diver or data-recording technician. In
practice, despite the large amount of readings anomalies often go unreported. Anomaly trends
(marine-growth, scour and debris) are considered in Section 5.6.
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5.2.2 Defect Categories

To fadlitate the invedtigation of trends in the data, platform defects have been grouped into
categories, including mechanicad damage, corroson and weld defects. A fourth category,

appurtenance defects, isincluded for defects associated with non-gructura eements. Thistype
of categorization is consstent with that commonly used for offshore pipeine (and riser) defect
categorization and assessment. A number of specific defect types can be identified within each
main category as liged in Table 5.1. Definitions of the sub- categories within each of the main
categories are given in the following sections, which consider each defect type in more detall.

M echanical Damage Corrosion Weld/Joint Defects Appurtenance Defects
Dents Uniform (genera) Crack indications Anodes
Bows Pitting Fabrication defects Risers/Conductors
Gouge Holes Overload Boat landing
(incl. thruwall holes)

Crevice Intake caissons
Separated Members

Fretting Other

Table 5.1: Platform Defect Categories

Figure 5.1 shows the distribution of reported defects by category. The figure shows that the
magority of defects relate to mechanica damage. Excluding defects associated with nork
dructura components, mechanical damage (dents, bows and gouges) accounts for
gpproximately two-thirds of reported platform defects in the Gulf of Mexico.

Appurtenance
Defects
14%

Weld Defects
9%

Mechanical Defects
Corrosion S57%

20%

Figure5.1: Reported Defects by Category
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53 M echanical Damage

5.3.1 Defect Types

As indicated in Figure 5.1, 57% of reported defects in the JP database relate to mechanica
damage. Mechanicad damage includes anumber of defect types, asfollows:

Dent: A dent is defined as a vigble disurbance in the curvature of the wal of a tubular
member without reducing the wall thickness.
Bow: A bow is defined as a visble permanent deviation of the origind (unbowed)

longituding axis of astructural eement.

Gouge: A gouge is defined as a vishble surface imperfection caused by mechanica
remova or displacement of metd that reduces the wal thickness. Included in
gouge defects are incidences where dements (e.g. anodes or stand-offs) have
been torn off amember resulting in a through thickness gouge, or tear.

Separated A separated member is defined as a member that has been fully severed from the
Members.  structure at one or both ends.

5.3.2 Cdlaed Damage

A sngle incidence of mechanical damage may result in a combination of defect types. Typicaly,
the source data used in the compilation of the JIP database reports multiple defects individudly,
even if they result from asingle incident. Alternatively, the source data may mention associated
damage only within comment fields, without quantification, making assessment difficult without
further ingpection. These types of data recording distort the perception of the amount of
damage occurring.  This has been overcome, where possible, by careful screening of reported
instances of mechanica damage. The method used was to identify a ‘primary’ defect for each
event and to define associated defects as collateral damage. For consistency, a defect hierarchy
(dent - bow - gouge - other) has been used. For example, if adent is present, any associated
damage is defined as collaterd damage, if a bow is present without a dent, then the bow
becomes the primary defect and associated damage is defined as collatera damage, and so on.

T

Dent (Primary Defect)

(Collateral Defects)

Figure5.2: Primary and Collateral Damage
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5.3.3 Extent and Severity

The JP database contains information on 2,308 primary mechanica damage defects.
Screening of the data has been carried to: -

i) Remove ingtances of the same defect being reported in multiple inspections.
ii) Identify collatera damage digtinct from primary damage.
A summary of mechanica damage defectsis presented in Table 5.2.

Defect Type Occurrenceas primary defect Occurrence as collateral damage
Dents 2017

Bows 165 86

Gouges 80 0

Separated Members 46 8

Table5.2: Summary of Mechanical Damage Defects

Mechanicd damage defects are most commonly found during generd visud (GV) surveys
carried out as part of Level 1l ingpections. To put the absolute defect numbers presented in
Table 5.2 into a clearer context, it is hepful to identify the number of platforms found to contain
mechanical damage (one or more dents, bows or gouges) as a ratio of the number of GV
surveys carried out.  Figure 5.3 shows that of 1,436 platforms, for which one a more GV
surveys were performed, 29% were found to contain mechanica damage defects.

Platforms With

Mechanical amage

29%

Platforms Without
Mechanical amage

71%

Figure5.3: Extent of Mechanical Damage

The dominant type of mechanica damage defect is member denting, as shown in Table 5.2. The
sgnificance of dents to the structurd integrity of the member may be estimated from whether the
member was subsequently repaired, unfortunately very little of the source data includes repair
information. As an dternative, we have adopted approximate criteria to classfy a dent as either
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magor or minor. The method, which gives ardative indication of dent severity is not intended to
replace rationa assessment.

Major Dent: Dent depth grester than 30% of the nomina member diameter and/or 10
times the nomind wal thickness.

Minor Dent: Dent depth less than 30% of the nomina member diameter and/or 10
times the nomind wal thickness.

For 785 (39%) of the 2,017 dents in the database there is insufficient information to determine
whether the dent is mgor or minor, even usng the smple criteria shown above. Of the
remaining 1,232 dents, 10% are classed as mgjor dents and 90% as minor dents. Figure 5.4
illustrates the dent severity classification on the population of inspected platforms.

Without
Mechanical
Damage
71%

Minor Mechanical
Damage
26%

Major Mechanical
Damage
3%

Figure5.4: Extent and Severity of Mechanical Damage
534 Causes

Identifying causes of mechanical damage is important to the process of trend anayss, in
paticular, in the identification of platform parameters that increase the susceptibility to
mechanical damage. For example, the presence of skirt piles may increase the likelihood of
inddlatiion damage, or a drilling facility may be more susceptible to impact damage than a
wellheed facility. Information relating to cause is typically absent from the source data and, in
lieu of explict information, we have relied on a variety of clues to establish the cause of
mechanica damage, asfollows:

Installation - Mechanicd damage consstent with ingtalation events recorded in the
Damage: comment field in the database.
Mechanicd damage consstent with piling or other inddlation
operations.
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Dropped . Mechanicd damage where dropped object impact is cited as the cause
Object: in the comment fied.

Mechanicd damage on the upper facing surface of the member (or
consstent with impact from above).

Vessel - Mechanica damage where vessd impact is cited as the cause in the

Mechanical damage to splash zone members and located on the

outboard face of the member (or consstent with lateral/underside

impact).
The criteria given above are not intended to be absolute; rather, they are intended to isolate the
cause of asufficient number of defects to provide information on the relaive importance of each
of the possble causes of mechanicd damage. The process of gpplying the criteria to he
mechanicad damage defects in the database is illudrated in the flow chart, Figure 55. The
defects fdling into the “other” category were ether assgned as inddlation defects if identified as
such in the comment fields in the database or €lse they were categorized as * cause unknown”.

(2307 defects)

No (419%) Defect position on the No (1069)
member consistent with
impact from above?

Defect located within +15 ft.
and —20 ft. of the waterline?

Yes (1888) Yes(507)

Defect located on an No (653**)
outboard member or brace
to an outboard member?

Yes(1235)

Others

Insufficient data —
403
Cause uncertain —

Defect position on the No (504***)
member consistent with
lateral/underside impact?

Yes(731)
Vessel Impact Dropped Object
731 507

*No depth information for 5 of these 419 defects
**No defect location information for 95 of these 653 defects
***Dent defect position unknown for 303 of these 504 defects

Figure5.5: Flow Chart to Deter mine Cause of M echanical Damage Defects
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It was not possible to rdiably isolate the cause for approximately 50% of the totd mechanica
damage data. This was due to incomplete defect recording in the source data. The guiddines
being generated will endeavor to address the issues of data recording and reporting on a
survey-by-survey bads to ensure the suitability and completeness of data for engineering
assessment and trend analysis. Nevertheless, due to the quantity of the source data we were
able to identify dgnificant populations of data associated with both vessd impact and with
dropped object damage as shown in Figure 5.5.

The results of the investigation into the most probable cause of mechanicad damage defects are
shown in Figure 5.6. The figure indicates that, of the defects for which cause could be reliably
estimated, gpproximately 53% were by vessd impact and 47% by impact from dropped
objects. None of the defects could be religbly attributed to ingtdlation damage. Of the 666
defects for which cause could not be rdliably determined, alarge number were suspected to be
vessdl impact damage due to their location in the splash zone, however, because other data was
incomplete the defects did not meet the filter requirements, illustrated in Figure 5.5, and were
screened out of the trend analyses.

800
731

700 666

600 -

507

500 A
403

400 A

300 A

200 A

100 1

Vessel Impact Dropped Object Cause Unknown Insufficient Data

Figure5.6: Causes of M echanical Damage Defects

Figure 5.7 provides an indication of the severity of the mechanica damage defects resulting from
vesse impact and from dropped object impact. Member denting is the dominant form of
damage in both cases. The figure shows that only 3%-5% of dents are classified as being of
magor structurd significance. The method of classification gpplied is that discussed above.
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Dent(Minor)

Bows,Gouges &
Separated Member:
5%

Dent(Unknown)
4%
Dent(Major)
3%

Vessel Impact

88%

Bows,Gouges &

Separated
Members
15%

Dent (Unknown)

4%

L

Dent (Minor)
76%

Dent (Major)

5%

Dropped Object

Figure5.7: Severity of Mechanical Damage Defects

5.3.5 Paform Susceptibility

Based on analyses of the data, presented above, subsets of the inspected platform population
were identified; one for platforms that suffered vessd impact and another for platforms that
suffered dropped object damage. These two events are jointly responsible for the mgority of
reported mechanica damage defects in the Gulf of Mexico. The numbers of defects and
damaged platforms within the two screened subsets of the full data population are shown in

Table5.3.

Cause of Damage

Number of Defects

Number of Platforms

Vessal Impact

Dropped Object

731

507

248

210

Table 5.3: Platform Subsetsfor M echanical Damage

Figure 5.8 shows the intersection of the platform subsets. It can be seen that a significant
proportion of the platforms with damage of one cause dso have damage from the other. This
fact b rdaed to the fact that the typefunction of the platform influences its susceptibility to
mechanica damage from both vessel impact and dropped objects. This is explored more fully

in the following section.

Platformswith vessdl impact damage

Platformswith dropped object damage

'Y

Figure5.8: Platform Subsetswith M echanical Damage

CH104R006 Rev 0 November 2000

Page 34 of 114




Platform Type

The platforms in the database are divided by their operationa function into a number of types.
The occurrence of dropped object damage among platforms of different types is illustrated in
Figure 5.9. The vertica scaeisaratio of platforms found with dropped object damage to the
number of APl Leve Il ingpections carried out on platforms of that type (expressed as a
percentage). Figure 5.10 shows the same distribution but for vessel impact damage. Figure 5.9
shows that mechanica damage from dropped objects was found in more than haf of dl

ingpections of drilling/production plaiforms. In contrast, the occurrence of dropped object

damage to caisson type platformsis extremely rare.

Dropped
object
damage as
% of
Level Il
Inspection

Figure 5.10 shows the correation between platform type and occurrence of mechanica damage
from vessd impact. A sSmilar pattern is evident to that for dropped object damage. Vess
impact damage is found in two-thirds of dl inspections of drilling/production platforms whilst its
occurrence on caisson type platformsisrare.
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Figure 5.9: Dropped Object Damage by Platform Type
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Location

The influence of the platform location on the likeihood of vessd impact damage was explored.
The black circles in Figure 5.11 show the location of platforms in the database that have
received at least one APl Leve |l underwater inspection. The red triangles show platforms that
have suffered mechanicad damage from vessd impact. The figure shows no clear pattern
indicating correlation with shipping routes, indicating that platform supply and service vessds are
likely respongible for the mgority of impacts. Thisis supported by the fact that most damage is
of minor dructura sgnificance, consistent with low vessel mass and/or velocity during impact.
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Figure 5.11: Platform Location and Vessel Impact Damage

Defect Types

Wed/joint defects are responsible for 9% of reported defects in the JP database as illustrated
in Figure 5.1. Wed/joint defects may be broadly categorized into a number of specific defect
types, asfollows -

Crack Indications: A crack indication is a linear discontinuity in a weld or in the parent

Fabrication Defects A fabrication defect is a flaw or imperfection in the weld originating

materid of the member/s framing into the joint.

from the fabrication process. For the purposes of this report,
fabrication defectsinclude omitted or incomplete welds.




Overload: An overload defect in a joint is a permanent distortion of the cross-
section of the chord wall and/or of one or more of the braces framing
into the joint.

It should be noted that joint overload sometimes results in the development of crack indications.
Consigtent with the approach adopted for mechanica damage, such crack indications, where
they are identifiable, have been classfied as collatera defectsto the primary overload defect.

5.4.2 PBaform Vintage Definitions

At the outset of the JP an attempt was made to define platform categories, within the Gulf of
Mexico, to asss with the identification of different platform susceptibilities to various types of
damage. Thisinitid categorization of the platform fleet into ‘vintages was based largely upon
the prevdent desgn practice a the time of ingdlaion. The vdidity of the initid vintage
categories was tested by close examination of reported damage within and across platform
vintages and the vintage classification adjusted to accord with the recorded platform damege.
Three vintages were identified, as illustrated in Figure 5.13. The basis for their sdlection is
discussed below

Figure 5.12 shows the population of platforms with weld/joint defects categorized by ingtalled
decade. The figure shows a marked drop in the occurrence of weld/joint defects in the last two

decades.

160
Number of 140
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Figure 5.12: Weld/Joint Defects by Decade

Table 5.4 summarizes dl weld/joint crack-indication defects reported on platforms ingadled in
the 1980s and 1990s. It is noteworthy that the database contains only a single weld/joint defect
on a platform inddled in the 1990s, unfortunately, the details of the defect are whally
incomplete in the source data
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# # Water Year Inspection Date

Platform ID Defects | Legs | Depth | Installed . Description & Cause
L atest Previous

Inter-bead crack in weld

! ! 6 | 7e0ft | 1986 1998 198 | @-600ft, installation
damage
2 3 8 50 ft 1984 1993 1992 External stiffener rings @

+6 ft (design?)

HDto CG & CG @ +10ft

3 2 4 2191t 1985 1997 1995 (installation damage?)

Separated gusset plate @
% *

4 I 8 165 ft 1981 1999 1993 73 ft (design?)
File-leg weld failure (3)

5* 7* 4 143 ft 1981 1994 (?) | 1992 (?)
CGF @-37ft(4)

6 1 1 | ettt 1989 1905 1990 | lowerlegtobase
(caisson) weld @ +15 ft

7 1 4 43ft 1990 1991 - Details of crack unknown

*These platforms fall outside the eventual JIP definition of modern-RP2A vintage platforms
Table 5.4: Details of Joint/Weld Defects on PlatformsInstalled in the 80s and 90s

Modern-RP2A Vintage Platforms

The data presented in Figure 5.12 and Table 5.4 is supportive of the industry perception that a
divison exigs within the platform populaion between modern-RP2A vintage platforms and
ealier platforms. The modern erais commonly associated with the ninth edition of APl RP2A,
whichwas released in 1978. Platforms designed to the ninth, or more recent, editions of RP2A
would be expected to be less susceptible to joint/weld crack-indication defects, in particular,
crack indications around the conductor-guides at the firgt horizonta bay below the waterline.
Table 5.4 shows, however, that one of the platforms ingtdled in the 1980s contains defects
more commonly associated with earlier vintage platforms. That platform was ingtaled in 1981.
Since there is a time lag between the rdlease of a new edition of the code and its adoption for
new designs, modern-RP2A vintage platforms have been defined herein as platforms ingtalled
after December 31, 1981, i.e. from 1982 onwards.

Early-RP2A Vintage Platforms

The firg edition of APl RP2A was released in 1969. Prior to that time, platforms were
designed with Company or Contractor specific design criteria with little recognized guidance for
the desgn of joints. Assuming (consstent with modern vintage platform) a time lag of three
years for the adoption of the code for new designs, we have defined herein a vintage of
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platforms ingtalled between 1972 and 1981, inclusve. The term ‘early-RP2A vintage' has been
used for this group of platforms.

Pre-RP2A Vintage Platforms

The firg platform was inddled in the Gulf of Mexico in 1948 in shdlow water offshore
Louisana. The origind desgn practice used multiple sted or wooden piles to support the
topsdes facilities. These desgns were gradudly replaced over the next few years with more
conventiona sted template jackets. In the absence of a recognized code of practice, Company
or Contractor specific design criteria were used. One important area of inconsstency was in
the sdlection of the design wave height. Return periods for the extreme wave varied from 25-
years to 100-years. It is possible therefore, that the population of pre-RP2A vintage platforms
are further divided by those with adequate deck eevation (by modern design criteria) and those
without. Pre-RP2A platforms are defined herein as platforms installed between 1948 and 1971
i.e. prior to 1972. The influence of deck height and other potentid subdivisons of the
platforms, including water depth and extent of corroson, within pre-RP2A and early-RP2A
vintages is further explored and discussed in subsequent sections, below.

Figure 5.13 illudrates the vintage definition in the context of the occurrence of mgor Gulf of
Mexico hurricanes and significant changes in design practice and industry standards.

50 1960 1970 1980 1990

‘8 | ‘9k9 ‘93 ‘97

©
N

APIRP 2A API RP 2A

19th Edition ~ Supplement 1
Sectipn 17

APIRP 2A
20th Edition
MMS
Inspection
Program 1

Reassessmentgegins Updated Existing
Activities Wave Load Platform
(AIM) Recipe Assessment

Modern-RP 2A

Figure5.13: Gulf of Mexico Platform Vintage Definitions
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Figure 5.14 shows the proportiona distribution of the database platform population by vintage.
The figure shows the JP database contains a Sizable population of platforms for each of the
three vintages. The numbers and levels of underwater inspections contained in the database for
each vintage of platform are shownin Table 5.5.

Modern RP2A
36%

Pre RP2A
40%

Early RP2A
24%

Figure 5.14: Database Platform Population by Vintage

Number of Underwater | nspections Carried Out
. Platform
Platform Vintage Ponulation*
Level II Levd 111 Level IV P
Modern-RP2A 753 288 27 657 (36%)
Ealy-RP2A 621 240 23 429 (24%)
Pre-RP2A 1409 584 107 720 (40%)

*Population of inspected platforms with known installation dates (1,806)

Table5.5: Underwater Inspections by Platform Vintage
5.4.3 Defect Causes

From Table 5.6 we can see that less than 1% of modern platforms contain joint/weld defects.
Thisincreasesto 6% for early-RP2A vintage platforms and to 11% for pre-RP2A platforms.

. #Weld/Joint #Damaged % Damaged Platform
Platform Vintage Defects Platforms Platforms Population*
Modern-RP2A 8 5 <1% 657 (36%)
Early-RP2A 86 26 6% 429 (24%)
Pre-RP2A 327 81 11% 720 (40%)

* Population of inspected platforms with known installation dates (1,806)
Table 5.6: Weld/Joint Defects by Platform Vintage
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Modern-RP2A Vintage Platforms

The weld/joint defect population for modernvintage platforms, presented in Table 5.4, is
illugtrated by type in Figure 5.15. Conductor bay fatigue defects have not been widely found
(none are reported in the JIP database) on modern-vintage platforms. In fact, the presence of
any weld/joint defects is scarce, occurring on less than 1% of these platforms. The defects that
are found are associated with fabrication, indalation damage, or undesirable design details e.g.

Details
Design/Repair Unknown (2)
(©)

Installation (3)

externd diffeners/gusset plates.

Figure5.15: Weld/Joint Defect Causes on Modern Platforms

Early-RP2A Vintage Platforms

In order to identify the cause of as many of the weld/joint defects reported in the JP database
as possible, defect data has been screened through a series of criteria designed to categorize by
cause. The procedure is illustrated in the flow chart, Figure 5.16, for early-RP2A vintage
platforms. The causes of defects for this vintage are summarized in Figure 5.17. The figure
shows that conductor-guide frame fatigue cracking at the first devation below the waterline is
the dominant cause of weld/joint defects for early-RP2A vintage platforms in the Gulf of
Mexico. Other causes of weld/joint defects are cracks associated with gppurtenance fixingsto
the structure (doubler plates), collaterad damage from vessd impact around the splash zone,
cracks adjacent to undesirable design details (externd diffeners/gusset plates) and to welded
repairs and fabrication defects. The cracks not alocated to the causes defined above may be
the result of fatigue at joint intersection welds. Ten defects occurring on Six different platforms
fdl into this category.
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I's defect at a depth No (16) Design/Repair
consistent with 1* bay (3)
below water surface?
Yes (65) Appurtenance
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Other Cracks
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1st Bay CGF Fatigue
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Figure5.16: Flow Chart - Cause of Weld/Joint Defectsin Early Vintage Platforms

1st Bay CGF Fatigue
l (51)

Other:
No Data
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Other:
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Design/Repair
3

Figure5.17: Cause of Weld/Joint Defects— Early Vintage Platforms
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Pre-RP2A Vintage Platforms

The flow chart, Figure 5.18, illudtrates the categorization by cause for pre-RP2A vintage
platforms.  The causes of defects are summarized in Figure 5.19, which shows a somewhat
different digribution to that for early-RP2A vintage platforms. The relative importance of
conductor-guide frame fatigue cracking reduces from 59% to 23%. There is dso a Sgnificant
relaive increase in cracks associated with undesirable design and welded-repair details. The
most significant difference, however, is in the number of fatigue cracks (not associated with the
firs conductor frame), which increase eight-fold compared with the three-fold increase in the
totd number of weld/joint defects. The defects assumed collatera damage, associated with
vessd impact around the splash zone, dso increase sgnificantly for the pre-RP2A vintage
platforms. Figure 5.19 shows ten defects caused by joint overload i.e. permanent distortion of
the cross-section of the chord wall and/or of one or more of the braces framing into the joint.
These ten overload defects occur on agroup of five platforms.

Based on the cause of damage defined above, and presented in Figures 5.16 to 5.19, subsets of
platforms have been identified to better define common parameters for the purposes of
determining what makes certain platforms more susceptible to specific types of damage.
Patform susceptibility to weld/joint defects is discussed in the next section for the following
platform subsets.

Early-RP2A and pre-RP2A vintage platforms with 1% bay CGF fatigue cracks
Early-RP2A and pre-RP2A vintage platforms with generd fatigue cracks
Pre-RP2A vintage platforms with overload joint failure defects

Susceptibility to collaterd vessel impact damage is covered under mechanical damage.
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Figure5.18: Flow Chart - Cause of Weld/Joint Defectsin Pre-RP2A Platforms
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Figure 5.19: Cause of Joint/Weld Defects— Pre-RP2A Platforms
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Platform Susceptibility

Based on the andyses of the data, presented above, subsets of the ingpected platform
population have been identified asfollows: -

Early and pre-RP2A vintage platforms with 1% bay CGF fatigue cracks
Early and pre-RP2A vintage platforms with genera fatigue cracks
Pre-RP2A vintage platforms with joint overload failure defects

Together with collateral crack defects resulting from vessdl impact, the above defect types are
responsible for 80% of al weld/crack defects found in early-RP2A vintage platforms and 79%
of those found on pre-RP2A vintage platforms. The number of defects and the number of
affected platforms within the platform subsets are shown in Table 5.7.

Platform Vintage Defect Cause # Defects # Platforms \(;/;)n(t);g:t];]ispl)itlz:g:]
Early-RP2A 1% bay CGF fatigue 51 8 1%
Early-RP2A General fatigue 10 6 14%
Pre-RP2A 1% bay CGF fatigue 76 23 3.2%
Pre-RP2A General fatigue 80 3 4.3%
Pre-RP2A Joint overload 10 5 0.7%

Table5.7: Weld/Joint Platform Subsets by Cause

First bay CGF fatigue cracks

The flow charts, Figure 5.16 and Figure 5.18, are designed to identify crack indications
associated with *panting’ action at the first conductor-guide frame below the waterline to ahigh
confidence level. Table 5.7 shows that gpproximately 2% of early-RP2A vintage platforms and
more than 3% of pre-RP2A vintage platforms exhibit damage of this type. The difference
between the two groupsis, most likely, smply a function of timei.e. cracks have had more time
to grow in the older platforms.

Investigations show no clear corrdation between precise ingtdlation dates or water depth and
unfortunately, conductor-guide framing configuration deta is not generdly avalable in the
database. However, we do know that the phenomenon is essentialy a design oversight resulting
from the ingbility of indudtry, a the time, to properly account for the harmful influence of vertica
water particle kinematics within the active wave zone. From this understanding, we can draw a
couple of logica conclusons as to parameters that may influence plaiform susceptibility
(identified below, which appear to be borne out by the available data.
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Both pre-RP2A vintage and early-RP2A vintage platforms can be susceptible to conductor-

guide frame ‘panting’ fatigue. For both vintages, the susceptibility increases when: -

i) The platform contains exposed conductors and associated guide frames.

ii) The first conductor-guide frame below the waterline is pogtioned relatively close to the

water surface, generdly within 40 feet.

iif) The conductor guide-framing configuration has low out-of-plane stiffness. For example,
veticd framing is absent or the in-plane diagond bracing does not frame into hard

points (for example jacket legs).

General fatigue cracks

Pre-RP2A platforms are defined as those platforms installed between 1948 and 1971, indusive.

Figure 5.20 shows the number of ingpected platforms in the JP database ingtaled each year in
the Gulf of Mexico. Also shown on the figure are those pre-RP2A platforms where suspected
generd fatigue damage has been found. Since fatigue s a time-dependant phenomenon, it
would be expected, dl ese being equa, that fatigue cracks would be found on the oldest of the
plaiformsin the vintage. The figure shows that, in fact, the platforms indaled towards the laiter
pat of the era have a higher susceptibility to generd fatigue cracking. This gpparent

contradiction can be explained by looking at platform water depth.

Modern RP2A
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Y ellow (longer) bars show number of platformsinstalled
Red bars show number of platforms with multiple (>1) suspected general fatigue cracks

Figure5.20: Pre-RP2A Vintage Platformswith Multiple Fatigue Cracks
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The firg platform in the Gulf of Mexico was inddled in just 38 feet of water. Figure 5.21
shows the gradud increese in platform water depth with time.  The figure shows that around
1961 maximum water depth was approaching 200 feet and that this had increased to 300 feet
by the time the first Edition of RP2A was issued in 1969. These platforms were desgned
without the benefit of modern joint strength and/or fatigue capacity formulations. 1t islikely that
the joint designs, athough generdly adequate for shalow weter, became increasingly susceptible
to fatigue damage as platforms moved to deeper water.

1600
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Modern RP2A
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400
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Installation Year

Figure5.21: Inspected Platforms, Water Depth I ncrease with Time

The database provides a number of useful gatisticsin thisregard: -

64% of the pre-RP2A platforms arein water depths of less than 50 feet.

75% of suspected genera fatigue damage on pre-RP2A platforms occurs on platforms
in water depths of grester than 50 fest.

Unfortunately, the JIP database contains a description of the primary framing configuration for
only asmall percentage of platforms. Datais especidly scarce for older platforms with the most
suspected fatigue damage. Experience in other areas of the world has suggested a correlaion
between framing (joint types) and fatigue cracks.

In summary, generd fatigue cracking affects less than 5% of pre-RP2A vintage platforms and
less than 2% of early-RP2A vintage platforms. For the pre-RP2A vintage, the damage is more
commonly asociated with reatively deeper water platforms (for the vintage), i.e. platformsin
water depths of 100 feet or greater, and is likely the result of inadequate joint design for these
water depths. The damage is generdly manifested as brace/chord intersection cracks in main
joints, usudly close to the mud line.
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For the early-RP2A platforms with suspected fatigue-damage the cause is not entirdy clear
through the investigations presented in this section. However, Section 5.5, below, reveals that
a leest some of the early platforms with fatigue damage have experienced a loss of corroson
protection & some stage of their service life. It is possble that a more advanced dtate of

corrosion, particularly localized crevice or pitting corrosion could accelerate or even precipitate
faigue crack growth in joints This may explan the fatigue cracks in early-RP2A vintage
platforms and indeed in some of the shalower water pre-RP2A platforms.

Joint overload failure defects

The database contains records of seven weld/joint overload defectsi.e. joints that have suffered
permanent digtortion from overload. The joints occur on three platforms in water depths
ranging from 50 feet to 140 feet. All the platforms are pre-RP2A vintage. Deck devations for
the Structures are not included in the database; however, it is likdy that they would be
considered, as having ‘inadequate deck height' under Section 17 of APl RP2A and would have
experienced wave inundation of the deck during extreme event loading. In dl cases the
overloaded (failed) joints are located at the lowest jacket eevation adjacent to the mud line.

5.4.4 Hooded Member Detection (FMD) Surveys

Flooded members are generdly the result of through-thickness fabrication flaws, corrosion,
mechanical damage and/or fatigue. The database contains records from approximately 295
FMD surveys containing 5,773 FMD readings on 244 platforms. Table 5.8 shows the
digribution of FMD surveys by platform vintage along with the number of members that tested

postive for flooding.
Platform Platforms | Positive/Total # Platformswith % of Platform
Vintage Surveyed* Readings Positive Readings Vintage Population
Modern-RP2A 44 9/899 5 (11%) <1%
Early-RP2A 73 167/ 1258 24 (33%) 6%
Pre-RP2A 124 1426/ 3512 77 (62%) 11%

(1) Three FMD surveys were performed on platforms without known installation dates.

(2 FMD datais generally poorly reported in the database. In many instances, only flooded members are
reported and, therefore, the percentages of flooded members being detected as a percentage of the total
tested cannot be reliably established.

Table5.8: FMD Survey Resaults by Platform Vintage

Generdly, the FMD findings are supportive of the generd trends indicated by the mechanica
damage and weld/joint surveys consdered above. Anayss of the FMD data is hampered by
the overdl poor qudity of reporting. For example, in many instances, only flooded members
are reported as having been tested and in most cases the cause of flooding is not investigated, or
at least not reported.
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As would be expected, the number of platforms with postive flooded member readings
increases with the age of the platform. Over hdf of the pre-RP2A platforms surveyed had
positive FMD readings, and nearly a quarter of the early-RP2A platforms surveyed had positive
FMD readings. One or more flooded members were detected on 11% of the modern-RP2A
platforms. The following subsections provide more detail on the results of the surveys recorded
in the database.

Modern-RP2A Vintage Platforms

As seen in Table 5.8, five of the modern-RP2A platforms had a totd of nine positive FMD
readings. The table below gives the generd location and cause of flooding for the five platforms.

Platform Rt;l\?r%s é:g;:}lgse L ocation of Flooded Members Cause of Flooding
: |3 | feueon is bay md mine 2y | 70 RS found
2 3 2 at or near 1st bay elevation bow with dent
3 18 1 at or near 1st bay elevation no cause found
4 1 1 at or near mudline dent with hole
5 60 2 at or near mudline dent

Table 5.9: Modern-RP2A FMD Survey Results

Two of the five platforms had flooded members with no cause found, and the other three
platforms had flooding due to mechanica damage (bows, dents, and/or holes) mogt likely
caused by dropped objects and/or vessdl impact. The FMD data is consistent with pother
observations that Modern-vintage platforms are not seeing fatigue damage. It dso indicates the
potentia gpplication of the technique to detection of through-wall mechanica defects.

Early-RP2A Vintage Platforms

A shown in Table 5.9, twenty-four early-RP2A platforms had postive FMD results. Three of
these platforms had CGF fatigue defects and a further three genera fatigue defects detected by
close-visud examination. Approximately 55% of the flooding at the 1 CGF and above was
due to cracks, the other flooding was due to repair, anode standoffs and unknown causes. Of
the flooded members detected below the 1% CGF, nearly 90% was caused by crack
indications; other causes of flooding included corroson and dents.

Pre-RP2A Vintage Platforms

As expected, the pre-RP2A vintage platforms had the largest number postive FMD results.
Seventy-seven of the 124 platforms tested had one or more flooded members detected, atota
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of 1,426 flooded members. Thirteen of the 77 platforms had 1% bay CGF fatigue confirmed by
close-visud examination and a further seventeen generd fatigue defects smilarly confirmed.

The mgority of member flooding (about 5%) on platforms with known CGF defects was
caused by cracks near the 1* CGF devation. Other causes of flooding included bows, dents
and separated members.  In the case of plaforms with known generd fatigue damage,
agoproximately 87% of member flooding was caused by crack indications. Other causes of
flooding included dents and holes.

Generdly, FMD data is poorly recorded in the database. In many instances, only flooded
members are reported and, therefore, the percentages of flooded members being detected as a
percentage of the tota tested cannot be reliably established from the JIP database.

55 Corrosion

551 Defect Types

Corrosion is responsible for 17% of reported defects in the JIP database asillustrated in Figure
5.1. Corrosion damage has been categorized as a number of specific defect types, asfollows: -

Uniform:  Gengrd corroson that is defined as an attack in a uniform fashion over the entire
exposed area of a surface. General corrosion is defined as patches of uniform
corrosion over awider area.

Pitting: Locdlized corrosion that usudly forms circular holes that will grow deeper into the
materid with time.

Hole: An advanced state of through-wal uniform or pitting corroson.

Crevice: Corrogon that is typicaly found in welded joints. This type of corroson tends to
meanifest asthin long lines pardld to the weld.

Fretting:  Corroson caused by abrason of metal due to physical contact, such as a sted!
cable rubbing against a member in the structure.

Figure 5.22 shows the relative proportion of the various types of corrosion defect types in the
database and identifies those within and without the splash zone. The mgority of recorded
corrosion defects occur in the splash zone, especidly pitting corroson and holes.
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55.2 Assessment of Cathodic Protection and Extent of Corrosion

The cathodic protection system is not effective in the splash zone; the degree of corrogon in this
region is related to the quality and condition of the coating system. Generdly, some dlowance
for corroson is conddered in design through the provison of additiona component wall
thickness through the wave zone. Splash zone corroson may result in the loss of brace
members with consequent reduction in jacket redundancy. In a number of cases corroson of
the leg to pile weld has occurred resulting in failure of the weld and ‘dropping’ of the jacket
down the legs.

A number of complimentary techniques are used to assess the effectiveness of the cathodic
protection system and/or the extent of corrosion of the submerged portion of a platform. Two
non-visua techniques used are dropped cdl measurement and anode surveys, both briefly
described below.

Dropped Cell Measurements

API Leve-1 ingpections require an above-water visud ingpection to determine effectiveness of
the corrosion protection system and to detect deteriorating coating systems and excessive
corrosion. Below-water verification of the performance of the cathodic protection system by
dropped cdll or other method is also required. The database contains dropped cell CP readings
from the annud Leve-1 ingpections of al 2,024 platforms for which underwater ingpection-data
isavalable.

Anode Surveys

API Leve-1I inspections require a general underwater visua ingpection by divers or ROV to
detect excessive corrosion and measurement of cathodic potentias of pre-selected critica areas
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using divers or ROV. Typicd leve-1l surveys in the Gulf of Mexico include anode-surveys
where the percentage depletion of some or al anodes is estimated in addition to CP
measurements.

Table 5.10 shows the number of platforms with ineffective cathodic protection systems (et the
time of their ingpection) based on anode surveys and dropped cell measurements. Also shown
is the number of platforms within the MM S damage database reported to be unprotected at the

time of ingpection.
. # Platformswith —_ . .
Assessment Technique ineffective CP systems Definition of ineffective
Anode survey 46 At least 40% anode readings out of spec.*
Dropped cell measurement 162 At least 40% cell readings out of spec.*
MM S damage database 121 As reported by platform operator

* Readings outside the range -850 mV to—1150 mv
Table 5.10: Platform with Recorded/Reported I neffective CP Systems

Corrdation between the platforms reported by the different techniques as having ineffective
protection systems is difficult to establish. The falure of the CP sysem will not affect the
likelihood of corrosion in the splash zone region and above. 1t isin this region that the maority
of corrosion defects occur.

Close Visual (CV) Surveys

Close visud surveys provide an additiona method to assess the state of corroson of offshore
platforms. APl Leve-Ill ingpections involve cleaning of pre-selected areas of the platform,
usudly member intersection joints, facilitating a close visud survey of the region for corroson
monitoring. This method of corrosion ingpection is reported by third- party inspection providers
as being a rapid and reliable method for assessing the extent and severity of corroson on the
platform. The method is, however, highly subjective and the nature of the data recording varied,
ambiguous and often incomplete.

Corrosion Level General Uniform Pitting Crevice Fretting
Light 1835 2250 1251
Moderate 564 201 136

368 14
Heavy 387 22 36
Undefined 23 20 39%61

Table 5.11: Joint Corrosion Reported from Close Visual (CV) Surveys
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5.5.3

Table 5.11 shows the reported extent of joint/weld corrosion from close visua inspections of
over 11,000 welds. The pie chart of the data, Figure 5.23, shows that 4% of inspected welds
are reported to have heavy corrosion of one sort or another. The high proportion of data with
undefined level of corroson and the lack of any definition of the levels reduces the
reliability/usefulness of this data

Light
51%

Undefined
37% Heavy
4%

Moderate
8%

Figure5.23: Reported Corrosion Levelsfrom CV Surveys of Joints

Ultrasonic wall-thickness measurement (WT-UT)

Ultrasonic wal-thickness measurements are another possible method for the assessment of the
extent of platform corroson. From an investigation of 605 WT-UT measurements (where four
readings were taken a the clock point postions around the circumference), very few data
showed any variation in wal thickness outsde the specification of supplied pipe. One
explanation is that the more corroded the member the less reliable the tool. To achieve a
reliable reading on a highly corroded surface it is usualy necessary to lightly grind smooth a
smal area on which to set the probe. The procedure used in the tests recorded in the source
datais not provided but it is thought unlikely that pre-grinding was used.

Corrosion and Fatigue

Drop cdl readings are available for each of the platforms in the database and, therefore, these
readings were initidly used as an indicator of the degree of corroson for the purposes of
corrdation of corroson with fatigue damage. Two criteria were investigated to define
unprotected platforms, asfollows:

Criteria 1: At least 40% of recorded dropped cell readings outside the range -850 mV to -
1150 mV.

Criteria2: At least 40% of recorded dropped cell readings outside the range -800 mV to -
1150 mV.
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Unprotected (Corroded) Corroded platforms* with
Platform Vintage # Total Platfor ms* fatigue crack indications
Platforms

# % # %o+ *
Modern-RP2A 657 3 5% 0 0%
Early-RP2A 429 22 5% 5 23%
Pre-RP2A (<100 ft) 581 59 10% 2 8%
Pre-RP2A (>100 ft) 139 3 2% 1 33%

* At least 40% of the dropped cell readings outside the range -850 mV to—1150 mV
** | ndicates % of the population of platforms with suspected fatigue cracks (including 1% bay CGF)

Table5.12: Corrdation of Corroded Platformswith Cracked Platforms-Criteria 1

Table 5.12 shows that using Criteria 1, 23% of early-RP2A vintage platforms with suspected
fatigue cracks have experienced some period during which the cathodic protection system did
not function as intended. The vaue falsto 8% for pre-RP2A platforms. The figures appear to
indicate that excessive corroson increases a platforms susceptibility to fatigue cracking amongst
early-RP2A vintage platforms but is wholly inconclusive for older platforms where, it might be
expected that a greater correlation should exis.

Unprotected (Corroded) Corroded platforms* with
Platform Vintage # Total Platforms* fatigue crack indications
Platforms

# % # %> *
Modern-RP2A 657 20 3% 0 0%
Early-RP2A 429 11 3% 2 18%
Pre-RP2A (<100 ft) 581 2 1% 0 0%
Pre-RP2A (>100 ft) 139 2 1% 0 0%

* At least 40% of the dropped cell readings outside the range —800 mV to—1150 mV
** | ndicates % of the population of platforms with suspected fatigue cracks (including 1% bay CGF)

Table5.13: Corrdation of Corroded Platformswith Cracked Platforms-Criteria 2

Table 5.13 shows smilar figures using Criteria 2. In this case, 18% of early-RP2A vintage
platforms with suspected fatigue cracks gppear to have experienced some period during which
the cathodic protection system did not function as intended. The vaue fals to 0% for pre-
RP2A plaforms. These findings appear unrdiable and are incongstent with previous theories
on the corrdation of corroson and fatigue cracks.

Tables 5.12 and 5.13 indicate that dropped cell readings are not a good predictor of the
corroded state of the platform at least for purposes of corrdation to fatigue crack indications.
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An dternative indicator of the corroded date of a platform is the close-visua survey. Such
surveys have been performed on a large number of platforms in the Gulf of Mexico and, as
discussed above, 4% of such surveys reported the presence of ‘heavy’ corroson. Table 5.14
compares the heavily corroded platforms to those with fatigue crack indications.

#Total Corroded Platforms* COTrOded platforms* .Wlth
Platform Vintage fatigue crack indications
Platforms

# % # %* *
Modern-RP2A 657 3 0.5% 0 0%
Early-RP2A 429 10 2% 1 10%
Pre-RP2A (<100 ft) 581 25 2% 3 12%
Pre-RP2A (>100 ft) 139 27 19% 7 26%

*CVI indicates "heavy" corrosion
** | ndicates % of the population of platforms with suspected fatigue cracks (including 1% bay CGF)

Table5.14: Correlation of Corroded Platformswith Cracked Platformsby CVI

Table 14 shows an increasing level of corroson with age and a good correlaion between the
level of corrosion and the presence of fatigue crack indications. As expected there are no
modern vintage platforms and few early vintage platforms that are both corroded and have
fatigue crack indications. Of the pre-RP2A platforms, the mgority of the corroded/fatigued
platforms are in water depths greater than 100 feet.

In concluson;

i) Historic dropped cell survey records are not a reliable indicator of the level of exigting
corrosion.

ii) Close-visud examination appears to provide a reliable indicator of the overall generd
level of platform corrogon. This is supported by evidence provided by inspection
divers.

iif) Heavily corroded platforms are more likely to suffer from fatigue damage.

5.6 Platform Anomalies

In Section 4.2, a distinction was made between defects and anomdies. A defect was defined
as an imperfection, fault, flaw or blemish in a component of the platform, which falsinto one of
the categories defined in Section 4.2. A number of underwater surveys, however, result in
anomalous readings that cannot be defined as defects. These surveys, include marine growth
surveys, scour-surveys and debris-surveys. Congigtent with the wording of APl RP2A, these
surveys are routinely carried out during Leve 1l inspections and large amounts of data are
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contained in the JP database. For a variety of reasons, however, anomaies are seldom
reported.

5.6.1 Marine Growth Surveys

The JIP database contains 9,239 marine growth measurements from 2,268 APl Levd I
ingpections of 1,194 platforms. Of the 9,239 measurements, only 38 were flagged as anomalies
in the ingpection reports, however, numerous spurious readings were recorded some reporting
thickness measurements in excess of 12 inches. In most cases the measurements differentiate
between hard growth and soft growth. Unfortunately, the method used to estimate thickness is
not defined in the database. The rdiability of many of the readings is, therefore, questionable.
In the following, averages have been used wherever possible to avoid reliance on what appear
to be numerous unreliable readings.

Variation with geographic location

The potentia for avariation of marine growth thickness across the Gulf of Mexico was explored
using the JIP database. The black circles in Figure 5.24 show the location of dl platforms for
which marine growth data has been recorded excluding platforms where the marine growth
survey was caried out less than five-years after inddlation. These platforms have been
excluded to ensure growth had reached a stable leve to avoid bias from immature growth. In
the figure, the blue triangles represent platforms where hard growth thickness measurementsin
zone 1 have been recorded in excess of 4 inches. In Figure 5.25, the black circles show the
same platform population. The red triangles show hard growth thickness measurements in
zones 2, 3and 4 in excess of 3inches. The marine growth zones are defined in Table 5.15.

Zone 1 LAT to -40 (ft)
Zone 2 -40 to -110 (ft)
Zone 3 -110 to -170 (ft)
Zone 4 -170 to Mudline (ft)

Table5.15: Marine Growth Depth Zones
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Figure 5.25: Marine Growth Anomalies—Zones 2, 3and 4

No clear geogrgphicd variation in marine growth thickness is evident from the figures.

However, the following observations may be rdevant: -

Marine growth anomalies beyond zone 1 are unusud in the coastd waters, north of
latitude 29°, and west of New Orleans (longitude —90° most probably due to the

reduced water clarity.

Marine growth measurements in excess of design levels are widespread throughout the

Gulf of Mexico.
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Variation with time
Marine growth thickness variation with time for four platformsin the Gulf of Mexico is shown in

Figure 5.26. Each depth zone is shown independently for each platform. The locations of the
plaformsin the Gulf are shown in Figure 5.27.
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Figure5.26: Marine Growth Thickness Variation

Figure 5.26 shows an aratic pattern of measured marine growth thicknesswith time. The figure
indicates that thickness of growth varies year-to-year, depending on conditions, but does not

continue to increase indefinitely. The sevenrinch reading, at location 3, is considered unrdiable.
It was not recorded as anomalous in the ingpection report.
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Figure 5.27: Location of the above Platformsin the Gulf of Mexico
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It is evident that a consstent gpproach to the measurement and recording of marine growth
thickness is needed to improve the rdiability of recorded data for input into platform design,
assessment and ingpection planning.

Comparison with design guidance

The 20" Edition of APl RP2A provides guidance on the consideration of marine growth,
thickness and extent, in the design of platforms. In the Gulf of Mexico, the code recommends
the use of a thickness of 1.5 inches from Mean Higher High Water (MHHW) to 150 feet water
depth unless a smaler or larger vaue is gppropriate from ste-specific Sudies. The code adso
recommends that any members with more than a very light coating of marine growth should be
consdered to be hydrodynamicaly rough and recommends a cut-off a 150 ft. in lieu of Ste-
Specific data

The design thickness and depth recommendations have been considered in relaion to the
average of the readings contained in the JIP database, for hard growth. Figure 5.28 shows the
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Figure 5.28: Measured Average Hard Marine Growth Thickness
The following observations may be rdlevant: -

A varying marine growth thickness profile may be more gppropriate for consderation in
platform design.

The marine growth profile appears to extend beyond the recommenced 150 ft. water
depth to beyond 250 ft.
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5.6.2 Bottom/Scour Surveys

Scour isthe remova of seafloor soils by current and/or wave action. The phenomenon is caused
ether by natural geological processes or by structural dements interrupting the natura flow
regime near the seafloor. Generdly, the process requires a loose sandy seefloor. There are
two main forms of scour affecting offshore platforms: globa scour; shalow scoured basins of
large extent around the structure and local scour; steep-sided scour pits around structural
elements such as piles and legs. Scour can result in the degradation of vertica and laterd
support for foundations potentidly leading to unwanted settlements and/or overstressing of the
foundation.

In accordance with the wording of APl RP2A, bottom/scour surveys are routingly conducted
during Leve 1l surveys in the Gulf of Mexico; in fact, they are the most common of al surveys
recorded in the JP database with data collected during over 2,400 underwater inspections.

Anayss is restricted due to incomplete data recording, inconsistencies in soil descriptions, lack
of differentiation of loca and globa readings, and undefined procedures.  Attempts have been
made to rationalize s0il classifications based on available information and the scour readings are
summarized in terms of these dassficationsin Table 5.16.

Level of scour (ft)
Sand Total 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8
Loose - - - - - - - -
Medium| 2082 96.8% 1.7% 0.9% 0.2% 0.1% 0.1% 0.1% -
Dense 115 92.2% 1.7% 3.5% 1.7% - - - 0.9%
Clay
Soft] 4499 95.5% 2.9% 1.1% 0.2% 0.1% 0.2%
Medium 1095 97.7% 1.5% 0.6% 0.0% 0.1% 0.1% -
Stifff 1843 95.7% 3.0% 0.7% 0.5% 0.1% 0.0% 0.1%
Other
Shell 1864 97.5% 1.5% 0.7% 0.1% 0.1% 0.1% - 0.1%
Unknown 1226 98.5% 0.7% 0.6% - - 0.1% - 0.1%
Overall: 96.5% 2.2% 0.9% 0.3% 0.2%

Table5.16: Summary of over 12,000 Scour M easurementsin the Gulf of Mexico

CH104R006 Rev 0 November 2000 Page 60 of 114




-

Consgtent with expectations, the table indicates that scour is not generaly a problem for
platformsin the Gulf of Mexico due to the generdly cohesve nature of the soils and the absence
of high bottom currents. However, the table does indicate a number of isolated examples of
deep scour. It is possble that these reading are associated with short duration seafloor
movements during severe storms or hurricane events. 1t is dso likely that many of the higher
scour readings are the result of St-up during platform ingtdlation or inaccurate data recording.

5.6.3 Debris Surveys

Debris typicdly results from objects dropped or discarded overboard during operations,
including condruction operations, on or around the platform throughout its service life. Debris
surveys are routindy carried out during APl leve Il platform ingpections. The database
contains records from gpproximately 1,800 such inspections, where over 14,000 items of
debris have been catdogued. There are no anomalous readings cited from debris surveys, this
is perhaps due to uncertainty in the definition of an anomaly. Figure 5.30 shows the types of
debris that have been recoded in the database. It is assumed, in lieu of other information, that
‘miscellaneous debris is some combination of the other types identified in the figure.

45007
40004
35001
30001
25007
20001
15001
10001

5001

Anode Handrail Iron Misc. Debris  Grating Rope/Chain Cable Pipe Unknown

Figure 5.30: Debris Surveysby Type

Of the 14,000 items recorded in the database less than 4% were ever recovered or removed
from the Sructure. The database indicates that debris associated with platform is not generdly
detrimentd to the structurd integrity of the facility. There are a least two notable exceptions.
One is discarded wires, cables, grout-lines etc., which may cause fretting corroson. The
database contains a number of instances of such debris being catalogued on successve
ingpections of the same platform without remova. The second includes metdlic objectives in
contact with the structure, which may interfere with the corrosion protection sysem. These
types of debris should be removed. In addition, debris resting on the structure posing a
potential hazard during the inspection should also be removed or secured.

CH104R006 Rev 0 November 2000 Page 61 of 114




5.7

Dropped
object

damage as 49

% of
Level 1l

Inspection

c

Condusions

Platform Defects

Damage found during underwater
ingpections of platformsin the Gulf of
Mexico can be divided into four
categories. The categories and thelr
relaive occurrence are shown in the
figure.  Neglecting non-structurd
defects, mechanicd damage is
reponsble for two-thirds of the
defects reported on platforms in the
Gulf of Mexico.

Mechanical Damage

Mechanicd damage includes
dents, bows, gouges and
separated members. The figure
summarizes the extent and severity
of mechanicd damage amongst
the platform population in the Gulf
of Mexico. The two primary
causes of mechanica damage are
vessel impact and dropped
objects. The functior/ type of a
platform, as shown in the bar
graphs  bdow, influences its
susceptibility to mechanical damage.

Appurtenance
Defects
14%

Wed Defects
9%

Corroson
20%

Minor Mechanical
Damage
26%

Mechanicd Defects
57%

Without
Mechanical
Damage
71%

Major Mechanical
Damage
3%

60
52.8

50 T

Vesse

impact
damage as

30 T

% of

23.1
20.4

20 T

Level Il
Inspection

12.0 08

c

10 T

e

0.4

DRILL/PROD  PRODUCTION COMPRESSOR ~ QUARTERS TENDER WELL
PROTECTOR

CAISSON

Dropped Object Damage by Platform Type

CH104R006 Rev 0 November 2000

10 T

70 665

339

2586
195

12.6

4.1
[

T T T
DRILLUPROD ~ PRODUCTION  QUARTERS TENDER WELL COMPRESSOR  CAISSON
PROTECTOR

Vessdl Impact Damage by Platform Type

Page 62 of 114




Weld/Joint Defects

Wed/joint defects consst of cracks, fabrication defects and joint overload falures. Defects of
this type corrdate closdy to platform vintages, and to identifiable subsets of platforms within
vintages.

The following conclusions have been drawn with relaion to the occurrence of weld/joint defects
on platformsin the Gulf of Mexico.

i) Wed/joint defects occur on less than 1% of modern-RP2A vintage platforms and are
associated with ingalation damage, fabrication defects and poor design/repair details
such aswelded stiffener/doubler plates.

i) In both early-RP2A platforms and pre-RP2A platforms, approximatey 80% of
weld/joint defects result from a combination of fatigue damage and collaterd damage
from vessd impact.

iif) Fatigue damage in early-RP2A platforms is dominated by damage to the conductor
guide frame a the first eevation beow the water surface. This damage affects
approximately 2% of the vintage population.

iv) Generd fatigue cracks have been found in around 1% of the early-RP2A platform fleet.

V) Early-RP2A vintage platforms where a falure of the CP system has been recorded at
some time in the service life i.e. more heavily corroded platforms, are at increased risk
of generd fatigue damage.

Vi) Conductor bay fatigue amongst the population of pre-RP2A platformsis consstent with
early-RP2A vintage platforms. It occurs in a little over 3% of the vintage population;
the reltive increase being a function of the increased time of exposure.

Vii) Generd fatigue damage is more widespread in pre-RP2A platforms than it isin early
vintage platforms, affecting about 5% of the vintage population.

vii)  Pre-RP2A plaforms most susceptible to generd fatigue damage are those inddled in
the latter part of the erain rdatively (for the vintage) deep water, generaly water depths
of 100 feet or greater. The damage occurs mogtly in primary joints close to the mud
line.

iX) Joint overload failure defects occur at the mud line of pre-RP2A platforms that have
inadequate deck heights (by modern criteria) and have been subject to extreme event
loading.
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Corrosion

Corroson defects condst of pitting/holes, crevice corroson, fretting and genera/uniform
corroson. The mgjority of corrosion damage occurs in or above the splash zone.

i) Ritting corroson and holes are the most common corrosion defects found on platforms
in the Gulf of Mexico.

i) Approximately 8% of the platform population has experienced interruption in the
effective operation of the corrosion protection system dthough it was found that such
interruption is not a good indicator of the level of corrosion on the platform.

iif) Inspection data indicates that close-visud joint ingpection is a reliable indicator of the
general corroded state of the platform. This finding is congstent with reports from
underwater diving ingpectors.

iv) More heavily corroded platforms, as defined by reported heavy visua corrosion of the
ged surface, have an increased susceptibility to generd fatigue damage.

Platform Anomalies

i) Marine growth measurements in excess of the APl recommended design levels are
widespread in the Gulf of Mexico.

ii) Marine growth anomalies beyond 40 feet water depth are rare in the coastal waters
north of latitude 29° and west of New Orleans (longitude —90°).

iif) Marine growth thickness does not appear to increase indefinitely; a stable thickness is
reached after afew years. Annua/seasona variaionsin thickness do occur.

iv) Measured data indicates that a variable marine growth profile may be peferablein
design to the congtant 1.5 inches recommended in APl RP2A and that marine growth
should be considered, in design, beyond the 150 feet depth presently recommended in
APl RP2A. Theimpact of these findingsis expected to be small.

V) Seafloor scour is not a concern for the large mgority of Gulf of Mexico platforms due
to the generally cohesive nature of the soils.

Vi) Scour may occur because of temporary seabed movements during severe sorms or
hurricane events.

Vii) Debris is not generdly detrimental to Structurd integrity.  Exceptions are; hanging
objects that lead to fretting corroson and metalic objects contacting the structure and
reducing the efficiency of the CP system.
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Data recording and defect reporting in the database is often of poor quaity. Consderable
subjective interpretation of information and screening of large amounts of incomplete data from
the trend analyses was necessary. In future, clearer definition of reportable defects and
improved data collection and reporting procedures will result in better dlocation of vauable
ingpection resources and collection of data necessary for the continued integrity management of

the platform fleet.
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6. INSPECTION STRATEGY & GUIDELINES
6.1 I ntroduction

A key ddiverable from the JIP is a set of In-service Ingpection Guiddines. The Guiddineswill
be avalable for use by JP paticipants, as an integrd pat of therr structurd integrity
management system, to plan ingpections and define appropriate intervals for Gulf of Mexico
plaforms. The Guiddines were developed through the application of the Structurd integrity
management philosophy, outlined within 1SO dause 24, to the Gulf of Mexico platform
population.

The ingpection Strategy provides the basis for defining the detailed inspection scope of work and
frequency of ingpections. The ingpection strategy is developed through a process of assessment
and evauation of al avallable data including inspection data, damage data, repair data, and al
other data rlevant to the structurd integrity of the platform(s). The Strategy must dso consider
anumber of other issues, asfollows:

The motivation for ingpection eg. regulatory requirements, operator requirements,

platform reuse/decommissoning and incident planning.

The avalability of ingpection techniques (gpplication and reiability).

Scheduling flexibility.
Knowledge from the evaluation of the underwater inspection data for the Gulf of Mexico fleet is
the sngle most important contributor to the development of the ingpection drategy and
guidelines contained herein.  Other essentid congderations in the development of the strategy

include likelihood and consequence of platform failure and present condition. The likelihood of
platform falure isinfluenced by a number of factors, asfollows

a) Robustness and Damage tolerance eg.
- Vintage (encompasses age and origind design criteria)
- Configuration of primary brace framing
- Number of legs
- Joint details
- Skirt piles versus leg piles versus grouted leg piles
b) Present condition

c) Deck eevation

d) Water depth

€) Damage susceptibility

f) Smilaitiesamong plaforms
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Platform specific andyses, a least for Gulf of Mexico platforms, are not dways necessary to be
able to reliably assess the rdative robustness or damage tolerance of different platforms.
Industry experience of extreme sorm events such as Hurricane Camille in 1969 and Hurricane
Andrew in 1992 has improved understanding in these areas. Numerous andyticd studies have
further extended industry knowledge to the point where suitably qudified engineers can, based
on an understanding of certain platform sructurd parameters, reasonably assess the rdative
robustness and damage tolerance of different platforms. This gpproach has been adopted in the
ingpection strategy and in the subsequent developmernt of the In-Service Ingpection Guiddines
and ingpection programs.

The present condition of the platform will dso influence the ingpection drategy. The present
condition should be established, in the firgt ingtance, through the conduct of a basgline inspection
of the platform. Basdine ingpections are discussed in the Guiddines. Subsequent routine
ingpections will ensure the present state of each platform is updated at a suitable interva
congstent with the overal inspection strategy for the platform, or type of platform, in question.
It is important that ingpection data is fed back to the data management system, suitable
engineering evauation carried out, and the ingpection drategy adjusted accordingly. The
evauation process may indicate that damage is benign, however, this data should remain in the
data management system as part of the platform damage register. This should ensure that future
damage is evauated in the light of existing damage. Evauaion results may suggest a strategy of
monitoring, or intervention for strengthening/repair.  Depending on the circumstances these
changes in drategy may or may not affect future ingpection frequency.

6.2 Proposed | ngpection Guiddines and Commentary

The Guiddines, presented below, are consstent with the philosophy within both APl and 1SO
existing recommendations and have been laid out to reflect APl RP2A Section 14 format to
assg comparison therewith. A commentary to the Guideines is provided to assst with
interpretation and provide supplementd information for specific surveys.
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PROPOSED GUIDELINES FOR IN-SERVICE INSPECTION

14IN-SERVICE INSPECTION
14.1 GENERAL

The purpose of in-service above water and
underwater structural inspection is to detect, within a
reasonable level of confidence, the existence and
extent of deterioration, defects or damage. Data
collected during an inspection is needed to verify the
structural integrity of the platform.

The recommendations contained herein should be
part of an on going structural integrity management
(SIM) process. Data collected during the in-service
inspection is integral to the SIM process. These
guidelines have been developed from the partial
application of the SIM methodology to the Gulf of
Mexico Platform fleet.

14.1.1: Definitions

Ingpection: Aninspection is defined asthe visit to the
platform for purposes of collecting data important to
its structural integrity and continued operation.

Survey: A survey is defined as a specific visual or
non-destructive examination of one or more platform
component. Collectively, the surveys make up the
complete inspection.

Defect: Imperfection, fault, flaw or blemish in a
component of the platform. Some suggestions on
defect categorization are provided in commentary,
Section C14.1.1.

Anomaly: An anomaly is defined as a survey
measurement outside specification. Suggested
thresholds for common surveys are discussed in the
commentary, Sections C14.3-F to C14.3I.

14.1.2: Inspection Types
a) BaselineInspection

Baseline inspections are conducted to benchmark
the initial platform condition for items not
included in fabrication or pre instalation
inspections and to detect any early appearance
of defects or deterioration.

b) Periodic Inspection

Periodic inspections should be used to identify
deterioration/degradation and unknown defects
over time. The periodic inspection strategy is
made up of the inspection interval and scope of
work, which may vary over time, depending on
the evaluation results, during the service life of
the platform.
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c) Special Inspection
Special inspections may be required in certain
circumstances as follows:
To monitor repairs or known damage
Prior to platform assessment or reuse*
Post occurrence of extreme event
(storm/earthquake/mudslide)* *
Post accidental event (impact/explosion)**

*In many cases, the structural integrity
management process should identify assessment
requirements and reuse candidates in sufficient
time to permit adjustment of the periodic
inspection scope of work.

** Subject to evaluation, special inspections may
be planned to coincide with the periodic
inspection with the scope adjusted accordingly.

Special inspections should be developed based on
evaluation of al available data. Key elements of
special inspections are the definition of objectives,
selection of appropriate surveys (including
tools/equipment) and timing.

14.2 PERSONNEL QUALIFICATIONS

The inspection program should be compiled and
approved by a qualified and suitably experienced
engineer familiar with the structural integrity aspects
of the platform/s. The engineer should be involved in
all phases of the structural integrity management
cycle.

Offshore execution of the inspection program requires
supervisors, divers, ROV operators and data
recorders who are qualified in their assigned tasks. It
is suggested that these qualifications should include:

Qualification to international or equivalent
regional standards.

Knowledge of how and where to look for damage
and situations that could lead to damage.
Familiarity with the platform owner’ s/operator’s
data validation and quality requirements.
Training and experience in the methods
employed.

For operatives/divers who will be performing
NDE, accredited training/qualifications or
underwater pre-qualification trials.

143 UNDERWATER SURVEYS
Platform surveys are required to detect, measure and
record platform defects and anomalies. Platform

defects may include excessive corrosion, weld/joint
damage (including overload and fatigue damage) and
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mechanical damage in the form of dents, holes, bows
and gouges. Platform anomalies may include, non-
operating or ineffective corrosion protection system,
scour, seafloor instability, hazardous or detrimental
debris and excessive marine growth.

14.3-A: General Visual (GV) Survey

The GV survey should consist of a thorough
underwater visual examination of the platform,
including:

a) Structural Elements

Primary structural framing

L eg/pile connections

Conductor guide framing

Other secondary framing and appurtenances

b) Non-structural elements and supports

Pipeline risers and supports
Jtubes and supports

Service caissons and supports
Riser guards

Boat landings and fenders

Commentary C14.3-A provides suggestions for
performing GV surveys and data recording.

14.3.B: Anode Survey

The anode survey should consist of a thorough
underwater visual examination of al (full survey) or
some (part survey) of the platform sacrificial anodes.

Commentary C14.3-B provides suggestions on
performing full and part anode surveys including
depletion assessment and data recording.

14.3-C: Flooded Member Detection (FM D) Survey

The FMD survey should employ appropriate
underwater non-destructive equipment to assess
whether a platform member is ‘dry’, ‘flooded’ or
‘partially-flooded’ .

Commentary C14.3-C provides suggestions on
performing FMD surveys including the extent of the
survey, data recording and procedures in the event of
the detection of ‘flooded’ members.

14.3-D: Visual Corrosion Survey

The visual corrosion survey should consist of
localized cleaning and close visual examination of the
steel surface of a platform element to assess the
extent of corrosion.

Commentary C14.3-D provides suggestions on
performing visual corrosion surveys including the
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extent and method of cleaning, location selection and
datarecording.

14.3-E: Weld/Joint Survey

The weld/joint survey should consist of a thorough
underwater examination of the weld/joint. The
location should be sufficiently cleaned of marine
growth to permit thorough examination.

Commentary C14.3-E provides suggestions on
performing weld/joint surveys including weld/joint
selection, examination techniques and data recording.

14.3-F: Cathodic Potential (CP) Survey

The CP survey should consist of underwater
measurements of the electrical potential of elements at
selected locations either throughout the platform (full
survey) or at selected locations (part survey).

Commentary C14.3-F provides suggestions on
performing full and part CP surveysincluding location
selection and data recording.

14.3.G Debris Survey

The debris survey should consist of an underwater
visual search of the platform to locate debris that is
either hazardous to personnel or potentially
detrimental to platform structural integrity.

Commentary C14.3-G provides suggestions for
performing debris surveys including debris
classification and procedures for reporting and
removal/retrieval.

14.3-H: Scour Survey

The scour survey should consist of the measurement
of the seafloor relative to the platform’s installed
elevation. The scour survey may include local scour
measurements, around platform legs/piles, and/or
global scour measurements, of the seabed
surrounding the platform.

Commentary C14.3-H provides suggestions on
performing both local and global scour surveys
including data recording.

14.3-I: Marine Growth Survey

The marine growth survey should consist of the
measurement of the compressed marine growth
thickness (CMGT), or approved alternative, at pre-
selected locations, either throughout the platform (full
survey) or at selected locations (part survey).
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Commentary C14.3-1 provides suggestions on
performing full and part marine growth surveys
including data recording.

14.3-J: Appurtenance I nspection

Appurtenance inspections should consist of selected
surveys of non-structural elements and their supports
including risers, caissons and j-tubes.

Commentary C14.3-J provides suggestions on
performing appurtenance inspections including
suggested surveys for specific appurtenance types.

14.4 ABOVE WATER INSPECTION

The above water inspection should consist of a
genera visual (GV) survey (see Section 14.3-A) of the
platform structure located above the mean water level,
including the splash-zone. The visual inspection
should determine the effectiveness of the corrosion
protection system and detect deteriorating coating
systems and excessive corrosion.

The inspection scope should include below-water
verification of the performance of the cathodic
protection system by dropped cell or other method.

145INSPECTION LEVEL (SCOPE)
14.5.1 Baseline I nspection

A baseline inspection should be performed as soon
as practicable after the platform installation and
commissioning. The minimum scope of work should
consist of the following unless the data is available
from theinstallation survey:

A GV survey of the platform from the mud-line to
top of jacket (members and joints) including
coating integrity through the splash zone.

Anode count (verify presence and integrity)
Appurtenance survey.

Measurement of the mean water surface elevation
as-installed, with appropriate correction for tide
and sea state conditions.

Tilt and platform orientation.

Riser and Jtube soil contact.

Scour survey (seabed profile).

14.5.2 Periodic I nspection

The scope of work for periodic underwater inspection
depends on the platform susceptibility to defects and
anomalies, its robustness and its present condition.

The platform consequence of failure may also play a
part in determining the final scope of work at the
discretion of the planning engineer.
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Application of the structural integrity management
process to Gulf of Mexico platforms has identified
three inspection scopes appropriate for periodic
inspections:

Level Il — Green inspection

Level Il —Yellow inspection

Level IV — Red inspection

Figures 14.5-1 and 14.5-2 should be used to determine
the suggested inspection scope for the platform(s)
under consideration.

SUSCEPTIBILITY TO WELD/JOINT DEFECTS

Early-RP2A

Modern-

Corroded or RP2A

Unknown CP Early
History

HIGH m
Drifling

MEDIUM
by i i

SUSCEPTIBILITY TO
MECHANICAL DAMAGE

Low

Caisson LI} LI} 11 11 1
Well Prot.

Figure 14.5-1: Guideline I nspection Scopes

Inspection Level
I 1]

Reference Defect Surveys

14.3-A General Visual

14.3-B Anode

14.3-C Flooded Member Detection XP XP
14.3-D Visual Corrosion 1) X

14.3-E Weld/Joint

14.3-F Cathodic Potential XP

Reference Anomaly Surveys

14.3-G Debris X X X
14.3-H Scour ) ) )
14.3-1 Marine Growth X

Reference Appurtenance Surveys

14.3-J Riser / J-Tubes / Caisson if present

XP  Part survey

(1) Not required if a continuous annual drop cell record so
indicates.

(2) If seafloor is conducive (loose sand) or seafloor
instability is known/suspected.

Figure 14.5-2: Guideline Scope of Work

The commentary provides additional guidance on
survey techniques, tools and applications.

14.5.3 Special I nspections

Initiators for a specia inspection are identified in
section 14.1.2. Surveys should be selected consistent
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with the nature of the event. Particular attention
should be given to detecting damage and indirect
signs of damage, such as localized areas of missing
marine growth.

146 INSPECTION FREQUENCY

The time interval between platform inspections
should be determined in accordance with the overall
structural integrity management philosophy. Figure
14.6-1 provides guidance on the selection of intervals
between routine platform inspections. The ranges
presented are taken from existing guidance provided
in APl RP2A 20" Edition Supplement 1.

The selection of an appropriate interval from the
applicable range should be initially based on the
platform’s vintage (with additional sub-categories for
pre and early vintage platforms) as shown in Figure
14.6-1. The vintage definitions are based on extensive
evaluation of Gulf of Mexico underwater inspection
data and are intended to be indicative of the relative
robustness and damage tolerances of different
platform generations.

Appropriate engineering judgment on the relative
robustness of alternative platform configurations (e.g.
# of legs, framing, joint details etc.) and associated
analytical data or assessment information will support
the selection of extended intervals towards the upper
bounds of the ranges provided in Figure 14.6-1.

SUSCEPTIBILITY TO DEFECTS

1 | 3-5yrs | | 5-10 yrs | | 10yrs |

5-10 yrs | [ 10 yrs

21

[10-15yrs ]

I
5-10 yrs | | 10-15 yrs | | 15yrs |

Exposure Category Level

3 |

Figure 14.6-1: Guideline Inspection Intervals

Exposure category levelsindicated in Figure 14.6-1 are
defined in the existing guidance provided in API
RP2A 20" Edition Supplement 1.

14.7 PRE-SELECTED AREAS

During platform design and any subsequent
assessment, critical elements should be identified to
assist in focusing future platform surveys. Selection
of critical areas should be consistent with the overall
structural integrity management process and should
be based on such factors as:

Data collected from the baseline survey.
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Familiarity with relevant information about the
specific platform(s) under consideration.

Knowledge of general inspection findings in the
offshoreindustry.

The significance of members and joints to the
platform system capacity.
Knowledge of the platform damage tolerance.

Joint and member stresses and stress
concentrations.

Joint fatigue lives.
148 DATA RECORDS

Records of above water and underwater platform
inspections should be maintained by the
owner/operator, within a managed system for the
archive and retrieval of such data and other pertinent
records, for the life of the platform. Such records
should include the inspection level performed and
detailed accounts of the surveys carried out including
photographic evidence, measurements and other
recorded data.

Detected defects and anomalies should be thoroughly
documented and included with the survey results
together with the subsequent engineering evaluation
and any resulting repairs or specified monitoring
requirements.
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C14 IN-SERVICE INSPECTION
C14.1 GENERAL

The objectives of an underwater survey are to detect
and properly measure any evidence of damage or
distress, to carry out routine inspection and
measurement of items that affect structural integrity
and performance and to record and report all findings
and measurements in a standard and meaningful
manner. Consistency, accuracy and completeness of
inspection records are important since these dataform
an integral part of the structural integrity management
system.

C14.3 UNDERWATER SURVEYS

For each survey identified in Section 14.3 of the
Guidelines, a suggested scope of work is presented
below together with suggestions for data recording
and for defect and anomaly reporting. The defect and
anomaly reporting systems are intended to ensure
that sufficient data is collected for an effective
engineering evaluation to be carried out.

Where a defect or anomaly is discovered an
additional scope of work may be necessary and
additional reporting requirements may come into
effect. For anomaly surveys, including debris
surveys, scour surveys and marine growth surveys
acceptance criteria are suggested to establish
thresholds for the definition of anomalies.

C14.3-A: General Visual (GV) Survey

The object of the GV survey is to detect signs of
mechanical damage such as missing or separated
members, dents, gouges and bows, and major
joint/weld defects including large cracks, separation
and distortion, visible without marine growth removal.
The survey generally extends up to the high water
mark, however, if new damage is observed above this
level, then this should also be reported. The survey
should include visual examination of appurtenances
to detect loose or missing items and/or other obvious
signs of deterioration. The survey will normally be
carried out by ROV below the air diving range.

Indications of missing marine growth or coating
scuffing may be evidence of impact damage. Such
indications should be closely investigated for both
primary and collateral damage. Close attention should
also be given to platform nodes to identify large
cracksor visible distortion.

Data/Defect Recording: Records from the GV survey
should include details of the extent of coverage. In
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particular, data records should identify regions or
elements of the platform, including appurtenances,
not examined in the GV survey. An explanation why
the region or element was excluded should be
provided.

Defects detected during the GV survey should have
their location accurately identified and should be
appropriately measured in accordance with a
standardized procedure. Defects will generally be
classified asfollows:

Variations from the platform database (e.g.
missing members).

Mechanical damage: Dents, gouges, bows, holes
and distortion should be suitably measured and
recorded. Collateral damage should be identified
as such, where discernable. Records should
include the location and extent of the defect and
close-up photographic documentation.
Weld/Joint Defects: The location, size and extent
of cracks/separation should be suitably measured
and recorded. Records should include the
location and extent of the defect and close-up
photographic documentation.

Corrosion: Evidence of heavy uniform corrosion,
heavy pitting and/or any fretting or abrasion
corrosion should be recorded. Records should
include the location and extent of the defect and
close-up photographs of the corroded surface.

Measured data should be sufficient to permit
subsequent engineering evaluation of the defect/s,
for example:

Dents — measurements $all determine the genera
shape of the dent, depth and location of maximum
depth (clock position), maximum length and maximum
width. The edge sharpness should also be
determined.

Bows — measurements shall record the bow profile,
maximum deflection and orientation relative to the
member axis.

Holes — measurements shall determine the location
and shape of the hole. Multiple holes shall be
carefully measured.

Gouges — measurements shall determine the general
length, depth and location of the gouge.

Minor impact damage to boat fenders or riser guards
need not be reported in detail. It is suggested that for
fender damage a photographic record is sufficient.
The integrity of structural supports should, however,
be carefully checked.
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Data recording for anode, debris and platform
appurtenances are identified in Sections C14.3-B,
C14.3-G and C14.3J, respectively.

C14.3-B: Anode Survey

The object of the anode survey isto locate, count and
estimate depletion of platform anodes. Anode
depletion may be graded by their condition as
follows:

Grade A - Excellent condition. Well
defined corners and no pitting.
(95% to 100% of original)

Grade B - Good condition. Slight
pitting and rounded corners.
(80% to 94% of original)

Grade C - Poor condition. General
pitting and losing shape.
(50% to 79% of original)

. < Grade D - Very poor condition.
Extensive pitting and support
bracket showing.

(Less than 50% of original)

This system is preferred to a percentage depletion
estimate since it is not as reliant on prior knowledge
of the original shape and size of the anode, however,
it issubjective.

Depending on the results of the annual above-water
CP survey and the extent and results from other
surveys used to assess the level of corrosion e.g. the
underwater CP survey (14.3-F) and the visual
corrosion survey (14.3-D) either a full or part anode
survey may be required.

Full Survey: A full anode survey includesall platform
anodes.

Part Survey: A part anode survey typically includes
anodes associated with one or more specified legs or
as specified in the detailed inspection scope of work.

Data Recording: Data recording from the anode
survey should identify the location (member to which
the anode is fixed and position thereon) and grade of
the platform anodes. If known (or discernable)
anodes should be identified as being either original or
retrofit.

Anomaly Reporting: Grade D anodes should be
reported as anomalous. Anodes identified as loose,
damaged or missing should also be recorded as
anomalous.

C14.3-C: Flooded Member Detection Survey
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The object of the flooded member detection (FMD)
survey is to determine whether platform underwater
members are ‘flooded’, ‘partially-flooded’ or ‘dry’.
FMD is performed using either ultrasonic (UT) or
radiometric (RT) techniques. RT FMD is more
typically performed by ROV and may be preferred
below air diving depths or where heavy corrosion is
anticipated, which may reduce the reliability of UT
techniques. Both UT and RT FMD can reliably
determine member flooding provided an appropriate
specification is used, based on established and tested
practice.

Flooding of members may be indicative of through-
wall fatigue aacking in welded joints or attachments
and, therefore, flooding checks provide a useful
screening of members considered prone to such
damage, in particular, members in or supporting the
conductor-guide frame (CGF) within approximately
100 ft. of the water surface. Flooding may also result
from other through-wall defects associated with
fabrication, mechanical damage or corrosion.

Caution is advised in the application of the technique
to primary structural members framing into platform
legs. These connections are not prone to fatigue
damage in most platforms, however, if fatigue cracks
do occur they are more likely to devel op on the chord-
side of the weld and may not result in flooding of the
brace.

The strategy for the extent of coverage for the FMD
survey should be consistent with the overal
structural integrity management philosophy being
applied.

Part Survey: A part FMD survey should be confined
to the CGF members and support structure to a
specified depth of approximately 150 ft. and other
members specified in the detailed scope of work.

Full Survey: A full FMD survey should include the
CGF and either, al primary-framing members, or
selected members based upon their importance to the
continued integrity of the platform.

Data Reporting: All members checked for flooding
should be clearly identified as ‘dry’, ‘flooded’ or
‘partialy-flooded’.  Suitable procedures should be
employed to detect the water level in ‘partially-
flooded’ members and this should be recorded.

Defect Reporting: All ‘flooded’ or ‘partialy-flooded’
members should be reported as anomalies.

In the event of flooding being detected, the cause of
flooding should be established and recorded as a
defect in the survey report. The member and its end
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joints shall be visually examined for signs of through-
wall defects such as corrosion (pitting or fretting),
mechanical damage, cracks/separation or perforation
at anode or other attachments. If necessary, marine
growth should be removed to assist visual inspection.
If the cause of flooding is not detected after cleaning
then this should be recorded since the cause of
flooding is likely not detrimental to structural
integrity.

C14.3-D: Visual Corrosion Survey

The visual corrosion survey should consist of local

manual cleaning (brush/scraping tool or similar) of the
steel surface and close visual examination to
determine the level of corrosion. The cleaning need
expose no more that a six-inch square. The selected
location/s for the check should be continuously
submerged i.e. not within the splash zone. It is
suggested that two locations are generally sufficient
to establish the overall level of corrosion. One
location should be at a member end weld, the other at
any convenient location along a primary member.
This survey should be carried out ahead of any non-
destructive testing since knowledge of the general

level of platform corrosion will assist data interpreters
of UT inspection equipment, including wall-thickness
gaugesand UT FMD tools.

Data Reporting: For each location the survey report
should include close-up photographic record of the
steel surface condition. Uniform surface corrosion
should be graded as light, medium or heavy and color
photographs should be provided in the survey
specification to assist the data recorder with selection
of the appropriate grade. If pitting is present the
maximum depth should be measured using a suitable
gauge.

Defect Reporting: ‘Heavy’ uniform corrosion and
pitting greater than 3mm depth shall be considered as
a defect and identified as such in he inspection
report.

C14.3-E: Weld/Joint Survey

The objective of the weld/joint survey isto confirm or
otherwise the integrity of selected welded joints on
the platform and to detect, quantify and report
associated defects. Joints may be selected in a
number of ways, including:

The known historic susceptibility of similar joints
on similar platforms to fatigue or overload
damage.
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Knowledge of existing damage at, or adjacent to,
thejoint (includes damage monitoring).

The critically of the joint to the platform integrity
during occurrence of the extreme event.

The joint selection strategy should be consistent with
the overal structural integrity management
philosophy adopted.

Weld/joint surveys should include complete removal
of marine growth and close visual examination of the
weld. A visua corrosion survey should also be
carried out using the guidelines of Section 14.3-D.

Initial Cleaning: The initial cleaning should remove
marine growth by cleaning to black-oxide to a
distance of at least six-inches from the weld.

Close Visua Examination: Close visual examination
should be undertaken for the detection of major
cracks, holes, separation or distortion of the brace-
end or chord wall.

Depending on the inspection strategy, it may also be
required to clean the weld and HAZ to bright metal
(e.g. using a low-pressure grit blaster) and to examine
the weld with a non-destructive technique e.g.
Magnetic Particle Inspection (MPI). Factors involved
in this decision include the planned inspection
interval, the fatigue sensitivity of the joint and the
tolerance of the platform to defects at the joint
location, all of which should be addressed in the
inspection  strategy. Where non-destructive
techniques are used, detailed specifications should be
provided and the testing undertaken by suitably
qualified and experienced personnel. Procedures
should include guidance for the confirmatory grinding
of indications and remedia grinding and crack-arrest
drilling for confirmed cracks.

Data Recording: Joint/weld survey reports should
include details of the weld and establish a datum and
reference for reporting of all observations and
defects. A complete photographic mosaic of the weld
should be provided with a continuous reference from
datum along the full length of the weld. Photographic
recording of both visual and NDE defects is required.

Defect recording is discussed below. In addition,
data should be recorded on non-defect fabrication
flaws and confirmatory grinding.

Defect Reporting: All weld/joint defects should be
reported including, accurate location, detailed
measurement and photographic record.  Defects
include cracks, holes, member separation, distortion
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of the brace-end or chord wall and certain fabrication
flaws (incomplete welds, lack of fusion and porosity
and undercut greater than 2mm).

Corrosion defect reporting should be consistent with
the requirements 14.3-D and shall include location,
and measurement of any detected crevice corrosion

C14.3-F: Cathodic Potential (CP) Survey

The objective of the cathodic potential survey is to
confirm or otherwise the correct operation of the
platform corrosion protection system. Annual CP
surveys should be carried out using drop cell or
comparable techniques as part of the above-water
inspection.

An underwater CP survey may also be required
depending on the results of the annual above-water
survey and other underwater surveys such as the
visual corrosion survey and the anode survey. These
other indicators of the effectiveness of the corrosion
protection system may also be used to define the
extent of the underwater CP survey.

Full Survey: A full survey is designed to provide full
coverage of the underwater structure and will
typically require readings are taken on jacket legs at
each framing (node) level, LAT and halfway between
these framing levels on the outside of the legs.
Readings should also be taken half way along all
adjoining braces and at other locations specified in
the detailed scope of work.

Part Survey: A part survey typicaly consists of
readings on a single leg at each framing (node) level,
LAT and halfway between these framing levels on the
outside of that leg only.

CP surveys may aso be caried out during
appurtenance surveys e.g. riser, conductor, caisson
and J-tube surveys, see Section 14.3-J.

Data Recording: Electrical potentials shall be
measured in millivolts with reference to Ag/AgC1
half-cells. The location and value of every reading
should be recorded.

Defect Recording: Any and all potential readings
outside the range of —850mV to —1150mV should be
reported as anomalous. If the average of all readings
lies outside the same range, this should be
additionally reported as a separate anomaly.

C14.3-G: Debris Survey

The objective of the debris survey isto locate debris
on the mud-line members of the structure or snagged
in the upper structure. Debris should be removed
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from contact with the platform if it is hazardous to
personnel, metallic or obstructs inspection activities.
Large items, which cannot be moved, shall be
recorded.

When large or heavy items of debris are discovered,
the structure above should be checked for mechanical
damage. The structure shall be checked for fretting or
abrasion damage where debris is found in contact
with the platform.

Data Recording: The location and identification of all
debris on mud-line members of the structure or
snagged in the upper structure should be recorded.
The record shall state if the debris was removed.

Photographic record shall be provided for all debris
that is not removed.

Defect Recording: Any items of debris on mud-line
members of the structure or snagged in the upper
structure, which are hazardous, metalic or may
obstruct future inspection activities, and were not
removed, shall be reported as anomalies.

C14.3-H: Scour Survey

The objective of the scour survey is to detect and
report seafloor movements relative to the jacket. Care
should be taken to ensure that measurements are
compared to a confirmed datum level. Two types of
scour can be identified. Global scour consists of
shallow scoured basins of large extent around the
structure. Local scour is usually seen as steep-sided
scour pits around structural elements such as piles
and legs. In the Gulf of Mexico scour is not generally
found due to the cohesive nature of the soils. It may
however be a concern if the platform is located on
loose sandy soils or where seabed movements are
possible during severe storm events.

Full survey: The scope of work is designed to detect
and record both local and global scour.
M easurements should be taken at the outside of each
leg and from the underside of the perimeter horizontal
bracing to the mudline.

Part survey: The scope of work is designed to detect
either local or global scour. Measurements should be
taken on the outside of corner legs as specified inthe
detailed scope of work.

Data/Defect Recording: Physical measurements
should be taken at platform legs and beneath the
bottom horizontal bracing and al measurements shall
be recorded. Physical measurements (i.e. measuring
rule) are preferred to diver depth-gauge readings. If
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the depth-gauge is used it should be calibrated to
some platform datum and the calibration so recorded.

The occurrence of any gravel dumps around the
platform should also be reported, as should any
sandbagging of pipelines.

C14.3-: Marine Growth Survey

The object of the marine growth survey isto measure
and record the thickness of marine growth fouling on
the structure. In the Gulf of Mexico marine growth
rarely extends below 200 ft. Details of the type of
growth are not normally required.

Marine growth thickness should be measured and
recorded as a compressed marine growth thickness
(CMGT). CMGT is determined by wrapping a broad
tape (3"- 4" wide) around member growth and pulling
it tight to record the measurement. Care should be
taken to avoid hang-ups with the measuring tape so
that an accurate reading is achieved.

Part Survey: A part marine growth survey should
include measurements both above and below all major
elevations of the platform down asingle leg.

Full Survey: A full marine growth survey should
extend to additional legs and associated bracing.
Measurements may also be taken aong a
representative conductor.

When taking measurements in a specified area, a
representative zone of marine growth thickness
should be chosen.

Data Reporting: The location and value of all CMGT
readings should be reported. Photographs showing
the fouling make-up should be provided for each
measurement site. The measurement tape should be
in-place and the compressed growth reading should
be visible in the photograph.

Anomaly Reporting: CMGT readings indicating
marine growth thickness in excess of that used in the
most recent design/assessment should be reported as
anomalies. In the absence of such information a
thickness of two-inches is suggested as the anomaly
threshold for Gulf of Mexico platforms.

C14.3-J: Appurtenance I ngpection

Non-structural platform appurtenances including
risers and Jtubes, caissons and conductors should
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be included within other platform surveys as
appropriate. In particular, appurtenance inspection
should include GV and debris surveys. Consideration
should also be given to other platform surveys as
follows:

Visual corrosion survey
Cathodic potential survey
Marine growth survey

A number of appurtenance-specific surveys may also
be included in the scope of work asfollows:

Riser Coating: The riser coating should be examined
to determine type, integrity and depth of termination.
At damage locations UT wall thickness readings
should be taken, see C14.3-D.

Support Clamps: Support clamps and guides should
be sufficiently cleaned and visually examined to
determine their integrity and that of their fasteners.
Loose or missing fasteners should be tightened or
replaced.

Caisson Intakes: The lower section of the caisson
around the intake should be cleaned and any
blockages removed.

Pipeline Spans: The riser inspection should extend to
the bury-point or anchor-point or to a reasonable
aternative distance from the platform (e.g. 50ft.). Any
suspension of the pipeline should be measured and
recorded.

Data Recording: Data recording should be consistent
with the requirements of the surveys undertaken; in
addition, the location and extent of any suspensions
of the pipeline should be measured and recorded.

Defect Reporting: Defect reporting should be
consistent with the requirements of the surveys
undertaken; in addition coating damage, lack of clamp
integrity (loose bolts, slippage, liner loss or excessive
degradation), pipeline spanning and caisson
blockages not removed should be recorded as
defects.
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1.2

BENCHMARKING
Objectives

Severd platforms were used to “benchmark” the proposed inspection Guiddlines. The
objectives of the benchmark task were to test the guiddines for gpplicability and completeness

and update as necessary.

The benchmark platforms dso provide useful examples of the gpplication of the guiddines and
provide a “go-by” of minimum requirements for Participants when developing ingpection plans
for thelr own platforms.

Sdected Platforms

Six platforms of different types and configurations were used for the benchmarking process as
summarized in Table 7.1. A variety of platform types (drilling, quarters, etc.), configurations
(caisson, 4-leg, 8leg, X braced, etc.), and ingtdlation dates were used in order to demondrate
goplicahility of the guiddines over arange of typicd platforms found in the Gulf of Mexico. The
platforms were taken from the dataset of platforms provided by the JP participants. The
platform information was appropriately desensitized and some changes made to operation and
configuration issues in order to demongtrate use of the guidelines.

D Tyne Year General Bracing Damage Defect Other
yp Configuration | Scheme | Susceptibility Susceptibility | Issues
1 Caisson ‘95 Caisson Braced Low Modern
2 Drilling ‘90 4pile X High Modern @
3 Drilling ‘75 4pile X High Ealy
4 Quarters ‘75 8pile X Medium Early Corroded 2
5 Tender ‘68 8pile Diagonal Medium Pre
. . X and )
6 Compressor 63 4pile i Medium Pre>100ft WD
Diagonal
Notes:

(1) Future wells planned
(2) Existing damage (corrosion and flooded-member)
Table 7.1: Summary of Benchmark Platforms

Figure 7.1 shows how the benchmark platforms fit into the inspection ‘scope of work’ matrix
from the Guiddines. The benchmark platforms were selected to test arange of Green, Ydlow
and Red inspection scenarios. Most emphasis has been placed on Red inspections as these are
generdly more complex and, therefore, require validation that is more thorough.
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7.3

SUSCEPTIBILITY TO DEFECTS

Pre-RP2A

Corroded or
Unknown CP Inadequate Deck
History and/or Elevation
>100

HIGH
Drilling
Production

MEDIUM

Quarters
Tender

Compressor

Low
Caisson
WP

SUSCEPTIBILITY TO
MECHANICAL DAMAGE

Figure 7.1: Locations of the Benchmark Platformsin the I ngpection Scope Matrix

Benchmark Case Descriptions

The following sections provide a brief description of each of the benchmark cases and the
resulting findings. A specific figure and summary table for each case is provided at the end of
esch case description. The summary table identifies the type of inspection used, identifies the
guideline reference section and provides a brief description/clarification of the ingpection. Note
that in dl cases, a ‘generd visud survey’ ad ‘anode survey’ are carried out during the
ingpection of the platform.

Case 1 - Braced Caisson, Ingtaled 1995

This is a Modern-Vintage/lLow-Consequence platform. A Leve 1l (green) ingpection is
required asindicated in Figure 7.1.

Per the guideling, there are no FMD checks or Joint/Weld inspections. A corrosion check is
used to assess the surface condition of the sructure's sted.  This is the only cleaning of the
structure required.  Although not required per the guideline, a ‘full CP survey was sdected for
this braced caisson (aform of specid structure). This was felt prudent since the pile-top portion
of the verticad diagond membersis located at a good distance from the caisson, where the CP
system may not be fully effective. In addition, there is no access to the pile tops via the yearly
drop cell CP readings, hence afull-CP survey is caled out.
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CASE 1. BRACED CAISSON
SCOPE OF WORK

PLATFORM TYPE GUIDELINE SURVEY DESCRIPTION
INSPECTION REFERENCE
DEFECT SURVEY
General Visual FULL 14.3-A All members, joints, appurtenances, and appurtenance connections.
Anode Survey FULL 14.3-B Survey all anodes. Anodes to be graded.
Flooded Members NONE 14.3C None required.
Corrosion Check PART 14.3-D Clean 6" square patch on caisson at (-) 10 ft or lower and CVI to determine steel condition.
Joint/Weld NONE 14.3-E None required.
Inspection
Cathodic Potential FULL 14.3-F Readings to be taken at: LAT, (-) 50" and (-) 100’ on the caisson; (-) 50" and ( -) 100’ on the braces; and at midway between the botton
and top of the pile guides.
ANOMALY SURVEY
Debris Survey FULL 14.3-G To be done as part of General Visual. The seabed immediately surrounding the structure. Remove any hanging debris if safe
to do so.
Scour Survey NONE 14.3H None required.
Marine Growth NONE 14.3-1 None required.
APPURTENANCE INSPECTION
Risers Survey FULL 14.3-) Not part of JIP —Guidance can be found in the relevant section of the guidelines.
Caisson Survey NONE 14.3-J Not part of JIP —Guidance can be found in the relevant section of the guidelines.
SUSCEPTIBILITY: GREEN
DEFECT: MODERN
(| EL. () 10-0" DAMAGE: LOW
()20 Orientation with respect
toTrueNorth
EL.()14-0"

T
o

CP as specified

VIEW FROM TOP

v
EL. ()120'-0"

é ELEVATIONA é ELEVATION B é

INSPECTION JIP
LEGEND EQE- ML
EMD —> cv.i |l Ql @ JULY 2000

CASE 1: BRACED CAISSON, INSTALLED 1995 , INSPECTION PLAN
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Case 2 - 4-Pile Drilling Platform, Ingtaled 1990

This is a ModernVintage/High- Consequence platform. A Levd 1l (yellow) inspection is
required asindicated in Figure 7.1.

Per the guideling, there is an FMD survey but no joint/weld survey. A ‘pat FMD’ is used on
the plaiform, omitting the mud-line braces, which are not critica for strength in most jackets,
and the horizonta braces, which are not critical for X-braced structures due to their “robust”
configuration. As described in the ingpection techniques section, X-braced structures are
particularly suitable for FMD when other, more intensive checks, such as close-visud surveys,
are not used. The X-brace configuration provides a high degree of redundancy, and even if the
FMD checks are in error, there are sufficient dternative load paths to rely on FMD done to
assure adequate integrity. Since it is a four—pile platform, the full FMD survey was reasonably
extensve dnceit isreatively easy to FMD a platform of thissze by diver.

A Corrosion Check is used to determine the existing condition of the structure' s sted on one of
the legs by deaning asmall patch and performing aclose-visud survey.

A ‘pat CP survey is used to check potentia readings along one leg.

Since the diver is going to be in the water for the CP survey, a marine growth survey is dso
taken adong leg AL Although not specificdly required by the guiddine for a “ydlow”
ingpection, the marine growth data was collected since severd future wells are planned for the
platform and a structura assessment per APl RP 2A Section 17 will have to be performed. The
marine growth survey will dlow the use of actua field conditions for the assessment.

CH104R006 Rev 0 November 2000 Page 80 of 114




CASE 2: 4-PILE, DRILLING, INSTALLED 1990
SCOPE OF WORK

PLATFORM TYPE GUIDELINE SURVEY DESCRIPTION

INSPECTION REFERENCE

DEFECT SURVEY

General Visual (GV) FULL 14.3-A All members, joints, appurtenances and appurtenance connections.

Anode Survey FULL 14.3-B Survey all anodes. Anodes to be graded.

Flooded Members PART 14.3C All vertical diagonals, and horizontal diagonal framing at (-) 40’ as shown in drawing.

Corrosion Check PART 14.3-D Clean 6" square patch on any leg at (-) 10 ft or lower and CVI to determine steel condition.

Joint/Weld NONE 14.3-E None required.

Inspection (CV)

Cathodic Potential PART 14.3-F Readings to be taken on the outside of Al leg at each framing (node)level, LAT and halfway between the framing levels.

ANOMALY SURVEY

Debris Survey FULL 14.3-G To be done as part of General Visual. The seabed immediately surrounding the structure. Remove any hanging debris if safe
to do so.

Scour Survey PART 14.3H Measurements to be taken on the outside of each leg.

Marine Growth PART 14.3-1 Measurements of compressed marine growth to be taken on Al leg above and below all major elevations.

APPURTENANCE INSPECTION
Riser Survey FULL 14.3-J

Not part of JIP —Guidance can be found in the relevant section of the guidelines.

Caisson Survey FULL 14.3-J Not part of JIP —Guidance can be found in the relevant section of the guidelines.

SUSCEPTIBILITY: YELLOW

DEFECT: MODERN
DAMAGE: HIGH

EL.®7-0" EL. () 70" EL.(+) 70"
g
é" : EL.() 400" EL.() 40-0° EL. (1) 40-0"
14
EL. (1)100-0" EL.(-)100'-0" EL.(-) 100-0"
ROWA ROW B
LY
v
O >
© ®
@ ®
PLAN @EL. () 100-0" PLAN @EL. (-) 40'-0" PLAN @EL.(+) 7 0"
CASE 2 4-PILE, DRILLING, INSTALLED 1990 INSPECTION PLAN LEGEND EMD. —F cv.i EQE --MSL 0‘! INSJFL’JELF:{TIZEJOI\(IJJIP

CH104R006 Rev 0 November 2000 Page 81 of 114




Case 3 - Four-Pile Drilling Paform, Ingdled 1975

This is an Early-Vintage/High- Consequence platform. A Leved 1V (red) inspection is required
asindicated in Figure 7.1. The structure is the same as that used in Case 2, except that it was
ingdled 15 years earlier in the Early-RP2A era

Per the guiddine, the ingpection includes FMD and joint/weld surveys. The FMD survey isa
‘full’ survey with the exception of the mud-line braces, which are not critical for strength. No
separate corroson check is performed since the joint/weld surveys will provide a suitable visua
indication of the leve of corrosion on the platform.

Four joints were selected for close-visua inspection. These are located at the member ends of
a combination of compresson and tenson members aong orthogona sdes of the platform.

Typicdly, in the Gulf of Mexico, hurricane extreme waves (which are the most concern to the
dructure) progress from a Westerly heading to a Northerly heading. On the subject platform,
Row B is approximatdly digned east-west and Row 1 gpproximately digned northsouth.

The combination of compression (bottom bay) and tension (top bay) braces provides a check
on the most heavily loaded members of the platform (compression) as well as the members that
contribute the most to platform robustness. Robustness relates to the amount of damage that a
platform can tolerate. The tenson members of an X-braced frame provide the robust nature of
the platform that alow it to take the highest loads (after fallure of the compresson brace) and
are the members that determine the reserve drength of the platform. In other words, the
compresson members may fail in a storm, but ultimately the tengon-members prevent collapse,
hence their importance to structurd integrity. Note that only the member ends of these braces
are selected for cleaning and close-visud examination, other braces connecting to the node do
not need to be cleaned. The upper and lower vertical diagonals are both cleaned and inspected
at the (-) 40 ft. devation on Leg Al and Leg B2 so that the diver can perform the cleaning of
two member ends a a single node.

The sdlection of the particular braces for this case is based upon work done elsewhere (Gebara,
et. a., 1998, EQE, 2000). As dated in the guidedines, engineering input should be used to
define the ingpection and references of this reture may be used by the operator to justify node
sdection in lieu of dructurd andyss. The operator could aso have performed structurd
anayses to make such a decison, for example, based upon a design leve strength check to
determine the braces with the maximum loading under extreme wave conditions, or pushover
andyssto determine the critical members that determine the RSR and collapse.

A ‘full CP survey is conducted a the four corner legs per the guiddines for a red-inspection.
A Marine Growth survey istaken dong one of the legs as required for a Red ingpection.
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CASE 3: 4-PILE, DRILLING, INSTALLED 1975
SCOPE OF WORK

PLATFORM TYPE GUIDELINE SURVEY DESCRIPTION
INSPECTION REFERENCE
DEFECT SURVEY
General Visual FULL 14.3-A All members, joints, appurtenances and appurtenance connections.
Anode Survey FULL 14.3-B Survey all anodes. Anodes to be graded.
Flooded Members PART 14.3C All vertical diagonals, and horizontal diagonal framing at (-) 40’ as shown in drawing.
Corrosion Check NONE 14.3-D None required.
Joint/Weld PART 14.3-E Four member ends per drawing.
Inspection
Cathodic Potential FULL 14.3-F Readings to be taken on the outside of the jacket legs at each framing (node) level, LAT and halfway between the framing levels.
Readings also to be taken halfway along all adjoining braces.
ANOMALY SURVEY
Debris Survey FULL 14.3-G To be done as part of General Visual. The seabed immediately surrounding the structure. Remove any hanging debris if safe
to do so.
Scour Survey PART 14.3H Measurements to be taken on the outside of each leg.
Marine Growth PART 14.3-1 Measurements of compressed marine growth to be taken on Al leg above and below all major elevations.
APPURTENANCE INSPECTION
Riser Survey FULL 14.3-J Not part of JIP —Guidance can be found in the relevant section of the guidelines.
Caisson Survey FULL 14.3-J Not part of JIP —Guidance can be found in the relevant section of the guidelines.
EL.(47-0" EL.() 7-07 EL. (470"
'
g
B
g,
é" v EL. (1)40'-0" EL. () 40-0" EL.(-) 40'-0"
'
'
v
EL.(-) 100-07 EL.(-)100-0" EL. () 100-0"
ROW A ROW 2
N
Q@ Q ® @ )
®) ()
®&— ® ®
PLAN @EL. (-) 100'-0" PLAN @EL. () 40'-0" PLAN @EL. (+) 7-0"
CASE 3: 4-PILE, DRILLING, INSTALLED 1975 INSPECTION PLAN LEGEND EM.D. — CV.IL l EQE-- MSL < S| 5 'NSJPU'ELQ(T'ZSO’\(‘)J'P

CH104R006 Rev 0 November 2000 Page 83 of 114




Case 4 - 8-File Quarters, Ingtdled 1975

This is an early vintage/medium-consequence platform with heavy uniform corrosion observed
during previous close-visua surveys. A Leve IV (Red) ingpection is required as indicated in
Figure 7.1.

Per the guiddling, an FMD survey is specified. A part-FMD survey is chosen; focused on Row
A, Row 1 and Row 2. Thisisbecause Row B, Row 3 and Row 4 were surveyed with FMD in
the last ingpection and the operator chose not repeet the ingpection at this cycle. With an eight-
leg jacket there are many members to inspect, particularly taking into account the X bracing and
the fact that there is only one “through” member. Hence, unlike the four-leg platforms, it was
decided to rotate between ingpections the Rows that warrant FMD survey. An additiona FMD
has been requested on the previoudy identified “flooded member” on Row B, with the intent of
confirming that the member is flooded and, if necessary, invoking a more rigorous examination
to determine the cause.

Fatigue induced cracking of conductor guide framing in the upper most levels below the
waterline is a concern due to vertica wave kinematics combined with the large ‘sail” areain the
conductor guides. This problem can be readily detected with FMD, since the cracks occur at
the ends of the intermediate horizontas that tie into the main horizontal bracing (Rows3 and 4 in
this case). Since dl of these members are buoyant a these nodes, FMD will identify a flooded
member whether cracks occur on the brace or chord side of the joint. Thisis contrary to main
diagond bracing thet ties into a leg, where a crack on the chord (leg) side is not detectable by
FMD. For this platform, the conductor guide framing at both the (-) 40 ft. and the (-) 100 ft.
elevations are ingpected with FMD at each ingpection. Even though it is the second conductor
guide frame below the waterline, the framing at ) 100 ft. is dso ingpected with FMD since
these types of cracks have been found to occur down to (-) 140 ft.

A corrosion check is used a each leg to determine the extent of corrosion across the platform.
Ultrasonic wal thickness measurements are defined for the members that will receive joint/weld
ingpections to further understand the extent of corroson. These members were selected since
diverswill be operating at these locations for other tasks.

Four joint/weld surveys are identified. The logic for sdection of the specific nodes is based
upon strength and robustness and is amilar to that described for Case 3. In this casg, the
platform may be consdered more robust Snce it has eight legsinstead of four. For the eight-leg
dructure, it was decided to check joint/weldsin the conductor region (Row B and Row 3) since
hydrodynamic loading is highest a this location.

A Full CP survey is conducted at the four corner legs per the guidelines for a Red ingpection. A
Marine Growth survey is taken adong one of the legs as recommended for a Red inspection.
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CASE 4: 8PILE, QUARTERS, INSTALLED 1975
SCOPE OF WORK

PLATFORM TYPE GUIDELINE 15 )rvEY DESCRIPTION
INSPECTION REFERENCE
DEFECT SURVEY
General Visual FULL 14.3-A All members, joints, appurtenances and appurtenance connections.
Anode Survey FULL 14.3-B Survey all anodes. Anodes to be graded.
Flooded Members PART 14.3C Members on Row A, Row B, Row 1, Row 2, and Els. (-)40" and (-)100" in conductor guide region as indicated on drawing.
Row B, Row 3, and Row 4 had FMD during previous inspection.
Corrosion Check FULL 14.3-D Clean 6" square patch on each leg at (-) 10 ft or lower and CVI to determine steel condition.
Joint/Weld PART 14.3E Four member ends per drawing.
Inspection
Cathodic Potential FULL 14.3-F Readings to be taken on the outside of the jacket legs at each framing (node) level, LAT and halfway between the framing levels.
Readings also to be taken halfway along all adjoining braces.
ANOMALY SURVEY
Debris Survey FULL 14.3G To be done as part of General Visual. The seabed immediately surrounding the structure. Remove any hanging debris if safe
to do so.
Scour Survey PART 14.3H Measurements to be taken on the outside of each corner leg.
Marine Growth PART 14.3-1 Measurements of compressed marine growth to be taken on A4 leg above and below all major elevations.
APPURTENANCE INSPECTION
Riser Survey FULL 14.3-) Not part of JIP —Guidance can be found in the relevant section of the guidelines.
Caisson Survey FULL 14.3-)

Not part of JIP —Guidance can be found in the relevant section of the guidelines.
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Case 5 - 8-File un-manned Tender, Ingtalled 1968

This is a pre-vintage/medium-consequence platform. A Leve 11l (Yelow) inspection is
required asindicated in Figure 7.1. The dructure is the same as Case 4 except that it has single
diagond bracing and no previoudy reported anomalies.

Per the Guideline, an FMD survey is specified. A part-FMD survey is sdlected, which includes
al verticd diagond braces but excludes horizontal framing except a the conductor guide
framing at (-) 41 ft. and (-) 103 ft., for reasons described in Case 4. In this case it was decided
to use FMD on dl main vertica diagonds, Snce with a diagona bracing scheme there are fewer
members and the FMD survey can proceed rapidly (compared to the X-braced platform in
Cae 4). In addition, a diagond framing scheme is less “robugt,” and hence less damage
tolerant than the Xbraced framing. Thus if a member were to be damaged in the diagond

braced platform, there is a greater impact on the reserve strength of the platform and it is more
critica to locate the damage during the periodic ingpection. FMD is a good tool to supplement
the Generd Visual survey inthis case.

A corroson check is used to determine the exigting condition of the structure's stedl on one of
the legs.

A part-CP survey is used to check readings dong one leg, and since the diver is going to bein
the water, a marine growth survey is taken aong thisleg.

Per the Guideline, there are no joint/weld surveys.
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CASE 5: 8-PILE, Tender, INSTALLED 1968
SCOPE OF WORK

PLATFORM TYPE GUIDELINE SURVEY DESCRIPTION
INSPECTION REFERENCE
DEFECT SURVEY
General Visual FULL 14.3-A All members, joints, appurtenances and appurtenance connections.
Anode Survey FULL 14.3-B Survey all anodes. Anodes to be graded.
Flooded Members PART 14.3C All vertical diagonals and conductor guide framing at Els. (-)41" and (-)103' as shown in drawing.
Corrosion Check PART 14.3-D Clean 6" square patch on any leg at (-) 10 ft or lower and CVI to determine steel condition.
Joint/Weld NONE 14.3-E None required.
Inspection
Cathodic Potential PART 14.3-F Readings to be taken on the outside of A3 leg at each framing (node) level, LAT and halfway between the framing levels.
ANOMALY SURVEY
Debris Survey FULL 14.3G To be done as part of General Visual. The seabed immediately surrounding the structure. Remove any hanging debris if safe
to do so.
Scour Survey PART 14.3-H Measurements to be taken on the outside of each corner leg.
Marine Growth PART 14.3-1 Measurements of compressed marine growth to be taken on A3 leg above and below all major elevations.
APPURTENANCE INSPECTION
Risers FULL 14.3-) Not part of JIP —Guidance can be found in the rel evant section of the guidelines.
Caissons FULL 14.3-) Not part of JIP —Guidance can be found in the relevant section of the guidelines.
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Case 6 - 4-Pile Compressor, 190 ft. WD, Installed 1968

This is a pre-vintage/medium- consegquence platform located in a water depth greater than 100
ft. A Leve IV (red) ingpection is required as indicated in Figure 7.1. The platiform has sngle
diagona bracing in the upper bays and X bracing in the lowest bay.

A part-FMD survey is sdected including dl of the main vertical bracing. The only horizontd
bracing surveyed with FMD is located a (-) 45 ft. where severd caissons and other
gppurtenances may cause collatera damage to the bracing. The horizonta bracing at the other
elevations has a high levd of redundancy (exterior framing and center X bracing) and is not
considered criticd for strength and, therefore, is not checked via FMD.

Four joint/weld surveys are identified. The logic for selection of the specific nodes is amilar to
that described for Case 3, with a combination of extreme storm compression braces and tenson
braces that contribute to robustness sdlected for inspection. As before, only the member ends
of these particular braces are ingpected. A member end of avertical diagona near the waterline
was dso sdected for ajoint/weld survey since the member is located near the boat landing and
may be subject to dropped objects or other types of damage resulting from marine operations.

There is no corroson check since the joint/weld surveys will provide a visud measure of the
corroson state of the platform.

A full CP survey is conducted at the four corner legs per the Guidelines for a Red inspection.

A Marine Growth survey is taken dong one of the legs as recommended for a Red ingpection.
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CASE 6: 4-PILE, COMPRESSOR, INSTALLED 1968

SCOPE OF WORK

1968

PLAN @EL. (-) 190

0"

CASE 6: 4PILE, COMPRESSOR, INSTALLED

INSPECTION PLAN

PLATFORM TYPE GUIDELINE SURVEY DESCRIPTION
INSPECTION REFERENCE
DEFECT SURVEY
General Visual FULL 14.3-A All members, joints, appurtenances and appurtenance connections.
Anode Survey FULL 14.3-B Survey all anodes. Anodes to be graded.
Flooded Members PART 14.3C All vertical diagonals, and horizontal diagonal framing at (-) 45’ as shown in drawing.
Corrosion Check NONE 14.3-D None required.
Joint/Weld PART 14.3-E Four member ends per drawing.
Inspection
Cathodic Potential FULL 14.3-F Readings to be taken on the outside of the jacket legs at each framing (node) level, LAT and halfway between the framing levels.
Readings also to be taken halfway along all adjoining braces.
ANOMALY SURVEY
Debris Survey FULL 14.3G To be done as part of General Visual. The seabed immediately surrounding the structure. Remove any hanging debris if safe
to do so.
Scour Survey PART 14.3H Measurements to be taken on the outside of each leg.
Marine Growth PART 14.3-1 Measurements of compressed marine growth to be taken on B1 leg above and below all major elevations.
APPURTENANCE INSPECTION
Riser Survey FULL 14.3-J Not part of JIP —Guidance can be found in the relevant section of the guidelines.
Caisson Survey FULL 14.3-) Not part of JIP —Guidance can be found in the relevant section of the guidelines.
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8. INSPECTION TECHNIQUESINCLUDING FMD
8.1 I ntroduction

Offshore platforms require underwater ingpection during their lifetime in order assess their
integrity and thereby ensure their safe and religble continued operation.  This primarily involves
ingpection of the individua platform eements usng a variety of techniques. The ingpection can
be performed by diver or by Remotely Operated Vehicle (ROV) or by a combination thereof.

Many methods are available for conducting inspections including a wide range of nondestructive
examination (NDE) techniques. The effectiveness and the cost of these methods in detecting
potentia structurd damage and degradation can vary widely. Examples of NDE techniques
include Generd Visud Inspection (GVI1), Close Visud Inspection (CVI), and Hooded Member
Detection (FMD).

This section summarizes common NDE techniques and the applicability to underwater
ingoection planning.  The section focuses specificdly on FMD techniques and the rdigbility of
this method and how it can be used for effective ingpections, since thisis the prime focus of this
portion of the project.

8.2 Summary of NDE M ethods

8.2.1 Typeof Methods Worldwide

Many NDE methods exist for underwater ingpection. A list of ingpection techniques commonly
used worldwideis shown below. A description of each technique is provided below.

Visual Inspection —GVI or CVI
o Diver, ROV

Non destructive examination (NDE) focused on crack detection and sizing
0 Magnetic Particle Inspection (MP1)

o Eddy Current (EC)

0 Ultrasonic Tedting (UT)

0 Alternating Current Field Measurement (ACFM)

0 Remotdy Excited Fidd Measurement (REFM)

NDE focused on identifying members with cracks and other through thickness
damage
0 Flooded Member Detection (FMD)

Continuous monitoring
0 Acoudic Emisson
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8.2.2
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Other techniques exist such as Radiography, Radiographic tomography, Robotics and
automation, Neutron backscatter, Thermography and Holography. However, these specidty
techniques are not used on a regular basis for routine platform ingpection and, therefore, will not
be further discussed here.

Descriptions of NDE Techniques

The following gives brief descriptions on the NDE methods listed in Section 84.1. Use and
limitations for each of these methods are discussed. Note that FMD is treated separately in
Section 8.4.

Magnetic Particle I nspection (MPI)

Used for locating indications of exposure to overloading, i.e., early falure or fatiigue
cracking.

Commonly used for detecting surface-bresking defects in welds, easily carried out by
trained divers— wdl proven.

Typicd problems

0 Patidesfdling into or bridging discontinuities.

0 Dispensng particlesto the work piece.

o Qudity control.

0 Recording inspection data

UT - Ultrasonic Amplitude Techniques

Characterize crack-like defects once they have been detected by other inspection
methods.

For optimum defect detection it is essentid that the correct ultrasonic probes are used
(angle, beam and frequency) and the procedure is appropriate for defects to be
detected.

Experimenta test programs indicate that accuracy is dependant on the skill of the
operator, as wel as on parameters such as equipment characteristics, defect position
and shape.

Main disadvantages.

0 Contact pressure on UT probe must be constant.

0 Changesin cross-section area of the defect cause changesin result.

0 Fdseand mideading indications may result if the defect is unfavorable oriented.

o Sight twigting of the probe during scanning can lead to fase indications,

UT - Ultrasonic Time-of-Flight Diffraction (TOFD)

Rdies on the measurement of signa time differences between known paths and those of
defects.

Places little or no reliance on signd amplitude and 0 is less sengtive than amplitude
techniques with respect to the condition of the stedl surface or operator performance.




Ultrasonic pulse is introduced into the stedd a one point and diffracted sSgnas are
received, recorded and interpreted by receiver place at the same or different point.
Particularly useful for the 9zing of known defects such as surface-breaking cracks, but
can aso be used with condderable benefit in a “search” mode to locate unknown
defects.

Detects defects over awider range of orientations than conventiond UT.

Eddy Current

Wl established technique onshore for detecting surface bresking and buried defects.
Not as well established offshore.

Based on the principle of dectromagnetic induction, when acoil (EC probe) carrying an
dternating current is placed close to or on the surface of a conductor (steel) eddy
currents are induced.

Considered secondary to MPI for crack detection, but with sufficient confidence may
eventudly replace MP!.

Equipment is cdibrated by examining a test piece containing a series of surface notches
of known dimensions.

No special experience or training in eddy current testing is required for the diver.
Surface operator must be trained.

Usesindude:

0 Measurement of paint coating thickness.

o0 Med identification.

0 Defect detection.

Acoustic Emissions

Continuous monitoring system.

Rdies on sounds emitted from stressed materials.

Sounds are detected, measured and interpreted and measured by speciaized sensors
and computer based equipment.

ACFM (Alternating Current Field Measurement)
Can be used to detect and size fatigue cracksin air and under wate.
Uses theoreticd interpretation of the magnetic fidd perturbations for Szing.
Cdlibration used with other techniques is not necessary with ACFM, making technique
more reliable.
Does not require as much cleaning as other techniques (e.g., MPI).

REFM (Remotely Excited Field Measurement)

Allows the detection of defects without cleaning operations.
Conggts of inducing an dternate eectric current in the dructure and andyzing
corresponding localized perturbations of the current at defects.
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8.3 NDE Techniques Used in the Gulf of M exico (GOM)

NDE techniques commonly used in the GOM are generd visud ingpection (GVI), close visud
ingpection (CV1), flooded member detection (FMD), ultrasonic wall-thickness testing (UT-WT)
and magnetic particle inspection (MP1). The generd relaionships between these five methods
are illugrated in Figure 8.1. The range of ingpection detail and the relative cost for these

methods are dso shown in the figure,

Global Loca
Inspection Inspection

Chordsize Cracks

Corrosion

Small Cracks

Large/Small Holes

Low Cost r¥/ﬁ|> High Cost

Figure 8.1: Relationships Between GVI, CVI, UT, FMD and MPI

8.3.1 Visud Inspections

The mgor part of any underwater ingpection program is usudly based on visua examinations.
It may be further subcategorized into generd visua inspection (GVI) and close visud ingpection

(CVI).
General Visual Inspection (GVI)

GVI corresponds to Leve 11 ingpection as described in APl Recommend Practice 2A. The

main function of GVI isto detect:

Missing/separated members
Large holes/cracks

Large dents

Bowed members

Extent of marine growth
Debris build-up

GV is conducted either by divers or ROV. The advantages and disadvantages between these

two dternativesis summarized in Table 8.1
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Advantage Disadvantage
GVI -| = Greater endurance = Two-dimensond view
ROV = Better mohility than divers = No sense of touch to backup visua
= Need correction for color
presentation
= Cameraresolution limits the detall
of inspection
= Currents may make it difficult for
the ROV to stay on dtation
= Two-dimensond view
GVI —| = Three-dimendgond view = Diver endurance and environmenta
Divers = Sense of touch can be used to conditions can limit effectiveness
backup visual
= Can seenaturd color
= Multiple task &bility (eg.
measuring while ingpecting)
= Can detect damage around
theinner face of structurd
members

Table 8.1: Comparison between ROV and Diversfor General Visual I nspection

Close Visual Inspection (CVI)

CVI corresponds to the Leve |1l survey as described in the APl Recommend Practice 2A.
CVI is conducted on areas of known or suspected damage. Such areas should be sufficiently
cleaned of marine growth and permit thorough inspection. CVI is usudly carried out by divers
and itsintent isto detect smaller dents/holes, and smdler cracks visible to the trained naked eye.

Advantage Disadvantage
CVI = Detect smaler dents, cracks = Cleaning required
and holes. = Depends more on ingpector’s skill

Table 8.2: Advantages and Disadvantages of CVI
Ultrasonic Testing (UT)

Measurement of sted wall thickness underwater is normdly carried out using ultrasonic pulse-
echo compresson-wave techniques and equipment. Application of the technique for spot
checking of wal thicknessis normdly done with adigitd instrument.
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The instruments required the sted surface to be cleaned to a smooth surface, dthough some
ingruments are capable of taking readings through a surface coating.

Advantage Disadvantage
uT = Efficent for messuring wall = Cleaning required
thickness using digitd = For wall thickness measurement
thickness meter only
= Easy to carry out = Can't apply on rough surfaceswith
SEvere corrosions

Table 8.3: Advantages and Disadvantages of UT

Magnetic Particle I nspection (MPI)

The magnetic particle inspection (MPI) method of inspection has been used under weter for
many years. It isthe most commonly used NDE method for detecting surface-breaking defects
inweds and is eadly carried out using equipment that iswell proven. In theory, defects of 0.1"-
0.2" in length can be detected. In practice, many factors affect the detectability, including:

M agnetic flux
Adequacy and position within the test materid
Strength
Orientation with respect to the likely direction of cracks

Indicating particles

Sze

Permeghility

Retentivety
Viewing and illumination conditions

Background contrast

Ambient lighting

Partide illumination
The mgor choices of techniques in use for MPI are electromagnetic yokes (AC and DC) and
cails (AC and DC). AC current is sgnificantly more senditive than DC current in detecting
surface breaking defects regardless of magnetizing technique. AC dectromagnetic yokes and
coils have the same rdiability for detecting discontinuities. However, compared to yokes,
equipment for coails is heavier and more difficult to trangport to the underwater ingpection ste
and set-up timeislonger.

Advantage Disadvantage
MPI = Wel proven technique = Cleaning required
= Rdiability dataiswell = Depends more on ingpector’ s skill
quantified in literature.

Table 8.4: Advantages and Disadvantages of M PI
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8.3.2 Rdiability of NDE Techniques used in the GOM

The objective of an ingpection program is to enhance the reliability of structural components by
detecting flaws that can degrade the strength of the components. Having detected flaws thet are
of structurd sgnificance, corrective actions can then be taken to prevent service fallures.

Given that red NDE sysems perform imperfect ingpections, a number of measures are
commonly used to quantify the reliability of a given NDE system (e.g., equipment, personnd,
and procedures) for a given application. These include Probability of Detection (POD), Fase
Cdl Probahility (FCP), Relative Operating Characteristic Concepts (ROC), Szing accuracy,
and others. Of dl the reliability measures listed above, POD is the most relevant one for this
sudy. The other measures either do not apply to the methods discussed in this section, or thelr
quantification studies have yet to be carried out in sufficient detail for the underwater ingpection
industry

POD is defined as the ratio of number of flaws actualy detected to the number of flaws that
would have been detected given a perfect NDE system. Haws mugt be of some minimum size
before detection becomes possible.  Above this threshold size, the detection probability
increases with flaw sze.

The following subsections provide a brief description of the generd reliability of GOM NDE
techniques.

Reliability of Visual I nspections

Generd visua ingpections are used to detect large-scale damages. For the grossest types of
damage: missing/separated members, large dent/bow and large hole/crack, visud inspections
are reliable means of detection. For smdler damages, the rdiability of detection reduces and
the extent of rdiability depends significantly on underwater environment. Ambient lighting and
degree of marine growth are factors among which ingpection rdiability may depend upon for
both divers and ROV. For divers in particular, factors such as underwater temperature and
wave conditions can be sgnificant to affect the divers ingpection rdiability.

The reliability of close visud ingpection depends on the degree of surface preparation which in
term depends on the water or grit blasting system used to clean the member or joint. The
cleaning threshold of hard marine growth with calcareous basd plates on sed isin the vicinity of
7-10 KPS. Cleaning with pressures at or above this range should be used in order to obtain a
clean surface for good reliable visua ingpection.

Reliability of UT

A rough surface, e.g. a severdly corroded or pitted surface, reflects a large portion of the input
energy and may mean that measurements are impossible with standard equipment. When the
differences in height of the surface irregularities are less than 1/3 of the sound wave length, the
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surface can be regarded as smooth and UT may be effective in measuring wall thickness in this
range.

The probe on standard ultrasonic equipment is not able to physcaly reach the bottom of a
corroson pit in order to make good contact with the member, and hence cannot make
measurements of the pit or the remaining stedl wal thickness under it. This makes it particularly
difficult to obtain good thickness readings in regions of high pitting. Since pitting is a 9gn of
corrosion, this would be a region where reliable wall thickness readings are required. UT can
be used, but rdiability may be an issue. In this case, the diver may dso take readings with a
gauge or on some cases, if warranted, cast on Ste a replica of the pit which, when brought to
the surface, can be studied and measured in detail.

Reliability of MPI

A survey of operator opinions showed that the mean length of the shortest crack that could
reliably be detected was 1.1”. This is many times the theoreticd minimum detectable size (the
theoretical minimum sizeis0.1” - 0.2"), but it does till show afairly high degree of confidence
among operators that they can detect significant defectsin areas examined by the MPI method.

A careful scrutiny by close visua inspection is essentid before and during MPI, as weld
undercut, interbead grooves, and other fabrication defects are often mistaken for cracks. The
effective operation of MP is therefore heavily dependent on the skill of the ingpector. A good
practice to avoid mistaking weld undercut for crack isto grind 0.08” before performing MPI.

A series of studies conducted at the Underwater NDE Center of University College London
have demongtrated that the probability of detection (POD) came to its maximum (around 90%)
at crack length around 0.08".

8.3.3 Summary Review of Common GOM NDE Methods

The following table presents a summary for the four NDE methods mentioned in the previous
sections.  The table presents the use of the methods, their limitations and relative cost. Note
that FMD is treated separately in Section 8.4.
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Type Use Limitations Cost
General Visual | Can show evidenceof | Only the grossest types | Minimd
Inspection (GVI) | grossstructural of damage can be
- ROV deformation, missing identified

members, separated

members and large

dents’holes
General Visual | All of the use above, Only the grossest types | Minimd
Inspection (GVI) | plusdiverscan ssethe | of damage can be
- Diver inddeof membersand | identified

diversare actively in

contact with members
Close Visual Can show evidenceof | Smdl cracks may be More expensve
Inspection (CVI) | cracksvishbleto the missed. than GVI

naked eyes, dents/holes

covered by marine

growth and damages on

the insde of member
Magnetic Canadvisud Requires adequate Sightly more
Particle examinations by cleaning expengvethan CVI
I nspection reveding near-surface for limited deaning.
(MPI) flaws such as cracks, Complete cleaning

voids, inclusons, and IS more expengve

other materid and

geometric changes
Ultrasonic For member thickness | Reading becomes Minimal for
Testing (UT) measurements difficult when the surface | measuring member

isrough, for example, wal thickness
corrosion

Table 8.6 shows a comparison of reliability and costs for CVI and MPI. Note that some
operators prefer to use SVI amost anywhere that a CV1 ingpection is caled for, sncethejoint
has aready been cleaned. The MPI increases the confidence that the joint has no cracks d of
the way done to 4” long and 0.001 inches wide. As shown in Table 8.6, this approach can be
judtified on a cogt bass since the relaive cost of MM is only about 20 % of the totd cost

Table 8.5: Summary Review of Four NDE M ethods

including cleaning.
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CVI Limited | CVI Complete | MPI Limited MPI
Cleaning Cleaning Cleaning Complete
(Black Oxide) | (BareMetal) | (Black Oxide) Cleaning
(Bare Metal)
E;Z?ﬁb le Crack 12" and greater | 12" and greater | 1" and greater | 17 and greater
Detectable Crack 0.006” and 0.002" and 0.001” and 0.001” and
Width greater grester grester grester
Detectable Crack 0.03" and 0.03" and 0.03" and 0.03" and
Depth greater greater greater greater
Cleaning Time 3-5minfft? 10-30 minvft 2 3-5 min/ft ? 10-30 minft 2
Estimated Relative
Cost per Foot 1.0 1.8 1.2 1.9
Reliability of
Detecting Crack 5% 20% 80% 90%
4’1.x0.001"Wx0.03"D
Reliability of
Detecting Crack 75% 80% 90% 90%
12"1.x0.01"Wx0.03"'D
Reliability of
Detecting Crack 90% 90% 90% 90%
24" Lx1"Wx3/8'D

Source: Sealest Services
Table 8.6: Reliability and Cost Estimate for CVI and MPI

84 Flooded M ember Detection (FM D) Redliability

The previous section described the most prevaent underwater ingpection techniquesin the Gulf
of Mexico, including their gpplication, advantages and disadvantages and generd reliability.
This section focuses on FHlooded Member Detection (FMD) in particular, with emphasis on the
reliability of the technique and how it is best used in the Gulf of Mexico.

84.1 Why UseFMD?

The presence of aflooded member on aplatform typica indicates an anomay of some type that
has alowed water to ingress to the normaly buoyant enclosed region of the member. Examples
of anomalies include holes caused by dropped objects, corrosion pitting that has developed into
a hole, cracks at a member end (Figure 8.2), or other strength or fatigue prone areas. Thus a
flooded member indicates the potentid for a structura problem in the platform that needs to be
further investigated.
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Figure 8.2: Crack that Resultsin a Flooded Member

Note that in some cases the member may be flooded for a reason that is not an anomay. This
incdludes members that are intentiondly flooded during the ingtdlation process, members that
hold liquids required for topside operations or members that may be fully or partidly flooded
due to ran water that entered the member during fabrication and then was seded during
subsequent fabrication. A proper FMD ingpection includes procedures to determine if such a
pre-exiging condition exists (eg., ingoecting the member in multiple places, checking design
data for members used for storage, ic.).

The FMD check i rdatively quick to implement on a platform. It effectivdy tests an entire
tubular member in one measurement. For example, dl of the main framing members on a four
leg platform in 150 ft water depth can be checked for FMD by diver in about “2to 1 day. The
presence of a flooded member indicates a possible problem — but does not pinpoint the cause.
However, taking in this sense, FMD is a cost effective gpproach for globa inspection and
“screening” of the platform to identify potential problem areas.  The dternative approach of

gpecific member and joint CVI, MPI and other ingpections as described in the prior section

provides a better understanding and pinpointing of problems; however, it is cost prohibitive to
apply these gpproaches to every mgor member on the platform. Instead, the operator will

apply these more intensive inspection approaches to a select few areas that are deemed most
likely to have damage or are the mogt critica strength members for the platform as determined
by qudified engineers.

Hence, by usng FMD in a proper manner, the operator can screen through the many members
of aplatform to identify those that are damaged (by being flooded). Unfortunately, FMD is not
100% reliable to identify dl potentid anomdies on a platform. Specific concerns about FMD
rdiability indude:
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Fase readings that may indicate that a member is not flooded when in fact it is (flooded
members are usudly checked in severd places to ensure that the member is indeed
flooded, and to what extent).

Cracks on the chord sde of a weld for mgor framing that is connected to the leg —
snce the leg is flooded, the mgor framing member will gill be buoyant when in fact
thereisacrack at ajoint. In fact, about 60% of cracks are on the chord side of aweld.
A FMD check does not determine how close to failure that a member may be, only if it
has falled — in some low redundant platform this may not be acceptable.

An initid non-critical fabrication flaw such as an incomplete weld may have caused the
flooding (Figure 8.3).

Locating a flooded member and then not being able to determine what has caused the
flooding. How do you resolve this anomay?

Other issues pertinent issues.

Figure 8.3: Incomplete Weld that Resultsin a Flooded Member

The objective of this effort isto investigate the reliability of FMD, taking into account the above
issues as well as other pertinent information identified in the process. Then, based upon this
data, make recommendations on usng FMD as an integral part of an underwater inspection

program.

8.4.2 Deription of Techniques

There are three basic types of methods that can be used for FMD:
Ultrasonic — this involves sending an acoudtic Sgnd through the member to determine
the presence of water.
Gamma Ray — this involves sending a radioactive sgnd through the member to
determine the presence of water.
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Thermd — this involves heeting the member to determine the presence of water (a
flooded member takes longer to hegt).

Ultrasonic and Gamma Ray are the most often used worldwide and are described further
below. Thermd testing is uncommon and is therefore not described further.

Ultrasonic

Ultrasonic FMD works by placing a transducer on the outer portion of a member and passing
an acoudtic signa through the member. If the member is not flooded, then the acoudtic signa
reflects off the member wall thickness since air is a poor conductor of ultrasonic Sgnds. If the
member is flooded, then the sgnd dso travels through the water in the flooded member and
reflects off of the oppodte sde. The longer travel distance for the sgnd indicates a flooded
member.

Figure 8.4 shows a schematic of atypicad ultrasonic setup. This consgs of adiver or ROV to
hold the probe on the member and an operator for the topside unit where the reading is actudly
performed. Figure 8.5 shows an ultrasonic probe that is placed on the member by a diver and
is commonly used in the Gulf of Mexico.

TEST AND EVALUATION
UNIT.

1

/7

QUTPUT PRINTER, / Fi UMBILICAL CABLE

TO TOPSIDE UNIT,

=

- MAGHNETICAL CLAMP
/ [GASCOSONIC),

ULTRASONIC PROBE. —————————— [-:T' ) | r

R R B R R B o N |

\— TUBULAR MEMEER,

i

Figure 8.4: Schematic of a Typical Ultrasonic FMD Setup
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Figure 8.5: Ultrasonic FMD Probe Typical of the Gulf of Mexico

The diver can rapidly check a number of members form basically one position by descending to
a node and then checking al or most of the members connected to the node usng FMD for
flooding. In this manner, the diver can move from node-to-node around the platform
performing FMD checks in an efficient manner as he/she aso conducts the Generd Visud

Survey.

The ultrasonic method has a fail-safe reading of a not flooded member. If the device is not
working properly then the member will read as not flooded. Thisis one of the drawbacks for
this approach since if diver obtains a not flooded reading, he/she will typicaly move on to the
next member to be checked and the anomaly will go unreported unless found by other
ingoection methods (for example, cleaning and CV1 of one of the member ends).

The ultrasonic method is the most commonly used FMD approach for the Gulf of Mexico. The
ultrasonic method has been used in the North Sea, but is seldom used at thistime.

Gamma Ray

Gamma ray works by placing a source of gamma radiation on one side of the member and a
radiation detector on the opposte sde of the member. The amount of radiation that is
tranamitted through the member is then measured. The amount of radiation trangmitted through
a not flooded member is more than is transmitted through a flooded member due to radiation
absorption by the water in the flooded member.

Figure 8.6 shows a schematic of a typicd gamma ray setup. This condsts of a device for
holding the radioactive source and detector on the member, which is usualy an ROV since the
radioactive source is hazardous to divers. A diver can only handle such a radioactive source for
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less than 1 hour underwater before an hazardous condition exists. An operator for the topside
unit makes the reading.

DigltalfAnalogue
Display at Surtaca

& ROV Umbilical

Figure 8.7. Gamma Ray Equipped ROV

Figure 8.7 shows an ROV equipped with a gamma ray FMD device. The gammaray FMD
source and detector are mounted on the pardld ends of the fork, which is placed around the
member at the location for the FMD check. The fork width is adjustable for arange of tubular
diameters. In some cases this adjustment can be made automatically with the ROV underweter.
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In other cases the ROV must be brought to the surface and the fork diameter adjusted. If this
is the case, then the ROV will typicdly perform the FMD check on dl of the members within
the same/smilar group size, say 16 to 24 inch diameter. The ROV would then be brought to
the surface, fork width increased, and the ROV placed back in the water to check larger
diameter members. Once the fork is located with the member in the middle, then the gamma
readings take between gpproximately 5 to 20 second to obtain.

The gamma ray method has a fal-safe reading of a flooded member. If the device is not
working properly then the member will read as flooded. This typicaly prompts for further
checks and increase the probability of determining that there is an error and taking corrective
action.

The gamma ray method is the most commonly used FMD gpproach for the North Sea. The
gammaray goproach is seldom used in the Gulf of Mexico.

8.4.3 Making FMD Checks on Platform Members

Over the years, experience has been gained on the proper locations to make checks for flooded
members, whether the ultrasonic or gamma approach is used. These can be summarized as
follows

Horizontal members. Readings are generdly taken a one or both of the member endsin the
6 o'clock to 12 o'clock direction. This alows water in the lower portion of the horizonta
member to be identified. An additiond “horizontal” reading between the 3 o'clock and 9
0 clock direction may aso be taken to further confirm a dry member.

Vertical and vertical diagonal members. One reading is taken towards the lower end of the
member as close as possble to the weld. This is because a member will only flood a certain
amount depending upon where the hole or crack islocated. If acrack islocated at the bottom
of averticdly oriented member, then the member will flood to a point where the air above the
crack (which has no means of escape) will compress depending upon the differentid pressure
based upon water depth. Hence the member will be flooded at the bottom but void at the top.
Thus the requirement to make the FMD check near the bottom. If the member is found to be
flooded, then additiond checks are made aong the length of the member, sarting a the bottom
and moving upward, until either a void region is located or the entire member is found to be
flooded. The location of the void region, if any, can help determine where the whole or crack is
located. If the entire member is flooded, then the crack is likely located near the upper node.

8.4.4 Comparison of Key |ssues— Ultrasonic versus Gamma Ray

A comparison of key issues for each FMD approach is shown in Table 8.7 below.
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I ssue Ultrasonic Gamma Ray
Fail safe reading Non-flooded Flooded
Cleaning required Diver can brush away rough growth None

by hand. Hammer or wire brush

may be required in some cases
ROV compatible Yes—but ROV must be able to Yes—in fact, requires ROV

clean member and hold probe
steady on member

Speed — time spent on-
site performing FMD

Diver can rapidly test numerous
members at ajoint

Reading is quick, however,
numerous readings may be slow in

on aplatform order to position ROV for each
member

Handling No special handling of equipment Special handling of radioactive
sourceis required

Training Required Required, including stringent

procedures for handling and
storage of radioactive source

Effect of corroded
surfaces — internal or
external

Can be significant and lead to false
readings

None

Sensor alignment

Reading is sensitive to sensor
(transducer) alignment

Reading is less sensitive to
alignment

Overall safety

Typical diver safety issues apply

Diver safety not an issue since
ROV are used, however saf ety
related to handling the radioactive
sourceisaconcern

Capability for partially
flooded members

Possible false readings

Good

Capability at
congested joints
(access requirements)

Good — diver can maneuver freely.
Probe is hand held and small.

Poor — problems moving ROV
around. Two sided access
required. Overall FMD packageis
large.

Capability in currents

Good

Poor — environment must be
suitable for ROV operations

Water depth None for the device, but divers are None
limitations typically limited to 300 ft or less

water depth. FMD of deeper

members will have to be performed

viaROV
Regulatory based
crtification? None None
Topside
calibration/test prior to Yes Yes

underwater application

Table 8.7: Comparisons of Key I ssues between Ultrasonic and Gamma Ray FMD
8.4.5 Rdiability to Detect Flooded Members

The previous sections described some of the generd issues associated with performing FMD in
terms of difficulty in preparation, handling the device, taking the reading, etc.
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This section addresses the issue of the ability of the devices to take accurate readings. In other
words, if the FMD test indicates that a member is not flooded — is this indeed the case?

Data Sources

Severd internationd public as wel as private data sources available to MSL/EQE and available

via some of the participants were used to provide background information and reliability data on
FMD.

The project aso performed an extensve literature search to identify other documents available
in the public domain. Appendix B provides alisting of the contents of the data search.

Key sources of information were as follows:

The Rdiability of the FMD Method in the Testing of Offshore Structures, Confidentia
Joint Industry Project, 1997.

ICON project — InterCdibration of Offshore NDT — An extensve and in-depth
European Union / Industry project of al types of underwater ingpection techniques via
diver and ROV funded by numerous companies and completed in 1996.

Underwater Weld Inspection Philosophy — Sea Test Services, performed for Exxon,
1987.

Of these data sources, the ICON tests fro FMD provide the most definite results and are the
bed's for the findings on rdiability. The ICON FMD results are summarized in the following
sections.

Ultrasonic Testing by Diver

Table 8.8 shows results of the ICON FMD trids using ultrasonic tests by diver, using a
“Gascosonic” brand device. Theleft column indicates thet real water fill leve of the test
member. Thetop row vaues are the reported fill level per the FMD test. A 100% success rate
would be represented by figures on the diagona only.

Fill Level Reported by Ultrasonic FM D Device
Actual Fill Level 0% 10% 50% 90/100%
0% 9 1
10% 3 2 4 1
50% 1
90/100% 12

Table 8.8: ICON Resultsfor Ultrasonic FMD by Diver

The ultrasonic FMD tests performed quite well when the member was 90/100% filled, or
basicaly completely flooded.
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However, the ultrasonic tests did not perform well for partialy flooded members. For example,
three FMD test showed the test member to be 10% filled, when in fact it was 0% filled.
Similarly, four tests showed the test member to be 50% filled when in fact it was 10% filled.

Ultrasonic Testing by ROV

Table 8.9 shows results of the ICON FMD trids using ultrasonic tests by ROV, using the same
“Gascosonic” brand device as used in the diver test. In this series of tests, the test members
were mounted in avertica orientation and in adiagond orientation.

Fill Level Reported by Ultrasonic FM D Device
Actual Fill Level 0% 10% 50% 100%
0% 1
10% 3
50% 2 1
100% 3

Table 8.9 ICON Reaultsfor Ultrasonic FMD by ROV

Similar to the ultrasonic diver FMD tedts, the ROV FMD tests performed quite well when the
member was completely flooded. However, the ROV ultrasonic tests dso did not perform well
for partialy flooded members.

Figure 8.8 and 8.9 show the ICON results for ultrasonic ROV FMD further broken down
according to vertical or horizontd members. Data points on the 45 degree line would indicate
perfect readings. These reaults indicate that ultrasonic ROV FMD testing is generdly more
accurate for vertical members than for horizontal members.

100

% Fill Detected by FMI

) /‘/
10

0 10 20 30 40 50 60 70 80 90 100
Actual % Filled

Figure 8.8: ICON Resultsfor Ultrasonic FMD by ROV Testson Vertical Members

CH104R006 Rev 0 November 2000 Page 108 of 114




100

90

80

70

60

50

% Fill Detected by FMD

40

30

20

10

0 10 20 30 40 50 60 70 80 90 100
Actual % Filled

Figure 8.9: ICON Resultsfor Ultrasonic FMD by ROV Tests on a Diagonal Member

8.4.6

Gamma Ray Testing by ROV

Table 8.3 shows results of the ICON FMD trids usng gammaray tests via ROV, using an “ICl
Tracerco” brand device. The testing occurred on both horizontal and verticad members.
Gammaray test were only conducted via ROV since divers are seldom if ever used for this test
due to the use of a radioactive source.

Fill Level Reported by Gamma Ray FMD Device
Actual Fill Level 0% 10/25% 40/60% 100%
0% 4
10% 5
50% 5
90/100% 5

Table8.10: ICON Resultsfor Gamma Ray FMD

The test results show that the gamma ray ROV FMD tests had 100% accuracy and detected
the correct flood level on both partially and fully flooded members.

Condusions on Rdiahility of Detection

Ultrasonic tests show good results by diver or ROV when the member is nearly completely
flooded, but accuracy reduces substantialy for partidly flooded members.  Diver ultrasonic
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tests accurately detected asfilled dl members filled 50% or greater. ROV ultrasonic tests were
not as accurate and detected dl fills of 50% or over asfilled and 70% of those at 10% asfilled.

Gamma ray tests are about the same rdiability as ultrasonic for completed flooded members.
For patidly flooded members, gamma ray tests are much better than ultrasonic. The gamma
ray tests detected accurately the water fill level in 19 of 19 measurements for a 100% accuracy.
Gammaray FMD isused by ROV only.

In summary:

Ultrasonic FMD by diver or ROV can be considered to be accurate for completely
flooded members. However, this accuracy drops to 70% for partidly flooded
members.
Gammaray FMD can be considered to be nearly 100% reliable for dl leves of flooded
members.

8.4.7 FEMD and Structurd Rdiability

The reliability studies of detecting the presence of flooded members show excellent accuracy for
fully flooded members whether the tests were performed via ultrasonic or gamma ray, using
diver or ROV. For partidly flooded members, particularly less than 50% flooded, the accuracy
drops using ultrasonic FMD, the typica technique used in the Gulf of Mexico. In most cases,
and over an extended period, the member will likely flood to greater than 50% if there is a
through wall thickness anomaly. Based upon this, it can be concluded that the FMD has a good
chance of finding damaged members.

However, “rdiability” of the FMD technique, in the broad sense, needs to adso account for
many other factors that come into play when ingoecting and evaduating an entire platform with its
many members (versus an ingpection of asingle member). In fact these are the real issueswhen
it comesto FMD rdiability and how it can be used effectively in an inspection program.

If the FMD technique (say ultrasonic) is 100% accurate, how does the reliability change from
this garting point? Congder the following previoudy mentioned issues and how they impact the
“accuracy” of finding or not finding a damaged member via FMD:

Crack is on the chord side of the weld for a main vertica diagond connected to the legs (see
example shown in Figure 8.10). The member is shown to be not flooded via FMD.
Since the crack is on the leg (which is flooded and not cagpable of being checked via
FMD), the member will not be flooded, and the inspection program will erroneocudy
conclude that the member is not damaged, when in fact it is. Since approximately 60%
of weld cracks are at the weld toe chord sde — FMD checks may miss over ¥z of
cracked members that connect to the legs — which are the criticd members in the
platform. In this case, the FMD device is indeed accurate and shows that the member
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is not flooded, however a problem does exist and therefore the FMD check is providing
afdse sense of ano damage condition.

R21

Figure 8.10: Crack on chord side of member (member isnot flooded)

@ A member may have a crack that has not progressed to the through-crack stage at the
time of the FMD check, and therefore, the member will be found to be not flooded.
But the member is damaged. Depending upon crack growth rate, environmenta
conditions, and other factors, the damage may propagate to a more fully devel oped and
hazardous stage prior to the next ingpection. Again, FMD in this case would provide a
fdse sense of a no damage condition. Figure 8.11 shows a schematic of how crack
growth progresses and the ability of different types of ingpection techniques to identify
the problem based upon remaining life of the member. FMD obvioudy will not find the
crack until the member has flooded, whereas, MPI would have found the crack before
it reached the through thickness stage.
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Figure 8.11: Ability to detect a crack in member for different NDE techniques
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The FMD JIP recently completed by EQE UK) investigated this issue in great detail and
developed an gpproach to help an operator understand how to use FMD for different type of
redundancy levels based upon the jacket framing scheme. That JIP concluded that FMD works
well for redundant framing schemes. For example Xbraced platforms, since even if a not
through crack is missed via FMD (because the member is not yet flooded), there is sufficient
redundancy such that the platform will be safe until the next inspection cycle when the damage
has progressed to the point that the member is now flooded and will be found via FMD.
Contrarily, asngle diagondly braced platform is less redundant and when the crack appears, it
may sgnificantly reduce platform safety. In this case it may be “too la€’ to wait until the next
inspection cycle to locate the damaged member. However, even for X-brace structures, the
above approach does not address the issue of chord-side cracks. These cracks are the most
frequently occurring and may not flood the member even a full separation.

Thus, FMD cannot be counted on to find and locate dl of the potentid defects in a platform.
Instead, FMD is best utilized based upon platform susceptibility to damage, framing/redundancy
(often called robustness) and in combination with other ingpection techniques.

Some generd guiddinesfor use of FMD are asfollows:

FMD can be usad during any underwater ingpection — it is up to the operator to
determine how much effort and time should be spent ingpecting the facility, perhaps
based upon the platform’s importance (or non importance). FMD can be used as a
supplement to other ingpection activities. For certain cases (as explained below), it can
be one of the focused and main techniques of the ingpection.

In al cases, FMD should be supplemented with a well-planned and thorough generd
visud survey. Infact, FMD helps to ensure that a good visua inspection is performed
by forcing the diver (or ROV) to spend more time at the platform nodes in terms of
hands-on testing, than may occur in atypica “swim-by.” The operator may in fact call
out an FMD program just to ensure that a better qudity GV1 is performed.

For robust structures, such as X-braced framing, FMD provides a good tool to check
for problems that may have been missed by other techniques. If other ingpection
activities, such as close visud ingpection (CVI), are specified for locations that are
sdected in error, or the CVI sample is too small, then FMD provides a safety net for
any unknown damage occurring the jacket esewhere. The operator may want to
consder rotating the locations of the FMD from ingpection to ingpection such that al of
the mgor framing in a platform is ingpected over time (i.e, it may not be necessary to
FMD every member at each inspection). In some cases for newer platforms, aqualified
engineer may be able to specify FMD as the main inspection technique (but dways in
combination with GVI).
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For less robust structures, such as single diagona and K-braced framing, FMD can be
used — but it should not be considered to be the main inspection technique. It should be
supplemented with other member specific ingpections such as CVI on critica members.
As described above, these types of structures are not as damaged tolerant as robust
platforms and FMD may miss problems (such as smdl cracks) that may develop into a
ggnificant concern prior to the next ingpection.

The focus of FMD should be the main verticd diagond framing — less emphasis should
be placed on horizontd framing, since it plays a lesser role in the overal strength of a
platform (other than horizonta's associated with the conductor guide and conductor tray
supports, see next bullet). One of the complaints with FMD is that if aflooded member
is located, then a more thorough close-visual or non-destructive examination (e.g. MP!)
is often specified a each end of the flooded member. Sometimes no problem is found.
Thus if severd horizonta members are found to be flooded, then a lot of time and
money may be spent further investigating the problem — when in fact these members
may not be critica for platform performance. The operator may have better spent the
money ingpecting more critical platform members.

Conductor guide framing located near the water line is an excellent candidate for FMD
on any platform. The effect of vertical wave forces creates an up-and-down motion on
certain types of conductor guide framing (often cdled a “conductor tray”) and can
create cracks located at the 12 o' clock 6 o' clock joint locations of the conductor guide
framing. Since this framing is typicaly “secondary” framing, both the brace and the
chord are buoyant, and therefore, one or the other of these members will flood,
regardiess of the location of the joint crack (brace or chord side). Conductor trays that
are most susceptible are those that tend to have a large amount of sted plating, which
provides a sgnificant “sail” area for vertical wave loads, which increases the up-and-
down mations. Note that most modern platform designs having taken this problem into
account by designing more streamlined trays with less sail area. This type of damage to
conductor guide framing has been found in conductor trays down to ¢) 150, and
operators should perform FMD ingpections on conductor trays down to at least this

depth.

FMD should be considered for use in underwater areas that may be subjected to issues
such as dropped objects or workboat impact. Critical members located near the boat
landing or in an area that is often used for offloading materias, for example related to
drilling operations (pipe and collars), are good candidates for FMD.

In dl of these cases, it is important that a quaified engineer develop the inspection program.
This is particularly true in terms of determining the robustness of a platform, sdecting specific
important members for FMD, and other structurd design and performance related issues. The
inspection plan should dso consder the other portions of this project that have investigated
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issues such as type of platform (drilling, production, quarters) and how these operations impact
ingpection plans.

Data Sources

During the course of the J P an extendve literature search and review was undertaken reating to
ingpection techniques in generd and in particular to FMD. These documents are ligted in the
reference section, which follows. The documents are too numerous and large to be attached
with this report, however, in most instances, they can be made available to Participants upon
request. Reference 9 and 10 were specificaly purchased for the JP. The former represents a
Recommended Practice for FMD developed by Sea Test Services. This Practice includes a
procedure for implementation in the event that a flooded member is detected.
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