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EXECUTIVE SUMMARY

Oil and gas production from offshore waters started in the 1940s. At present there are more than 7,000 offshore
production structures worldwide and a large supportive infrastructure. Darnage produced by Hurricane Andrew in the
Gulf of Mexico and other recent offshore accidents pointed out that some of these offshore structures may not meet
today's requirements for safety and reliability, either because of deterioration of the structures or because of the more
stringent standards that have been developed as new knowledge has become available. This has caused regulatory
agencies to consider the need to assess the ability of older structures to perform their original function while maintaining
environmental quality and the efficient use of scarce petroleum resources. At the same time it is recognized that if the
requirerents are too stringent, older platforms with marginal production and high retrofit costs could be shut down and
valuable resources lost. Thus, there is an enormous need for more sophisticated and rational requalification procedures
that will enable these structures to be used for society's greatest good.

To address the issues of reassessment and requalification of offshore structures, an international workshop was
held with the stated purpose of improving the understanding of the requalification processes and procedures. More than
250 participants from eight countries attended this workshop, representing marine structure owners and operators,
consulting firms, contractors, manufacturers and fabricators, government agencies, academic and research institutions
and trade associations. The workshop was originally conceived by Charles Smith, Minerals Management Services, U.S.
Department of the Interior. Initial funding for the workshop was also provided by MMS with additional funding provided
by the American Petroleum Institute, American Bureau of Shipping, McDermott Inc., and PMB/Bechtel, Planning for the
workshop was conducted by an international steering committee composed of well-recognized industry and academic
experts who had both special interest and knowledge in assessment and requalification of offshore strucures.

The steering committee set the stage for the workshop, recommending that a series of keynote talks be followed by
concurrent sessions of six topical working groups considering the following:

= Inspection, Surveys and Data Management
* Environmental Conditions and Forces

= Structural Flements, Systems and Analysis
* Foundation Elements, Systerns and Analysis
* Operational Analysis

» Policy Considerations and Consequences

These working groups were led by several experts in their respective areas who first produced “white papers”
which were distributed to the workshop participants and which served to provide the focus for the ensuing workshop
giscussions. The working group discussions were conducted in varied ways depending on the makeup of the attendees.
The common elements in all sessions were the openness of the commenis and the freedom of time to allow all partici-
pants who so desired the opportunity to present their comments.

The workshop was opened by Bud Danenberger who presented the interesiz and needs of MMS in the
requalification process. This was followed by the keyniote speakers who vresented an intemational view of assessment
and requalification of offshore structures. Two of the keynote talks also presentad the charge (o the working groups, The
working groups then met in individual sessions 10 discuss their respective topic,

These Proceedings document the resuits of the workshop, including the keynote talks, the white papers for sach
working group, and the resulfs of the working group discussions. One of the important tasks of each working groap was
t determine what research, data or new development was needed for rational regualification procedures. The working
groups were given license to portray the resuits of their discussions as they saw fit. In one case the white paper was
rewriiten to embed the main discussion comments in the text. No attempt was made fo change the format as received to
ensure that the spirit of the individual workshop discussions was not altered,

The major inputs from each working group, in terms of research, data or new developments needed to aid in the
reassessment and requalification process, are summarized below, Individual working group discussion provide more
detailed information.
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Inspections, Surveys and Data Management

Real time, economical capture of inspection information directly into a data base, particularly for pictures and
sketches, would enhance the storage and retrieval of inspection information.

More work is warranted on the effects of fatigue in the actual collapse of structures in the Gulf of Mexico
Remeotely operated vehicles (ROVs) which are often the only feasible means of conducting underwater
surveys, should have their capabilities extended in the areas of cleaning members and zones to be inspected
and in the ability to conduct more sophisticated nondestructive tests, for example, ultrasonic tests.

Remote sensing systems, such as “leak before break” detectors, acoustic emissions and others, should be
developed and/or improved to enhance field inspection methods and options.

There is currently no standard for defining the qualifications of acceptable offshore platform inspectors.
Industry and regulatory agencies should develop and share training and certification programs for inspectors.

Environmental Conditions and Forces

In both shallow and deep water the statistics of wave crest heights (symmetry of the waves) are of significant
importance to determine the air gap of the topside equipment. Wave loading could become very large if the
wave crests hit the topsides.

Qualification criteria for the Gulf of Mexico are dependent on platform survival statistics in Hurricane
Andrew, Consequently, there is a need to reevaluate the hindcast of Andrew in view of measured data that
were not available when the first hindcast was done.

The forcing of dynamically sensitive structures should be evaluated with particular attention to nonlinear
transient loading effects.

Utilization of relative velocity for dynamically sensitive structures has been widely discussed for some time.
Further assessment is recommended i view of the need for review of all aspects producing hydrodynamic
damping.

The crest of the wave contributes the largest drag 1oading on an offshore swucture. Purther research is needed
to accurately predict wave crest kinematics in irregular seas.

Laboratory and field measurements have produced large scatter in predicted versus measured wave force.
There is need to understand this scatter and review its effects on reliability analysis of offshors structures.
There is a need to understand the scatter in hindcast versus measured storm wave peaks and to review its
effects on reliability analysis

Structural Elements, Systems and Analysis

Page v:

The AP{ approach for requalification can be appropriate for areas other than the U.S. Gulf of Mexico, but it
should be tailored for the area. Other areas needing consideration include Africa, Borneo, Ching and Thai-
land.

There should be s better standardization of deterministic and probabilistic approaches for requalification.
There needs o be raning in ihe application of probabilistic methods by the analysie and decision makers,
There is a significant difference in the application of factored design approaches: in some cases the factors are
applied to mdividual parameters that make up the load and resistance formulation and in others a single factor
iz spplied. Besic dats need to be reviewsd and the differences resolved.

It is possible o use both it state and working stress methods In assessment, but at the present, the methods
of interpreting test data are not consistent among researchers and analysis. There is & need to determine how
the test data can be incorporated in each case and whether the results can be calibrated to result in the same
outcotie.

Guidelines are needed for methods of nonlinear modeling and finite element analysis. Existing techniques
should be compiled along with existing data and there is a need to address complex structures, e.g.,
mitiplanar joins,

More research is needed to provide adequate data to specify assessment procedures that account for compo-
nent ductility, denting, eracking and jow cycle fatigue, particularly for complex structures such as multiplanar



joints.

To evaluate the applicability of both simplified methods of analysis as well as detailed finite element analysis,

a benchmark structural model is needed that exercises the most important nonlinear characteristics of struc-

tural behavior. Testing is also needed to validate analytically developed post-buckling behavior,

* A means of calibrating to the operational environmental load needs to be established, so the operating
environmental condition can be defined. Because some structures are not dominated by environmental
loading, there should be an operational check provided for such structures. Before, it has been left entirely to
the operator, since it has no effect on the safety on the structure. If the structure can survive the exireme
event, then it can satisfy the operating environmental cage.

Foundation Elements, Systems and Analysis

*+ Many older structures have missing or questionable foundation data and perhaps even the foundation configu-
ration is unknown, There is a need for non-intrusive methods for assessing or confirming soils and pile
properties in older in-place platforms,

» There is a continuing need to assess geotechnical properties from geophysical data. Bven with significant past
efforts it is still not possible to distinguish soil types from these data, much less specific soil data.

* Inkeeping with the recommendation above, there is a need to identify soil properties using less traditional
geophysical methods, such as stress wave measurements,

* The various computer methods currently available to analyze the effects of cyclic loading on soils need to be
calibrated with physical tests both in the field (mini-piles and full-scale piles} and in the laboratory (model
piles, centrifuge tests).

* Analytical methods of foundation analysis currently presented in API recommended design practices should
be refined based on actual load tests of piles which more closely approach prototype sizes and load levels,

* Recommended design methods should be improved for new or unfamiliar soil types, for nonstandard installa-
tiens techniques and for severe load regimes.

* Research needed in the application of reliability analysis to foundation assessment include:

— reduce model uncertainty by obtaining and analyzing more high quality performance data from
laboratory or field tests, construction records, and storm and earthquake performance records,

-~ conduct comprehensive probabilistic sensitivity studies to identify the effects that contribute most
to the overall uncertainty in predicted capacity,

~— study the performance of the foundation system relative to the individual components that form the
systern to better develop the definition of failure that best reflects the actual performance,

— quaniify failure probabilities for different offshore structures in cooperation with owners and policy
makers to make requalification decisions considering costs and benefits.

Operational Considerations

* Platforms should be equipped with monitoring equipment to;
— tecord carthquake-induced motions in seismic sreas,
-~ oblain deck motions on compliant minimum stroctures to verify dynamic modeling and ascertain
silects on moton sensitive equipment,
— monitor gradual changes with time in areas subject 1o foundation subsidence or moverent
» There is 2 need for compilation and disseminstion of worldwids high quality near-miss and accident data, not
only for statistical manipulation of the datz base, but for evatuation of incident cause and best rermedy to aid
designess and equipment operators.
* Operators should include structural safety assessments in their loss control and safety management programs,
« To improve communication between the facility and civil/structural communities, and between in-house cross
functional teams and support staff, there should be more cross-referencing between siructure-related guide-
lines, facility-related guidelines and other drilling and production standards and related practices.
There should be further development of disciplined, systematic evaluation techniiques for the better conrol of
human sod orgardzationsl errors,
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Policy Considerations and Consequences

* Although the approach embodied in the draft API guidelines are efficient, fiexible and credible, the following
important policy decisions will have to be made by MMS for these guidelines to become operational:
~— what is a significant environmental impact?
— how should the requalification process be integrated with the MMS ongoing inspection process?
-~ what should “trigger” the requalification process?
~ how should industry and the public be consulted during the implementation process?
* Further research is warranted to identify and deal with the so-called “bad actors” (firms whose operating
practices and policies consistently fall below minimal industry standards), but the term should not be applied
indiscriminately to smaller or independent operators,
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REQUALIFICATION OF OFFSHORE PLATFORMS

inge Lotsberg
Det Norske Veritas Industry AS, Osio

introduction

This paper presents some considerations related to requalification of offshore platforms as seen from Det Norske
Veritas in Oslo. It is mainly based on our experience with the steel platforms installed in the Nerwegian part of the
North Sea.

The first production of hydrocarbons in the North Sea started at the Ekofisk Field in 1971. The design of the first
jacket structures in the North Sea was based on use of the API rules. The first design rules for fixed offshore platforms
from Det Norske Veritas were developed in 1974. They were based on an allowable stress format. A major effort was
put into the'development of rules based on limit state design with use of partial safety factors in 1977: DNV Rules Jfor
Design Construction and Inspection of Offshore Platforms, and the Regulations for the Structural Design of Fixed
Structures on the Norwegian Continental Shelf by the Norwegian Petroleum Directorate. The Progressive Collapse
Limit State was introduced in these rules to avoid catastrophic failure due to accidental loads such as ship impact, fire
and explosion.

The status of these rules is explained as follows: The design of load-bearing structures for exploitation of petro-
leumn resources in Norway is governed by the Norwegian Petroleum Directorate placed in Stavanger while the DNV
rules are used for classification of structures around the world,

The Regulations by the Norwegian Petroleum Directorate have been revised several times since 1977, The
existing DNV rules for classification of fixed offshore installations are dated 1985.

Both the DNV rules and the NPD regulations opened the use of reliability analysis in design in 1977. This
concept has mainly been used for evaluation and calibration of safety coefficients; however, during the last 10 years it
has been frequently used for systematic planning of in-service inspection {Lotsberg and Kirkemo 1989; Lotsberg and
Marley 1992). In the same period a major research and development project on reliability analyses has been performed
at Det Norske Veritas. Guidelines on use of reliability methods have been developed in addition to efficient cormputer
programs for reliability analyses. A classification note on use of structural reliability analyses for evaluation of practical
problems was developed in 1992 (Det Norske Veritas 1992).

Safety Level in Deslgn Rules

The limit state design from the 1977 rules is divided into:
¢« the Ultimate Limit State

= the Progressive Collapze Linds Stute

e the Fatipue Limit State

= the Serviceability Limit State

Safety coefficients for the Ultimate Limit State were aimed to give theoretical annual probability of failure less
than 10~ 107 for manned platforms. This implied an environmental load coefficient equal to L3, (Field 1978).

For unmanned platforms the Norwegian Petroleum Directorate may decide that the load coefficient for wave,
current and wind loads can be reduced to 1.15. This is evaluated based on whether 2 collapse will:

= entail danger of loss of human fife,

* cause significant pollution,

+ have considerable financial consequences.
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The safety factors used for design of structures are items governing the overall safety. However, accidents and
gross errors are a raajor failure cause. Thus, in order to achieve a high safety level one has, in addition, to control the
possibilities for accidental events and reduce the possibilities for gross errors during design, construction, and nstalla-
tion.

Accidental events are controlled through use of risk analysis as normally required by the Norwegian Petroleum
Directorate (Norwegian Petroleum Directorate 19903, The Norwegian Petroleum Directorate may however, decide that
the control of the limit state for progressive collapse (including accidental events) may be omitted if an overall evalua-
tion shows that a collapse will not:

+ entail danger of loss of human life,

= cause significant pollution,

« have considerable financial consequences,
the requirement to risk analysis is a function of consequence (similar to that of environmental ioad coefficients).

Risk analysis shall be carried out in order to identify accidental events that may occur in the activities and the
consequences of such accidental events for people, for the environment and for assets and financial interests. The
results of risk analysis shali be included as part of the basis for the decision-making process in the course of ensuring
that the safety aspects of the activities are in accordance with requirements laid down by law or regulations, with the
operator’s safety objectives and acceptance criteria. Risk analyses that have been carried out shall be updated to follow
the progress of the activities in order to ensure continuity in the basis for decisions relafing to the safety of the activi-
ties. An updating of risk analysis includes: updating and extension of basic assumptions and data to include new
experience.

The Progressive Collapse Limit State is checked according to the following steps:

* it shall be possible to document that the structure will suffer only local damage when subjected to accidental

events,

« following local damage which may have been demonstrated under the above, the structure shali continue to
resist defined environmental conditions without suffering extensive failure, free drifting, capsizing, sinking, or
extensive damage to the external environment. .

Graoss errors are controlled by requirements to organization of the work, verification of design, and quality
assurance during fabrication and construction. Robustness in the désign as normally following from requirements to the
Progressive Collapse Limit State also reduces the consequence of a gross error (Mozn 19933

Other iterns which are of significance with respect to safety are:

+ materizal selection and documentation,

« welding procedure specifications and qualifications including testing requirements,

* requirements to non-destructive examination during fabrication.

The Fatigue Limit State is controlled by calculation of fatigue damage through the design life of the structures.
Safety factors on fatigue life are used to achieve a similar safety level for this limit state as for the other limit siates,
These factors on fatigue life are dependent on consequence of failure, possibility for inspection and repair as shown in
Table 1,

Safety Levei for Requalification

A safety tevel during requalification is aimed 2t keeping the safety level during a §ife time extension above the
minimnn requirements of the inherent safety level of the design code. For considerations on inherent safaty level also
see the section on Thrget Reliahitity.

ltems to be Considered During a Requalification

Foundation

When evaluating the pile capacity at a platform life extension the overall conservatism in the initial design has 1o
be considered such as the design procedure and deviations between soil test strength and in situ strength (Tielm 1992;
Dahiberg and Ronald 1993). One may consider the long term capacity {consolidation of clay) Further, one has to
constder new information on soil data and experience with pile design.

Also informaiion might have been obtained during installation of the niles that can be of significance for evalua-
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Table 1 Design fatigue factors on life.

Access for inspection and repair
Clagsification of
structural Accessible
components No
:as:d on gccgss or Below Above

amage m[t "’;1 splash | splash zone
consequencs splash zone zone or
internal
Substantial
consequences 10 3 2
. Without

substantial 3 5 3
coRsequences
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tion of the capacity of the piles. This includes pile installation data and information about penetration into end-bearing
layers if available. The knowledge of the load effect might have been improved through measurements which also can
be used for evaluation of the reliability of the pile design for a requalification.

Reliability methods based on Bayesian updating can be used for updating the capacity and the load effects (Ang
and Tang 1975; Madsen et al. 1986). Guidance and a procedure on this should be developed. Work on a guideline is
planned to be performed in a joint industry project at DNVI this vear.

Grouted pile/slesve connection

The basis for the design equations has improved as the data base on grouted pile/sleeve connections has in-
creased. However, the form of the design equations in the various codes are different and this leads to significant
differences in the requirements for pile sleeve lengths (Figure 1) (Sele 1993). It is indicated by Sele that the design can
be efficiently improved by reducing the modeling uncertainty in the design equations by using parameters in the
equations bhetter representing the physical behavior.

Corrosion _

The design of the corrosion protection system is normally made more conservative for the North Sea than for the
Gulf of Mexico in order to reduce possibilities for fatigue cracking from corrosion pits.

The condition of the corrosion of a platform in the North Sea is determined as follows:

* by measurements of anode consumption,

* by potential measurements. ‘

Provided that there are anodes left and that the potential is within an acceptable range, further inspection is not
required. The lifetime extension of the corrosion protection system can be estimated based on the amount of anodes
left.

The cathodic protection system will also normally be sufficient at the upper region of the piles. At lower depths
the corrosion is prevented due to the fack of new oxygen. If the measured potential is not sufficient, then the actual
clements are visually inspected. The corrosion should be rather serious before ultrasonic measurements of the member
wall thicknesses are required. The most serious corrosion attacks are expected to occur at the nodes, as welds are more
subject to corrosion than the base material. Also the cleaning of the nodes in connection with detailed mspections may
reduce calcarecus deposits and favor corrosion at these areas.

The cost of reinstallation of anodes is 2 magnitude larger during in-service as compared with the fabrication of
the platform.

The splash zone and the atmosphere region is painted and is controlled by visual inspection. Possible damages of
the paint are looked for and, in case of severe damages, thickness measurements of the members should be performed.
Repair of the painting in the splash zone is considered rather costly. Use of habitat may be considered.

Research needs: Improve the coating to be used in the splash zone for the construction phase, for permanent use,
and for repair painting.

Static Strength ;

For evaluation of the static strength an updating of the existing geometry of members and modes including
deterioration due to corrosion and dents and damages due to impacts should be performed, e.g., with the capacities
from test data such as Landet and Lotsberg (1992). In case of subsidence it is also important to updaie the water level.
The capacity of the structural elements may be updated through information obtained during fabrication such as
uptGating the vield sirength data based on meterial certificates. The testing strain rates znd the number of feets should he
meluded in such updating.

The loads should be updated including the latest information on weights, loaded areas sand environmental data.
Then structural analysis should be performed and design checked based on the latest revised rules or the ruies used for
the original design if they have not been experienced to be unsafe. The reanalysis may be based on a traditional design
approach where the capacity of single elements is checked against the load effects from quasi-static linear elastic frame
analysis,

For redundant structures the ultimate capacity can hardly be assessed without performing nonlinear analysis in
tetms of nonlinear geometrical and material behavior (Figure 2). Improved knowledge on acceptable strain at fracture
for real structural components at the ultimate Himit state is wanted for evaluations of acceptance criteria for this rype of
analysis, Also considerations on low-cycle fatigue become important when using soch analysis for o design verification
{Figure 3} {Stewart 1993,
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Figure 1 Required pile sleeve lengths for a number of different design cases for APl and DNV,
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Figure 3 Cyclic loading.
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For older installations one should keep in mind that there is less documentation on:

+ through thickness properties of the material,

» fracture toughness,

+ nondestructive examination of the welds after fabrication.

Use of & new analysis technology where the structural capacities become more utilized also implies that the
probability of failure may increase. This may be acceptable provided that it can be documented that the traditional
design approach has been conservative and that one by new knowledge is able to predict the inherent safety in the new
procedure that is still acceptable. This requires a good understanding of actual failure modes for the structure and a
good knowledge of the main parameters governing the failure modes. It further requires knowledge on the failure
eriteria for the different failure modes, Reliability analysis may be a helpful tool for assessment of allowable increase in
utilization from that of existing design practice (Sigurdsson et al. 1994}, This requires a good understanding of the
different physical failure modes together with statistical distributions of the most important parameters involved.

Items to be considered for a documentation of a nonlinear structural analysis as basis for acceptance of 2 design
or a requalification are:

+ Considerations that the nonlinear program used can simulate the actual physical behavior of the considered

structure and structural details such that the actual failure modes are captured.

* Effect of local details for end restraints or force-deformation relationships for the joints.

* Effect of fabrication tolerances (member straightness and joint eccentricities) and residual stresses on buckling

capacity.

* Failure criteria in terms of maximum strain at failure for components containing relevant imperfections, e.g.,

from welding and at regions containing notches.

* Repeated yielding in case of reversed loading due, e.g., to wave action.

* Sensitivity of input parameters and analysis assumption for evaluation of acceptance criteria (reliability

analysis may be used).

This means that an evaluation of the structural integrity of a structure based on use of nonlinear computer
programs will require more effort by skilled engineers than that of traditional analysis since an accepted design proce-
dure or code based on use of nonlinear analysis of offshore structures does ot at present exist. Establishing a guideline
for this is a recommended area for research and development.

Fatigue

The total number of reported fatigue cracks in primary structures in the Norwegian part of the North Sea is small
(Hamre et al. 1991). However, several fatigue cracks have been observed in secondary structures not designed for
fatigue.

As the computer capacities have increased the refinement of the fatigue analysis has improved (Gibstein et al,
1989). Traditional fatigue analysis procedures have been based on approximate values of stress concentration factors
related to single braces. A procedure has been developed in-house in which a finite element analysis of the considered
tubular joint is integrated with the global analysis of the platform. This allows determination of the stress at each
considered point as the sum of simultaneous contribution from all members of the joint for each wave position. This
reduces conservatism introduced in the hot spot load effect calculation.

Reliability methods have been shown to be efficient for linking of in-service inspection to that of probability of
fatigue cracking (Lotsberg and Kirkemo 1989; Lotsberg and Marley 1992}, The reliability afier an ingpection event is
updated based on the results of the inspection using Bayes’ theorem. An example of such an updating of probability of
failure is shown in Figure 4 for & node in a jacket having a design fife equal to 10 years. The jacket was installed in
1972 The considered node has been inspected by MPI (Magnetic Particle Inspection) in the vears 1987 and 1086,
Another inspection is planned to be carried out in 1994, and provided that fatigue cracks are not found, the probability
of failure is updated as shown. System effects are included for evaluation of required safety level in terms of reduction
ins static strength by removal of the considered element.
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Reliability Analysis

Target reliability
In principle a requalification based on reliability analysis can be performed using the following format

8 >B

coloubated T rged

where B, .., is the reliability index calculated by reliability analysis and B, I8 a target value that should be
fulfilled for the design to be found acceptable.

Some different approaches for the assessment of target reitability levels are considered below.

Requirements 1o target reliability level can be determined from cost minimization considering cost of design and
construction and consequential costs of damage or loss of structure. In this type of model eventual intangible costs
should be calibrated by applying the model to well known and accepted cases,

Another approach is the comparison of probabilities of failure from rehability analysis with that of risks associ-
ated with other activities in the society. For a comparison between the risk levels obtained from statistics and calculated
probabilities of failure obtained from reliability analysis, the foliowing differences between these two procedures
should be kept in mind.

* Reliability analyses do not normally account for gross errors which are generally the main reason for struc-
tural failures as reported by statistics,

* Statistical and model uncertainties are normaily included in the reliability analyses. These uncertainties may
lead to larger failure probabilities than those due to the physical uncertainty alone.

« The results from the reliability analysis depend in some cases on the modeling and description of the tails of
the distributions, which are difficult to assess in most cases.

Thus, the calculated value of the reliability index is a function of analysis methods used and distributions as-
sumed for the analysis. Therefore, one should not directly compare reliability indices as obtained from different models
and sources. A calculation of B iodaiea 204 Bmi should be based on similar assumptions about distributions, statistical
and model uncertainties. Due to dependence on assurnptions and analysis models used for reliability analysis the word
“reliabilities” in & frequency interpretation of observed structural failures can not be used in 4 narrow sense. Due to the
unknown deviations from the ideal predictions the computed failure probabilities are referred to as nominal failure
probabilities.

However, by relating the reliability analysis to well known cases and accepted design practice (the inherent safety
level for maximum aflowable utilization) it is possible to use reliability analysis for a requalification without specific
requirement to target reliability level. On this basis reliability analysis was opened for use in the NPD regulations.

Bayesian Updating

Bayes’ theorem is useful for revising or updating the calculated probability of failure as more data and mforma-
tion become available (Ang and Tang 1975). Reliability anatysis is based on a limit state function representing the
failure criterion through an event G < 0. For example the information that cracks were not found during an inspection is
included through the event H < 0. Through Bayes” theorem it follows that an updated failure probability is obtained as

ARG

PGSOHL0) = =Frs

where the probability in the numerator is caloulated for components in a paraiie! syster. The situation where 4 crack is

found during an inspection, or where measurements are performed, or where data are observed, can be deseribed in 2
gimilar way by caleulation of P(GS0[H=0) (Madsen ot a1, 1987,

Summary and Conclusions

For a requalification of a platfornmy:

* Update the risk analysis in case of new experience that may be of significance to the infegrity of the structure,
« Evaluate the safety of the structure by including the reduction in capacity due to deterioration and by updating
the structural reliability due to knowledge on datz from is servige srperiencs,



* Evaluate the safety of the structure by performing refined analysis to reduce anal
the Ultimate Limit State, the Progressive Coll
document sufficient safety.

* Keep the safety level also during a life time extension above the minimum eq
tevel of the relevant design code.

ysis uncertainty with respect to
apse Limit State and the Fatigue Limit State if required to

uirerrients of the inherent safety

Page 15



References

Ang, A. H-S8., and Tang, W.H. Probabili and Design, Vol. [ - Basic principles. John
Wiley & Sons, Inc. 1975.

API RP2A Recommended Practice for Planning, Designing and Constructing Fixed Offshore Platforms. Highteenth
edition, 1989,

Dahiberg, R. and Ronold, K. Limit State Design of Offshore Foundations, Limit State Design in Geotechnical Engineer-
ing. International Symposium, Copenhagen. May 1993,

Det Norske Veritas, Structural Reliability Analysis of Marine Structures, Classification Note No 30.5 , July 1992,

- Rules for Classification of Fixed Offshore Installations. July 1989.

- Rules for the Design, Construction and Inspection of Offshore Structures. 1977,

- Rules for the Design, Construction and Inspection of Fixed Offshore Structures. 1974,

Field, 3. "Reliability of Offshore Structures.” Journal of Petroleum Technology, October 1978. (Also OTC Paper No
3027, May 1977).

Gibstein, M.; Barheim, M.; Osen, P. Refined Fatigue Analysis and its Application to the Veslefrikk Jacket. International
Symposium on Tubular Structures, Lappeenranta, Finland, September 1989.

Hamre R.; Kvitrud A.; and Tesdal, K. In Service Experience of Fixed Offshore Structures in Norway. Offshore Mechan-
ics and Arctic Engineering Conference, Stavanger, June 1991,

Lotsberg, L. and Kirkemo, F. A Systematic Method for Planning In-Service Inspection of Steel Offshore Structures.
Offshore Mechanics and Arctic Engineering Conference, The Hague, March 1989,

Lotsberg, L. and Marley, ML]. Inservice Inspection Planning for Steel Offshore Structures Using Relability Methods.
Behavior of Offshore Structures, London, Jaly 1992,

Landet, E. and Lotsberg, L. "Laboratory Testing of Ultimate Capacity of Dented Tubular Members.” Journal of Structural
Engineering. 118:4, April 1992,

Madsen, H.O.; Skjong, R.; and Kirkemo, F. Probabilistic Fatigue Analysis of Offshore Structures - Reliability Updating
Through Inspection Results. [0S 87, Glascow, United Kingdom, September 1987, *

Madsen, H.O.; Krenk, 8.; and Lind, N. C. Methods of Structural Safety. Prentice-Iall, Englewood Cliffs, New Jersey,
USA, 1986,

Moan, T. Reliability and Risk Analysis for Design and Operations Planning of Offshore Structures. Sixth iCOSSAR,
Innsbruck, August 1993,

Norwegian Petroleum Directorate. Regulations for Loadbearing Structures in the Petroleum Activities. F ebruary 7, 1992,

- Regulations Relating to Implementation and Use of Risk Analysis in the Petroleum Activities,

stipulated by the Norwegian Petroleum Directorate, December 4, 1990,

- Regulations for the Structural Design of Fixed Structures on the Norwegian Continental

Shelf. 1977,

Sele, A. and Skjolde, M. Design Provisions for Offshore Grouted Construction. Proceedings: OTC Paper No. 7150,
Houston, Texas, May 1943,

Sigurdsson, G., Skallerud, B., Skjong, R. and Amdahl, J. Probabilistic Collapse Analysis of Jackets. 13th Int. Conf. on
Offshore Mechanics and Arctic Engineering. Houston, Texas, 1994, :

Stewart, G, Moan, T., Amdahl, J. and Eide, O.I. Nonlinear Reassessment of Jacket Structures under Exfrerne Stormn
Cyciic Loading: Part I - Philosophy and Acceptance Criteria. Proceedings: 12th Int. Conf. on Offshore Mechanics and
Arctic Engineening, 1993,

Tielta, T. L Historical Overview of Geotechnical Design in the North Sea. Behavior of Offshore Structures, London,

July 1992,

Page 16



ON THE REVIEW OF OFFSHORE LEGISLATION AND
CERTIFICATION ON THE UKCS

W. i Supple
Technology Branch, Offshore Safety Division
United Kingdom Health and Safety Executive

infroduction

On behaif of the Offshore Safety Division of the United Kingdom Health and Safety Executive, I am pleased to
be addressing this important international workshon today to present an outline of our progress on the review of
offshore legislation generally, and the review of certification in particular, o
Lord Cullen’s repost on the 1988 Piper Alpha disaster (Her Majesty's Stationary Office 1990) was published en
12 November 1990, and the 106 recommendations made in the report were fully accepted by the United Kingdom
Government. The report was critical of the existing prescriptive offshore safety regime and recommended it be re-
formed in favor of goal setting regulations made under the Health and Safety at Work Act(Her Majesty's Stationary
Office 1974) which would achieve "...good and well maintained management of safety by all operators (of offshore
installations)” (Her Majesty's Stationary Office 1990). o .
Lord Cullen recommended that the new offshore regulatory regime be based on two complementary elements:
* arequirement for operators and owners of offshore installations to prepare safety cases for each installation,
for submission to and acceptance by the Health and Safety Executive (HSEY; and i

* aprogram to progressively reform existing offshore legislation by regulations in a more moderm form, ex-
pressed mainly in terms of objectives (or goals) to be achieved, which would sit more easily with the new
safety case regime. :

Under existing legislation, offshore instaliations cannot operate on the United Kingdom Continental Shelf
(UKCS) without a valid Certificate of Fitness (CoF) issued by one of six certifying authorities (CAs), which are
appointed by HSE. In his report, Lord Cullen suggested that when the new safety case regime was in force offshore,
and the associated requirements for operators to demonstrate their safety management system and audit compliance
with it, the need for the certifying authorities to continue to perform the same functions as before should be reap-
praised. He considered that certification might sit uneasily with the safety case regime, under which responsibility
would rest with risk creators to identify hazards, assess risks and take appropriate measures, as opposed to relying on a
third party to ascertain compliance with regulatory requirements. Consequently, as part of the overall review of
offshore safety legislation in the wake of the Cullen Report, the Offshore Safety Division of H.S.E. is undertaking a
thorough review of the certification scheme,

In the following I shall outline where we are in the review of legisiation and then give some background and
indicate some factors which will need to be taken into account in the review of certification.

The Legisiative Review

The first stage of the legisiative review was achieved by the Safety Case Regulations (Her Majesty's Stationary
Office 1992) which came into force this year and which promote an integrated, risk based approach to the congrol of
hazards offshore. They require operators and owners of offshore instatiations to establish an effective safety manage-
mient system, and to identify hazards which may give rise to 2 major accident, assess the risks arising from those
hazards, and take steps to reduce those risks to as low as is reasonably practicable (ALARP). Operators (of fixed
instaliationsy and owners (of mobiles) are now submutting safety cases. We expect to receive over 200 safety cases,
which have to be assessed and accepted by HSE by 30 November 1995, After that date no installation will be able to
operate in United Kingdom waters unless a safety case has been accepied by HEE,

in August last vear the Health and Safery Commission announced plans for the next stage——the review and
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reform of offshore legislation. The approach we are taking to the reforms follows the Cullen Report recommendations
In that:

¢ 'The reformed regulations must complement, and not duplicate, the safety case.

* Regulations should be genuinely goal setting, though some specific provisions will need to be meluded,
implement Cullen recommendations and to give effect to provisions in a European Directive {Official Journal
L. 348 1992,

* The HSE will, 5o far as practicable, pursue consistent regulatory approaches onshore and offshore. There
should be distinct offshore requirements only where justified by the special characteristics of the offshore
workplace or hazards.

+ Consuliation on new goal setting regulations should be taken forward rapidly, to minimize the pertiod of
uncertainty about the future regime as a whole.

New offshore regulations are planned on the prevention of fire and explosion and SMErgEncy response on
offshore installations; management and administration; and design and construction {including certification). Although
Lord Cullen recommended separate regulations on fire and explosion protection and on evacuation, escape and rescue,
we have developed a single, integrated set of regulations dealing with the prevention, control and mutigation of fire and
expiosions and response to emergencies (H.S.E. 1993). These are the first of the new regulations to be developed,
Formal consultation began with the publication of the consultative document on 8 September and it is intended that the
Regulations will come into force next autumn,

The Management and Administration Regulations will cover general matters relating to admimistrative and
working arrangements, for example permits to work, about which Lord Cullen made specific recommendations, Work
is well underwal on these proposals and it is proposed that the Consultative Document be issued in January 1994; with
regulations coming into force in December 1994, _

The Design and Construction Regulations will reform the existing Construction and Survey Regulations (Her
Majesty's Stationary Office 1974). The reform includes a review (as Lord Cullen recommended) of the offshore
certification scheme established under those Regulations. The formal Consultative Document will be issued in the
Spring of 1994 and regulztions will come into force in mid-1995.

The Review of Cffshore Certification

Backyground

Offshore certification arrangements need to be seen in the context of the major accident potential offshore,
particularly taking into account the hostile environment of the North Sea; the potential for rapid escalation of dangerous
circumnstances and the difficulties of evacuation, escape and rescue; the different functions of a large, integrated
platform - a drilling rig, process plant, hotel, heliport; and the range of types of installation operating on the United
Kingdom Continental Sheif.

Changes to the certification scheme will involve changes to the existing regulations. We are therefore conducting
the review in conjunction with the development of new offshore Design and Construction Regulations which are
intended to set out goals for design and construction of offshore installations to ensure their integrity throughout their
entire life-cycle. (By ‘integrity’ we mean the state in which the installation can safely fulfill its purpose).

The following are some key clements of the offshore certification arrangements:

= HS3E does not certify offshore installations. This is undertaken by independent Certifying Authoritiss ap-
pointed and audited by HSE. :

*  The scope of the offshore centification scheme includes complete structures, plant and systems, including
process plant.

*  The scheme is not & product certification scheme. It goes much wider, Certifving authorities check conformity
against requirements in Kegulations (Her Majesty's Stationary Office S1 1974}, The requirements in the
Regulations have been supplemented over the vears by a large quantity of guidance.

«  The certification scheme involves not only independent assessment of the complete design and initial survey
of the construction against design, but also in-service surveys, It therefore provides continity through the life-
cyele of the installation,

¢ The certification scheme concentrates on hardware. But it alsa, crucially, provides m overview of the many
systems which make up an offshore installation and a means of ensuring that the interactions between different
systems are considered. For exampile, changes to the process system which miroduce new souipment, might
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affect the loadings on the primary structure. These interactions need to be understood and considered, and
certification provides a mechanism for this. The certifying authority provides an integrated overview rather
than piecemeal certification of individual items of equipment, parts of the structure or systems.
+  Each offshore installation is different, 50 the system therefore has 1o cope with the ugue nature of each
installation. We are not dealing with batch products.
*  The offshore industry is international, Many instaliations are designed and constructed outside the United
Kingdom. Certification arrangements therefore have o be capable of handling this international dimension.
*  There is also a marine dimension, in that mobile installations are also ships, and therefore subject to maritime
classification requirements. Five of the six certifying authorities also act as Classification Societies.
The certifying authorities are quasi-regulators. They have powers to refuse a CoF, or place limitations on opera-
tions as a condition of granting or maintaining a CoF. Hence, Lord Cullen’s consideration that the scheme might sit
uneasily with the safety case regime which he recommended for the UKCS,

Factors influencing the Review

There are a number of factors to be taken into account in the review, Any new arrangements should be congistent
with the general philosophy of moders health and safety legislation. For example, the underlying principles of the
health and safety legislation already in place should be followed. Thus health and safety standards should be main-
tained or improved by any new scheme; and operators must demonstrate that they have in place an adequate safety
management system and have taken measures to reduce the risks from major accident hazards as fow as reasonably
practicable (ALARP). Verification arrangements might contribute to this demonstration, but do not constitute an
alternative to it and must not be regarded as such. (We have used *verification’ as a generic term to cover reviewing,
inspecting, testing, checking, auditing or otherwise verifying and documenting whether items, processes, services or
documents conform to specified requirements - definition from RS 5882 Total Quality Assurance program for Nuclear
installations). :

Any change in approach should not lead us to discard the strengths of the existing certification scheme, such as
the expertise and experience which the certifying authorities can bring to bear. It is very difficult to quantify the safety
benefits of certification sirgce we have no recent experience of a regime without it; but there is ample evidence of
problems identified by the certifying authorities at the design and construction stages which would have had major
implications for cost and production, as well as safety, had they gone undetected, SRR

Any new offshore verification arrangements must not bring us into conflict with present and tkely future Furo-
pean requirements, while at the same time we want to ensure that we can achieve our-own safety objectives. Many
Buropean community developments are of interest offshore, such as the directives covering equipment and the trend
towards the development of European standards for certification, inspection and accreditation to give assurance of
competence in a given field of work is growing in the United Kingdom, partly in response to the European drive to
remove barriers {o trade,

We have explored other models from other industries or in other countries with offshore industries. Some
countries have followed the United Kingdom approach; some do aot have an equivalent. We have not identified other
models which we can take off the sheif and transplant offshore.

New arrangements must also complement, not cut across, the marine classification and flag state requirements
applied to mobile installations.

We have a number of stakeholder interests to consider, The concerns of industry, design, fabrication and instalia-
tions contractors, the six certifying authorities, and the work-force cannot be expected to coincide i every tespect, and
we must seck a way forward which will be workable and gain the sooperation of afl parties.

Timetable for the Review
We are in the process of developing proposals for the new arrangements for verification offshore and will be
discussing these with interested parties over the coming months. They will be integrated into the new regulations

governing design and construction to ensure the integrity of offshore installations, which will be the subject of a formal
consultation document we aim to publish in mid-1994; the regulations should be in place by mid-1995.
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ASSESSMENT OF EXISTING STRUCTURES:
DEVELOPMENT OF AN INDUSTRY PRACTICE

D. 1 Wisch, Texaco, Inc.
W. F. Kreiger, Chevron Petroleum Technology Company
K. A. Digre, Shell Offshore Inc.

Introduction

In recent years, some of the focus in offshore facilities has shified from new technology and advances in new
facilities to the maintenance and determination of adequacy of existing structures. The offshore industry is relatively
young by structural standards getting its Gulf of Mexico start less than 50 years ago. It wasn't until 1969 that the
industry had its first offshore design standard with the publication of the 1st Edition of API RP 2A. Prior to that time,
everyone was on their own.

As the industry nears the diamond anniversary of the st Edition of its “bible”, new challenges appear. The
industry has seen hurricanes of considerable magnitude rip through the heart of the offshore arena with significant
unpact in both the early 1960s with Hilda and Betsy and again in 1992 with Hurricane Andrew, But it is not only the
storms that bring the challenges, it is also the aging of the structures, changing public and governmental policy pertain-
ing to the environment and life safety issues, the world economic picture and even new technology extending the life of
the old oil fields orfinding new pools of oil underneath existing fields.

There are over 7,000 offshore structures worldwide with more than 3,800 of these in the Gulf of Mexico. A recent
study (James K. Dodsen Co. 1993} indicated 1,157 platforms in the Gulf of Mexico were installed prior to 1974. With
the oil economics of today, fitness of existing facilities for future operations becomes a high priority as the capital
investment in these facilities ranges from thousands of US dollars to several hundred million U5, dollars. -+ -

- The American Petroleum Institute has been the leader in development of design standards for offshore production
facilities. Since the release of the RP 2A Ist Edition; 19 subsequent editions have been published incorporating lessons
learned and new technology. : Cew o

With the new challenges comes changing standards. In early 1992, the API Offshore Standardization Committee’s
subcommittee on Fixed Offshore Platforms charged a task group to develop sections for RP 2A to address the topic of
Assessment of Existing Platforms To Detmonstrate Fitness For Purpose.*

Charge

The background, core philosophy and initial work of API in the area of existing structures has bees outlined in
carfier papers {Wisch 1993; Wisch 1992V, In essence, the API philosophy has been to establish guidance to designers as
to what constitutes good practice in the design of offshore structures while allowing flexibility {6 the owner and
designer in designing and building a facility to meet the owner’s needs. A fundumental abjective has heen to bring a
baseline level of consistency to the industry withous establishing criteria, procedures or guidelines that penalize.

In meeting the present challenge as well as keeping with the historical obiectives, the Task Choup was given
several charges:

= develop text consistent with the intent of RP ZA for the assessment of existing facilities,

» develop the text in the framework that the process is general and can be applied in areas of the world other
than the Guif of Mexico; i.e., a framework that can be passed to the ISO group for consideration as the basis
for assessment scction in the upcoming ISO offshore standard,

* develop for inclusion into both the WS and LRFD versions of &P ZA,

%

.
o)

ditor’s note: A draft of the API standard diseussed in this paper iv inchided a¥ Section IV in these Proceedinos,
' 4
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* use of Performance Service Levels (PSL's) based on consequence was preferred as opposed to a single
acceplance criteria,

* provide a process that linked inspection levels to the degree or sophistication performed in any structural
analysis that provides adequate “as is” information without having an inconsistency between inspection and
analysis assumptions,

* do not set envirommental policy,

+ use sound engineering practice and avoid emotional criteria,

+ follow the general principle that the criteria should follow generally accepled practice focusing on life and
environmental safety with the further refinement due to economics Ieft to the owner,

Makeup

In accepting the challenge, a Task Group was formed containing 14 members, 20 corresponding members and
seven sub-task groups. The seven sub-task groups focused on specific technical areas and involved an additional
industry staff. In excess of 70 individuals representing large, medium and small owners, consultants, academia and
regulatory agencies have been working together in formulating the proposed guidelines. :

issues

A number of issues come up when dealing with existing facilities. While most are philosophical and emotional
issues, the final product in a code or standard must provide some rational, objective guidance and/or criteria, Most of
the charges listed carlier fall under the philosophical umbrella. It fell to the task group to draw up the objective text.

Assessment of existing facilities is not unique to the offshore community. The electric power generation industry
and the chemical industry have been addressing the problem. In the public sector, many building codes have some
mention of existing facilities. There was considerable focus on existing facilities in California following the 1971 San
Fernando earthquake where many public infrastructure facilities were severely damaged or destroyed. The 1989 Loma
Pricta carthquake again focused attention on existing infrasiructure, particularly the transportation segment after the
general public saw the impact of the damage to the Bay Bridge and the Cypress Viaduct. Again in 1992, the damage
due to Hurricane Andrew in the Gulf of Mexico brought about questions concerning adequacy of facilities.

In stepping back to look at the issues, some fundamental questions come to the forefront: Who “owns” the
development of public policy and the societal acceptance values? Who sets these values?

Public poliey issues should be driven by view of the broad picture and objectives. It is unwise to aliow public
policy to be developed by special interest groups having exclusive benefit or from groups having no direct economic or
safety ownership,

Often the view of acceptable lies in the eye of the beholder. The degree of personal involvement, whether being
an owner, a neighbor or potential impacted party from either an economic or safety perspective, has a direct relation-
ship on acceptable. Public policy is the effective balance of all the views.

Public policy is owned by the public at large. It is often stated by governmental or regulatory bodies through
adoption of codes, by legislation or by executive orders.

it has been the objective of the Task Group and its parent committees to develop 2 process that accounts for
currently perceived public policy and permitting this policy o be incorporated into a process to be followed for
offshore facilities. The process is then offered to the regulatory agencies as a basis for part of the overall policy
regarding existing facilities.

Where does economics enter the picture and on what basis in establishing public policy? i is often heard that
public policy should net be sensitive fo cconomics, that it should focus on the issues of life and environmental safety.
However, it is quickly obvicus that cconomics has been 2 kev factor in the establishment of codes and criteriz,

Examples abound in establishing this link, Following the 1971 San Fernands earthquake, California adopied 2
plan to strengthen many bridges only to see the plan siretched out over 17 vears as funding was continually reduced
over time. Building codes allow for existing buildings to remain provided they are maintained to the meet the codes in
effect at the time the facility was built, Several California building codes require an existing structure to withstand 75%
of the lateral forces of a new building when the structure undergoes modification.

It has hesn the consgious decision of the APT groups w let the sconomics be dictated by market forces, 12 do not
altow economics to be directly incorporated into the acceptabiiity eriteria. Each owner has different SCONGIGIC inCen-
tives and views risk from 2 different perspective. 1t is not within the scope of the offshore standards committes 1o
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establish uniform risk taking or risk aversion standards relative to economics.

What does the public accept as societal risk values? Reviews of literature indicate 2 sliding scale on acceptable
Hmuts. The public generally accepts some 50,000 traffic fatalities in the U.S. each year when most fatalities ocour one
or two at a time. It is generally not acceptable to have 300 fatalities in a plane accident. There is a general impression
that more focus is placed on the reduction of the plane accidents than on the reduction of traffic fatalities. A single
event with large consequences is unacceptable, while a series of unrelated events with much smaller individual, but
collectively greater, consequences can be acceptable. There is a perceived direct impact on costs and freedom for
automobile safety to individuals whereas the airline safety issue appears more indirect to most of the public.

From an overview perspective, where do offshore facilities fit in relation to onshore facilities for which some
generally accepted criteria have been established? Offshors facilities have generally been viewed by the publicin a
class somewhat o their own. On land, there is 2 multitude of facilities {e.g., single family homes, multifamily homes,
apartments, warchouses, large office complexes, schools, hospitals, public gathering facilities, manufacturing plants,
etc.) for which codes or practices exist. Offshore facilities differ in their location, but not necessarily in their manning
or industrial process compared to [and based activities.

The “Seismic Safety Requalification of Offshore Platforms” report (Iwan et al. 1992), commonly called the THIC
report, provided some overview as to the relationship of offshore facilities to land based facilities relative to the seismic
design/assessment process. The starting point for the Task Group’s evaluation came from his report.

What is the relationship between a single facility, a fleet of facilities and the collective whole? What are accept-
able fleet performance characteristics pertaining to life safety, environmental safety and delivery of product? This
question was dramatically illustrated with Hurricane Andrew. Two types of fleets were involved. First was the complete
fleet in the Gulf of Mexico, in excess of 3,800 platforms. Second were the flects of each individual owner. Some
owners had in excess of 200 facilities while others had as few as one. Success or failure of any given facility is binary,
it either succeeds or it fails. The regulatory process should address the collective fleet performance relative to safety
and overall delivery of product. Qwners address safety and the economics of their individual fleets.

In Hurricane Andrew, only part of the entire Gulf of Mexico fleet was affected. If viewed from a whole, less than
3% of the structures suffered significant structural damage. Production was temporarily halted but in excess of 90% of
the pre-storm production was back in service within 90 days, and not all of the lost production was due to structural
damage: much was due to pipeline or transmission situations not related to any structural problem. From this view, the
flect of structures performed very well. .. '

It was seen thata major storm had no eatastrophic impact on the energy supply to the public infrastructure. The
rmpact on deliverability and public reliance is one element that enters public policy and varies from region to region.

Each individual operator has to assess the performance of their fleet. Overall economic impact varies from
operator to operator and falls outside the scope of the RP 2A objective.

What constitutes acceptable for existing versus new design structures? Engineering practice over the recent
history has seen building codes and other standards and practices evolve over time incorporating new technology. The
resulting changes have generally resulted in safer structures with increasing criteria having the effect that older struc-
tures would not meet today’s codes or standards. In essence, older structures have lower margins of safety than their
more contemporary counterparts and the public accepts this situation, e

Not only is this a generally aceepted practice, but many codes explicitly state the relationship in various ways. An
example of this for z building exposed to hurricanes is Section 104 of the Soutk: Florida Building Code, entitled
Application To Existing Buildings. There are several provisions identifying requirements when additions or alterations
are made to the buildings, Section 104.8 iz entitled Existing Buildings and states: “(a) Any existing bailding, which
complied with the Code in effect at the time of its construction or at the time of establishment of its present Group of
Uccupancy, may continue in its approved Group of Oceupancy but such continued approval may not be construed to
prohubit the Inspection authority from at any time requiring that the minimum standards of safety such as, but not
limited to, strength, 2gress, fire-resistance, openings in walls, or electrical, or plumbing, mechanical or elevator
equipment or fire extinguishing or apparatus be maintained during the period of use of the building in accordance with
minimum standards at the time of construction.”

This section is typical of many locally applied building codes. Similarly, as noted in the THIC report for seismic
areas, a 25% reduction in base shear is the target level on structures in seismic zones undergeing modifications. In
regards to bridges, AASHTO (American Association of State Highway and Transportation Officials) is drafling new
code provisions to address existing bridges. Again, the acceptance criteria is more stringent for new bridges than for
existing bridges. Part of the justification, for both the building and bridge codes, has been economics.

While many precedents exist for lesser oriteria for existing than for new buildings, no clear trend or consistent
criteria has been observed regarding the quantitative difference.
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Guidelines

After reviewing the general questions, some principles guiding the API work developed. These principles are
consistent with the premises upon which RP 2A has developed over the years and in accordance with the above
discussion. In addition, they recognize the changing aspecis of technology, economics and societal views while still
being based in sound engineering practice.

* Good engineering judgement was to be followed relative to generally accepted industry practices,

+ The resulting process based on accepted industry practice would be no less than equivalent land based prac-

tice,

* Environmental “baselines” would not be established in this document,

* A minimum level of structural safety would be incorporated to ensure safe access to unmanned facilitics by
field personnel,

+ Consequence would be explicitly accounted for by use of multilevel dcceptance criteria,

* A multistep process, each step being less conservative that the previous step, would be used to allow owners
flexibility,

» Explicit, detailed analyses involving probability computations would be unacceptable due to the number of
facilities, the cost of this level of work and the limited availability in the industry of performing the level of
work,

* The process would be developed with the full knowledge and interaction of U S, regulatory agencies,

* The process would be limited to structural behavior and risks associated with structural performance.

¥

Process

The objective was to devise a procedure which could be flow charted to provide a road map for owners, engi-
neers, consultants and regulatory agencies when evaluating facilities undergoing the assessment process.

The approach can be categorized as:

Condition Assessment
Categorization of facility type
Determination of exposure category
Assessment and Fitness Determination
Screening
Design Level Check
Ultimate Strength Check

The approach is based on low level engineering effort at the screening level which provides a conservative
approach followed by increasing levels of engineering and inspection efforts but decreasing levels of conservatism as
the Design Level Check and Ultimate Strength Check. This approach is illustrated in Figure 1.

Many of the key aspects are discussed in the workshop session reports contained in the proceedings of this
workshop. The reader can refer to these papers for technical details. '

The flow chart discussed at this workshop has undergone seven cycles in the past 12 months as the Task Group
has deliberated. One of the key factors in the sequence of flow charis has been the goal of providing a “workable”
flowchart, not just a philosophical guidance. The Task Group tested the flow charts against this concept continually,
The constant testing and evolution has been a trademark of APY Offshore Standards, The draft issue of the propossd
new AFI guidelines needs discussion and testing to futher refine the process.

A second key facior was the constant influx of new information: several Joint Industry Projocts, individaa!
tompany initiatives and a continual siream of information from Hurricane Andrew assessments. By focusing on the
“workable” concept and incorporating new information, the flow charts svolved.

A summary of each of the eight versions follows. The intent of the summary is to briefly indicate the evolution of
a process, and the rationale involved in deriving a practical consensus based modification to accepted industry practice
as captared in RP 2A. Though details of each version are not included, it is the intent to identify the process changes a3
the process is tested with new information and the practicality of application to real world struetyres.

Version |
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The first version was modelled after the process presented in the Seismic Safety Requalification of Offshore
Platforins report. There were separate charts for Life Safety and Environmental Safety. Three tiers of assessment were
provided:

Screening - facility meeting a stated prior edition of RP 2A,

Analysis - meeting 20th edition of RP 2A with reduced wave heights,

Risk Analysis - computed probability of failure less than 1/1000 { Pf< 0.001).

In the environmental safety area, the “acceptable” spill size associated with rare failures was quantified. Com-
puted risks for SS8V (Sub-Surface Safety Valve) and pipeline valve failures could be used to justify acceptance of
platforms. No geographic distinctions are made regarding acceptance criteria. Figures 2-a and b illustrate the Version |
flow charts.

Version 2

The provision for Risk Analysis is replaced with ultimate strength analysis, in keeping with industry capability.
Return period based criteria were specified for linear and ultimate strength analyses. Screening is based on either the
platform having been designed to a specified edition of RP 2A, or using a “simplified approach”. A minimum safety
flowchart is added to assure adequate safety for temporary manning conditions. No “acceptable” spill size associated
with rare failures is specified, in keeping with API guidelines to technical standards committees. SSSV and pipeline
valve reliability are not used as part of the assessment process.

Version 3
Life safety, environmental safety and minimum safety flowcharts were combined into a single flowchart using a
platform classification table for a more logical flow.

Version 4

With the exception of minimum consequence platforms, criteria based upon explicit wave height curves or
factored 100 year lateral loadings were introduced. This came about due to the wide company-to-company variability in
estimating return periods associated with factored 100-year loads. The adequacy of minimum consequence platforms
could be based upon prior exposure. :
Version 5

Platforms were categorized according to a unique exposure category, eliminating the earlier situation where a
platform could be placed into more than one category. The design basis check was distinguished from the screening
analysis and required that the reference level loading from RP 2A 9th edition be utilized. Separate assessment criteria
tables were provided for Gulf of Mexico and other U.S. locations.

Version 6

The use of exposure category designations (i.e., A=1-3, B=E,N) was eliminated. The design basis check is limited
to Gulf of Mexico platforms. The screening analysis criteria were eliminated from the criteria tables because quantita-
tive criteria could not be set without making assumptions regarding screening analysis methods, '

Version 7

Undamaged platforms which have not seen an increase in vertical or lateral Ioading (generally due to additions or
modifications o the facility} from the original design “pass” the assessment, providing the platform is in the “minimum
consequence” category. This replaces acceptance by prior exposure in the fowchart (although acceptance via prioy
cxpogure femnaing an oplion in the final version). Dual criteria for minimum conseguence platforms are provided: the
platformn may zither mest the specified loading criteria, or may meet factored loading associsted with the intact “as
built” capacity. This replaces return period based criteria for minimum consequence platforms.

Version 8

The dual eriteria for minimum consequence platforms is eliminated from the criteria tables as being too compli-
cated, aithough the acceptance of such platforms having negligible increase in load or decrease in strength from the
original/“as built” condition is retained in the text. Criteria for minimum conseguence platforms are specified as
exphicit wave heights for the Guif of Mexico and a8 factors on 100 year loading for US areas. The flowchart provides a
path around the design basis check for non-Uinlf of Mexico platforms. Figures 3-2 and b illustrate the latest flowchart
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Third Party Review

One aspect of the process outlined in the THIC report not expressly addressed in the API guidelines is the topic of
third party review. While there has been an element of third party review for many of the new Gulf of Mexico and
offshore California facilities since 1981 through the MMS CVA program, API has not explicitly addressed this issue as
it falis outside of the scope of API standards. From a practical view, 2 modified CVA type program could be imple-
mented by regulatory agencies in conjunction with the RP 2A guidelines and provide the third party independent view,

Hurricane Andrew

Hurricane Andrew has had a significant effect on both the philosophy and the technical information available for
review. Not often in the development of standards or criteriz does a full scale event present itself and provide bench-
mark activity. The API effort has drawn tremendously on the impacts and after-effects of Andrew. In addition to
praviding raw statistics, it provided an opportunity to review the adequacy of various criteria adopted in RP 2A as it
evolved concurrently with the state of knowledge. A wealth of information was developed from a joint industry project
that cataloged the damage as well as performed a number of ultimate strength analyses in efforts to quantify any bias in
the design/analysis process. Though much of the information is proprietary, the project was structured to release
summary information to the API project for use in developing the section on existing structures.

One of the key observations, once again reinforced by the aftermath of Hurricane Andrew, was that there is
always an element of risk when dealing with the forces of nature. The quantification of risk levels and expiicit choice of
risks to be taken shouid be a fundamental choice of the owner. Historically, an owner could meet the design require-
merts of RP 2A with the perception of being safe and never quantifying the level of risk. With the introduction of
multilevel criteria, 2 more explicit determination will need to be made by an owner. In the past, an unmanned, single
well caisson was designed to the same standards and criteria as a deep-water, multi-well, manned platform. Fven
though they met the same criteria, and unknown to many within the industry, there were significant differences in the
margins of safety against structural failure and even broader differences in consequences. Use of a single criteria was
not providing uniform safety or economic risks.

8umﬁ§ary

The overali assessment and acceptance process can be summarized as one based on logic meeting the needs of a
regional industry. While regional in primary focus, the concept has been developed around a logical framework that can
be extended through the use of Product Service Levels to account for the consequences of the facilities and the societal
values in other areas where offshore structures are utilized.

Identification of multilevel acceptance criteria based on consequence is somewhat a departure from traditional
practice is some areas of the world. :

As the industry matures and the global economics become more pronounced in the oil industry, rational eriteria
and approaches must be taken in the offshore arena. APY and ISO are moving towards harmonized standards that
address issues on a consequence basis taking into zecount the life and environmental safety standards of the regions
where the siructures are operating,
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KEY QUESTIONS IN THE REASSESSMENT AND REQUALIFICATION OF
PERMANENT OFFSHORE DRILLING AND PRODUCTION PLATFORMS

R.G. Bea
University of California-Berkeley
Charge to the Working Groups

Abstract

Recent experiences in the reassessment and requalification of permanent offshore driling and production struc-
tures suggests that there are three key questions that should be addressed in the following order,

* What should be reassessed and requalified?

* What should be the requalification standards?

*  How should the reassessments be performed? :

These questions ure discussed in this paper in the context of present efforts in the United States and North Sea to
develop and isaplement practical methods to reassess and requalify platforms.

Introduction

The problems associated with aged offshore production platforms are particularly difficult in comparison with
those associated with the initial design, construction, and operation of these structures, Aged platforms generally not
only reflect the inevitable effects of corrosion, fatigue, and operating wear and tear, but technical absolescence as well.
Rehabilitation and life-extension can be-expensive propositions that cah typically cccur when they are feast affordabie,

The process of defining the basic characteristics of a particular platform and the condition of its elements is
extremely challenging. Generally, there are significant uncertainties concerning the ir-place chatacteristics of the
platform. el Rt :

The objective of this paper is to discuss three key questions that overshadow efforts to develop definitive guide-
lines and procedures for the reassessment and requalification of offshore platforms. - -

What Should Be Reassessed and Requalified 7 EIEELR
The fundamentz! obiective of reassessment (analysis of existing platforms) and requalification {evaluation of suitability
for service} effosts is to assure the platform owner and regulator that the platform is fit for ifs intended purposes,

The platform owner represents industrial interests, The platform regulator represents the general public interests.
Both of these interests want to determine that the platform and its associated operations do not pose undue risks to
property, productivity, human life, or the environment, S

it has been suggested that considerations of property and productivity risks are not the purview of government,
and that they are solely the purview of industry, Gthers suggest that the genefal public has a stake in the industria}
activity because uitimately the public must pay the costs for the resources that are developed.

In 1993, Hurricane Andrew resulted in approximately 164 structures being wppled, leaning, or condemned
{(Smith 1993}, This wlly included some 22 major platforms. Many more platforros suffered some form of significant
damage. Approximately four hundred segments of pipelines were damaged or ruptured. Seven pollution events and fwo
fires occurred. Five mobile drilling rigs were set adrifi causing damage to structures and pipelines. One mobile drilling
rig narrowly missed entangling its dragging anchors in the LOOP (Louisiana Offshore Oil Port) 36-inch diameter
pipeline.

Pollution was not substantial. The maximum pollution event was reported to have resulted in the foss of 2,000
barrels of oil. Unlike the experiences with this storm as it swept across Florida, there were no lives lost offshore as a
result of this very severe sform,

However, there was a major loss in property and productivity. One-third of the nil and one-fourth of the gas
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production of the Gulf of Mexico were shut-in in the aftermath of Andrew. The total damage and productivity losses in
the Gulf of Mexico have been estimated to be in excess of $2 billion. The onshore losses were estimated to be in excess
of $4 billion, making this storm the most expensive environmental catastrophe in the U.S. history.

Much of the offshore loss will be bom by insurance and will be reflected in increased premiums. Other parts of
the loss will be reflected in increased operating costs. Given the short- and long-term industrial requirements for
profitability, it is the general consuming public that ultimately must pay these costs.

This experfence would suggest that there is a common set of concerns among indusirial and governmental
interests. They both should be interested in the same things: the sensible preservation and utilization of property and
productivity, life, and the environment. These interests represent different constituents and thus emphasize different
considerations.

The experience in Hurricane Andrew served to point out another consideration: the performance of a fleet or
group of platforms as contrasted with the performance of individual structures, Temporary loss of one-third of the
production capacity of the Gulf of Mexico had significant implications to some. This was an expression of an aversion
toward large logses from a group of platforms. This aversion potentially has important implications regarding the
requalification of a group of platforms as opposed to the requalification of individual structures.

The experience in Hurricane Andrew also served to again point out the importance of deployment and anchoring
of mobile offshore drilling units (MODUS). While the losses associated with damage to or loss of MODUs can be
relatively small, the damage that they can cause in congested areas can be substantial. It may be time to reexamine
anchoring and deployment standards for MODUs located in highly developed areas.

It 1s proposed that a primary objective of the reassessment and requalification process is intelligent risk nanage-
ment for both industrial and governmental interests. That is, collectively these interests should want to minimize the
fikelihoods of undesirable events and consequences that are associated with operations of an aging energy infrastruc-
ture. There are both costs and benefits associated with this effort and both the industry and public should want the
benefits to exceed the costs.

Reassessment and requalification efforts should be focused on those operations that represent high Iikelihoods of
not having sufficient performance capabilities and that also have potentially high consequences associated with less
than desirable performance. Limited resources should be devoted to those structures that have high likelihoods of poor
performance and high consequences, and as resources can be made available, the reassessment and requalification
efforts should be directed to those structures that represent lesser likelihoods and consequences.

The next question is: given the aging offshore infrastructure, what should be requalified? Should the
requalification be focused on the platform itself {i.e., the structural components of the decks, jacket, and piles that
comprise the platform structurally) or on the total system? There is sufficient evidence, both historical and analytical,
that suggests that if the requalification effort is to be successtul, the entire system must be reassessed; not only the
platform itself, but also its topsides, and its associated operations (personnel operating procedures, process safety,
drilling safety, pipelines, and roles in the production infrastructure).

Based on data from the World Offshore Accident Database {WOAD), Figure | summarizes the statistics on major
damage (in excess of $2 million) to permanent driliing and production platforms for the period 1980 to 1990. The
statistics apply to worldwide operations. The accident rates are the average for this period. The statistics indicate that
the primary causes of major damage to fixed platforms are related to operations: fires and explosions, blowouts, and
collisions. At the present time, accidents due to these operations hazards have comparable rates of occurrence. During
this period, the annual rate of accidents that could be attributed o structure causes was less than 1/10,000. The total
annual accident rate was less than 1/760.

Figure 2 shows the analytica! resulis from probability based requalification studies of three platforms jocated off
the West Coast of the U.S. (Bea and Craig 1993). These three almost identical platiorms were installed during the
period 1966-1977. Bven though these platforms are located in a very active seismic region, a primary hazard is the
force from storms. Earthquakes are indicated to result in a comparable probability of failure. Due 1o the Tack of high
hazards associated with the operations on these platiorms, the operations related failure rates are relatively insignifi-
cant. They are a factor of about ten less than the environmental toading related rates. In this case, the priority for
resources should be given to the platform structure.

Figure 3 summarizes similar results for a platform located in Cook Inlet, Alaska (Bea et al. 1992). The results
indicate that the topsides related operating likelihoods of failure are the primary contributor to the total risk. They are
about & factor of five greater than the total of the environmental loading refated risks of failure. This change in relative
impettance is due solely (o the nature of the operations {high pressure gas, enclosed modules) and the present condition
ol the piping and other critical vessels, in this case, the first priority for allocation of resources should be to the opera-
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Figure 2

o Operating Pf = 0.1 E-3 pa

Notional annuaf probabilities of failure for three West Coast platforms.
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Figure 3 Notional annuai probabilities of failure for Cook infet piatform,
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tions and related facilities.

While there may be different groups of engineers and regulators working on the operations and structure related
parts of the requalification efforts, experience indicates that it is important to keep balance and coordination among the
different elements of the efforts in order for a comprehensive evaluation of the overall risk of a platform and its
operations to be realized. This is particularly true when it is recognized that generally there are limited resources
avatlable for reassessment and requalification efforts. One would like 1o be able to devote these limited resources to
where they could do the most good.

There is another important reason for taking a “full-scope” approach to the requalification of platforms. As
platforms age, due to corrosion, fatigue, general wear and tear, their strength can be expected to decrease, Thus, their
likeliboods of failure in extreme environmental events can be expected to increase. These increases can be mitigated by
modifications in operations related risks. The risks can be reduced by reducing the likelihoods of accidents and the
potentials for adverse consequences, Examples are de-manning, weight reductions, raising or deleting lower working
decks, employing additional well and riser controls, and femoving unnecessary storage and appurtenances.

It s important that the question regarding what should be reassessed and requalified be answered first, because
the answer to this question has a direct link te the second key question and its answers. 1t is hoped that the working
groups at this workshop will thoroughly address this first question in the contexts of their particular focus topics,

What Should Be the Requalification Standards? _

Requalification standards (goals) are needed so that both the regulatory and the industrial interests can determine
if a platform is fit for purpose. From beth engineering and regulatory standpoints, it is desirable that these standards be
as unambiguous as possible.

Requalification standards can be developed from different points of view. One is from the point of view of
history: what we have accepted in the recent past, This becomes a guide to what we may accept in the future proposed
life of a given facility.

There are difficulties with this line of development. The first is associated with the term we. What industry has
accepted may not be acceptable to the public it serves. What has been accepted in the past by industry, government, or
the public may not be acceptable in the future. What one segment of the population or industry has deemed acceptable
may not be acceptable to other segments. :

A second difficulty regards defining what has been accepted. The historical average probability of failure of Gulf
of Mexico platforms associated with overloading in extreme hurricanes has been less than 1/2000 per year for the past
ten years (Visser 1993). In this context, failure is defined as damage extension enough so that the platform was sal-
vaged. With the experience of Hurricane Andrew, this rate inereased to about 1/1000 per year. There has been no hue
and cry from industry, government, or the public. Is this new rate of failure acceptable to industry and regulatory
interests for Gulf of Mexico operations?

The average total probability of failure of Gulf of Mexico platforms has been in excess of 1/1000 per year during
the past decade (Visser 1993). This total rate of failure apparently has been acceptable. The consequences apparently
have also been acceptable. Thus, the total risk has been accepted implicitly,

In the North Sea, there is a different history. The historical rate of failure of major permanent platforms due to
environmental causes is zero. There has never been a fixed drilling and production platform lost in a North Sea storm.

The historical total rate of failure of North Sea platforms is less than 1/1000 per year (Figure 1). This rate is due
solely to blowouts, fires, explosions, collisions, and construction aceidents. The Piper Alpha catasfrophe lead to
substantial revisions in both the industrial and regulatory approaches to the risk management of offshore platforms. The
ALARP {As Low As Reasonably Practical) fitness for purpose goal developed from this experience ( Barrell 1993; Kam
etal. 1993). The reliability goals are not definitive; Judgments are developed on a case-by-case basis. This slaces very
high demands on the regulatory processes and personnel. 4

in the North Sea, platform system (structure, topsides, operations) safety case studiss have become the mecha-
nism for examining the fitness for purpose of both existing and new platform systerms. These safety case studies focus
on the structure, equipment, and operations aspecis of the structure. Al of the plaiforms in the United Kingdom sector
shouid have submitted safety case studies by the end of 1995 or face shut-in of their operations. For a major drilling
and production platform, an average safety case study has been estitated to cost between $1.5 and $2.0 million (U.S.)
and to take approximately one year o perform.

4 panel on Seistnic Safety Requalification of Offshore Platforms (American Petroleurn Institute 1997 has

addressed the issue of regualification standards for offshore platforms sited in carthouake areas from the standpoint of

the accepted standards for onshore occupied buildings. This panel came to the conclusion that an anmual probability of



fatlure of major platforms of 171000 per vear could be an acceptable target. The guidelines developed by the panel
placed Limits on environmental and life safety risks. This figure was not based on historical figures associated with the
performance of existing occupied buildings. Rather, it was based on analyses of existing buildings that seem to Tepre-
sent acceptable structures o the general public and to their reguiatory representatives.

It is interesting to note that analyses of recently designed and well maintained Gulf of Mexico platforms indicate
a comparable figure for the probability of failure due to hurticanes (1/1000 per year). In most cases, these structures are
shut-int and evacuated in advance of hurricanes. [n the case of rapidly developing hurricanes such as Hurricane Juan in
1983 (Dyhrkopp 1987), this goal may not be reached and operating personnel must ride out the storm on board the
platform. As will be discussed in the pext part of this paper, this experience has lead the AP to define requalification
guidelines for the conditions in which personnel might not be able to be evacuated,

Initially, guidelines for design of platforms in the Norwegian sector of the Noith Sea required design for acciden-
tal events that had return periods of 10,000 years {(Vinnem 1993), Experience indicated that in many cases the engineer-
ing analyses were intended to demonstrate compliance with the 10,000 vear return period criteria rather than being
directed toward comprehensive safety management objectives. As a result, the specific reliability targets have been
removed. The experience in the Norwegian sector has emphasized that how one demonstrates compliance is more
important than what one calculates, It is the continuing process of attempting to achieve adequate reliability that is the
primary focus. Acceptable reliability is the basic product of the effort (Vinnem 1993).

The recently drafted API guidelines for the requalification of platforms in the Guif of Mexico (American Petro-
leum Institute 1993) have referenced acceptance standards o criteria used to design platforms that have generally
proven to be acceptable to indusiry. For example, platforms designed according to the 9th edition of APT RP 2A (1977
or later have proven fo perform acceptably in intense hurricanes. This design basis has been chosen one of several
screening bases for requalification. 1t is stipulated that the platform must have no significant damage, have an adequate
deck height, and there must have been no changes from the design premises which would significantly increase either
vertical or laterai loadings.

The AP platform requalification guidelines are focused on the structure. Other API guidelines are referenced to
enable demonstration that the platform equipment and operations are fit for purpose (API 1993), v

Differenit structure requalification standards are defined for different categories of platfoims. The different
categories of platforins are based on their potential consequences associated with failure. Thé evaluations of conse-
guences include the potential for significant or insignificant environrenital impacts and manning conditions in extreme
envirotimental €vesits, o i ST T B el b e g e e '

© A second general approach to development of requalification standards i Founded in economics: cost-benefit
analyses (Bea 1991). The oif and gas industry is very skilled in the performance of such analyses. The industry is also
very used to dealing with the uncertainties that pervade the input and results from such analyses. '

Some interesting insights regarding requalification standards can be developed from a simplified cost - benefit
analysis. It can be shown that the annual platform probability of failure (Pfo) that produces the minimum fotal cost
{sum of initial and future costs) can be approximatedas: ~~ ° © R

?fe“CR{FVF)- L T N R

where CR is a cost ratio and PVF is a present value discount function. Cost ratio is the ratio of the total costs associated
with failure of the platform (CF) to the costs required to reduce its PF by & factor of 10 (ACI). Note that CR is non-
dimensional. For short life operations, PVE is equal to the life in years of the proposed operations. Note that the
dimensions of the denominator is years and that the failure rate, Pfo, is the probability of failure per year,

This is a very sensible expression, As CF increases, Pfo decreases {greater exposure feads to a requirement for
greater reliability). As ACT increases, Pio increases {greater costs of achieving reliability leads @ 2 requirement for
tesser reliability). As the life of the operations increases, there is a reguirement for greater reliability,

instead of the minimum total cost, if one were to assume that an acceptabie P could be defined when the incre-
ment of invested cost equaled the future cost increment saved, then;

Pfm =2 Pfo

This indicates that the “marginal” Pfin is twice the “optimum” Pfo, Comparisons of the historical pnrobabilities of
failure associated with new and existing engineered systems has indicated approximately the same relationship: for

H

older engineered systems we accept about a doubling of the Hkelihood of failure {Beoa 1991
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The author’s experience with the historic and economic based approaches indicates that they can produce very
comparable results. When used as complimentary approaches, they can provide important insights into the definition of
goals and standards for the requalification of platforms, Figure 4 shows one result from these two approaches. Resulis
from recent decisions associated with design of new platforms and requalification of existing platforms are shown. The
acceptable and marginal lines are based on the economics considerations that have been outlined here. As contended,
the results are very similar,

At the present time, two general types of requalification standards have developed. In the North Sea, the stan-
dards are defined primarily as performance goals. The standards are matched to the particular platform and its opera-
tions. Demonstration of compliance with these standards are the responsibility of the platform owner and are usually
based on state-of-the-art approaches (Barrell 1993).

In the U. 8., the industry standards are fundamentally prescriptive (API 1893}, The primary approach is founded
on traditional engineering methods that have been justified with historic performance of platforms in the Guif of
Mexico. The standards are focused on the performance of the platform itself, Demonstration of compliance with these
standards are fundamentally based on state-of-the-practice approaches.

Perhaps these two different requalification standards are appropriate. The phatforms and operations in the two
different areas generally are different. The industry, regulatory, and engineering cultures and capabilities in the two
regions are different. [t is hoped that the working groups at this workshop will address this key guestion in the contexts
of their focus topics. Its answer will lead directly to the fourth question posed i this paper.

How Should the Reassessments be Performed?

The procedures that are used to requalify platforms should be consistent with the procedures and background that
are used to define the requalification standards. The specification of reassessment goals and standards should be
accompanied by a coherent and detailed specification of how compliance with the goals and standards should be
demonstrated,

It is stmilarly important to define the latitude or tolerances for acceptance. While it is very desirable to have
unambiguous goals and standards, experience in the requalification of platforms indicates that it is difficult to realize
such results. Generally there are few black and white answers. This places a heavy burden of qualifications, judgment,
experience, credibility, and integrity upon the industrial and regulatory personnel that are involved in the ProCesses.

The procedures used to requalify platforms need to be practical in the context of mdustry capabilities to perform
the analyses. The results must be practical in the context of regulatory capabilities to evaluate and approve the results
from the analyses. The attributes of practicality include: ease of use, versatility, compatibility with accepted procedures,
workability, and consistency (yielding similar results for similar problems). Requalification requirements must be
consistent with the resources of both the platform owner and the regulator. Requirements that transcend the capabilities
of either group will fail to accomplish the desired objectives.

The API platform requalification guidelines have been based primarily on historic experience with design and
performance of Gulf of Mexico platforms in hurricanes. Topsides safety considerations have been left fo other API
guidelines. For these structures the reassessment process has been founded primarily on traditional elastic analysis-
based analysis methods. Working stress-based allowable stress interaction ratics for the platform elements (legs, joints,
braces, piles) and factors of safety are used to judge suitability for service. To accommodate the difference between the
design criteria for new platforms and that for requalification, environmental Ioading reduction factors have been
developed to reduce the environmental loadings. Specialized storm criteria have been developed for low consequence
structures and for rapidly developing hurricanes for which the platforms can not be evacuated. In the initial screening
phase, the guidelines require that significant damage be repaired. In the desiyn level avnivsis there is an implici
requirement o7 such repairs.

Oniy when it is not possible or practical to requalify the platform with the design fevel analysis, then nonlinear
ultimate limit state analyses of platform performance can be undertaken. Return period based gurdeiines for the
environmental conditions are specified. Probability based methods are cited but not detailed.

At this time, the U. 8. regulatory guidelines for requalification have not been defined, it is expected that they will
be based primarily on the API guidelines. From the regulatory viewpoints, what must be requalified and when remains
t0 be defined. An important unresoived aspect regards third-party verification of the requalification analyses and
results. Sipmilarly, the review and approval processes and procedures remain to be defined. Given the reiatively meager
U. 8. regulatory resources and the very large number of platforms to be requalified, it seems fair to say that the review
and approval processes must be very efficient and generally produce unambiguous results.

The API guidelines are very practical in the context of conventional engineering practices. The basic analytical
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procedures are well understood by most platform designers. The guidelines also are versatile in that a variety of
approaches and procedures can be used to demonstrate fitness for purpose (screening analysis, design level analysis,
ultimate strength analysis). It is only with experience that the industry’s capabilities to implement these guidelines and
the regulatory agencies’ capabilities to verify and approve the results will indicate how successful this approach will be,

The UK. Safety Case based approach and the approach developed in the Norwegian Sector are very different,
The platforms in the North Sea generally are very different from their counterparts in the Gulf of Mexico (thev have
many similarities to those located in Cook Inlet, Alaska). The North Sea structures represent very high exposure
category platforms. They handle large volumes of hydrocarbons in comparison with their Gulf of Mexico counterparts,
They represent very significant investments. Because of the long perieds of severe inclement weather, these platforms
are generally enclosed, making fires and explosions 4 greater hazard. It is not practical to evacuate North Sea platforms
in advance of severe storms, thus, personnel must ride out these events on board the platforms,

Very high degrees of industry and regulatory capabilities have been developed in response to the approach that
has developed in the North Sea. Verification, evaluation, and approval processes are focused in the regutatory agencies,
thereby avoiding the need for third-party verifications. Given the goal-oriented standards that have been prescribed,
review and evaluation of the process of demonstrating fitness for purpose is very important. Highly developed regula-
tory capabilities and credibility are required.

Again, it is hoped that each of the Working Groups will address the question of reassessment and requalification
procedures in the contexts of their focus topics. The coherency of standards and goals and the procedures and methods
used to demonstrate fitness for purpose is a high priority concern in this Workshop.

t

Conclusions

Two different approaches are evolving in the requalification of platforms. The first being developed in the North
Sea is based fundamentally on performance standards, and state-of-the-art procedures. This approach requires highly
developed regulatory and industry capabilities.

The second approach being developed in the U. S. is based on historic experience, prescriptive standards, state-
of-the-practice procedures. This approach requires much more modest regulatory and industry capabilities.

Are these two approaches complimentary? Are these two approaches fundamentally a product of the two different
preblems they are addressing? Are these two approaches fundamentally a product of the two different sets of industrial,
regulatory, and engineering cultures that they represent?

It is anticipated that the deliberations of this Workshop will shed some light on these important guestions.



References

American Petroleum Institute. API RP2A Section 17.0, Assessment of Existing Platforms. Draft B, September 1993,

- Panel on Seismic Safety Requalification of Offshore Platforms. Seismic Safety
Requalification of Offshore Platforms. 1992

Barrell, A. C. The British Government’s Approach to Improving Offshore Safety. Proceedings: Offshore Technology
Cenference, OTC No. 7094, Houston, Texas, 1993,

Bea, R. G. “Offshore Platform Reliability Acceptance Criteria,” Journal of Drilling Engineering, Society of Petroleum
Engineers. June 1991,

Bea, R. G.; Landeis, G. T.; and Craig, M. J. K. Requalification of a Platform in Cook Inlet, Alaska, Proceedings:
Ofishore Technology Conference, OTC No. 6935, Houston, Texas, 1992,

Bea, K. G., and Craig, M. J. K. Developments in the Assessment and Requalification of Offshore Platforms. Proceed-
ings: Offshore Technology Conference, OTC No. 7138, Houston, Texas, 1993.

Dyherkopp, F.; Schonekas, G.; and Stewart, M. Investigation of October 27-28, 1985, Structural Failures: Ocean Drilling
& Exploration Company Platforms - Outer Continental Shelf Lease 0605, South Timbalier Block 86 & Quter Conti-
nental Shelf Lease 0073, South Pelto Block 19, Gulf of Mexico off the Louisiana Coast. U. S, Department of the
Interior Minerals Managerment Service Gulf of Mexico OCS Regional Office, OCS Report MMS 87-0075, 1987.

Kam, J. C. PI; Birkinshaw, M.; and Shar, J. V. Review of the Applications of Structural Reliability Technologies on
Offshore Structural Safety. Proceedings: 12th International Conference on Offshore Mechanics and Arctic Engineer-
ing, Vol. I, Safety and Reliability, Glasgow, Scotland, 1993.

Smith, C. B. Effects of Hurricane Andrew on Offshore Oil and Gas Facilities. Proceedings. International Workshop on
Wind and Earthquake Engineering for Offshore and Coastal Facilities, Yokosuka, fapan, Port and Harbor Research
Institute, May 1993,

Vinnem, J. E. Application and Defensibility of Offshore QRA: Case Study Discussion. Proceedings: 12th International
Conference on Offshore Mechanics and Arctic Engineering, Vol. II, Safety and Reliability, Glasgow, Scotland, 1993.

Visser, R. C. Offshore Platform Accidents, Regulations, and Industry Standards. Proceedings: Offshore Technology
Conference, OTC No. 7118, Houston, Texas, 1993

Page 43






REQUALIFICATION OF OFFSHORE INSTALLATIONS
A NORTH SEA PERSPECTIVE

W. J. Winkworth
Lioyd s Register
Charge to the Working Groups

Abstract

The reasons for requalification and the procedure used, in the North Sea, are described. The use of systeamn
reliability as opposed to design code checks is considered and inspection requirements are discussed. Areas of uncer-
tainty are highlighted.

introduction

[

Lloyd’s Register has been involved in the analysis and approval of over 500 fixed offshore platforms throughout
the world. Many of these platforms already existed before the requirement for certification came about. The earliest of
these were instalied in the latter half of the 1960s in the southern North Sea and also in Indonesian waters.

The assessment and reanalysis of existing platforms subject to damage and deterioration has always been an
ongoing part of Lloyd’s Register’s work. In the North Sea this work has generally been called reassessment rather than
requalification.

I understand the term requalification to describe the process of inspection, analytical analysis and assessment that
may be applied to existing instailations in order to assure the operator, regulatory bodies and third parties that the
instailation is still fit for purpose,

Requalification may be applied in the following circumstances:

When the installation will be subject to increased loading due to modifications. This has been & VEry common
reason for reassessment, as existing platforms ase frequently required to accept new equipment such as
compressors or additional accommodation. New requirements from the HSE (United Kingdom Health and
Safety Exccutive) for increased topside safety will also lead to increased deck loading. The structural implica-
tions of any significant change in topside loading should always be considered since even z weight decrease
can reduce the safety factors of piles in tension. Additional conductors, caissons etc. also need to be considered
since these increase wave loading and even where the overall effect is small they may increase the loading on
an individual member significantly.

When the installation is damaged due to severe storms or an accident or suffers deterioration due to fatigue or
corrosion. When serious damage cccurs it is generally advisable to reanatyze the platform. This serves two
purposes. Firstly, it determines the safety for ongoing certification and the requirements for repair. Secondly,
in the case of fatigue failure, a “state of the art” fatigue reanalysis may indicate other sreas of likely damage
and set prioviries for further inspection,

When gusdance on inspection and maintenance is required. Since underwater inspeciion is a time-consuming
and costly exercise it is normally possible to inspect only a fraction of the iotal number of welds on & large
offshore platform. it is vital therefore 10 concentrate the detailed inspection on any welds that are considered o
be critical. Unfortunately, the original design analysis may be unreliabie from this viewpoint. In these circum-
stances, it makes good sense both from a safety and an economic point of view to reanalyze the platform using
the latest technigues.

It 12 not normal practice o undertake repairs simply on the basis of a low caloulared fatigue Hife. Where low
fatipue lives are predicted by the reans! hen inspection would normally be undertaken. Only where the
fatigue calculations are substantiated by inspection (i.e., cracks or failures are found} will repairs be consid-
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ered. Once inspection has confirmed that the results of the fatigue analysis are correct then it may be consid-
ered prudent to strengthen uncracked joints if the calculations indicate these are also at risk. This type of
preventative repair must be carefully considered since, for some types of repair, further inspection may not be
possible after the repair has been fitted. Reanalyses have also been undertaken in order to refine and reduce the
requirements for the removal of marine growth,

¢ When the installation reaches an age where requalification is deemed necessary. There are no industry or
government gutdelines on when a platform may require requalification based on age alone. In the UK it would
be unusual that some form of assessment had not already been carried out for some other reasor.

¢« When the instailation will experience a change of use. This would normally apply to mobile drilling units or
ship-type units that are converted into permanently moored floating production systems. This is a frequent
cause of reassessment and reanalysis in the UK but is not dealt with here as this paper concentraies on fixed
piatforms.

* To remove de-manning [imitations. When the certification scheme was first introduced, in the early seventies,
some of the existing platforms were found not to comply with the normal code requirements. The reason for
this was that the environmental criteria and the design code requirements had generally increased since the
piatforms were originally designed. The solution adopted in this and other similar cases was to impose a de-
manning restriction on these platforms. That is, all personnel must be taken off the platform if wave heights
above a certain level are forecast. In recent years more sophisticated reanalyses have been undertaken in order
to remove the de-manning restriction by establishing that the structure is in fact safe and fit for purpose.

Establishing the Present Platform Condition

The first step in requalification of an existing platform is to establish its present condition. In some situations,
such as a reanalysis in the case of damage, there may be very little time for a defailed review of the platform condition.
Ideally however, the platform condition should established with confidence before a reanalysis. This information may
well be available from annual survey reports, but if not, some special survey may be required. Particular attention
should be given to the following points.

Confirmation of Topside Loading and Jacket Appurtenances

This does not necessarily require a detailed survey but may simply be 2 question of establishing the number of
conductors and risers in place and whether the drilling derrick, for example, has been removed. In other cases, particu-
larly for major installations, 2 much more detailed weight audit may be required in order to establish the maximum
weight and center of gravity for the topside facilities.

Corrosion ’

Most platforms have a “corrosion allowance” in the splash zone. If the survey shows no corrosion, or very littie,
then part of this corrosion allowance may be used in the strength calculations. This would of course be subject io
continued monitoring of corrosion in these arcas.

Marine Growth

The thicknees of marive growth is reguired in order 1 caloulate the wave loading. When ICRSUrIng maring
growih it is preferable to base the measurements on the thickness of the compressed growth, This may be done by
wrapping a broad measuring tape (say, three inches wide) around the member and pulling it tight. Special iapes calj-
brated io read off diameter directly may be used, It is also important to ensure that the diver appreciates that it is the
average thickness of marine growth on each member, or at each platform level, that is generally required for wave load
caleufations, A formalized method of reporting marine growth will help to ensure the correct results are obtained.

Water Level
On some older platforma the still water level with respect to the platform is not known with any certainty, On

shaliow water platforms particularly, a reduction in the water depth can have a major impact on wave loading and
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fatigue at the first horizontal level below the waterline. Alternatively, an increase in the water depth will reduce the air
gap.

Damage
In the case of damage a detailed structural survey will be required to determine the extent of the damage and to
aid repair.

Scour

The depth of scour is important for the pile/soil interaction at the mudline and this should be estabiished during
the underwater survey, The survey should distinguish between focal scour which mainly affects pile bending at the
mudline and overall scour which also reduces pile capacity.

Structure

1t is vital that we have confidence in the integrity of the general platform structure. Inspection should be carried
out on any oversiressed welds or those with low fatigue lives. Detailed weld inspection should always include NDT
since close visual inspection by itself is unlikely to find anything but a major through-thickness crack. However, it is
not usually feasible, even on small platforms, to inspect every weld. Therefore the detailed inspection must be supple-
mented by some other method such as flooded member checks (FMD). Where there are no critical welds a flooded
member survey may be sufficient. A thorough overall visual inspection using RCV’s should also be performed. Experi-
ence indicates that where a totally unexpected damage has occurred this has often been first detected by overall visual
inspection or FMD.

Design Criteria

In addition to establishing the condition of the platform the design criteria should be reviewed with particular
emphasis on the environmental criteria. .

Environmenial Criteria = o B _ T

~~In'many cases it will be appropriate to réview the environmental criteria used in the initial designand the assump-
tions made in calculating the environmiental loads. It is furidamental that the assessiment must be honest and consider
not only conservative assumptions but also review those assumptions which may have been optimistic.

There may have been considerable improvements in the basic measured data base since the original environmen-
tal report was commissioned. This data should be assessed by a competent oceanographer to determine whether there
have been any changes in the predicted criteria. Bearing in mind the possibility of future reanalysis requirements,
operators should consider underiaking ongoing monitoring of the environment at their platforms. It is essential that any
data is recorded in such a way as to be accessible by computer in order for it to be used statistically.

irectional Data ,

The original platform may well have been designed on the basis of an omnidirectional maximum wave and
current. It would be normal practice in 2 reassessment analysis 1o use directions! data for wind, wave and current ag this
could give considerable reduction in load in some directions.

Wave rosettes do not always have a major impact on the design of new platforms because these are often sym-
metrical in design. However, it is very important for the analysis of existing platforms where the problem of pladform
oversiress, or perhaps overloading of piles, may only ocour in the case of one or two directions of wave toading,.

Assessment Criteria
In some cases “assessment criteria” have been agreed that are lower or less conservative than the criteria used for

new installations at the same location.

Combined Probability Of Wave And Current

Under previous editions of the API RP2A (API) the probability of combined occurrence of wave and current, and
the possibility of the level of current combined with the extreme wave, was nol considered. This was due 1w the
unrealistically low Cd values used and the fact that the combined exirames of wave and current were regarded as an
essential part of the design package.
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However, the advent of API LRFD (API 1993) has provided a more rational method of wave load calculation and
realistic vatues of Cd for rough members, With this new method it is essential to consider combined probability of
wave and current if' wave loads are not to be increased.

Strength Criteria

One of the problems with reassessment of older platforms is that strength criterfa, particularly the strength criteria
for tubular joints given in the API RP 2A, have changed considerably in recent years. The changes in predicted strength
can show considerable reductions for some joints. This obviously causes problems when a platform, which was
designed to an early edition of the codes, is checked to a later one. In one particular case a reanalysis of a platform
indicated afmost 50 joints overstressed. None of these joints failed if the previous edition of the code was used.

The introduction of the API LRFD will lead to further changes both in the calculation of load and of resistance.
Components that have a high percentage of environmental loading will probably have higher interaction ratios using
APLLRFD. If these members were marginal under API WSD then they will probably be shown to be overstressed using
APLLRFD.

Because of the uncertainty in calculating joint strengths in the codes, some operators have decided to perform full
scale punching shear tests on a particular problem joint. This can be very cost effective when there are a number of
existing platforms with very similar joiat gesmetries.

For most structures however the joints and associated failure loads will simply be too large for practical testing.
In some cases a nonlinear analysis can, when properly specified and performed, give a good indication of the ultimate
strength.

Nonlinear finite element packages can now simulate such ujtimate behavior to a fair degree of accuracy. Large
deformation and elastic-plastic behavior with strain hardening can be modeled. Good solution schemes can also pass
the eritical point into the post-buckling branch of the solution. Rupture strength can be specified to simulate the tensile
tearing limit. For tubular geometry, good shell and curved beam elements are also required and these are now available.

Greater use of this type of analysis may be expected in the future. It is important that any method should be
correlated with full scale test data. :

System Reliability

The design of an offshore structure is a compromise between cost and safety, and ideally the designer would be
required to demonstrate that the risk of a total systen: failure is less than a given statutory required level reflecting the
consequences of such failure.

At present the strength acceptance of an offshore structure is based mainly on the satisfaction of code checks
which check the integrity of the component members for an envelope of design cases. Uncertainties in estimating the
design toads and component sirengths are allowed for by the application of safety factors. The analyses undertaken are
linear and do not account for the redistribution of member loads as yielding oceurs.

Code checks do not provide a ready guide to the overall strength reliability of a platform. It is impassible to
quantify statistically the conservatism built into the codes by way of safety factors and characteristic material and
strength values. The codes are alse component based and do not consider the overall failure of o sinucture,

It s very probable that more emphasis will be given to system reliability in future, rather than comporent failure.
To date, most, but not all, requalification work in the North Sea focuses on code compliance. However | believe this
wiil change in the future for the following reasons:

* The introduction of the Safety Case approach will allow 2 move away from pure code compliance to consider
the full safety implications. Installations that can show a satisfactory level of overall strength {sysiem rehabil-
ity) can be accepted even if individual components do not meet the code requirements. This will also allow
aspects such as manning and the risk of environmental pollution to be included in the equation.

* The availability of nonlinear analysis programs and the increasing power of computers has made it commer-
vially feasible o estimate the collapse strength of a platform. Such z calculation allows for the robustness of
the design and is clearly a better guide o the overall strength than the present limited code checks.
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One disadvantage of this approach is that once we move outside the design codes and recommended practices,
such as APT RPZA, there are no industry guidelines as to how safe a structure must be to be acceptable,

It could be based on overall reliability and the achievement of a satisfactory safety index. Considerable efforts
have been made to establish the applied loading and strength of a platform as stochastic variables, so that the strength
reliability of the platform over its design life can be estimated However, in our opinion the industry is not vet at the
stage where such a calculation is sufficiently accurate to be relied upon and further work needs to be undertaken.

Alternatively the assesstent could be basedon a safety factor against overal collapse based on the design load,
This may be a better way forward. However there is no guidance available as to how large this safety factor should be.
What level of overall safety factor would enable a platform, with seriously overstressed or failed local components, to
be accepted? This will obviously depend on the consequences both in terms of safety of life, pollution and economic
loss.

It would in our opinion be very helpful if some guidance on these questions could be included in the API RP 24,
particularly as it is now being developed as an interational design guide.

The strength reliability needs to take into account the probability of periods of reduced strength caused by
damage or fatigue. The probability of a fatigue failure occurring on & critical member should be kept to an appropriate
level by a schedule of inspections.

Where structures have been damaged for a period of time it is necessary to take account of the increased fatigue
damage caused by the higher stress level in members adjacent to the damage. Increased inspections in this area may be
appropriate.

Fatigue '

Fatigue is an important aspect for areas of the world such as the North Sea. For example fatigue life can be very
significant when considering the frequency of cleaning tequired to remove marine growth. It will also have a signifi-
cant impact on inspection requirements.

Traditional fatigue analysis bases the selection of SCF on Jjoint geometry alone. In addition only loading in a
single plane can be considered. While these assumptions are generally conservative they are no: uniformly so for all
joints. This not only leads to conservative predictions of fatigue life but also to an unreliable hierarchy of critical joints.
This is misleading information for inspection.

Because of recent advances in fatigue analysis these generally conservative assumptions are no longer necessary.
The SCF can be determined from the actual foad pattern in the joint. In addition the loading in members in different
planes can be considered. (Fisher and Fidler). This provides more realistic fatigue lives and a more accurate hierarchy
of critical joints t¢ guide inspection.

in-Service Inspection

After requalification, a planned inspection program should be implermented. ideally, the requalification process
will provide guidance on the inspection required. Parts of the structure where the design code has been exceeded, or
where there are low fatigue lives, repairs (such as bolted clamps), corrosion damage etc., will require more frequent
inspections.

However, in many cases thers will be no design necessity (nc low fatigue lives, ete.} and no suspected damage
necessity (Gue to dropped objects, corrosion, etc.) for inspection. In the Unitsd Kingdom, 2z elsewhere D am sure, there
are considerable pressures o reduce inspection as i can represent up to 40% of operating costs. However, there iz no
geneal agreement in the industry as to what is the minimum level of inspection consistent with safe and reliable
operations, particularly for installations where there is no special need for inspection,

It is a fact that unexpected and unpredictabie probiems do oceur occasionally on some mstallations. But what
inspection is required to reliably detect these before a major incident cocurs?

The inspection techniques adopted by various operators differ. Winkworth and Fisher {1992} gives details of the
different inspection philosophies adopted by United Kingdom operators o date. However, at present there is no reliable
resezrch data or other information as to which is best.

The level of inspection will also depend on the following:

s The type of envivonment.
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*  Whether the platform is considered manned or unmanned. This consideration is now possible under the new
safety case legislation.

+ Fconomic consequences of [oss.

* Regulatory requirements.

Other aspects such as platform redundancy and the safety factor against overall collapse may also be taken into
account. Again there are at present no accepted practices or industry guidelines as to how these factors should be used
in determining the level of inspection required.

If there are no safety of life or environmental/pollution risks is it then a question of satisfying company econom-
ics and insurance requirements, or are there questions of public confidence to consider?

It is probable that in the future inspections will be risk driven. However the goals, in terms of the reliability
required, and the input data, in terms of the reliability of inspection methods and probability of unsuspected faifures,
nced to be defined and developed in order to achieve satisfactory results.

Verification

In the North Sea offshore installations are subject to verification by an independent body. In the author’s view
this will become even more important for the requalification process. The reasons for this are that in the future
requalification will involve the following:

* Increasingly sophisticated review of environmental data and design assumptions.

* Complex analyses to prove systers reliability,

* Available conservatism in the strength assessment will increasingly be utilized.

*+ Inspection program optimized to reduce cost.

* Greater subjectivity in the assessment process.

Charge to the Working Groups

I'propose the following questions for the working groups to consider:

* Regualification. When is requalification required?

« Strength Assessment. What use can and should be made of overall strength/system reliability in
requalification and can the industry provide guidelines on this?

¢ Inspection. What is the safe minimum level of inspection required and what methods of mnspection should be
used when there is no design need to inspect?

* Venification. What verification is required in view of the increasing complexity, sophistication and subjectiv-
ity of the requalification process?

Conclusions

The present position regarding requalification of offshore installations in the North Sea has been sumnarized.
k (2 & b
Some of the more significant areas of uncertainty, as far as the author fs concerned, have been rajsed and hopefully the
conference will address these,
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Abstract

Reassessment and requalification of offshore production structures require a thorough understanding of the
existing condition of the structure. The current state of inspection practice includes a variety of methodologies to plan,
capture, and record information. Different inspection schiemes are employed by industry, and these vary by region and
operator. This paper outlines the current state of practice related to inspections, surveys, and data management for
offshore structures. The paper includes the advantages, disadvantages, and costs of the various inspection schemes. The
types of structural damage that are critical to reassessment are identified. An estimate of the level of acceptance and
utilization of each of the inspection schemes by the industry is noted. Finaily, important research and development
needs exist and are noted.

introduction

The number of offshore structures throughout the world exceeds 7,000. Many, if not most, structures are installed
in mature producing basing and have provided acceptable service for decades. Some of these structures have, in fact,
provided service far beyond their original intended life (Bea et al. 1988). Steel template type structures were installed in
the Gulf of Mexico (GOM) beyond the sight of land as early as 1947. Major existing structures in the GOM, critical to
the pipeline infrastructure, date from the late 1940s. The development of the North Sea (NS) lagged the GOM by
several years; nevertheless, there are many significant structures in the North Sea approaching 25 years of age.

Operators, owners, and regulatory bodies face a difficult challenge: to safeguard life and resources, yet provide
an environment in which oil and gas reserves can be developed and profitably produced. The collapse of oil prices in
the 1980s has put tremendous pressure on producers to eliminate waste. Inspection and intervention programs have
been heavily scrutinized and pressured to cut costs. All inspection programs in today’s environment should be as
inexpensive as possible while meeting the needs of the assessment and requalification practices.

This paper provides a brief overview of platform inspection practices which include relative costs, advantages,
disadvantages, and general acceptance by the industry. It includes a discussion of the types of damage that have been
discovered and provides a general overview of inspection strategies based on business, safety, and regulatory require-
MEnE.

General Inspection Considerations

The underlying philosophy of a platform inspection program i to:

* Identify and quantify all damage or conditions in a structure that can affect the integrity or future serviceability

of the structure

= {btain the necessary information as cost effectively as possible

¢ Minimize the chances of missing damage that could compromise the integrity of the structure.

The planning, scope, and documentation of the mspection must be in harmony with the assessment process. An
inspection plan that does not defect serious conditions, inadequately wdentifies conditions, or spends o much time on
insignificant anomalies 1s wasteful.

To properly plan and identfy conditions and defects which can seriously affect the integrity of the structure in the

leng or shorl tenm, 1038 necesgary to have an understanding of the structure’s design eriteria, hehavior under lo oad, ite



intended purpose, expected life, operational considerations, and past exposure. The United Kingdom’s Department of
Energy Guidance Notes (Offshore Installations) state that:

“In-service inspections of a fixed installation should be planned by an experienced engineer who has examined
the design characteristics, the records of severe environmental and other loads to which the structure may have been
exposed and any available records of structural behavior such as settlement, differential settlemnent, tilt, distortion or
abnormal response. The initial inspection schedule should take account of the nature of the deterioration to which steel
and conerete struchures are liable in a marine environment and of the regions in which defects are most prone to occur
{e.g., sudden changes in section, discontinuity, ete.} and of members or regions known to have been, or likely to have
been, highly stressed or subjected to severe fatigue loading.”

The aforesaid cannot be overstated. It is critical in the inspection process to include guidance by individuals with
appropriate knowledge and expertise in this area.

The consequence of failure should be weighed in the planning and scope of the inspection process. A smail,
unmanned well jacket with appropriate subsurface safety valves has a significantly smaller consequence of failure than
a major manned structure. The level of consequence impacts the expected life cycle economics of a structure for the
greater the consequences of failure, the more advantageous to prevent failure.

Level and Frequency of Inspections

The appropriate level and frequency of inspection are difficult to establish due to a multitude of interrelated
“factors which affect the likelihood of damage and their consequences. In general, one must consider the:

Robustness of the design (e.g., conservatism, redundancy)
Construction practices during fabrication

Quality control during fabrication and installation
Material properties

Loading history

Cathodic protection history

Experience with structures in the general location
Performance of similar designs

Consequences of failure

Cost of repairs versus inspection costs

Age and fatigue susceptibility

Desired life of the facility

Past inspection results

All too frequently, owners and regulatory bodies fack some of the information listed above. Lack of information
may require additional inspection procedures to determine what loads, materials, wall thickness, member sizes, etc, are
in place.

Planning and Documentation

Without proper plamning, inspection programs are liksly to be inefficient and not provide the necessary informa-
tio1 for the assessment phase. Proper planning should include careful seloetion of the inspection centractor {and
possibly personnel}, 2 detailed scope of the inspection plan including specifications for the inspection and documenta-
tion, and a clear strategy of how to alert appropriate personnel of significant damage. Up-to-date drawings that effec-
ttvely convey tmportant locations and details of the structure to the inspection personnel are very important. It is
recommended that a checklist be developed to insure that all necessary locations are examined and documented,

Reports that effectively communicate the true condition of the structure are critical to this process. There have
been many glossy inspection reports produced over the years that have little intrinsic value. Proper documeniation must
inchude a clear description of all anomalies including exact location and accurate measurements. A deseription of
damage that does not include required engineering measurerments is generally of littie value. The phrase “dent in
norizontal” provides inadequate information for proper assessment, The phrase “dent in 24 in. horizonal 14 in, long
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and 3 in, deep top dead center 5 ft. from node A1” with a backup sketch and photograph gives the assessment engineer
sound information to make the proper decision.

Data Management

The large amount of information collected in an inspection and the long period of time for which the information
must be maintained make careful consideration and planning of data management imperative. The current state of
practice is to maintain some information such as sketches, drawings, and pictures in hard copy format while other
information, such as cathodic potential readings, may be available in electronic form as well ag hard capy. The trend is
to capture more information in electronic format due to the formatting and summation capabilities available in many
computer systems. The current cost of capturing and storing pictures and drawings in an easily accessible electronic
format generally limits its use for pictures and sketches. Relational databases have proven to be effective for the storage
and retrieval of inspection information. Several companies ¢dit and enter data into a database during the actual mnspec-
tion process in the field. Real time capture of information on video tape, such as cathodic potential readings, is standard
practice; however, real time capture of information directly into a database is rare. As hardware and soffware evolve,
we expect to see greater application of computer graphics and digital capture of pictures, sketches, and information in
real time. More sophisticated database techniques such as object oriented databases are likely to be etnployed also.

k]

Above Water Inspections

Because of different strategies and costs, above water inspections are treated separately from underwater inspec-
tions. Above water inspections cover those parts of the structure that can be accessed without physically entering the
water. The splash zone presents a special case because of the difficulty accessing the area. Since this location is often
the site of damage, it is important 0 inspect this area from above and below water as thoroughly as possible.

The types of damage or defects typically noted during above water inspections include deflected members, denis,
tears, cracks, hoies, deformed shapes, unusual deflections, missing members, and severely corroded members, Other
conditions that are factors in structural assessment include the deck height elevation, tilt of the structure, and possible
structure motion. Most damage is a result of corrosion or vessel impact. Vibration of structural members due to large
unbalanced forces in rotating machinery has resulted in some cracking of structural members near the connection point
of skids. One GOM operator reported instances of cracks in piling in the jacket-to-piling connections due to the
material used as filler bar.

Frequency

The relative low cost and potential high benefit of above water inspections makes them an annual requirement by
many governing bodies. The U.B. requires that the above water portion of all fixed offshore platforms (beyond 3 miles
from shore) undergo a structural inspection each year (APT 1693; MMS 1991). The U.K. and other North Sea countries
also require annual topside structural surveys.

inspection Methods and Tools

The primary topside inspection technigue is visual. Trained individuals survey the platform for anomalies. A
hammer is sometimes used to knock away corrosion o determine the soundness of material beneath. Nondestructive
testing (NDT) methods such as ultrasonic testing (UT), magnetic particle inspection (MP), eddy-current testing (ET),
and radiographic testing (RT) are used to a much lesser extent than visual—generally only when damage is suspected
by visual surveys. Each of these NIT techniques have certain advantages over others. UT is best suited for full
penctration welds of simple geometries and is effective in locating subsurface eracks and slag in the weldment, MPT s
favored for detecting surface imperfections such as fatigue cracks and is judged better than UT in detecting small aght
cracks. ET is a relatively new NDT technique used to identify shallow cracks primarily beneath CORITIgE.

HT 15 most suited for detecting inclusions, porosity, snd some cracks; however, the orientation of the crack must
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be perpendicular to the film. RT has the advantage over UT and MP1 in that it naturally produces a film record of the
test, but suffers from safety concerns related to the radicactive source. UT and MPI are not as effective on painted
surfaces as on bare metal due to coupling problems and loss of magnetic flux and, therefore, careful procedures must be
employed when using either technique on painted surfaces (Mahmoud and Abrams 1992).

Underwater Inspection

Costs for underwater inspections are significantly higher than above water inspections. Typical GOM underwater
inspection rates range from 35,000 to $20,000 per day and considerably higher when saturation diving is involved.
Inspection rates in the North Sea are as high has $50,000 per day. Examples of underwater damage are similar to those
topside, but also include coliapsed members. Other conditions that should be noted include Ioose risers and cables,
excessive weat, scour at the base of the structure, thickness and location of marine growth, condition of protective
coating systems, and cathodic protection potentials. Loose connections or locations where one piece of material rubs
against another are frequently the location for very high corrosion rates. Cables draped over and along braces have
worn holes and severed members in a few years. Scrap metal in contact with the structure reduces the cathodic protec-
tion of adjacent areas and can cause severe local corrosion.

Frequency and Level of Inspection

In general, most underwater inspections are scheduled on a periodic basis ranging from one to five years. A
nonscheduled inspection may be conducted after a major storm, boat impact, or analysis that would indicate a potential
problem exists. However, where there are no specific problems (e.g., low fatigue lives, overstressed parts, known
damage), the question arises as to how often and to what level should a structure be inspected to insure that unexpected
or random damage does not exist.

Factors that influence the frequency and level of inspection are listed earlier. Differences in these factors can have
a profound effect on the philosophy and strategies behind inspection programs. It is worth contrasting the factors that
differ between the Northern North Sea and the Gulf of Mexico to demonstrate how these factors influence the appropri-
ate ievel and frequency of inspections:

* Gulf of Mexico—The prevailing wave climate is relatively mild in comparison to the extreme loading event

{1.e., hurricane). Fatigue damage, while a factor, is not as significant as in other parts of the world. Platforms
can be de-manned and shut-in in advance of a hurricane which reduces the consequence of failure, The cost of
repairs is relatively low and the long-term experience with structures is very high.

+ Northern North Sea—Extreme loading events occur frequently and without sufficient warning to evacuate.

The structures tend to be major investments and manned which makes the consequences of failure very high.
The prevailing wave ciimate is high compared with the design loading event which increases the likelihood of
fatigue damage. The cost of repairs is significant and long-term experience with structures is moderate.

Because of these factors, the inspection strategies differ between these two geographic areas.

Gulf of Mexico Inspection Frequency and Level

The inspection strategy recommended for the GOM by API RP2A and required by faw is brisfly described as
follows (APT 1993; MMS 1991). A manned structure in good condition is to be inspected by a Level I survey every 3-
5 years. A Level 1 survey is a general visual inspection for gross underwater damage. It includes a survey of cathodic
potentials, debris, marine growth, and scour. RP2A recornmends a Level I survey every 5-10 years for an unmanned
structure in good condition. Federal law, however, requires that all structures beyond three miles from shore be -
spected at least once every five years. A higher level survey which includes close visual inspections of cleaned joints
{Level 11} and optional nondestructive testing (Level IV} is required of selected joints at least once every 6-10 years
for 2 manned structure and snce every 11-153 vears for an unmanned struchure,

The number of member ends to clean and inspect in a Level IIf survey is not prescribed by code. Level {11
inspections are to be performed on areas of known or suspected damage and on pre-selected areas “basad on an
engineering evaluation of areas particularly susceptible to structural damage or to areas where repeated mspections are
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desirable in order to monitor their integrity over time.” Typically, less than 10 percent of the primary member ends on
a given platform are cleaned and inspected in a Level Il survey.

Level IV surveys are intended to quantify damage. They consist of underwater NDT, such as MPI, and are
conducted on areas suspected to have damage. Many operators in the Guif of Mexico do not inspect routinely with
MPI during fabrication so performing MPI underwater for the first time on a weldment can lead to many false alarms,
particularly if inexperienced personnel are involved. MPI generally is reserved for locations where cracks are judged
likely or potentially significant such as in non-redundant, critical joints. While the authors have not completed a
detailed analysis, it is believed that the cost of performing random or extensive underwater MPI on a routine basis
would far outweigh the savings in preventing premature joint failures. Data collected by Sea Test Services shows the
incidence of cracks to be fairly low. Of 16,000 joints inspected (1500 with MPI) only 53 had crack indications. Forty-
nine of these indications were in conductor guide framing. Virtually ali of the damage detected was in the top 100 feet
of water and generally located in the toe of weldments (Sea Test Services 1989},

The collapse of redundant structures in the GOM are few and are almost exclusively confined to extreme loading
events such as hurricanes. Waves impacting decks are thought to be the prime contributor to the collapse of structures
in the GOM. The effects of prior fatigue damage, including low cycle, high stress fatigue, on the failure mechanisms
are difficult to estimate due to the wide scatter in fatigue behavior and level of information required to make reasonable
estimates. Often, the contribution of fatigue in postmortem discussions is omitted due to the difficulty in estimating the
effects. More work on the effects of fatigue in the ultimate collapse of structures is warranted.

Corrosion damage has been a problem in many GOM structures, especially in those installed before the mid 70s.
Random clganing of small areas in the structure during a Level III inspection has proven to be effective in assessing the
tevel of corrosion in representative areas and in providing early warning of serious problems. Severe local corrosion
damage in weldments and in conductors at conductor guides have been observed using this technique and subsequently
arrested.

North Sea Inspection Frequency and Level

The frequency and level of inspection in the North Sea are generally greater than in the GOM. While require-
ments for inspections are still evolving, the current practice is to perform detailed inspections of all portions of the
structure every five years. A “major survey” which encompasses inspection requirements similar to API Level II
through IV is complieted for all portions of the structure,

Platforms are generally manned during the design loading event so that loss of life is a major consideration in
selecting the level of inspection. Fatigue is the primary source of joint damage in the North Sea. This type of damage is
difficult to predict with great accuracy due to the inherent high sensitivities to cyclic stress levels and stress concentra-
tion factors. A prudent operator must inspect relatively often and at a sufficient leve! to insure that the structure is not in
imminent danger of collapse due to fatigue damage.

Because the cost to repair fatigue damage can be minimized by catching the damage early and by grinding cut the
damage, there is a strong impetus to detect small fatigue cracks (Tweed and Freeman 1993; Winkworth and Fisher
1992}. This is also important if use is to be made of crack propagation data in planning future inspections. Close visual
inspection (CVT) of cleaned welds was not found to be very effective for detecting damage in the North Sex fora
rumber of reasons. Full scale tests of tubular joints conducted in the laboratory revealed that small through thickness
cracks are not visible unless the member is under some tensile load. In the calm weather required for diver mspection,
most jacket members are in compression and it is unlikely that anything but serious damage could be discovered by
close visual inspection alone,

Considerable emphasis is given to detailed joint inspection using P or ET to detect fatigue cracks. However,
for structures that have been properly designed to avoid low fatigue lives, it would appear that flosded member
detection {(FMD) of all major braces would generaily be considered adequate for a Major Inspection since the process
will detect through thickness cracks at any point on an unflooded member. It must be noted, however, that cracks in
Joint cans of leg members may not be uncovered since legs are often flooded.

Underwater Inspection Equipment and Procedures

Underwater inspection equipment and procedures vary significantly depending upon the water depth, level of
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inspection, and local costs. Inspections in less than 200 feet of water are generally conducted by qualified divers.
Divers have good mobility and are easily adaptable to different situations. As the depth increases, however, the cost and
logistics of divers increase significantly. Divers are less mobile vertically below 200 feet due to decompression require-
ments. While divers have worked at deeper depths, the practical limit of most diving operations is 1,200 feet.

Remotely operated vehicles (ROVs) have been successful in working at water depths well beyond the current
depth of offshore platforms. Operation at depths beyond 6,000 feet is commmon. ROV are gaining in abilities, but the
most sophisticated are still less capable than a diver. Remotely operated vehicles are well suited to general visual
inspection with cameras and video. Cleaning and inspection packages can be added to the larger vehicles. The use of an
ROV to economically clean and performo close visual inspection of member ends in 1,025 feet of water was success-
fully demonstrated in 1989. Manipulators have evolved significantly over the years. Nine function spatially correspon-
dent arms are the most advanced in use. Force feedback manipulators are still experimental in these vehicles, but are
expected to have a significant impact on improving the utilization of the equipment for cleaning and NDT.

Atmospheric diving suits (ADSs) fill a niche between divers and ROVs. This equipment permits & human to
descend to depths of approximately 2,000 feet without the need for decompression. They have an important advantage
over ROVs in that the operator has a better perception of the surroundings, has dexterous anms, and receives force
feedback. These suits have been quite successful at performing activities including NDT, FMD, operating valves,
grinding out cracks, drilling holes, and other light duty activities.

Cameras are very necessary tools in the inspection process. Cameras form a permanent record and give those
making assessment decisions very clear and detailed information. The mainstay is the still camera. Many inspection
firms have on-site film developing and printing capabilities which permits film to be checked while the crew is in the
ficld. Stereo photography, such as provided by the Photosea 2000, provides excelient depth perception and photogram-
metric capabilities, but requires careful film development on shore. Video cameras are used extensively to provide
documentation of the inspection. Monochrome cameras can produce excellent images in low light and at very close
ranges. These cameras are often used to document crack indications. Color cameras offer additional information
relative to color cues. Locations with very turbid water require special “clear water box” cameras. These cameras
provide some type of shroud around the area to be photographed and flush clear water in the space to provide a clear
medium for photography. ,

The first step in a Level IIl inspection (close visual inspection) is the removal of marine growth in a specific area.
A member end or node, for example, may have marine growth removed 6 inches on either side of all welds to investi-
gate for cracks. Several techniques are available and each has found a niche. Wire brush cleaning is one of the most
common methods for cleaning surfaces under water. Brushing alone is an acceptable technique for cieaning thin layers
of marine growth, algae, and black oxide, but is not very efficient for cutting through heavy, encrusted marine growth.
Brushes have been employed by ROVs with limited success. The major problems with ROVs are the difficulty in
accessing tight locations and the lack of force feedback that makes control very difficult. Water blasting with a high
pressure stream of sea water is a better technique to knock off highly encrusted areas. It is used frequently by divers
and to a lesser extent by ROVs. Water blasters are, however, inefficient at removing black oxide from steel surfaces. A
common technique is to knock off the heavy marine growth with water blasters and follow behind with a wire brush.
Typical cleaning rates for this approach vary between 4 and 13 minutes per foot of weld (i.e., a swath 6 in. op either
side of the weld). One efficient practice is to water blast only and follow with MPI. This technique quickly locates
cracks, but generally provides a poor video or pictorial image of the geometry. It is often very difficult to determine the
precise focation of the crack relative to joint features (e.g., the weldment or intersection points) due to the camouflaging
effects of the black oxide.

A vartation of the water jet is to add sand or grit fo the water stream. This has shown 1o be more effactive in
clezning down to bare metal, but hag experienced operational probiems. Another sysiem which has been found 1o be
highly effective in water depths up to 300 feet is & traditional sand blasting system modified for higher working
pressures. Sand and compressed aly are ejected af about 150 psi over nominal pressure. This system guickly removes
biack oxide and feaves a mat surface well suited to photography. It has proven o be 160 to 200 percent faster than the
traditional water blaster plus wire brush approach. A cautionary note with water and sand blasting is the danger of
injury to the diver.

Linear measurements underwater tend to be done as on dry land. A ruler or tape is often used to make measure-
ments. A taught wire stretched between two points, which can be measured on the surface, is another solution. Photo-
grammeiry has been highly successful in a few instances, but it requires good visibility. A promising new technology is
laser imaging (Levat and Mutiug [986).

Cathodic potential measurements are 2 very umporiant part of the inspection process. Cathodic protection (CF)
systems such as impressed current or saerificial anodes protect the steel from the corrosive forces of sea water, The
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importance of these systems has shown to be very dramatic, but these systems must be checked periodically. Significant
damage has been done to new structures in a few short years with improperly designed or maintained cathodic protec-
tion systems. Impressed current systems require a fair amount of maintenance to ensure proper operation, and sacrifi-
cial systerns exhaust their supply of material in time. Both systermns can leave certain parts of a structure utiprotected. A
potentiaily more serious condition is to have different electric potentials between risers and the structure, or between
well conductors and the structure that can cause very high corrosion rates where parts come in close contact,

One of the simplest and least expensive survey techniques to gauge the overall condition of the CP systern is the
“drop cell.” The drop cell is a probe lowered into the water from above. The drop cell measures the general level of
protection for the area immediately next to the probe. The probe may not pick up all local deficiencies, but is very
reliable in determining the global protection level provided to the structure. Drop cell measurements are typically
conducted each year in the GOM as part of the MMS mandated topside inspection.

A variety of other cathodic potential measuring devices exist which can be held by divers or ROVs. These
devices are useful in obtaining detailed information on the local coverage of the CP system. A general survey of these
devices is given by Britton (1 991),

Nondestructive testing has been described earlier for zbove water applications. Underwater applications are
similar, although there are a few additional challenges (API 1990). The three major difficulties with ultrasonic testing
(UT) underwater are that it is not well suited to detect shallow surface cracks typical of fatigue damage, it is difficult to
make a permanent record of the flaw, and there are few individuals properly qualified as both a UT technician and
commercial diver. Magnetic particle inspection (MPI) is more common underwater. MPI has shown to be highly
effective in detecting cracks on cleaned steel surfaces and on surfaces that have been cleaned only to the black oxide
coating. Photographs or video can be made of the dye on the surface being tested and reviewed by appropriate staff,
Pouches with dye and epoxy are available which can make 4 permanent impression of the flux field (Watt et al. 19893,

: Flooded member detection (FMD) devices can be used to see if a normally unflooded member has a through wall
crack. This technique is gaining acceptance in both the NS and GOM to more economically determine if a member has
a through wall crack versus performing MP} of the member ends. The disadvantages of the technique are: it can only
detect cracks exténding into normaliy unflooded members, it cannot distinguish between a pin hole and a crack, and it
requires good technique. Flooded member detection devices use radiographic or uitrasonic technologies. The ultrasonic
FMD device requires a relatively clean surface near the low point on the member to be tested. North Sea operators
generally regard radiographic (gamma transmission) FMD as easier to.apply and more reliable. Flooded member
detection'checks are genérally considered Level 111 type inspections rather than Level IV inspections because additional
NDT is required to fully identify the extent of the suspected damage.

Schemes to Monitor for Damage

To reduce inspection costs, 2 number of monitoring systems have been developed to monitor the status of some
given condition. One technique, which was successfully employed in the North Sea, monitored crack growth through
acoustic emissions (Mitchell and Rogers 1992). This system was installed to ensure structural integrity until repairs
could be carried out under better weather conditions. Another approach that has had limited success attempts to monitor
the dynamic signasure of a structure using changes in the dynamic response {0 the random sea conditions (Rubin and
Coppolino 1985}, This technique has difficulty detecting all but major damage and requires a fair amount of instrumen-
tation. Difficulties with accounting for deck mass changes also cause problems with this technigue,

Underwater inspection Strategies

Most companies inspect platforms on a routine schedale with tittle justification for the frequency or particular
inspection strategy. Effort has been made by a few operators to develop a scientific rationale for their mspection level
and frequency based on a probabilistic approach. One such operator, Conoco, has applied Monte Carlo simulation fo
their inspection program for the Viking field. The simulation used fatigue life predictions, the capabilities of the various
inspection techniques, remedial action plans, and past mspection records to analyze various inspection strategies (Carr
et al. 1986). The study developed MPJ inspection interval charts for Joints and made provisions for moreasing the
inspection interval for specific joints when no crack-like indications were found during the previous inspection.
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Underwater Inspection Personnel

There is currently no standard for defining the qualifications of an acceptable inspector. Personnel should be
qualified and certified similarly to that required for U.S. bridge inspections. This will require training and testing of
inspection personnel. It is recormmended that industry and regulatory organizations such as the ADC, ABS, Lloyd’s, and
DnV jointly develop and share such training and certification programs with the industry.

Conclusion

inspection techniques are advancing as the need for greater understanding of existing offshore platforms grow.
Platform inspection and assessment may be the greatest challenges facing the offshore industry today. The level and
frequency of inspections are influenced by several factors that have been discussed. Many development efforts are
improving the state of inspection art; however, more work remains to be done. In the face of strong economic pressure,
the industry needs to share knowledge of inspection techniques, new developments, and the performance of old
structures.
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ENVIRONMENTAL CONDITIONS AND FORCES
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Abstract

Offshore structures are designed to withstand extreme environmental forces due 1o storms {winds, waves and
currents) and, in some cases, earthquakes and ice. Environmental conditions for design are selected on the basis of their
probability of occurrence during the design lifetime of the stracture; typically, conditions with an exceedence probabil-
ity of 1/50 to 1/100 per year are selected. The forces caused by those environmental conditions are calculated using the
most appropriate methodology consistent with the current state of technology. As offshore technology has matured,
both the environmental conditions and the force calculation procedures used to design new offshore structures have
evolved. Meanwhile, many older structures, designed for different conditions using different procedures, have contin-
ued to be used beyond their original design life. In many situations, there are compelling economic forces to extend the
use of these structures. But, before doing so, we must assess their “fitness for purpose.”

This paper raises questions about the environmental conditions and force calculation procedures that should be
used to requalify older offshore structures for continued use, and how and why they might differ from those used for
designing new structures. These questions are posed from a historical perspective, with an international point of view,
within the context of the uncertainties of extreme environmental forces, and with a full awareness of the economic
considerations. This paper does not provide answers to these questions. Rather, its purpose is to provide food for
thought and to stimulate discussion at this workshop.

introduction

The problem of requalification of offshore structures is perhaps best introduced by Table 1 (Whitfield 1993),
which shows the worldwide distribution of offshore platforms. There are more than 7,000 offshore platforms world-
wide. Many of these structures were designed, constructed, and installed more than 25 years ago and are still in service.

In the Gulf of Mexico, offshore development began around 1950. Many of the structures in less than 150 ft
water depth were constructed before 1976, Some of these were designed to the 25-vear wave, not the 100-year wave,
with no consideration of current, and with drag coefficients appropriate for cylinders without marine growth. Many had
no cathodic protection in their early life. After Hurricanes Hilda (1964) and Betsy {1965), some operators reevaluated
their platforms, with the result that some decks were raised to reduce the risk of inundation in large waves, and some
jackets were strengthened with pin piles and tripods. Many of the platforms from that era have little or no axcess
strength above the environmental forces that would resuit from application of criteria and procedures in the most
recent, 20th edition of APT RP2A. The 20th edition requires that new stvuciures be designed for forces saused by the
100-year wave and associated storm current of about two knots, with drag cosfficients appropriate for marine rough-
ened cylinders.

Experience gained in development of Guif of Mexico oil and gas reserves was transferred by major international
oil companies to the subsequent development of offshore fields in other continents. Notable examples are the “first
generation” Bass Strait structures and the earliest southern North Sea gas field structures.

Recognizing that: estimates of extreme, “design” storm conditions evolve as more wind, wave, and current data
become available, either from measurements or from numerical simulation of historical storms; wave force calculation
procedures evolve as more data become available from laboratory esperiments and from full-scale piatform response
measurements, and it 1s impractical and hazardous to evacuate platforms in the North Sea in the face of frequenthy and
rapidly approaching storms, the United Kingdom government set a requirement that every offshore structure be
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Table 1 Worldwide Distribution of Operational Platforms.

Northwest Europe 379
Southern Europe 118
Eastern Europe 43
North Africa 145
West Africa 509
South and East Africa 1
Middle East 806
india 145
Southeast Asia 811
East Asia 41
Australasia 36
North America - Alaska _ 14

- California 35

- Canada 3

- Gulf of Mexico* 4000
Latin America*™* 428
World Total 7514
*Estimate

*xoludes Lake Maracaibo

Data supplied by INFIELD Systems Limited
15 Artillery Passage

London E1 7LJ, England

Tel: 44 71 377 0102

Fax: 44 71 247 5035
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recertified at five-year intervals. In this recertification process, deviations may be made from the current government
guidelines for environmental forces, provided the operator can justify to the certifying authority that there is a good
basis for the deviations.

In Norwegian waters, requalification is required when the platform function changes, i. ¢., when topside weight
or number of appurtenances changes. Furthermore, requalification is necessary if evidence of deterioration is found or
if the design life is exceeded. Requalification is done on the basis of the original design; however, new criteria are
applied in the case of apparent under-design, e. g., if the wave height or hydrodynamic force coefficients in the original
design basis were too low. For platforms with little risk of pollution and smail economic consequences in the case of
loss, the Norwegian Petroleum Directorate (NPDY} allows a reduction of the load factor from 1.3 to 1.15.

In the United States, the government has not had formal requalification requirements, unless there has been a
substantial change in use of a platform, in which case the platform must comply with current requirements. Indeed,
there has not been a compelling need for requalification, since there have been only a few failures of fixed structures in
hurricanes in the last 30 years (33 before Hurricane Andrew and 14 in Andrew), and these have not resulted in signifi-
cant pollution or loss of life. However, even with today’s low oil prices, it is still economically attractive to continue to
produce oil and gas from some platforms that have already exceeded their design life. Therefore, encouraged by the
Minerals Management Service, and in the face of a changing business climate {(many more smaller operators), the API
has begun to address the problem of platform requalification.

While the specific requalification criteria being developed by the API are limited to U.S. waters, the philosophy
underlying their development is perhaps universally applicable. Therefore, the AP criteria and underlying logic are
presented more fully in the next section.

APt Requalification Criteria

~In engineering practice, it is widely recognized that if an existing structure does not meet present day design
standards, that does not necessarily mean that the structure is inadequate or unserviceable. Examples of this fact include
buildings and bridges. With this background, and with the favorable survival experience in Hurricane Andrew (1992) in -
mind, the API Task Group 92-5 on “Assessment of Existing Platforms to Demonstrate Fitness f{}f:Puz}jéé_é:” has devel-
oped a draft process for platform requalification. It should be emphasized that the API requalification process is siiil
evolving, and its final form may differ from what is preserited here, ™~ - g B S e T

The plan is initially, over a reasonable period of time, to have all existing platforms go through the assessment
process. Subsequently, an assessment will be triggered if; damage is found during inspections, manning conditions have
changed, operational conditions have changed by the addition of facilities, or the design is altered such that environ-
mental or functional loading is significantly (>10%) higher than for the original design.

A platform can pass the assessment process based either on design basis checks or analysis checks. A platform
that passes the design basis checks need not be subjected to analysis checks. " 77 e e o :

Design Basis Checks L e e e e

Based on studies of platform exposure loads, ultimate strength, and survival experience, the API Task Group has
proposed that a Gulf of Mexico platform designed according to the 9th edition of RPZA {1977, or later, is acceptable,
provided that none of the four “triggers” listed above exist, and provided that the deck height is adequate, I must be
demonstrated that the platform was indead desipned for the 9th edition reference level hydrodynamic loading; specific
procedures are defined for this purpose. The required deck height is provided as a function of water depth, While
experience indicates that platforms located in other U.S. waters that were designed to the 9th edition are also acoepi-
able, blanket acceptance of such structures is not recommmended art this time,

Analysis Checks

The criteria for analysis checks depend on the platform’s exposure category. There are six exposure categories,
depending on the possible consequences of failure. There are three life safety categories: manned - not evacuated,
manned - evacuated, and, unmanned. Similarly, there are two environmental safety categories: significant environmen-
tal impact and insignificant environmental impact.

For each exposure category, there are three levels of analysis. In order of increasing somplexity but decreasing
conservatism, these are) soresning analysis, design level anaiysis, and ultimats strength analysis. A structure that passes
a sereening analysis nced not have a design level analysis, and a structure that passes 2 design level analysis need not
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have an uitimate strength analysis. The exception to this hierarchy is that any platform whose deck is lower than the
crest elevation of the wave specified for ultimate strength analysis must be submitted to an ultimate strength analysis,
accounting for wave loads on the inundated deck structure. Screening analysis is a simple procedure that has been
validated as being more conservative than the corresponding design level analysis. Design level analysis is like that
used in new platform design, including the application of all safety factors, the use of nominal rather than mean yield
stress, etc. Ultimate strength analysis excludes all sources of conservatism, providing an unbiased estimate of platform
capacity. In all three levels of analysis, wave forces for specified metocean criteria must be caleulated using the
methodology of the 20th edition of RPZA.

A different approach to defining metocean criteria is taken for the Guif of Mexico than for other areas, since the
industry standard contingency plan is to evacuate platforms in the Gulf when hurricanes approach.

For manned platforms without significant environmental risk, the criteria are based on “sudden hurricanes,” 1. e,
those that arise too quickly for platforms to be evacuated. These hurricanes are a subset of the full population of
hurricanes and are significantly less severe than the hurricanes that have their origin outside the Gulf of Mexico.
Evacuations also do not take place during winter storms. The metocean criteria for design level analysis consist of the
sudden hurricane wave and associated wind and current that give the 100-year base shear for the combined population
of sudden hurricanes and winter storms. This requires a sudden-hurricane wave height, and associated wind and
current, with a return period of about 150-200 years, depending on water depth. These criteria are applied
omnidirectionally. In the ultimate strength analysis, metocean criteria are selected consistent with a reserve strength
ratio of 1.8 relative to the 100-yr base shear for the combined population of sudden hurricanes and winter storms. This
requires a sudden hurricane wave height with a return period of about 1000-2000 years, depending on water depth,
Reductions in criteria are allowed for non-principal directions.

For platforms with significant environmental risk, the fisll hurricane population is used to derive metocean
criteria. Here, emphasis is placed on exposure experience, especially that in Hurricane Andrew. The design level
analysis criteria are selected to give a base shear equivalent to the 9th edition reference level, which is about 2/3 that of
the 20th edition. This requires a wave height, and associated wind and current, with a retum period of about 30 years.
These are applied omnidirectionally. The ultimate strength analysis criteria are selected to give a reserve strength ratio
(RSR) of 1.2 relative to 20th edition forces; an RSR of 1.2 relative to 20th edition forces is equivalent to an RSR of 1.8
relative to 9th edition forces. This requires a wave height with a return period of about 170 years, which is reduced for
non-principal directions.

For regions outside the Gulf of Mexico, platforms are not evacuated. If the platform is manned or has significant
environmental risk , the design level analysis is based on a reduction of 15% in the lateral loading caused by 20th
edition 100-yr metocean conditions, and the ultimate strength analysis requires an RSR of 1.6 relative to the lateral
loading caused by 20th edition 100-yr metocean conditions. The above raises several issues,

Should a statistically significant sarple of platforms that would pass the requalification process based on design
basis checks be evaluated to verify that they would also pass the analysis checks, if required? (Issue #1)

Should the criteria for requalification of an old platform depend on the length of extended life sought by the owner?
(Issue #2) '

Should requalification be regquired at vegular intervals? (Tssue $3)

Should vequalification be required whenever new information regovding the wave climate or hydrodynamic force
cogfficicnis becomes available? {fesue 84}

Should the criteria for requalification depend on the consequences of failare? Is the correct pririty as follows: first,
personnel safety; second, envivonmenial pollution; thivd, economic / resource loss? (Issue §5)

What is the minimum acceptable RSR {ratio of ultimate capacity to the current estimate of load for the 106-yr
metocean conditions) for platforms with either life risk or significant environmenital risk? (fssue #6)
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Environmental Conditions

While some offshore platforms are dominated by earthquake or ice loads, the vast majority are dominated by
wind, wave, and current loads in severe storms. For this reason, and because of space limitation, this paper will be
limited to the discussion of metocean (meteorological and oceanographic) conditions. Recent information on ice criferia
and loads can be found in papers by Visser {1993) and by Utt and Tumer {1992}, Recent information on seismic criteria
and loads can be found in the discussions by Craig et al. (1993) and by Iwan et al. (1992).

Here, we provide an overview of metocean data bases and procedures used to select “design” metocean condi-
tions. Sources of uncertainty and magnitude of uncertainty are discussed, with an eye toward identification of implicit
safety margins that could be stripped away in the reevaluation of an older platform.

Data Sources

Estimates of rare, extreme storm conditions are based on extrapolation of historical data. The data may be either
measured or hindcast. Hindcast data are wave, current, and surge data generated with numerical simulation models
forced by wind fields reconstructed from historical meteorological charts. In order to be used confidently, hindcast
models must be calibrated with measured data. As illustrated in Figure 1, careful application of wave hindcast models
can lead to accurate prediction of wave heights (within + Im significant). To obtain such aceuracy requires that the
storm wind fields be reconstructed as thoroughly as possible, accounting for all the observed wind data, and enforcing
time and space continuity of moving low pressure centers (Cardone et al. 1980; Reece and Cardone 1982}, Also, the
wave hindcast model must be of the directional, spectral variety, and must consider in some way the transfer of energy
between different wave frequencies, as well as the transfer of energy to the waves from the wind and the digsipation of
wave energy due to whitecaps and bottom friction.

Ideally, one would use measured wave data to extrapolate to the rare, extreme conditions used for design or
reevaluation, In regions such as parts of the North Sea, where there are long-term measured wave data, this is viable.
However, in most offshore areas, there is a paucity of measured wave data. If the data span 1s only a few years, no
matter how accurate the data may be, they cannot be used confidently to extrapolate to extreme events with long return
periods. As shown in Figure 2 (Wang and Le Mehaute 1983), for regions with frequently occurring storms, the uncer-
tainty in 100-year wave height is very large for databases shorter than 10 years, and reaches “comfortable” levels only
for databases longer than 20 years. This figure is based on the assumption that the underlying statistical distribution of
storm intensities is stationary over the period of record. In the last few years, the frequency and intensity of storms in
the Norwegian Sea have shown a significant increase above those of the previous 15 years (Barstow and Krogstad
1993). Therefore, even in regions with frequent storms, such as the Norwegian Sea, the database needs to be at least 20
years and preferably 30 years or longer to accommodate the apparent cycles and/or trends in storminess that may occur.
In regions where the dominant storm type is a hurricane, and the frequency of occurrence of extreme hurricanes at a site
is low (such as in the Gulf of Mexico), the uncertainty in the 100-year wave height might not reach a “comfortable”
level until the database approaches 100 years. Therefore, a long-term database with no bias and moderate uncertainty
(such as hindcasts) can provide a more reliable extrapolation to extreme values than a short-term database with no bias
and small uncertainty (such as measurements). v

Even if a long-term measured database does exist, one must be careful in extrapolating it. Of course, one must
first remove all known biases in the measurements through careful calibration. However, even if the instruments were
perfect, there remains the “sampling variability” (Tucker 1993). Although modermn data collection systems have the
capacity to collect and process long (greater than a half hour) records of wave data af frequent intervals {bourly}, much
of the historical measured dats consist of 2 single 1,024-second sample once every three hours. This “sampling variabil-
ity” inflates the variance in the historical wave distribution and leads to exwapolations of extreme wave heights that are
biased high (Earle and Baer 1982), as ilustrated qualitatively in Pigure 3. A cursory review of data from 17 storms at
the Forties field indicates that the storm-peak significant wave heights determined from a single 1,624-second sample
every three hours are biased about 6% high, relative to three-hour-average values.

Should the bigs in design wave heights based on extrapolation of measured wave data be removed in the reevalua-
tion of old platforms? (Issue #7)

Extrapolation of Data

Two methods are commonly used to exirapolate wave data io long return periods. The “continucus data” exirape-
lation has been commonly used i Burope. [n this method, f “continucus” hourly or thres-hourly data exist, either from
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measurements ot hindcasts, the cumulative distribution function of all the data points is used. This distribution gives
the fraction of all data points below successively higher thresholds, or, equivalently, it gives the fraction of time that
wave heights are below various thresholds. If the duration associated with each data point is H hours, then the Y-year
value is that which is exceeded once in Y * 365 * 24 / H data points, which may be read from a curve fitted to the
cumulative distribution function and extrapolated beyond the data. Some statisticians criticize this method because of
the inherent correlation among data points. For example, the highest few data points in the cumulative distribution
function may all come from the same storm. An advantage of this method often quoted by its practitioners is that it
makes full use of all the available data, and is less sensitive to uncertaintics in the few largest data points. Detractors of
the method counter-argue that it gives too little emphasis to the extreme tail of the data in the extrapolation process.

Outside of Europe, the most commonly used method is the “peak over threshold” (POT) method (Jahns and
Wheeler 1973; Petrauskas and Aagaard 1971}, In this method, only a single data point, the storm-peak significant wave
height, is used for each storm in the exirapolation to the Yeyear significant wave height. The “storms” that are used are
separated by about 18 hours or longer in an effort to ensure that they are statistically independent, and only storms
exceeding a prescribed threshold are used. 1f the average frequency of storms is F storms per year, then for a fong
returnt period Y, the Y-year storm is that which is exceeded once in Y * F storms, which may be read from a curve fitted
to the cumulative distribution function of storm-peak significant wave heights. Many statisticians favor the POT
method because only extreme events are used in the database that is extrapolated to the Y-year extreme event, and the
extreme events in the database are statistically independent. Of course, the method i3 sensitive to errors in the fow
highest storm-peak significant wave heights used in the extrapolation. G . :

Regardless of whether the “continuous data” or the “peak over threshold” method is used, there is uncertainty in
the extrapolation. The underlying probability distribution function just cannot be determined confidently from the
limited data. As illustrated in Figure 4 for a typical extrapolation of 50 storm-peak significant wave heights spanning 25
vears of history, the 95 % confidence bounds are fairly tight for return periods less than 25 years but expand quickly at
higher return periods. In specifying “design” conditions, oceanographers have generally not explicitly accournted for the
confidence interval; that is, they have specified the central estimate of the Y-year wave height. This contrasts with

. foundation engineers, who have traditionally used lower bound estimates of sodl strength, which israther conservative.
. Af the central estimate of Y-year wave height is used for design of new structures, can the lower bound estimate of Y-
. year wave height be used in the requalification of older structures? (Issue #8y . . - .0 . =

Different offshore areas have different types of extreme storms. For example, storms in the North Sea are all of
the extratropical type, whereas the Gulf of Mexico has both extratropical and tropical storms, with the latter being
much more severe but less frequent. As illustrated in Figure 5, a region dominated by extratropical storms would be
expected to have a lower rate of change of wave height with return period than a region dominated by iropical storms.
Therefore, even if the two regions had identieal Y-year wave heights for calculating design wave loads, the region
dominated by tropical storms would require a larger factor of safety in its platforms in order to have the same platform
reliability as the region dominated by extratropical storms. Coaparn uf eaienn i Tipe dongis Fyorie

How should the steepness of the wave height versus return period curve affect the wave height used for
regualification of older structures, relative to the wave height used to design rew structures? (Issue #9)

In somé regions, such as the US. Hast Coast (Ward er al. 1977), the 1080-vear winter stor and the F00-yvear
hurricane produce comparable wave heights. In the Gulf of Mexico, if hurricanss that originate cutside the Gulf are
sxcluded (because platforms are evacuated), the remaining “sudden” hurricanes (for which it may not be possible to
evacuate platforms) produce extreme wave heights comparable to those produced by severe winfer stonmns. For reglons
such as these, where two storm Types musi be considered, the annual nonexceedence probability for a given wave
height in the combined storm population is the product of the annual nonexceedence probabilities for the two different
storm types, that is, Pc = Ph * Pw. However, in evaluating a platform’s reliability, it must be kept in mind that a wave of
a given height will generally be more forceful in a winter storm than in a hurricane, due to less directional spreading of
the wave energy. This is illustrated in Figures 6 and 7 for a site in 60 ft water depth in the Gulf of Mexico. While the
“sudden” hurricanes dominate the wave height siatistics for return periods above 30 years, they do not dominate the
force statistics un & drag-dominant structure until the return period exceeds 100 vears.
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Figure 8 Wave height versus return period for winter storms, sudden hurricanes, and the two

combined, for the Gulf of Mexico, in 60 feet water depth. Note that winier storms produce

higher waves for refurn periods less than about 30 vears, while sudden hurricanes produce
higher waves for longer return periods.

Page 76



100

80

@ gud hur
8o = wint storm
70 i %  aud storm (she+ws)

b
4

60

30

20 T

-Base Shear (kips)
3

10

i0 Ceode0 . oo 160060 o0 10006
RETURN PERIOD (YRS}

Figure 7 Base shear on a pile versus return period for winter storms, sudden hurricanes, and the
wo combined, for the Gulf of Mexice, in 60 feet water depth. Note that winter storms
produce higher forces for refurn periods less than 100 years, while sudden hurricanes
produce higher forces for longer return periods. Winter storm waves are more forceful than
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How should different storm types be considered in the requalification of older platforms? Should the requalification
storm be selected on the basis of its Y-year wave height or its Y-year forcefulness? (Issue #10)

How can wave spreading be adequately taken into account in calculation of wave forces? Is the procedure in the
20th edition of RP2A (see befow) adequarte? (Issue #11)

Selection of Return Period

For a site with only a single dominant storm type, several possibilities for selecting the return period of the design
storm event for a new platform as a function of the planned platform life are illustrated in Figure § (after Eloyd 1985).
Some have suggested that the uniform annual storm risk curve is appropriate for platforms that may be matmed during
the design storm. In Norway, for example, ali platforms are designed to withstand a wave with an annual exceedence
probability of 1/100. The logic is that the risk taken by piatform personnel every year should be independent of the
platform’s design life. In any given year, for example, why should the personnel on Platform A, with a 10-year design
life, be exposed to a greater risk than the personnel on Platform B, with a 30-year design life? For platforms that can be
evacuated when severe storms approach, and for which the remaining concerns are risk of pollution or loss of revenue,
perhaps the middle curve, which gives a uniform probability of failure over the platform life, is appropriate.

Should the return period of the metocean conditions used in platform requalification depend on the duration of the
planned life extension (see Issue #2)7 If so, how should the return period differ between the consequences of
personnel risk, pollution risk, and revenue loss? (Issue #12) '

Should the storm return period for requalification differ from the storm return period for new design? If 5o, on what
basis should it be selected? (Issue #13)

Site-Maxima versus Basin-Maxima

In a region such as the Gulf of Mexico, the Y-year wave height at a particular site is strongly affected by the
proximity of the site to the tracks of extreme historical hurricanes. Since it would not be reasonable to expect future
huwrricanes to have exactly the same intensities and follow exactly the same tracks as historical hurricanes, a certain
amount of “site averaging” of Y-year wave heights from site to site has traditionally been used (Petrauskas et al. 1993
Haring and Heideman 1980; and Ward et al. 1979}, The resulting estimate of the Y-year wave height at a site still
intcorporates the probability that a hurricane will not pass directly over the site, but in an average sense. Use of this Y-
year site-average wave height for design force calculations is logical for each platform taken individually, However, it
should be kept in mind that in a basin with many broadly distributed platforms such as the Gulf of Mexico, the risk of
losing one platform is roughly proportional to the number of platforms present, all else being equal. This fact has led
some to suggest that perhaps platforms should be designed to the basin-wide Y-year wave height, to provide an extra
margin of safety. The basin-wide Y-year wave height is obtained from the distribution of the storm-peak significant
wave heights for all hurricanes, regardless of where in the Guif the peaks occurred. This is equivalent to assuming that
the platform moves around so that, no matter where the hurricane goes, the platform is always located where the most
extreme waves occur. Figure 9 shows that the basin-wide Y-year wave height is considerably higher than the site-
average Y-year wave height.

Should the site-average or the basin-wide Voyear wave height be used in platform regualification? Is a two-level
check appropriate, in which the site-average value is used for nominal lpads and the basin-wide value is-used for
survival loads? (fssne $14)

Joird Probabiiity

At a site, extreme waves, extreme currents, and extreme winds do not necessarily occur at the same Sme or in the
same direction. The metocean criteria in API RP2A permit the designer of a new platform to take full advantage of this
fact (Petrauskas et al. 1971}, The guideline criteria in the United Kingdom recognize this fact, but do not allow the
designer to take advantage of it. As compensation, the United Kingdom allows the designer to use an unrealistically
low drag coefficient. The Norwegian Petroleum Directorate (NPD) guidelines allow a small reduction in metocean
criteria due to joint probability considerations. The NPD allows use of 10-year currents with 100-vear waves, but st
requires the two to be applied simultancously and collinearly. As shown by the NOCDAP project (Heidernan et al.
1992), collinear currents associated with extreme wave conditions on parts of the Norwegian shelf are less than a half
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knot, which is much less than the NPD current. Like the United Kingdom, the NPD allows the use of jow drag coeffi-
ctents partly as compensation for the conservatism in the guideline metocean criteria,

In platform requalification, should the metocean criteria take advantage of the joint probability af occurrence in
time and direction of extreme winds, waves, and currents? (Issue #15)

Should it be required that realistic force calcuiation procedures (specifically, realistic foree cogfficients) be used
with joint-probability-based metocean criteria in platform requalification? (Issue #16)

One way to take advantage of wind, wave, and current joint probability, when simultaneous time series are
available, is to make use of a platform wave-induced response model (Tromans et al. 1992; Heideman et al, 19921, For
steel jackets and jack-ups, with negligible dynamics, the platform response mode! may be a simple parametric equation
ofthe form F=Cl *{ H+C2 * Vil ) ** C3, where F is base shear or overturning moment, H is wave height, Vil is the
in-line component of current, and C1, C2, and C3 are empirical constants. For other structures, the response model may
be somewhat more complicated. In any event, it is generally possible to construct a simple response mode! that can be
efficiently evaluated at every time for which winds, waves, and cumrents are available, and then to develop response
statistics. Once the Y-year response has been determined, one can back-calculate different combinations of winds,
waves, and currents that might lead to that response, and perform detailed structural evaluations for them,

Wave Forces

Once the metocean conditions for platform requalification have been selected, the fofces induced on the platform
must be calculated and compared with the platform capaeity. In this section, procedures for caloulating forces due to
waves and currents will be discussed. Forces due to winds are of less importanice for most platforms that will be
submitted for requalification in the near future, so wind forces will not be discussed here, Similarly, dynamic response
will be ignored, as most fixed platforms that will be submitted for requalification in the near future are in water depths
less than 200 ft and therefore have negligible dynamics. Discussioh will focus on the riew static wave force procedure
in the 20th edition of RP2A Difierefices between United Kingdo and Norwegtan guideline procedures and RP2A will
be identified, and alternative mefht entioned where appropriate; I ST

APl RP2A, 20th Edition - g S : o

With this edition of RP2A, 'mijor changes were made 10 the procedure for calculating static wave forces

(Petrauskas et al. 1992, The new procedure attempts to account for the principal characteristics of oscillating, turbu-
lent, separated flow about smooth and rough circulas cylinders in lattice-type structures; as revealed in laboratory and
field experiments over the {ast-décade or so. The procedire is intended to be asrealistic as possible, without being so
complicated s to preciude its use in routine design calchlations. The procedure begins with the specification of the
design wave height and direction and associated wave period, wave spreading, current profile (speed and direction at
different elevations), storm surge and tide, and marine growth profile (thickness and roughness height at different
elevations). Then, as illustrated in F igure 10, the procedure takes the following steps in sequence,

* Au apparent wave period is determined, accounting for the Doppler effect of the current on the wave. This is
the period seen by an observer moving with the steady current. The change in wave period is generally less
than 10% and the consequent change i global wave force is generally only 8 few percent.

* The two-dimensiona! wave kinematics are determined from an eppropriate regular wave theory, such as stream
fenction, for the specified wave height, storm water depth, and apparent period. Other regular wave theories
besides stream function can be used, provided they can be shown to produce comparable results whers applied
consistently.

¢ The horizontal components of wave-induced particle velocities and accelerations are reduced by the wave
kinemnatics factor, which accounts primarily for wave directional spreading. The reduction can be substantial in
hurricanes (8-12%) but is generally much less in winter storms (0-5%). There can be a further reduction in
kinematics to account for the “irregularity” of actual wave shapes, if supporting documentation is provided.

* The effective local current profile is determined by multiplying the specified current profile by the current
blockage factor. The blockage factor depends on how “dense” the structure is. Values range from 6.7 to 0.9 for
ypical latirce-type structures but sre much lower for structures as dense as the Lena guved tower,
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. Figures 11and 12 are plotted in-Figures 13 and 14, F

- 8. 0,146, Thus, the mean value of the force ratio is

* The local current profile is stretched to the wave surface and then combined with the vectorial wave kinzmat-
ivs to determine locally incident fluid velocities for use in Morison's equation. Stretching the current profile
can produce considerably lower forces than vertical or constant-shear extrapolation if the profile is highly
sheared near mean wates level, However, for typical “slab” profiles, the differences are negligible.

* Member dimensions are increased to acoount for marine growth.

* Drag and inertia force coefficients are determined as functions of wave and current parameters, depth below
mean water lovel, and member shape, roughness (marine growth), size, and orientation. Default values of drag
and inertia coefficients are specified for a reference Keulegan-Carpenter number of Umo * Tapp / D > 30,
evaluated at storm mean water level, where Umo is the maximum orbital velocity, Tapp is the apparent wave
period, and D is average leg diameter, including marine growth. These values are Cd = 105, Cm= 1.2 for
members in the marine growth zone and Cd = 0.65, Cm = 1.6 elsewhere. For Limo * Tapp / D < 30, guidance
is provided on the dependence of the coefficients on Keulegan-Carpenter number,

= Wave force coefficients for the conductor array are reduced by the conducter shielding factor, which depends
on conductor spacing. The conductor shielding factor varies from 0.5 at two-diameter (center-to-centar}
spacing to 1.0 at four-diameter spacing, For typical conductor spacing, the factor is close to 1.0,

* Hydrodynamic models (simple structures with equivatent hydrodynamic characteristics) are developed for
risers and appurtenances.

* Local wave / current forces are calculated for all platform members, conductors, risers, and appurtenances
using Morison’s equation. Morison’s equation uses enly the components of fluid velocity and acceleration
nopmal (o the oylinder axis. It neglects convective acceleration, axial Froude-Krylov forces, lift forces, and
sham forces.

* . The global force iy computed a3 the vector swm of i the local forces. .« ... -

Forces computed with the new AP procedure, accounting for the measured characteristics of the actual waves
-.and currents, have been compared with forces measured on the Ocean Test Structure in the Gulf of Mexico and the
Magnus and Tern platforms in the North Sea (Heideman and Weaver | 992). The ratio of measured-to-predicted force,
o288 8 function of reference Keulegan-Carpenter number, is shown in Figure 1] for vardable Cd, Cm; in Figure 12 for
- gonstant Cd, Cm., The ratios for individual waves. fall between 0.5 and 2.0, The distributions of the force ratios:in
iriable soefficients; the empirical Gistribiition is well approxi-
tio, The pan 15 of the distribution are w=1.001 and
- - 1.002, which indicates negligible bias. Also for constant
. coefficients, the empirical distribution is well approximated by.a normal distribiition of the square root of the force
-ratio. The parameters of this distribution are u = 1.057 and:s = 0.152. Thus the mean value of the force ratio is y ** 2 =
. L117, which indicates about. 12% under prediction, on average, using the AP] default coefficients. This bias was to be
.. expected, since many of the waves had a reference Keulegan-Carpenter number less than 30, for which the constant
... coefficients are not recommended by AP, The significant scatter in the wave force predictions, as quantified in Figures
.- 13 and 14, can be accommodated in procedures that calculate platform reliability. . . . . ... .. ol
- It is believed that the scatter in wave force predictions can be reduced significantly only through abandonment of
regular wave theory in faver of 2 wave theory that can better model the trregularity and threg-dimensionality of real
ocean waves. In this regard, the performance of various regular and irregular wave kinematics theories are compared by
Gudmestad (1993), and the effects of wave steepness on wave forces are discussed by Gudmestad and Haver £15933,
Recent developments by Zhang et 2l £1993) show pronuse for improved kinematics predictions, relative 1o those from
traditional “stretching” methods, : T S o

‘1. mated by a normal distribution of the square root of the |

Skouid the API RP14, 20th edition, procedure for caleulating static wave forces on new structures glso be used in
reevalzaring older sivusiures? Fsspe 817

in view of the large scarter in wave force prediciions, is there ¢ need Jor more wave kinematics or wave force
research? If so, which areas should be emphasized? {Issie #1 &

Can experience with typical 4 - 8 leg platforms be used as an indicator of the rellability of optimized fripod strac-
tures, for which there has been little exposure 1o extreme storms? {fssue #19}
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United Kingdom and NPD Guidelines

The United Kingdom guidelines provide a good summary of wave force technology in a commentary, but in the
end opt for using artificially low drag coefficients of Cd = 0.7 iz the marine growth zone and Cd = 0.6 elsewhere. This
is done to compensate for conservatism in other parts of the guidelines. Specifically, the guidelines specify that an
extreme current be combined with the extreme wave, with no accommodation of wave/current joint probability.
Furthermore, there is no provision for load reductions due to current blockage, conductor shielding, or wave spreading.
The NPD guidelines are similar to the United Kingdom guidelines. The low drag coefficients may, however, lead to a
need for an extensive marine growth removal program or use of antifouling cladding.

If the metocean criferia for platform requalification are reduced below those in the guidelines (by the consideration
of wave / current joini prebability, for example), should a more realistic force calculation procedure than in the
guiidelines be used? (isue #20)

Should there be a reguirement for cleaning marine growth from certain platforms? (Issue #21)

Table 2 shows how the design wave force level on a large northern North Sea space-frame structure changes as
metocean criteria and force coefficients are changed. In this case, the increase in drag coefficient to the more realistic
values espoused in the 20th edition of API RP2A is more than offset by the less conservative wave height and current
eriteria.

Deck Forces

Historically, a platform whose deck was not high enough to provide clearance above extreme wave crests was
considered to be in great penil. However, experience in the Gulf of Mexico has shown that many platforms have
survived a few feet of green water into the deck with only minor damage to equipment. Furthermore, laboratory
experiments indicate that five feet of green water into the celfar deck gives only about 50% increase in wave load in a
typical case; this is within the safety margin of many platforms. A procedure to calculate wave force on inundated
decks, as a function of the wave parameters and wave direction, has been developed in API working groups. Compari-
son of predicted and measured deck forces on model structures shows only moderately more scafter than Fi igures 11
and 12 show for platform forces.

Should older platforms submitted for regualification be required to have their deck above the Yoyear crest elevation,
or will it be sufficient to show that their calenlated wave load on the deck and platform combined is below the
calculated capacily of the structure? Should it be required that any eguipment on the deck whese loss could result in
pollution be above the Y-year crest height? In such checks, is 100 years the appropriate value of ¥? If not, what is
the appropriate return period for crests? (Issue #22)

Conciuding Remarks ;
in this paper, the focus has been on environmental forces to be used in platform requalification, and how they
might differ from those vsed in designing new platforms.

Does this line of questioning fmply that there 15 implicit conservatisim in the environmental forees used to design
new platforms? It is worth recalling that those who specify the metocean conditions for a prescribed return period have
iraditionally given their best estimate (as opposed to an upper bound estimate} of individus! metocean parameters, and
recently have even begun to account for the joint ocowrrence of the parsmeters. The Gulf of Mexico metosean criteria
in the 26tk edition of API RP2 A are & prime example of this. Also, it has been demonsirated that, if the metocean
conditions are well known, the new API procedure provides an unbiased prediction of the wave force. Therefore, there
is 1o basis for believing that there is implicit conservatism in the Gulf of Mexico wave forces caused by metocean
conditions with a prescribed return period, as specified in the 20th edition of API RP2A. However, for other areas,
particularly outside the US, there may be some implici! conservatism that can be exorcised.

The acceptance of less severe metocean conditions in requalification implies a willingness to accept 2 greater risk
of failure for existing platforms than for new platforms. For purely cconomic reasons, older platforms cannot be
required to have the same rmargin of safety above the current estimate of design load as new platforms. To recuire them
to do so would mwan in many cases that either the platfonn would have (0 be strengthened or replaced with a new
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Table 2 Relative Wave Force on Tern.

H(m) T (sec)
1980 UK 30 16.5
1881 NPD 29 15.5
1983 Proposed 26 13.8
1993 Proposed 26 13.8

V™ (m/s)

08708
1.0710.2
03703
03703

Cd™

0.60/070
076/0.70
APt variable
AP} constant
(0.65 /7 1.05)

Cm*™ Shear Moment
17717 1.00  1.00
20/20 0.82 (.89
APl variable 065 (.70
API constant 061 087

(16/1.2)

* Surface / mid-depth speeds; reduced by 0.8 factor in 1993 proposed procedures

** Values above and below MWL
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platform, at very high cost, or the reservoir would have to be abandoned, thus leaving scarce natural resources unused.
Some supporting justifications are that: the older platforms may in some cases be requalified for a shorter life than
considered for new platforms, new platform design criteria do not take advantage of the fact that in some areas plat-
forms are evacuated when extreme storms approach, the consequences of failure may be less for old platforms, (4) the
foundation capacity is known better for an in-place structure than for new design, and the demonstrated performance of
older structures may have validated their strength.

If the API and various government autherities allow older platforms that have the same extended lifetime as the
design lifetime of a new platform, and that have the same consequences of failure as a new platform, to have a lower
ultimate capacity, then wity shouldn’t they allow the new platform to also have a iower capacity? (Issue #23)
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STRUCTURAL ELEMENTS, SYSTEMS AND ANALYSES

Coli 1. Billington, Bomel
Janses R. Liovd, Fxxon Production Research Co.
Kris A. Digre, Shell Offshore Inc.
Waorking Group #3

introduction

This working group has the objective of considering the current state-of-the-art of assessment and requalification
of offshore production platforms and in particular the stractural “capacity” or “resistance” and remaining useful life of
clements {members and joints) and structural systems. The working group will also assess analytical methods available
to assist in caiculating such capacities or life. The scope covers intact and aging or damaged structures and methods of
strengthening or repair. This working group should consider its role in the context of the Workshop as a whole. Other
working groups will consider:

* Inspection and condition surveys - to provide information on the state of the structure

* Environmental conditions and forces - to provide information on past and future natural forces to which the

structure may be subjected ' o ’ -

* Foundation elements, systems and analyses _ '

* Operational considerations - to provide information on operational and accidental hazards and Joads to which

the structure may have been or may be subjected . o oo
“'+ Policy considerations and consequencés - to cosisider the framework and background within which offshore

. structural assessments and requalifications may be carried out.

© " 'This paper addresses’and ottlines for review some of the specific issues encountered in assessing the structural

. Bdequacy of existing structures. The intent is to highlight topics for working group discussion starfing points with the °
" poal of reaching agreement on ‘state-of-the-art and determining appropriate research needs. |

© " "In'Sevéral ‘patts of the World, industry bodies or regulatory authorities are developing gitideliries for #ssessment

- and requalification. AP1 has developed a draft assessmient process déscribed in a flowchatt. Separate criferia arc sét for
* platforms that will be evicuated in forecastable design svents,
* not normally manned platforms,
. * significant environmental tmpact platforms, and
U U msignificant Snvironmental impact platforms. R o

" “The assessment process considers both life and environsaental safety. An important aspedt of the pricess is the
implied safety level or event return period required for each level of assessment. In the United Kingdom the Healih and
Safety Executive hiag not prescribed spetific safety levels but requires the operalor o prepare and maintzin a Sefery
Case for each platform. In some cazes, svent return periods of up fo 10,000 years have been considered. In Norway,
safety responsibility is left with the operatos, sithough the Norweglan Petroleusn Dircctorate has final approval author
iy to aliow production operstions to continge, L s

s the AP gpproach for requalification of platforms in USA waiers appropriate for other geographic areas? What
significant change would need to be made? (Issue 1) (AP under final review: Fwan et al. 1992; Sharp et al. 1992

Approach to Assessment and Requalification
Gur main concern 19 (o ensare that a siructure will have sufficien capacity to resist the applied loads (actions )

during its remaining operational fife in order to mest requared criteria for life-safery, operational serviceabilivy and
etivironmental protection. These criteria may be expressed in absolute terms agamst which the structural cagacity may
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be determined (deterministic approach) or in probabilistic ferms based on a desired probability of the structure resisting
the probable actions to which it may be subjected during its remaining life.

Are both deterministic and probubility based approaches suitable for requalification? Is there adequate technology
to apply both approaches? What qualifications, if any, should be placed on each approach in so far as interpreting
resulfs is concerned? (Issue £2) (Banon et al. to be published)

The starting point for a structural assessment is data collection, i.e.,:

+ Loading

« Structural properties (geometry, material properties)

¢ Design, construction and in-service history

»  Stuctural or functional modifications

« Structural design/analysis documentation and results

¢ Inspection data (marine growth, dents, corrosion, anode condition, scour, flooded members, wall thickness,
crack length and depth, crack growth rate, missing members, appurtenance positions, etc.).

Historically offshore structures have not been designed, constructed and installed with future assessment it mind
and therefore much of the above data 1s difficult to locate.

Are there suitable guidelines and standards to assure adeguate information is archived during design, construction
and instailation? If not, what guidelines and standurds are needed. (Issue #3) (see Issue #19)

Once the best available data are collected, the next step might be to carry out an elastic global analysis of the
structure assuming rigid joints. Member and joint utilizations would be calculated to the latest code requirements,
Design codes, safety factor levels, and capacity formulations depend on the type and consequences of component
failure, e.g., joint capacity equations, section classification for moment capacity (compact, semi-compact, ete.), beam
column capacity, etc. :

Stould assessment practices adopt the same reiative safety factors among the different components as with new
design or should all component reserves be the same? (Issue #4) (Stewart et al. 1988)

Inspections may reveal some damage or deterioration, the effect of which on stiffness may affect the resulfs from
a global analysis. Approximations may be modeled, for example, by member removal or reduced section properties.
Similarly, in cases where damage has not occurred but where component utilization exceeds code values {e.g., due to
increased loading or code changes), components may be removed or given reduced stiffness.
When approximating demage in a global analysis is it possible that analytically approximating componenis stiffness
or removing a component from the system could lead to unconservative results? if so, how serious can the ervor be
and what steps can be taken to avoid such errors or Emit their conseguences? (Issue #5) (Jacobs and Fyfe 1992; Loh
1993; Moan and Taby 1987; Duan et al. 1993}

If, &t this stage, component “code failures” are found, {t may bs apyropriate to examine
= the bagis of the capscity fonmulation, .

«  ths loading condition producing the falere or

¢ {he basle material propertics,

1o esch case, there is usually better knowledge of the nporiant parameters at the time of o assessment than
during design. For example, during the design process assumptions on dead and live load levels are often based on
“blanket” or uniform floor loads. At assessment, loads of all types can usually be estimated much more accurately.
(Loading is outside the seope of this working group, but consideration of the accuracy may play an important role in
the assessment.} Furthermiore, code capacity formulations are known to be conservative in a number of areas (e.g.,
overlapping K. joints, multiplanar joints with sympathetic loading), and perhaps unconsesvative in others {e.g., tensile
capacity in the presence of “acceptable” defects, on multiplanar joints with unsympathetic loading). In assessment,
advantage of such knowledge can be taken into account thet will result in a perceived higher level of safety, though
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siripping out conservatisms does not change the existing level of safety. One danger is that stripping out conservatisms
in one area (e.g., structure strength) may expose otherwise masked unconservatisms in another area {e.g.. foundations},
Structures that respond dynamically to environmental loading can be instrumented to validate the predicted design
response. In many cases, dynamic response has been found to be much lower than predicted. Such measurements could
justify the extension of serviee life, when coupled with favorable inspection resulfs, especially when predicted (but
uncalibrated} fatigue lives may be less than the fiture service life.

Are there adequate safepuards in proposed assessment and requalification processes to guard against undesirable
interactions among fraditionally separate design disciplines? Is it possible that, within a given discipline, integration
of case specific test results into an interaction formulation could lead to unconservative outcomes? What steps
should be taken to guard against hidden introduction of unconservative bias in the process of stripping away
conservatisms? Can dynamic measurements be used to calibrate the response to severe environments? What limita-
tions on seastates would be needed? (Issue #6) (van de Graaf and Tromans 199 1; Visser 1993)

Material properties may also be reexamined. It is unlikely that materiai yield and UTS values will be at the
specified minimum or characteristic values, and in many cases a significant margin will exist which may be docu-
mented in the form of coupon test certificates.

Is the use of mill-certified coupon test resuits appropriate for assessment? If so, are there any limitations or consid-
erations that should be included in their use? In the case of various conventional steels Jor which coupon test vesulis
are not available, is it OK to use recognized material norms, e.g., 43 ksi Jor A36 steels? (Issue #7) (Tromans and van
de Graaf 1992}

When component capacity or life cannot be shown to resist the applied load ("action”) by a sufficient margin, the
effect of component failure on the performance of the surrounding structure should be considered prior to committing
to expensive offshore strengthening or repair. Nonlinear static or dynamic pushover analysis methods are being
developed and increasingly need to investigate reserve and residual strength, redundancy and ductility or structural
systems, These concepts, the methods and their usefulness are discussed later in the DAPET, 0 % 5l L

Component Behavior and Analysis

Design codes are intended to ensure that component limit states are not exceeded. Limit states considerations
relevant to offshore structures are:

= . Ultimate strength

= Fatigue

= Deformation ;

< Ductility : '

s Damage tolerance

The principal structural components of offshore platforms are members, welded joints and grouted connections.
in most cases, ultimate strength and fatigue of these components are covered in design codes, albeit with several areas
of significant conservatism ss mentivned abhove, Ultimate strength and fatigue 5-N curves are generally based on Gtting
erapirical equations 1o test dafa. In limitatate approaches, 2 mean £t to the data is derived, and the seatter of the data
about the mean i studied in arder o mrrive 2t 2 “characterisnic” value, Alternatively, lower bound formulationg are
developed by deriving an equation which lies under ali available test data. Characteristic or lower bound formulations
are reduced by an appropriate “materials” or “resistance” partial safety factor to obtain “design” values. On occasion
specific tests may be carried out to determine the capacity of components where a conservatism of the design code is
suspected or where & strengthening technique is being quantified (e.g., grout filling of members or joints).

Is it apprepriate or possibie to have both limit state and working stress methods used in assessment? How should test
dufa be incorporated in each case and can the resulis be calibrated to result in the same ouicome? How should
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“safety” factors be established in each case? (Issue #8) (HSE 1993; Her Majesty’s Stationary Office 1999}

Increasingly, nonlinear finite element methods are being used to study component strength. A wide variety of
element types, approaches to meshing and material models are available and yet no comprehensive bench marking ot
cCOnVergence exercises appear to have been performed and no authoritative guidance exists. Furthermore, the level of
analytical results in relation to “mean”, “characteristic” or “lower bound” and appropriate safety factors to obtain
“design” values are other considerations.

Evaluating fatigue damage (by the 8-N approach) requires calculation of hot spot stress ranges (combination of
nominal stress range from global analysis and SCF from parametric equations or specific tests or analytical results).
Surprisingly perhaps, a recent study for the Tubular Joints Group revealed there has been only very limited hench
marking even for elastic stress analysis of tubular joints and no industry standard approach to choice of clements, mesh

size, weld modeling and methods of extrapolation to hot spot values.

Should guideline methods of modeling and evaluating finite element analyses be established? What guidelines
would be appropriate? (Issue #9) (Billington Osborne-Moss Engineering Ltd. 1993

Other aspects of component behavior mentioned above, e.g., deformation, ductility and damage tolerance have
received little attention but arc becoming increasingly important for assessment. Both elastic and nonlinear joint
flexibility has been found to have a significant affect on the behavior of redundant structures. In order to carey out
nonlinear collapse analyses, large deformation joint characteristics are required. Unfortunately, most reported ultimate
load tests and analyses have not been continued very far into the post ultimate range. There is virtually no test data for
low cycle fatigue of tubular joints. This information can be relevant in earthquake dominated structures,

Few test data are available on damaged (other than dented) components. Dents in members with a low probability
of detection could have a significant effect on compression capacity. There has been considerable recent work done on
damaged members.

The effects of fatigue cracks on static strength and joint flexibility are now receiving attention both analytically
and experimentally,

Are there adeguate data fo specify assessment procedures thet account for component ductility, denting, cracking or
low cycle fatigue? If not, where should more research be done? (Issue #18) (Moan and Amdahl 1989; Landet and
Lotsberg 1992; Ricles et al. 1993; Ostepenko et al. 1993)

Fracture mechanics methods are being widely used to assess defects both to caloulate probable crack growth rates
and to investigate criticality for fast fracture. Results of these assessments can be sensitive to input data (e.g., material
properties, residual stress levels, SCFs, SIFs, defect dimensions) and in many cases such data, particularly material
properties, are not readily available and have to be estimated. Increasing reliance is being placed on such methods to
rank the sericusness of defects and to justify ongoing inspection and monitoring rather than immediate repair.

1s the state-af-the-art for fracture mechanics suitable to be used in assessment recommendations or sfamf;mk? i
not, what needs to be done io develop the know-how? (Issue #11) (Haswell 1992; BS PD 6493 1991}

System Behavior and Analysis

Structural system behavior has been investigated on an ad hoc busis with a variety of obijsctives. Principal areas
of interest have been:

= Regerve strength

« Post ultimate residual strength

»  Ductility

* Redundancy

= Robustness

» Hesidual strength of damaged structures

= Forecasting response (o extreme svenis

* Hindcasting to investigate lmphications of unexpected failures or survivals {Rayesian updating)

Page 96



* System reliability.

There are many variations in definition of the above terms. There is not a common understanding of these terms
amang designers, regulators, and the engineering commuanity as a whole.

Is there a commonly accepted definition for each of these performance measures? If so, should there be numerical
targets associated with them in regualification recommendations? If there are not accepted definitions, who should
define them or how should they be developed? (Issue #12) (Billington et al. 1993; Lioyd and Clawson 1984)

Global structural system analysis may be carried out at various levels of sophistication:

¢ Linear efastic members/rigid joints (with or without dynamics)

+ Linear elastic members and joints

* Members with geometric nonlinearity (large deformation beam-column buckling)

* Nonlinear member material properties (plasticity, clasto-plastic, strain hardening, ductility limits, fracture)
¢ Members with both geometric and material nonlinearity

* Nonlinear joint behavior

* Nonlinear members and joints with ductility limits and fracture assessments

There are about ten nonlinear frame analysis packages available for offshore structural analysis, although none
has all the above capabilities. This is a rapidly developing field. Nonlinear frame analysis techniques are being widely
used in assessment and to a lesser extent in design, particularly to assess extreme or accidental conditions such z ship
impact, fire, blast, dropped object impact, and extreme environmental conditions (hurricanes, typhoons, seismic events,
ete.). s :
To date very limited validations of analytical methods against frame test results and bench marking of alternative
analysis methods have been carried out. The results of nonlinear analyses of redundant structures can be sensitive to
inpit data. System reliability approaches are being developed to model this variability in order to obtajn probability
distributions of strength. These nonlinear analyses are being widely gbed in assessment of complex structures.

How accurately can nonlinear calculations for complex structural systems be expected to model true siructural
behavior? What levels.of calculation precision can be expected? What additional research is needed to validate and
benchmark these methods and computer programs? Should a standard benchmark structural model be developed to
validate programs and component modeling technigues?

Are there appropriate means to infer system probabilistic behavior from the uncertainties associated with compo- -
nents of complex, nonlinear systems? If so, what means should be adopted? (Issue #13) (Billington Osborme-Moss
neering Ltd, 1993}

Various studies into system behavior have considered structural configuration, bracing arrangements, interaction
between redundant frames, their effect on overall redundancy and the ability to mobilize aiternative load paths. Vertical
bracing within a panel bounded by vertical or inclined legs and horizontals can be 2 single diagonal, K or X. With
failure of the bracing system the panel relies on the portal frame zction of its boundary members (legs and horizontals)
for strength. X-braced panels with both tension and compression diagonais have greater redundancy than other types.
Interaction between vertical and plan bracing is particular important for X-braced structures without horizontals and K-
braced structures with dimmond plan bracing. A number of analyses have been reporied where failure of the Sret oritical
component equates to systein ulthmate capacity (1.e. no system reserve). :

1s if possible fo characierize the behavior of systems by reference 1o analyses of common structural systepss? Iy it
B 7 .

passible to develop a criterion for establishing loading scenarios, based on these analyses, for which stractures may
require assessment? (Issue #14) (Bea and Craig 1993)

Acceptance Criteria

Assessment or requalification fmplies consideration of a structure part way through is original design Iife,
¢ There will be an established and at least reasonably well documented service history.
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+  Mill certificates may be available to provide better material information than available for design,

» There may be inspection records.

* The structure may have deteriorated from its as-installed condition and the structure may have construction
defects not anticipated in i1s design.

» There may be accidental or other darmage.

* The remainmg required operational life may be less or greater than the original design life.

* The original design criteria and structure function may have changed during the structure’s life. For exampie,
better environmental data may be available or the structure may now be unmanned.

The foregoing sections consider the approaches available {1) to determine the distribution of loads within the
structure, (2) to consider the resistance to such loads at a component and system leve! and {3} to analyze load and
giobal behavior.

The economics of platform operation and assessment and associated time scales give structural engineers the
opportunity to use their ingenuity to minimize the cost of inspection, maintenance and repair, particularly as assessment
approaches are not fully codified and safety factors or target risk levels are not prescribed.

At scveral instances in the foregoing sections, reference is made to the need to consider partial safety factors, and
their sensitivity to the input data and risk levels.

It is assumed that the operational, safety and environmental targets will be established by other working groups.

t

Is assessment (or design) of structural components loaded primarily by environmental loads reeded Jor aperational
environmental conditions? (Issue #15) (see Issues #14 and #16)

Risk analyses will indicate critical loading scenarios for evaluation. First pass structural analysis will demonstrate
the criticality of components for each case. From this analysis the components may be ranked according to importance
within the intact structure. Reserve strength or redundancy analysis may be required to further evaluate the effect of
overloaded or damaged components. ,

What criteria should be used to rank the importance of components in extreme or accidental {oading events? Level
of overioad? Alternative load paths? Strength utilization? (Issue #16) (Marshall 1992)

As a siructure ages, its reliability may reduce, but inspections of “critical” areas may increase coufidence and
enable new assessments of reliability to be made. As a structure nears the end of its fife, the probability of its being
subjected to an extreme event diminishes, though the annual visk remains constant,

Is it practical to establish target reliabilities for requalification acceptance criteria? Can calculated probabilities be
expected to represent actuarial stagistics? If calculated probabilities cannot be used for acceptance criteria, whet is
the best alternative measure of acceprability? Should there be a simple guantified measure?

Should “target reliability levels” be modified to account for remaining length of life? (Note that the AP approach
does rot address this point explicitly. The API approach adjusts acceptance criteria based on compseguences) {aus
#17) (Tiras and Banon 198%; Plermaiti of 21 19903 *

Mitigation
Once mitigations are shown to be necessary, there are three aliernatives:
« reduce loads,
« mcrease sirength, and/or

= modify consequences of failure.

Load reduction methods nelade:
»  marine growth conrol,
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« removal of unused conductors,

¢ removal of unnecessary conductor guide framing or modification to reduce hydrodynamic loading,

* removal of redundant installation aids (e.g., pile guides, launch rails, launch trusses, lift attachments),
« topsides load reduction,

+ deck elevation or refocation of cellar deck equipment to higher elevations,

= removal of unnecessary appurtenances, boat iandings, walkways ladders, etwc.,

+ consideration of shielding effects, and/or

+ prevention of scour.

Alternatively, strengthening may be necessary. Any repair project will be very structure specific. The ability to
obtain accurate underwater data will be a primary consideration in selection of the repair method. Diving and other
underwater or atmospheric working condittons will also affect the method of repair. Once such constraints are estab-

lished the repair method can be selected and designed. The following are some of the methods available:
« welding (wef, atmospheric, cofferdam, hyperbarie, friction),
= clamping (mechanical, grouted, stressed grouted, pressunzaﬁ neopren& lined, resin, short and i;mg bolted),
= grout filling {(members, jolnts, annuli, piles),
+ weld improvement (grinding, peening),
» defect removal {grinding, arrester holes), and/or
"= adhesives.

The succf:ss ef rcpairs is c:fz:asa%y imkcd ie: careful consideration of the mstaliatmn conditions anti c&pabdztws
This includes:

* diver capability,

« installation aidshmpeciiments

« . lifting/rigging capacity,

« ‘sea conditions (waves current)
. isibility, and

s ROV capabilities,

. P 1, ) post installation inspection. Existing 're;}azr
" methods have an exirémely good 'mcerd‘ for reha’bﬂtty and'many have achxevad upwards of 10 years service in the ;
North Sea and elsewhere. - : ‘ : D
An aiternamre o mciucmg Eeazimg nr ;ucfeasmg strexagth 1s mediﬁcaﬁ{}n of the consequenae af faﬂara There are

thre& facters to consxdar Ixfe»safaty, envzmnmentai conseqﬁence and economic mnscquence While all three are
reimed fasinrg ! nsec;_uence may be aéﬁr&ssed &e;pamtely Tha f‘cilowmg mmgatmns can be censzdered
) * reduce manning levels s o :

.. de-man during extreme events (as in the Gulf of Mexxco} ' ' o
o umnannar:i piat:fcmn {remat& ﬁpf:rath;) Vemfy adequacy for tmze bemg manned
S ma :mme ermronm&niai cﬂnaequemeg o ‘ . o
o o downhaie safety shutdown valves for ﬂﬁng wells

p}peime shutdown valves
~ remove any large oil storage vessels on the platform
® s:;aﬁsz der economic consequences of fallure
. move key facilities to other “safe” platforms
" re-drill af other locations instead of platform under consideration
ceist versus tisk economic trade-off considering field life, reserves, stc.

Mitigation measures have varying degrees of ¢ffectiveness and reliability. Which measures are relatively ineffective
and which need substantial development work to be reliable? (Issue $#18) (Martindale et al, 1989; Kallaby et al. 1993}

Design and Construction for Assessment and Requalification

Agsessment projects are frequently hampered by lack of information which could have heen readily collested
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during the design and construction peried. The design should be undertaken against the background of target
reliabilities and design lives and therefore the inspection and requalification programs should be a design consideration.
The opportunity can be taken to adjust the design to minimize the inspection effort required to achieve the on going
relinbility requirement. An example is the specification of high minimum fatigue lives {e.g., 10 x design life) for which
some European Certification Authorities allow significantly reduced joint inspection.

{n any event the preparation, archiving and preservation of important design and construction data have negh-
gible cost implications, if planned into the project. Information which should be preserved includes:

+ design basis,

» design report,

*+ data files for design analvtical model,

* analysis resuits (member forces, member and joint utilizations, fatigue lives),

« plate mill certificates,

« coupon test results,

»  weld procedures and procedures test results,

»  hnpact test results,

« fracture test results,

* material usage records,

* NDT records and details of fabrication defects, and

<  as built dimensions.

The data can be stored in elecironic form and paper records can now be scanned very efficiently into a knowledge
base using optical character recognition software.

What amount of structure archiving can be automated? Is it practical to establish standards Jor archiving based on
emerging storage devices? Is there existing software that can be used ta put all the information on a single ROM,
including photographs, etc.? (Issue #19) (Billington and Vasudevan 1992)

Summary of issues

The nurmber of reference dealing with “issues” raised in this working group document are considerable. Some
references relate to several of the “issues” and it is intended that together the papers should give further background to
the debates currently surrounding the assessment and requalification of structural elements and systems and the
available analytical techniques. A more complete set of references related to assessment of existing platforms will be
included in the new Chapter 17 of the AP RP2A-WSD.
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FOUNDATION ELEMENTS, SYSTEMS AND ANALYSIS

Tames D Murll, Eceon Production Research Co.
Suzanne Lacssse, Morweygian Geofechrical Institute
Alan G. Young, Fugro-McCleliand Enprs,
Working Group #4

Scope of Workshop Discussions

The purpose of this paper is to identify the significant foundation related issues affecting the assessment and
requalification of offshore production platforms. These issues will provide a format for de%azia{i discussion by work-
shop participants. Specifically participants will atterpt to define for each issus; SRRk

< The state of the practice

« Major deficiencies in the practise

* Recent sdvances or on-going work to improve the practice

«  Directions fm‘ future vesearch and d&V&i{};}fﬁéﬁt

There are meny g}fehiems n &f?simre fgﬁﬁ&aﬁm daszgﬁ practice thm are common to thc«se ef agsessment of
existing structures. Furthermore, there are many foundation issues that overlap with the subjects of other work Eroups
sirch ag Ec}azimg, structural interaction, etc. A full discussion of such topics within the brief allocated time is impractical.
Therefore, in the foundation sessions, attention Wxii be focused smetly on foundai&on issues that are paﬁzcui&riy
pemneﬁt to the requalification question. .- v b 10

.. The anthors have chosen o group the dxscusszims u:udgt three major mpms eazh wath a set c::f issues to be
dzscussed at the workshop: :

+ data gaﬁzermg zﬁé review .

e HSRESSIIEnt s £ va

o upgrading zzp%ams

As indicated above, not all issues could be included. We believe that it is prefﬁrabie to have & more thomugh
discussion of # few issues th&n su;}arﬁssmi}y cmf@fmg ail aspaazs B NS SRR ¢ oy

: '-D&%a aat%sﬁﬂ%%g aﬁd R&wew

“The first step in asselsment c;f exasﬂz;g f@u&é&tmﬁs iSto caiieet aﬁé teview' ﬂfiﬁ avaﬂabia data ﬁmt per%am to
‘present conditions. This includes & wide range of ihfortmation and i§ discussed 1 more defail in the following para-
g}‘aghs

Sits datn §§°§§ @éﬁgf §§§§§§§§ {femm&%ﬁgﬁ&ﬁ R et e
A partial list of the information that mdy be usefir] in an assessment is as fi}i%}wg
= Zhallow seismic, side scan, f@gz@ﬁﬁz soil borings and in-vii tests '
« Reglonallocal geology
" Boil boruwgs af the sfe-nuanber, location, depths ele.
= (ectechnical data reports
« Site information from neighboring structures
* Bias and uncertainty in the design parameters
* Hazards considered in the design or new ones identified
« Analygis/design models and calculations

For the purpose of this discussion let us consider two situations: eritice! elements of the above information are not
avaitable or do not meet ‘new design’ standards and the basic design information is 2dequate.
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The first situation inevitably engenders considerable ‘soul searching’. A key issue that must be addressed in this
Case is:

To what extent should indirect information such as geophysical, regional trends (e.g., data from nrearby sites),
geologic history, etc. be used in establishing analysis parameters such as strength, density, ete.? In the Gulf of
Mexico? In the North Sea? Discussion of this issue should include ancillary questions such as how far from an
actual boring can extrapolations be made? When should a new boring be recommended? Can minimium strength
profiles be established for a given geologic setting? (Issue #1-Use of Indirect Information)

The second situation is not always straight-forward either, A key issue here is:

What parameter corrections are justified where ‘old’ methods of sampling and testing were used in the original site
investigation? For example, is it appropriate to apply corrections to data Jrom driven samples? From unconfined
compression tests? What should be the standards for parameter determination? To what extent should “old™ {per-
haps inadequatej analysis models/correlations be considered/corrected for? {e.g., pore pressure corrections for
CPT?) {Essue #2-Assessment of “Old” Site Specific Data)

Censtruction Records and Geotechnical History

After the structure is installed and has been in service, the engineer has access to more information than was
available during design and, thus, may have a basis for modifving the foundation model. Constraction records (if and
when available} should indicate structure and foundation revisions that ocourred during construction and instaliation. In
addition, these records may help to assess the design assumnptions, ¢.g., location of end bearing sand layers from pile
driving blow counts. The foundation’s history, such as survival of storms, instrumentation records of structural re-
Sponse, pore pressure response, etc., can also be valuable sources for verifying/revising design models and assump-
tions.

The following information is useful for evaluation of all types of foundations:

* Structural modifications (e.g., may affect foundation load distribution}

* Historical platform loading (deck loads; drilling loads: estimated wave, wind, current, ice and earthquake

loads) and relevant checks of component capacities

* Instrumentation (accelerometers, strain gages, pore pressure transducers, ¢e.)

* Remedial measures taken during installation

¢ Observations during platform operations such as scour depths

The following types of foundation information are specific to pile foundations:

* Integrity of grouted connections for piles (e.g., pile sleeves for skirts, sleeve piles for drilied and grouted
inserts, etc.) such as indications of visible grout returns

« Incidences of jetting, drilling cut plugs, drilling pilot holes, etc. to advance driven piles to grade

* Installed pile lengths and wall thickness schedules, particularly as they differ from design ,

* Pile and conductor driving records including pile driving hindcasts where available

In maost cases, particularly in mature operating areas, pile instaflation is carried out essentially as planned,
Furthermore, pile and conductor instailation records are often among the data that are preserved and retrievable. These
reeords, for the most part, contaln blow count vermis depih recordings plus notations of add-ons and other delnys.
Further, any remedial messures required to advance the pile are usually noted such as Jetting or drilling pilot holes. As
such, these data are an important potential source for verifying and/or improving the axial pile capacity desipgn modal.
The considerable controversy regarding the interpretation of such data EIVES Fiss 10 & Kev issue:

Should pile installation data (blow counts, instrumentation, locations and size of pilot holes etc. ) be used to update
axial pile capacity estimates? What are the limitations of such revisions? How does installation dats relate to long
term capacity? Is restart or retap duta more appropriate? (Issue # 3-Use of Instaliation Data, Pite Foundations)

The following types of mformation are specific to shailow foundations (e.g., gravity structure foundations, jack-
up spud cans and mats, anchors, mudimats, i)

* Installation records including skirt penetration, under base grouting,

*  Foundation performance over time including scour, long term setilerment
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+ Settlenent during severe environmental loading
* Instrumentation results including pore pressures during loading and accelerations (for stiffiess assessment)

Feor shallow foundations, observations and response during installation and during subsequent environmental
foading can provide useful indications on foundation behavior under different conditions. These can allow one to verify
design assumptions. Back-caleulations are not always done, instrumentation results are often Hmited to data reduction
without interpretation in terms of the observed data significance from the foundation response point of view,

Should foundation engineering also include a reassessment of the soil parameters from the results of observations
during instaliation or later on in the life of the platform? Should the parameters be adjusted to reflect an “as
installed” foundation in case specific events or penetration observations suggest that changes may be warranted? If
s0, how can this be done? Should pore pressure response be compared to what is expected on the basis of the
assumptions made when defining the soil parameters for the different components of the foundation analysis?
{Issue # 4-Use of Performance Qbservations, Shallow Foundations)

Physical Survey Data of the Structure Foundation System

: A physical survey of the structure and foundation during the platform’s life, and especially near the time of the
assessment can be very useful for updating the foundation model. Any change in the structure can give rise to changes
in the load distribution in the foundation. An inspection of the seabed in the proximity of the structure’s base can be
useful in evaluating the contribution of mudmats and horizontal framing members to the strength of the foundation
system. The existence of scour (or lack thereof) around piles can be helpful in updating design models. It is particularly
helpful if periodic survey data (e.g.. ROV) is available to assess long term trends or changes due to specific events
(e.g.,t espeaia&ziy severs smrms, harsh winters, etc.} :

AQ%&Sﬁm&ﬂi

ﬁavmg acqmmd the ava;iabia data for aﬁaiysxs the next step is to carry out ihe assessment(s) “Three sequennal
analysis checks of existing structures have recently been propased (Draft Revisions to API RP2A for Assessmem of
. Ex:sim Piatfem:s} screening analysis, design level anaiysm anr;i uinmte str gth zmalysxs For
w s&’“%r@& %‘i&i format wﬁi bc ade;ated here

Prior 1o wnéuetmg 4 screening Ievei anaiysxs, aTeview 0f the data is famed out to deie'rmme whether the
piatfcmn has been damaged, loading has increased, air gap has been reduced, of in general the design environment has
changed. If the environment is significantly different from the design assumptions then the screeniing analysis check is
skipped dad the design level analysis is conducted. I not, the screening analysis check is carried out. This simply
involves confirming that the platform was designed to a specified edition of API RP2A or equivalent. For this level of
checking it is appropriate to confirm that the design soil parameters are valid, e.g., that the platform location thh '
respect to the soil boring(s) is as assumed in the design. If the platfmm passes the screenmg Eevei check o fuﬁher
action is requived. If not, & design leve! analvsis is reguired. : o R

Levef 2-Design Level Analfysis:

For the purposes of conducting a design level analysis of an existing structure, the use of “nominal’ design
parameters as would be used in now design {as opposed to “best estimate’ parameters) is preseribed, However, during
the original design process, various conservatisms are introduced o account for unknowns and uncertainties that
inevitably ange in the copstruction, installation, and service of the platform. Furthermore, now platform specific
information as well 48 new research results may be available since the original design. I these instances it may be
appropriate to use the following in the analysis:

« Revised loads

¢« Revised soil parameters

« Findeasts of component behavior based on pile driving, skirt penetration, measurements, ete,

¢ Identification of all hnportant potentizl failore modes (especially identification of “new’ modes; ie., those

different from ones identified in the original design}

+  Mew enginesring analvsis including
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Steel piled jacket (axial capacity, laterally loaded pile stress anatysis, earthquake rEsponse)
Shallow foundations (bearing capacity, hydraulic stability, soil structure interaction, seftlernent,
earthquake response)}
* Probabilistic analyses to better understand the sensitivities of the foundation performance to parameter bias
and uncerizinty
+ Reconcile observed versus calculated behavior

Key issues in carrying out a design level foundation analysis are:

Should exial pile capacity determinations explicitly account for cyclic and rate of loading effects? If so, should
nominal faciors be used or should laboratory tests be the basis? What factors? What laboratory tests? Should
assessment include new developments (in favorable or unfavorable directions) with respect to pile capacity that have
been published since the design calculations were completed? To what extent shouid research results {recently
published studies) be used for the assessment (especially when results are in disagreement with current practicej?
(issue #5- Use of Recent Research Results in Pile Capacity Assessment)

What is the appropriate vole for probabilistic anulysis in foundation assessmens? Are estimated safety indices for
axial pile capacities believable? How should the acceptable reliability level be established (probability of failure or
safety index equivalent to a safety factor?). What should be done, if anything, to resoive differences in working
strength and LRFD design values? (Issue #6-Role of Probabilistic Analysis)

Level 3-Ultimate Strength Analysis

The third level of checking (for platforms that do not pass screening or design analysis levels) is to carry out an
ultimate strength analysis. This is typically done by scaling up the environmental forces for the design level event on a
nonlinear structural model until the collapse foad is achieved. This is frequently referred to as a ‘pushover’ analysis,
The general considerations are similar to those enumerated above for design analysis except that ‘best estimate’ rather
than nominal parameters are used and other known conservatisms are removed. An issue that is particularly important
for and unique to nonlinear analysis is .

What criteria should be used for modeling the lateral soil resistance along a pite for ‘pushover’ analysis? Should so-
called ‘static’ or ‘cyclic’ models be used? Should a displacement fimit be placed on such analyses? (Issue #7-
Criteria for Pushover Analysis)

Upgrading Options

At some point during an assessment it may become apparent that remedial action of some type is indicated
(especially where a platform fails to pass the Level 3, ultimate strength analysis, check). There are 2 number of actions
that can be carried out to upgrade the foundation (or perhaps downgrade the requirements, e.g., de-manning} to render
it suitable for continued service. Among the alternatives are

« Collect new soils data (improved quality, more borings, closer to site, eic.) fo Justily more optimistic interpre-

tation

Ingtall instrumentation to verify design/znalvels assumpiions

«  Set oriterin for shutdown, evacuation, sio.

*  Enhance pile performance

Hetap or pull conductors for piles if practical} w0 sssess capucity
Upgrade capacity by sdding insert piles or artificial plugs
Add ‘outrigger’ piles
« Enhanoe shailow foundation performance
Add berms around base of structure
Add scour protection
Add piles in skirt compartments or around periphery to enhance sliding stabitity
Add ballast fo structure 1o enhance overturning or sliding stability

A key issue regarding what is often considered one of the first Hines of defense is as follows:
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How does the founduation engineer prioritize ar weight the competing factors in kis recommendations to the awner,
such as: safety requirements; the reality of having a structure that is already installed with a safety factor below
standard or with key pieces of information missing; the expected conservatism built into parameter selection and
assessment methods; the huge costs that may be involved: the uncertainty in effectiveness fand even risk of making
things werse) of the proposed remedial action (e.g., How effective are remedial measures aimed at strengthening
piles such as adding inserts and grtificial piugs?). (Issue #8-Remedial Measures }

Closing Remarks

There are many actions that can be taken during the design, construction, installation and service life ofa
structure that can facilitate its subsequent assessment and requalification. As such, assessment requirements should be
made a part of the plan from inception. A carefully thought out system of archiving pertinent data, calculations,
measurements, and inspection results throughout the life of a platform, is one of the most important aspects of such a
plan. Such a system is greatly enhanced by a clearly marked trail over the life of the structure indicating what decisions
were made and why. Effort spent on the front end in this manner will inevitably pay for itself many times over.
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OPERATIONAL CONSIDERATIONS

Ken Arnold, Paragon Engineering Services, Inc,
David Bayly, Pell Frishmann Engineering, Ltd
Mike Craig, Unocal Corp.

Warking Group #5

Operational issues-—Definition and Intent

.- What is meant by ‘Operational Considerations’ in the context of this workshop on aging structures is addressing
risk sources to a functioning offshore production platform that are unrelated to overload of the structure from the
natural environmental hazards of storms, earthquakes and ice.

It means the wdentification of ‘non-structural’ risk sources capable of causing injury, pollution or destruction of
the structure - what type of riske, how p{)tﬂn&zaiiy damaging, what are their likelihoods of cceurrence, and what mitigat-
ing measures control them, .

Such rigk sources can be the méar~perf@mance of aging equipment - process equipment, dmimg eqmgame;fxi

- instrument and control systems, fire and safety systems, SCV’s and SSCV’s, risers, cathodic protection systems,

navigational warmng aids, and the deck structure itgelf
Such risk sources can also be the under-performance of the designers and Operators of this aging eqmpmem -

- which raises questions on such diverse issues as operator training and retraining, human and organizational errors,
safety review procedures, safety team makeups, operating and safe work practices, blowout control procedures, effects
of dmpped objects, weight control, inspections, walk-downs, evacuation procedures, and de-manning,

' The goal of this working group is to idestify the important ‘non-structural’ sourees of risk, their damage poten-

- Hal, their perceived likelihoods of occurrence, what is being done to control them, and where/if such controls need

improvement; ali in the confext of existing aging fas;;hzze:s The intent is to prcmde an awareness brief on these hazmds

It-is niot to provide an in-depth treatment of process hazards a subject which more than justifies a workshop of its own.

¢ :Issues are listed in what follows to promote discussion in the workmg session that should help achieve the above
stated poal. Also included at the end of this paper is an analysis of events from MMS file datz and MMS accident

st:atmtics These are presented to enhance discussion. o .

Operations Relfated Risks-Sources

' ‘The tisk of the loss of sléré*iﬁeé%;ﬁiiy of an f}?ér'aﬁng ?rédﬁé%ieﬁ?fﬁti‘aﬁﬁz’éﬁéﬁuﬁéé many components that are
unrelated to storpy, sarthquake or ice overload. Figure | from APIRP 14] Dresign and Hazards Anaiys;s for Offshore
Production Facilities tlustrates some of these sources. The figure attempts 1o fd nitify operaiwﬁai sources which cmz%i%
lead to an svent (poliution, fire, explosion, or injury).

Does thus figure @fi&g&;ggigéy f@g?‘g&gﬁz risk sources for production f@fﬁé’é@g‘f? ig f%ﬁfe “ g%eﬁg? way af gggﬁ%ﬁgﬁg
swzgif Toant sources? Jesue 81}~

Car inls figure be modified fo include driliing and workover activities? How should ¥t be modified or how can this
be identified? Are Mlowouts age-velated? (fssue #2)

Does the figure adeguately represent visk sources from construction and maintenasice activities {concsirrent with

production, or otherwise)? Con the figure be modified, or is there @ botier way to idotify these sources? Is concir-
reni constraction aolivity g major culprii? ssue ¥3)

Page 109



Vessel
Overfiow

Equipment Failure

* Inflow Exszeds Duiflow®

& % ¢ @

® Overpressues®
ek

Coirosion

Erpsion

Miintesance
Excessive Temp,
Hit by Objeot
Faterisl Cuality
Suiden Failure of
A dechamical Besle

Opening A
Closed System

& Valve Operation

Vet / Flare
System [ischarge

@ dradequaty Sorebber Bire
@ Sorbber fow Exceeds Outflow*

I

Ay
Pollution

* OBOURCES WHHH CAN BE ANTICHPATED BY
SENSIMNG CHANGES Id PROUCESS CONPITIONS

Figure 1 Hazard tree for production facility.

Injury

il Egcaping
! Spill iy 1 !
Inadequate Dleck i e i Ady Asphyxiation
Dinén Systean M ? Pollution Poisoning
i
Water Fuel
Poltution
tgnilion
Onygen ]
i Spurge
® Lightning * Frayhbok
® S Eleswieity # Mot Swisces
@ Eleceriesd Shoot # Exhaust Sparky
® Electrical Sparky & Open Flomi
w » mﬁ&m%:n& # Fire Tube*
Firg Expiosion
| i I | 1 i
Elestrie Physical Large Asphyxiation/ Huens Tnbilary
Shock Impact Fire Poisoning i o Brenpe
* Lightning * Fali Insulficent or Inoperablie ® Gas Leak in Confined ® Hot Surfaees # Plockid Enoage Roubs
o Eloctricsl Shor * Tripping Fiee Fighting Equipmuent Space ® Flare Radistion w bnsndficient Lighiing
¥ nsdogaste Cround * Slip on Siick Swrfsces Wring Eocation of ® Leak of Toxic Chemicals [@ Buming Fliids w feeppewpeiste Soovivel Capiuie Design o Locttion
# Expowed Live Comncotions |9 Hit by Object Fit Eawipment # Discherge of Fire & Lk of Fiee Bunber
# Owerpetssurn Tnubility w0 Shat off Fuel Extinguishing Agene o B Lash of Advgus Warning
B Cranes Lack of Adequate Lonlttad Space Lk of Coniasmsloniess
# Bonis Warnixg * Smoke from Fires @ Lok of Vg
& Helioogder & luadwguete Vegbying

Page 110



Should the figure be modified to include the potential effects of ship collisions and dropped objects, or should they
be referenced clvewhore (draft API RF 24, Section 18, Accidental Loading)? Are dropped objects a real rish? Are
riser guards effsciive? (fasue #4}

Should the figure include risk sources from organizational and human (operator) errors? (Issue #3)

Where are potential shortcomings in the deck structure (and even in the jacket structure} addressed or referenced
(APT R 2A Section 18, Fire & Blast)? Where is maintenance of adequate cathodic protection addressed? What
about weight conirol? (Issue 86}

Which are the more important of these risks? Do we have adequate data? Do we need more data? Is age a factor? Is
this figure relevant for the ‘assessment’ of existing facilities? ({ssue 7}

The object is to identify significant risk sources (risk = consequence x likelihood}, considering all aspects of an
existing production operation - production, construction, maintenance, drilling, workover, etc., and to develop a logical
framework for their further review. This may be in the form of API RP 14)'s Figure 1, or something different.

Operations Related Risks- Likelihoods and Mitigation by Design

The likelibood that & source will develop into an event may be 2 function of several design-related factorg,
including the age of the facility, the complexity of the process, fluid properties {pressure, corrosiveness), the degree of
documentation of material and construction QA/QC, the codes and standards employed in design, the hazards analysis
and saf&ty case techmques ampic}yed and whether the facilities are des:gncd for manned or unmanned operations.

{Tﬁﬂ we zdermf}’ dgﬂgﬁ reéaéeé f&eg‘o?s wfueé: aﬁ'ea tize itkelthootf of a smmfe developmg mtg M wgn,t" {Iss:m #3)

W&at qzwniztatwe or qualzfafwe wztfmce can be used to zﬂd in devefopmg proéabdaws? Wimz‘ are the uses af fﬁdam
:5-n:dﬂf3§§$&§‘ {gmﬁﬁ g;‘c}?gggggg “#ﬁ} L T P SO L K : s e e

. £}0 cas&%efzef it w!gsu}mizz;;s mst in determining the effort !o expend on anafyzmg rrsks? {Issue #1 t)}

f)paratian§ {ﬁeiazed ﬁi&ksf-aéiﬁ-fgaﬁm by 8&?&Ey E@anagem&ﬁ ‘

Safety Efi&nagﬁmeﬁt clements mveive maﬁagmg the eperatmns eccumng o the piatf@rm which ate g&aemﬂy
unrelated to ‘the' spemﬁcs of the ﬁesagn itself. These elements are explained in APTRY 75, and inciude: ~ -

< Safety and Envzmmmta} iﬁfemmﬁsﬁ

o Hazards Analysis ~

+ ‘Management of Change

» Operating Procedures

= Safe Work Praciices

s Trating B

* Assurgnce of i@s&zﬁﬁ} asid s’i%f?iac%zg&{aﬁ Integrity of Critical Equipment

+ Pre-Start-iip Review

« Emergency Kesponse and Control

+ Investigation of Incidents

+ Audit of Safety and Environmental Management Program Elements
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The extent to which these program elements are in place can affect the likelihood that a source will develop
which could turn into an event,

Are ather program elements needed? (Issue #11)

What abjective evidence exists to show that these elemenis reduce risks? (fosue $12)

How to measure the degree of compliunce with these elements? (Issue $13)

Hazards Analyses. What triggers such? What are their appropriate scopes and frequencies? (Fssue #14)
Management of Change. How is this process implemented and audited? What are the right roles and responsibili-
ties?

Is this the key 1o aging-independence? (Issue #13)

Mechanical Integrity Mainterance. What are the focus aveas, frequencies and scopes? Are visk-based inspection
and maintenance {Asset Integrity Management) programs justified, especially for short-lived operations? How else
to justify the I&M costs (show they result in significant risk reduction)? Does ‘mechanical integrity’ include that of
the jacket? Who is responsible for the maintenance of subsea cathodic protection? What of the effects of new tie-ins

of pressured production? {Issue #16)

How should the ervors by organizations and by opervators be quantified and better controlled? Should there be
minimum, mandated training and refraining requirements for operators? What should they be? (Issue $17)

Operations Related Risks - Consequence Controi Measures

The risk of a source developing into an event or the risk of a small event develbping inte # larger event can be
reduced by mitigation and control metheds. These methods can include layout choices, use of fire and blast walls, fire
fighting and control philosophy, manning decisions, evacuation philosophy, structural design considerations, etc..
Which mitigation and control measures shonld be addressed? (Issue $18)

Does manning reduce or increase risks? To what extent does manning philosephy influence design? Is there o need
for generic Safety, Health and Environment Management Systems? Is the issue safety or loss of a job? (Issue %19}

What are the goals of and design criteria for fire and explosion controbiprotection? What are the implications for
stractural desiprn? Issue #20)

Are there hard and fast rules for layout considerations other than those contained in API RP 1477 {Issue $21}
Have we learned anything from Sajely Case studies that have general application? Now that ¢ number of Safety

Cases have been performed, is there a demonstrated vationals to continue to reguive that they be performed in ol
imstances in the Motk Sea? fevue 23}

Operations Helated Risks - Potential Improvemenis

Improvements can evolve from a better understanding of operational risks and trade-offs. A better understanding
of probabililies and consecuences is needed.

How can we improve dain on Ekelihoods in g cost effective manner? When is detatled prabability enelyyis neces-
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sary? (Issue #23)

How can we impreve data on effectiveness of mitigation/consequence control measures? When is detaited conse-
guence analysis necessary? (fssue #24)

How can we betfer assess costbenefit relationships for attention to activities whick increase efforts devoted to safety
analysis and documentation? {Issue #25)

How can operators better understand the full, integrated risk to their facility (operational and stractural? (Issue
#26)

How can human ervor be better guaniified and controlled? (Issue #27)

Are there new products that can significantly enhance mechanical integrity evaluation or preservation (e.g., glass
Jfiber reinforced epoxy in fire water systems)? Issue #18)

Summary and Congclusions

Risk sources related to the operation of production platforms are identified, as are the measures used to control
themn. Questions on how to improve on this control are listed. These ‘non-structural’ risks appear 1o be more significant
than those associated with the overload of the structure from natural hazards.

jrm—

Page 113



FATALITIES RELATED TO PRODUCING OPERATIONS

YEAR NUMBER
1982 12
1983 7
1984 4
1985 1
1986 1
1987 | ¢
1988 0
1989 7
Total 32
Average/yr 1982-85 6.0

Source: “Improving Safety of Production Operations in the
U.S. OCS," Kenneth E. Arnold, P.S. Koszela and
J. C. Viles, World Oii, July 1990. '

Analysis of MMS Events File Data

Courtesy of Paragon Engineering Services, Houston, Tezas
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E LITIE 2-
FROM MMS EVENTS FILE

CAUSE OF ' NO. OF NO. OF
FATALITIES EVENT EATALITIES
Opening a pfessurized _

system for maintenance & ' 12
Drowning 5 5

Handling heavy loads
(including crane
accidents) =
. Fall from height
He!icapter e
Unknown'
lliness and heari attack
Electricai shock o ;
~ Vapors from drain ‘aes R
"**-r_-.i.-;:--_‘?:'rom. S

NOTE"‘ z= Supplyt boat cieckeﬁ at prmfucison p!aﬁarm'
expiadeﬁ " . g -

Scurce “imprwmg Safeiy ﬁf @mﬁucﬁm @g:aeratmﬁs in the
U.s. GCS Kenneth E. ﬁmﬁgé ? S Kasze%a aﬁﬁ é @ Vgiagg
World € g%_g Jul y 1990. | o -

Analysiz of BMS Evenis File Data

Courtesy of Paragon Engincering Services, Hougton, Tens
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FIRES AND EXPLOSIONS RELATED
TO PRODUCING OPERATIONS

YEAR NUMBER
1982 50
1983 65
1884 55
1985 58
1586 38
1987 35
1988 27
1989 15
Total 343
Average | 43

Source: “Improving Safety of Production Operations in %E‘;e
U.S. OCS," Kenneth E. Arnold, P.S. Koszela and
J. C. \g’séag, World Oil, July 1980. '

Analvsis of MMS Events File Data
Courtesy of Paragon Enginegring Services, Heuston, Texas
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EVALUATION OF EVENT LISTING FOR ACCIDENTS
CAUSING INJURIES IN THE GULF OF MEXICQ, 1982

NO. OF NO. OF

EVENT TYPE | EVENTS INJURIES
Falling from height 38 36
Handling of heavy loads

(including crane accidents) 35 35
Loss of footing/walking

into obiects y 25 25
improper use of tools or

equipment 17 17
Opening pressurized

equipment - 11 15

Engine/Compressor/Turbine
- maintenance and operation
~ Boat accidents
- .Sandblasting operations
Welding and cutting operations
lliness/heart attack
~ Walkway failures
" ‘Drain and sump systems
... Designviolations .
e Helicopter. aaméenis
-Electrical shorting -
_ Diving operations
Unknown

b
b

!wmw%i;bfﬁ_g}_m.mmnmmco_

lm... ik ki G B 0T 1O

el
- AF
s
"k&
o

. Source:. ‘improving Safety of Production Operaticns in %he
Rt & RT3 Sé% " Kenneth E. Arnoid, P.S. K@széia and
e g 03 %‘ﬁes World Oil, July %9% : e

Analysis of MMS Events File Data

Cosertesy of Poragon Engineering Services, Houston, Texas
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EVALUATION OF EVENT LISTING FOR ACCIDENTS

CAUSING POLLUTION IN THE GULF OF MEXICO

DESCRIPTION
OF CAUSE

Unknown

Drain and sump systems
Liquid discharge through vent
Handling heavy loads

Pipeline leak/failures
Equipment failures

Drip pan design

Boat collisions

Safety devices bypasses

Poor operating procedures
Welding and cutiling operations
Opening pressurized system
Electrical shorting

Improper tool or equipment use
Control component failure
Totals

Analysis of BMS Evenis File Dats

Courtesy of Paragon Enginsering Services, Houston, Tezas
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mmmwa}

CAUSE OF EVENT

Falling, handling heavy loads, etc. 209
Tank runover, ruptured hose 16
Electrical systems 9
Loss of well control 8
Pollution from mud cxreuiaimg system 5 S
Weidmg e LA

ﬁqu:@ment overpressure .
Premature firing of perforating gun 1
Boat collision 2
Unknown Y-

Analysis of MMS Events File Data

Courtesy of Paregon Enginesring Services. Howvton, Texas
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EVALUATION OF EVENT LISTING
FOR ACCIDENTS CAUSING FIRES OR
EXPLOSIONS IN THE

GULF OF MEXICO, 1982

NO. OF NO. OF
EVENT TYPE EVENTS INJURIES

Engine/Compressor/Turbine
maintenance & operation
Unknown

- Welding & cutting operations
Equipment failure
Electrical shorting
Opening pressurized system
Improper tool or equipment use
Poor operating procedures
Lightning
Drain and sump systems
Design violations
Sandblasting operations
Improper material storage
Liquid discharged through vent
Control component failure
Totals

R O O A RN
rond,
L

!QQOMC&%@@—LQQQMM

0
o2
R
on

Source: “Improving Safety of Production Operations in the
U.S. OCS," Kenneth E. Arnold, P.S, Koszela and ;
4. C. Viles, World O, July 1990.

Analysis of MIMS Events Flle Datla

Courtery of Poragon Enginzering Services, Houston, Texas
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i BLOWOUTS

STATISTIHCS FROM MMS §88.011
Accidents Associated with Oil and Gas
Operations {Outer Continental Shelf)

Al Type of Wells

Gas Wells w-moreeems 01 (70%)

Oif Wells ——mamrr 7 (5%)

Gil & Gas Wells -~ 9 (6%)

Gas/Condensate Wells 3 (2%)

Unclassified ~wwewmen 25 {17%)
k TOTAL 145

B. Operations at time of Blowout

Drifling ~-eeeneee 92 (63%)
Workover - 20 (14%)
Producing -—---—--- 24 (17%),
Unclassified —----- § (6%)

C. Statistics Breakdown

i

28 (19%) blowouts resulted in a fire and/or explosion.
9 (6%) blowouts were the result of drilling into a shallow gas hazard.

2 (1.4%) blowouts were the result of drilfing collision with existing (and
producing) wellbores.

3 (2%} vlowouts resulied from ships colliding with the slatform.
9 (6%} blowouts resuffed directly or indirectly from hurricane damage,

There was a total of 72 fatalities sitributable o these Bowows,

Statistics from MMS 88-011

i
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7. 12 platforms were lost from blowouts.

. During the period 1964-1986 there was an average of 2,190 producing
platforms in the Gulf of Mexica.

D. Blowoulg b rator
Conoco - id4 Cities Service - ?
Gulf - 2 Champlin - 2
Mobil - i1 CUNG - 2
Shell - I3 Kerr-McGes - 2
Amoco - g Marathon - 2
Tenngco - 9 Occidental - 2
Chevron - 7 Pan American - 2
Pennzoil - 7 Transco - 2
Union - 7 CAGC - 1
Sun - 5 Hall-Houston - 1
Exxon - 5 Phillips - 1
Placid - b Signal - 1
Texaco - 5 Sinclair - i
Mesa - 4 Skelly - I
ODECO - 3 Sonat - I
McMoRan - 3 Texoma - i
ARCO - 2 Trans Ocean |

FIRES AND BXPLOSIONS

There were 49 fatalities and 300 injuries in 744 fires and explosions that were not the
result of # blowout,

1 595 (79.9%} of the cases, there was either no damage or minor (less than $200,000)
damage (o either the platform or facilities.

A Weldine

Welding-related activities were the primary cause of 125 (16.8%) of the reported
fires and explosions. The vast majority of these accidents (approx. 80%) resulted
from welding shag falling on flammable material, usually hvdrocarbons in drip

Statistics from MMS 88-011
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pans or on the surface of the Gulf. The remainder were caused by welding
operations igniting fugitive hydrocarbon vapors or, in some cases, a welding
operator imadvertently cutting into a vessel containing flammable materials,
usually hydrocarbons.

E. Glveol Systems

Glyeol systems were either directly or indirectly responsible for 43 or 5.8% of
the reported fires and explosions, These accidents can, for the most part, be
characterized as resulting from glycol leaking or spilling on hot surface, usually
the exhaust piping of an internal combustion engine. In a few cases, these
accidents wers the result of a ruptured firetbe in a direct-fired glycol reboiler.

C.  Compressors

Compressors were involved in 140 {18.8%) of the fires and explosions. The vast
majority of these accidents occurred as the result of the failure of 2 COMPIessor
gasket or valve allowing leakage of hydrocarbons which were subsequently
ignited. In a few cases, the accidents were the result of using natural gas in the
starter motors without proper venting. In a few cases, fires and explosions
resulted when there was a catastrophic failure of a compressor head. These
incidents occurred as the resalt of human error, safety system failure or both.

D. Eiestrical

Electrical systems were the cause of 64 (8.6%) of the reported fires and
explosions. In almost every case, these accidents were the result of a short
circuit and the failure of a breaker to actuate. In a few cases, the aceidents
resulted from frayed wiring arcing and ignifing a flammable material or from
electric motors seizing, overheating and igniting,

B Lightning

In 14 (1.9%) of the reported cases, lighining was the cause of fires and
explosions. Every one of these reported accidents was the result of Hghtning
striking either an atmospheric vent pole or a tank vent.

E Bauipenen Failure

Siatistics from MIMS 88-011
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Equipment failure, as used here, is defined as the catastrophic faiture of a piece
of equipment which immediately results in 4 fire and/or expiosion. 100 {14.3%)
such incidents were reported.  These figures are exclusive of those equipment
failures discussed in other statistics (i.e., compressors and electrical systems).
Most of these failures fall into one of the following general categorios:

¥ Failure of  pump head, usually on a positive displacement pump.
2. Failure of 2 weld in a pressure piping system,

3. Failure of a pressure vessel or heat exchanger or some appurtenance
aftached to the vessel or exchanger.

Collisions

Of the reported fires and explosions, 5 {0.7%) resulted from a collision with the
platform of 2 vessel or in one case a helicopter. In one case, a service vesse!
rammed and broke the gas sales line which resulted in a fire. In the other cases,
the vessels themselves caught fire first and subsequently ignited the platform.

MisceHaneous

There were 247 (33.2%) fires and explosions of & miscelianeous nature whicl' do
not logically fall into any of the other categories. Examples of these types-of
accidents are: small cooking fires in the gallery, members of the crew igniting
flammable materials while smoking, use of unauthorized and flammable materials
for cleaning, water heater failure, sump fires caused by static electricity, eic.
Most of these fires were small and resulted in fitle or no damage, with the
exception of the water heater failure which resulied in 3 fatalities and extensive
damage 1o the guarierns.

Statistics from MMS 88-011
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CONSIDERATIONS AND CONSEQUENCES OF PUBLIC POLICY

Edward Wenk, Jr., University of Washington
with contributions by
Robert E. Kallman, Minerals Management Service
Allan Pulsipher, Louisiana State University
Working Group #6

introduction and Abstract

Those responsible for safety of offshore structures confront three primary enigmas; {1} How safe is safe? ()
Wheo determines this criterion and how? and {3} What strategies facilitate a workable and legitimate parthership
between the public and private sectors to achieve socially satisfactory outcomes?

Underpinning these questions are several realities:

* Offshore oil and gas resources are deemed by U.S. law and international treaty a common property resource
with the federal and state governments having a fiduciary duty to prudently manage the resource as a public
trust.

* Exploration for and developroent of these resources in the United States has been conducted by the private
sector motivated by traditional market incentives.

* The extraction process introduces such externalities as hazards to life, property and the environment that are
not always internalized by the operators.

* Risk mitigation must then be sought through public policy to supplement corporate policy on risk manage-
ment.

* Acceptable levels of public risk are social judgments embedded in policy, unformed by media, by expert
opinion and by political bargaining.

*+ Because of conflicts of parties at interest, efficient functioning to extract economic benefits with an acceptable
level of risk requires a partnership between the public and private sectors.

Context

Applying this perspective to offshore structures first requires illumination of twin elements of context— the
physical risk environment and the socio-political stage on which questions of risk management are settled. The physical
environment of surface wind, waves, currents and ice, and subsurface geologic structures imposes high unceriaimties of
ivading, fatigue effects and aging. Although engineering and management practice sccommodate these defining risk
variables, there are other strepuous, ambiguous and often competing exogenous factors which enter the risk squation.
For example, the market place for petroleum products dictates an economic imperative. Simultansously, social expecta-
tions and value norms call for rainimal risk to human Hife and 10 the natural enviro H i these require-
ments is not sumple. Because public and private inferests collide, professional practice is caught in the middie. All
patties must thus define what constitutes acceptable tisk. In other words, how safe is safe?

This gquestion becumes gven more perplexing because of two social dilemmas. First, human behavior is nejther
predictable ag for machines nor in accord with familiar clockwork precepts of causality, Secondly, the public has lost
confidence in its institutions and in expert opinion and increasingly demands risk management through government
reguiation. The outcome ultimately finds expression in public demands for accountability and legal tiability, both of
which conditions have vital economic and social consequences.
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Traditional Engineering Practice of Risk Management

Engineess and managers of technology typically reflect social responsibility of risk management through safety
margins to hedge against uncertainty. This practice, however, is limited to hardware components of energy defivery
systems. Moreover, safety has its economic costs. The practitioner is thus not free 1o adopt high margins arbitrarily, but
must grind through the risk-cost trade-offs. The parameter of time also enters the caleulus of risk, in that choices based
on short run costs may overlook a powerful reality, While safety costs money, inadequate safety may cost even more.

The problem is further complicated by uncertainties in the field which are beyond the control of designers and
managers. Extraordinary seismic, hydrodynamic or ice toading, deficiencies in construction and installation, human
error in operation and in organizational behavior, and material aging all have potentially significant consequences.
After such events or risk exposures, idealized structures may not be what they used to be. They are thus more vuiner-
able to failure even under standard conditions of service. Because risks may increase, we turn to their anticipaiory
management. This is one of the most basic attributes of public policy.

Public Policy and Politics

Operational products of public policy are brewed from social needs or wants in a crucible of politics, Warfare
erupts between interested parties, sometimes informed by history, sometimes inflamed by the media, sometimes driven
by a highly stressed society inclined to sue for damages, but sometimes tamed by processes of bargaining. The out-
comes depend both on the values held by different interests and on the skills of leadership in building consensus,

The messy and arcane system for making public policy amidst the hullabaloo of political decision making
contrasts with the cold style of reasoned engineering design.

An appeal to rationality requires asking, “rational for whom?” Contributing to the heat of argument is the high
diversity of viewpeints within the United States, exacerbated by a corrosive adversarial atmosphere, with threats
looming of costly lawsuits. In turn, this overhanging threat can lead to uneconomical measures of defensive enginecer-
ing and to administrative atmospheres which instruct personnel fo deal with perceived errors by an unstated policy of
“don’t ask and don’t tell.”

This theatre may be an anathema for those who grew up with slide rules at their sides. Not surprisingly, technical
managers shy away from examining political dynamics as though “politics” were a fundamental flaw in human affairs,
As engineers study psychology and sociology, they recognize that all aspects of human interaction involve politics—at
every scale from family, to work environment, to the nation, to the planet.

Safety as a Social Judgment

It may be surprising, therefore, to leam that engineering design and policy design are remarkably similar. Both
sets open with a statement of requirements. Both operate within certain constraints of natural law, administrative law, or
economics. Both developments are nourished by faciual information. Both reveal meompatible conditions in design
which must be reconciled by the art of trade-offs. If these parallel qualities were more widely recognized, all parties
would understand how the technology-intensive policy process in both government and industry is a fundamental part
of the design of technological megasvstems

Most dramatically, englncering design and policy design converse with the fundarmenial guestion, “how safe is
safe?” Adequate answers cannot be found in mathematical equations or observations of natural phenomenon alone,
Almost universally, engineers deal unselfeonsciously with danger by applying margins mandated by safety codes.
Seldom are they moved to question why the numbers are four instead of three or five. Seldom is it explained that
margins to assure proper functioning and safety are empirical, usually iterated from lessons taught by failures.

Over time, practice reveals what levels of risk the public will accept. The political system responds accordingly
employing the art of compromise. Inevitably, so does corporate management and its response with internal policies for
risk management are even more significant than the more visible polivies set in the public domais. This dstingtion in
scale of influence is drawn because corporate policies are implemented continuously while public policies can steer the
system only in the wake of sporadic inspections or accident investigations,

Clearly, determining how saft is safe is a social judgment beyond the purview of expert knowledge. Moreover,
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what is deemed safe at one time is subject to violent amendment in the aftermath of calamity. Indeed, the full range of
impacts and impacted parties are often not known anti] 2 technological system is agitated by a serfous aceident. Then
we witness with a sharper vision those elements which heretofore were obscured: which parties are the source of risk
and which the recipients, including innoeent bystanders who were oblivious of exposure. We conduct postraortems to
establish cause and, most importantly, interpose messures of preveniion. Acceptable risk extracted from public expres-
stons in the political theatre ultimately is crowned by adoption of both public and corporate policy. No pelicy choice
has the comfort of the product proving immutable, o o
Despite the inherently political nature of defining acceptable risk, it would be foolish to expect each source of
risk to be subject to a public referendum on safety. Our system of governance depends on public policies being made -
through representative government. They ate then interpreted and implemented by executive branch agencies through
regulation by administrative rules. ' R s o
This policing side of government inevitably triggers hostility by those regulated. Thus emerges a combative
atmosphere between the public and the private sector that can block productive problem solving. On the other hand, the
absence of stress may signal a pathology of one advocate completely dominating the process. Excessive tension can be
similarly unproductive. Uncomfortable it may be, but we are obliged to accept the notion tht every technology entails
risks, and that their resolution inherently generates conflict. : Te ot

Redefining Technology as a Social Process

With that perspective, it becomes clear that both design and operation of offshore structures demand accommoda-
tion of parameters beyond the purely technical. Understanding the problem may be advanced by thinking about how we
think about it. Since we are dealing with technology, consider defining technology as a social process. While every
technology has a core of specialized knowledge, it is more than hardware, more than planes, trains and automobiles, or
offshore structures. .~ . . - L : CERRS e e SE

Every technology encompasses software and socialware. As in'Computer lingo, the software can be visualized as -
the operating insiructions for 4 specific technological systern. These may be highly detailed for the hands-on function,

coursing through the systern that emanate from -
leve he rew: , 0 attitudes toward short term
profit versus long-term. In addition, there are operating instritctions from government in the form of regulations. "

The socialware referred to eatlier comprise institutions that write the operating instructions and ménitor their
employment. In the first instance, thesé aré government regulators and industrial producers, but also significant are
public interest groups. NESRTRE e _ _ R T £

- - The point is that “safety” is a productiof both sees of opérating instructions, & syuthésized sotial process that Y
reflects both commercial and public interest. Heally, we can imagine a single set of instructions prepared by industrial
management in which all of the untoward externalities of high social consequstice have been integrated by the ownérs
and operators. Regulation would then be unnecessary. Unfortinately, history teaches that while we honior the Gapitalist -
economic system which animates the hardware component of every technology, and whils the overwhelming majority
of these systems perform with acceptable risk, there have been enough cases of neglect or bald abuse a8 1o warrant ©7
protection of the public by instruments of regulation. Incentives are too narrow for industry to internalize risks béyond -
the envelope of the firm. 000w S Lo '

Risk management becomes all the more intractable in flelds subject to economis hosm and bust, teflec

dramatically in offshore platforms by the sumber being sold, moved and possibly poorly maintained. 0 0 e

- But there are also other more subile and more powerful instructions coussing thi
. industrial management at all levels. These may constitute the reward system of inandgers

Evolving Public Attitudes Toward Risk Management

Trends of government regulation so conspicuous since 1970 can be explained both by the proliferation of
technologically-triggered risks, and by lowered tolerance of the public to accept artificial risk as compared to risks
injected by natural phenomena. This cultural shift contrasts public attitudes toward a beneficent teclmology, During
World War 1f and for several decades later, the major question was, “Can we do 177 Arsund 1970, the guestion shified
to “Should we do it?7” The theust of this paper flluminates a new pair of guestions: “Can we manage (17" and “Can we
afford 7"
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A sensible balance among public and private management interests has offen been disabled by highly vocal
groups that react to risk exposure on general principle without considered Judgment on a case-by-case basis. Some
enter the lists only from alienation or institutional seif-interest. Moreover, examples abound where the estimates of risk
by experts and by the public are in sharp disagreement with smoking and nuclear power as two prime examples. The
problem lies not in ambiguities of data but in the lack of rrust because of technical illiteracy, breeches of ethics, media
exciiation and because of the gulf in risk tolerance between perceptions of all parties of voluntary versus involuntary
risk, The act of reguiation simply reflects the fact that economic incentives, harsh as they are, are not alone sufficient.

All too ofen, the act of regulation carries a burden of hostility to government. For years, industry has marched to
a slogan of “get government off our backs.” The paradox is that many of those complaining were beneficiaries of
governmental largesse. Indeed, from our national origins two centuries ago, government has responded to requests of
the private sector for subsidies, tax write-offs, even total bailouts. The national interest requires a viable economy
through private enterprise.

Closer examination reveals government involved in technology in vet six other ways: defraying social overhead
by funding research, development and technical education; fostering innovation a8 a customer of defense-related high-
technology; and funding major projects such as highways and dams which are beyond private purse or risk acceptance.
Most important in the current context are the roles of government in managing the economy by tax and fiscal policies,
and as steward of the public trust, those common property resources such as offshore oil and gas. Then, of course, there
15 the role of regulation.

A deeper comprehension of the symbiosis between government and technology could suppress hostility toward
government regulation by those who believe that the invisible hand of the market place operates for overall social
benefit so that the best government is the least government. For many decades, analysts have confirmed that socially
efficient utilization of oil and gas resources will not foflow from the calculus of the free market, The literature is full of
examples of how this industry distrusted the free market and resorted to monopolistic practices. Policy making,
therefore, requires a harmony of public and private interests to which long-standing prejudices can get in the way.

Policy for Risk Management

The design of public policy, like engineering artifacts, must begin with facts. So, then, must risk managerment
policy. An opening wedge in the policy process is for ail sides to seek a data base of casualties on which they can
substantially agree. This is not as straightforward as it would appear because the presence or even threat of lawsuit
chills good intentions of sharing information. Nevertheless, without basic information on platform performance, policy
is likely to evolve on the basis of negotiated self interest where the appearance of compromise is vulnerable to subse-
guent revelations. A second principle in policy design is to face a harsh truth that safety costs money, at least in the
short run. In the long run, accident prevention may prove the most econornic strategy. Public policies must take account
of private costs, but the debate between public and private interests should be moved from the termnpting and familiar
stance of short run costs to examine the longer run profit, Moreover, failures now provide a baseline of total costs from
harm to people and to the environment. This proposition, incidentally, to illuminate the longer-term dimensions of the
safety/cost trade-off is not ideoclogical. Policies atways bridge fhe present and future because of the fong time clapsed
between problem identification that spawns policy, its design, political bargaining, and enactiment, to implementation
for goal achievement, The National Environmentl Policy Aot of 1969, NEPA had its roots expased in 1962 and was
resolved in an extraordinarily short time because of unusually strong public sentiment that drove the politicat came
paigns of 1968. A major cultural shift occurred. Much later in 1993, legal repercussions still require policy refinement.
It is impossible to deal with policy as though it were a short-run, economic phenomenon.

That National Environmental Policy Act which engendered so much subsequent antagonism contained & number
of principles which have proved durable in underpinning policy for risk reduction. These include:

*  The role of facts about risk: what we know and what we don't know but should.

«  Generation of alternatives which embody lower risk.

 Identification of stakeholders.

¢ Hstimate of consequences of each alternative by asking “What, if?”, “When?” and “To Whom?"

+  Upportunity for input from sl stakeholders, BEFORE sotion,

¢ Identification of trade-offs which are present in all options.

in addition to thess steps, the social history of the issue is sssential to generate 2 context and perspective for
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effective generation of policy,

In short, five streams of information are required: Goals; 2 map of the technological delivery system, its institu-
tional components and their interlacing; existing operating instructions; data on past performance; and identification of
options and their estimated impacts on different stakeholders,

What confounds analysis of offshore platform risks is the low frequency of casualties. Those situations character-
ized by low frequency but high impact do not yield readily to methodologies of probability nor, frequently, the public
process. Since there may be few failures in similar structures to leam from, the literanire should be consulted on all
classes of technological systems where risks are high and prophylactic setion taken. Indeed, 2 body of such information
is growing from accidents and heightened risk management in nuclear power generation, commercial air transport,
cheinical processing, and military operations such as nuclear weapons management. From such studies comes insight,
particularly on the role of human and organizational faciors.

One discovery is the lack of attention by watchdogs expected to protect the public. The saga of Prince William
Sound is a perfect example, with complacency and neglect discovered at numerous elements of the technological
delivery system. Thus we find the necessity of having public bodies oversee the watchdogs to confirm that they
function as intended, N

Realities of risk management confirm that public policies are made by political leadership with the assistance of
experts and significant inputs of vested interests that are intimately involved. Overlooked is the fact that policy makers
are elected and the policy is thus the ultimate authority on risk acceptance. The problem is taking the public pulse. As
said before, we cannot depend on referenda. Media polls have their own biases, and sounding out public opinion in an
uninformed public can be seriously misleading.

To understand the process involved, consider the medical analogy of “informed consent,” The challenge bogins
with providing information to all parties, informatien that is comprehensible to the laity, timely, authentic, with
emphasis on what contending parties agree on and then what they disagree about. Different inferpretations should be
publicly available so as to illuminate the inevitable trade-offs between risk and benefits. Unfortunately, the media are
not primarily dedicated to education; the public rewards their focus largely on entertainment. Photogenic catastrophes
thus become springboards to inform the public, but seldom is public opinion thus generated fully or objectively
informed. e SRR A S oAt sl A )

Techniques of Policy Design =

A major issue naturally evolves on a process to consult the public in policy design. Basic principles flow from the
perspective of technology assessment that was imbedded in NEPA:

¢ Institute quality assured, risk manageinent through auspices of an independent facilitator, =

*  Involve all potentially impacted interest groups, owners and operators, federal, stats and gounty regulatory
bodies, insurance underwriters, representatives of potentially impacted marine industries and the general

* Map the socio-technical system that is involved so as to reveal all of the institutional players and their relation-
<hips. FEA A T T R o

*  Map the hardware that contributes to risk, including platform jacket and topside squipment, subsurface safety
valves, and related elements, including their history of expasure fo extremne conditions and details of past
inspections and repairs. a .

+ Inventory the protocols under which the system operates, including the potentially conflicting or overlapping
requirements of separate regulstons, : S

*  Idemify those elements that experience hus proved to be especially powerful or frequent sources of concern or
aceident,

*  Develop a comprehensive data base of information from past inspections or accident investigations, inchiding
findings from other classes of socio-technical systems and results from computer modeling.

= (enerate risk mitigation measures,

*  Conduct an impact analysis to ascertain what might happen if each of these were to be introduced, the benefit
and the costs, segregated as to impacted part.

*  Seek consensus on action to be imbedded in future policy.

*  Specify who is responsible 1o implement such 3 policy and how the process can be judged 0 as to entertain
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future refinement,
*  Publicize the process from its inception and follow through to facilitate healthy public understanding.

The methodology of what might be called risk management technology is still in a primitive stage. Much research
and development is required to resotve the challenges involved in defiming and realistically evaluating uncertainties in
offshore platform performance. Simplified criteria to trigger inspections should be adopted with great caution. Fortu-
nately, there is an enormous body of information available from environmental impact analysis that can be applied to
the policy process. We can then learn from two types of failure, the structural and the political.

Success ultimately depends on good faith by all parties. Even with the vagaries of acceptable risk, a high level of
trust of all parties, in all parties, is a sine gua non of achieving deployment of risk-encumbered technolagy, with
sociatly satisfactory outcomes.
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Discussion and Summary on

INSPECTIONS, SURVEYS AND DATA MANAGEMENT

Neal Hennepan, Shell Offshore Inc,

Wade Abadie, Oceanesring Sotus Schall
Larry Goldberg, Sea Test Services
Walter Winkworth, Llovd’s Register of Shipping
Warking Group #1

Major Topics Discussed

Best Practices
Lack of Consensus Issues
Research and Development Needs

Best Practices

c¢o% pio Planning

T - Design’ facters {cmxeahiy, mbusmegﬁ QA]‘Q&’Z}

" Bxperience e T

Prioritization of i mpecmn pcrm%s {cntzcahty, E1kehhaod Gf damage)

- Enivironmental factors {é 2., sozi vzsszixty, carmm)
g, Commercaai facters

LI High Benefit To Cost Ratio’ Inspecﬁ;m Meiﬁeﬁs .
7 e-Topside structural mspe’:ctmns '

. Underwater visuzi mspecmns {Mﬁﬁ? )

" -CP measuremenis - ' o
CFMD {threugh wall damage unfolded members)

7 U Close visial i mspacu(m &f mem%& mcis;c*zzzcai I}Gmis
CoMPE ' '

- Photographs, viden

e imﬁﬁﬁﬁc}g influenced by consequents, radundancy, past experience
® Random MPI not cost effective
* Random limited scale cleaning effective for assessing corrosion damage

¥ Editor's note: The vesults of the Working Group discussions were embedded in a revised version of the White Paper

These are the highlights of the discuzsion.
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Best Practices

* Iflooking for incipient cracks, water blast only plus MP!

* Crack experience
- Relatively rare
- Generally in top 100", around conductor guides, toe of weld

* UT not suited to in-service detection of fatigue cracks

+ Qualified/certified inspection personnel
- Stmilar o bridge practice
- Will require some trajning and testing
- ADC, ABS, Lloyd’s, DnV, etc. should develop/share program

* Data Management/Reports
- Relational databases

- Offshore data entry
- Damage mventory files

Consensus issues

* Right mix of inspection techniques
- Best way to find random damage
- Lack of industry hard data and knowledge

* Need for verification of inspection program {i.e.. is third party required?)

« APl requirements for surveys
- Difference between operators
- Recommend commentary section for inspection
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Hesearch and Development Needs

« Techuology transfer
- Information between geographical regions (ECM, MPI on black oxide, etc.)

* Remotely Operated Vehicles
- Enhanced capabilities i areas of cleaning, UT, NDT
- Operational reliability

* Remote sensing
~ Acoustic emmissions
- Leak before break detectors
~ Durability of mstrumentation systems

= Data Management
- Real time data entry
- Graphical representation
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Discussion and Summary on

ENVIRONMENTAL CONDITIONS AND FORCES

Ove T. Gudmestad, Srafoil
Jobn C. Heideman, Fxxon
Charles Petrauskas, Chevron
Warking Group #2

Introduction

A White Paper on “Environmental Conditions and Forces for Use in Requalification of Offshore Structures” was
presented at the workshop. The presﬁnz paper supumarizes the discussions in the Workshop s Working Group #2 on this
topic.

Working Group #2 gave in gene:mi a strong endorsement of the draft “AP{ RPEA-WS?) Section 17, Assessment
of Existing Platforms” dated November 3, 1993, In this paper, therefore, answers to the different questions raised in the
White Paper will be grouped into main categorics while reference will be made to the AP Section 17 document for
more detailed questions. :

Further endorsement was given to the idea that the API Section 17 document represents a good background for an
IS0 standard regarding assessment of existing platforms. In view of the ongoing work to produce an 18O standard for
design of offshore structures based on the new API RP2ZA-LRFD version of July 1, 1993, the relevant ISO format for a
section on assessment of evmstwg platforms would, however, be the LRF"D format {Lead and Resxstam:e Factcr Das;gn}
rather than the WSD format {fW;}riuﬁg &tress Design). :

“The LRFD format involves use of joad and resistance factors, wﬁmi; have to be cakbraied to the §amaziiar
envzramental conditions enmuntmﬁi ini the area where the LRFD code | is to be used. It shauid furthermiore, be™
realized ﬁzaf the authorities and the operators should cocperate to determine the r&quired rehabihiy level for the new as
well as for existing platforms considered for requalification. As lives of personnel and a clean environment are consid-
ered to have equal value around the world, ideally the same reliability level should apply. In some areas, such as in the
Arctic, however, the impact of pollution may be higher than in other areas; for these areas a higher reliability may be
considered by the operators,

it should be noted that there are inherent assumptions i the API Se@tzan 17 document and that steps must be
taken to ensure that these assumptions are met: :

¢ Witﬁ ref;::renm to safety for personnei; it is assumed that evacuation of platforms takes place in the case of a
severe hurricane. This will require that a reliable hurricane warning system and contingency plan be kept
operational.

¢ Kelated to the environmental issue is the assumption that subsurface safety valves will functionwhen there are
such needs. During Hurricane Andrew, all of the valves which had to be closed worled as planned. The
members of Workeng Group #2 base their reconmnendations on the assumption that the subsurface safety
valves must have a documented high reliability level
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Best Practices Related to Determination of Environmential Conditions and Forces for
Use in Requalification of Offshore Structures.

General Issues (White Paper issues #1, 3, 4, 5, 12, 13, 23, 6, and 22}

The philosophy that the environmental criteria can depend on the consequences of a platform failure was, in
general, accepted as logical. As both authorities and operators are concemed about the consequences of human Hves
and the environment, priority should be given to these areas, while the economic decisions should be left with the
operators of the platforms. In some instances, however, production of certain fields could be so important for the
government of a country that it could be expected that the authorities would like to set requirements for safe production
during a storm.

While new offshore platforms have to be designed in accordance with the latest rules and regulations, it was
documented during Hurricane Andrew that no platforms designed according to API RP2A 9th edition or later versions
of API RP2A collapsed. Although this hurricane struck a Hrmited sample of platforms in the Guif of Mexico, API RPZA
Sth edition should represent a suitable reference level for requalification such that old platforms do not have to meet the
requirements of new ones. In this respect it should, however, be noted that the API Section 17 document recommends
R5R’s (Reserve Strength Ratios) only for U.S. waters, For other areas, the RSR’s must be determined for the actual
environmental conditions encountered and the reliability levels selected.

Related to the discussion on whether requalification should be based on set periods or on technical triggers, as
listed in the API Section 17 document, the members of Working Group #2 felt strongly that requalification at set
periods could endanger the safety of production units as the operators in the periods in-between requaiification could be
tempted to limit inspection and maintenance to under-critical jevels.

The requalification recipe as presented in the API RP2A Section 17 document represents an enclosed format
where attempt is made to consider all aspects related to environmental conditions and forces. Implementation of new
theoretical information or calculation methods could therefore be in contradiction with the contents of the rest of the
procedure and should only be done by the API committee in view of the full procedure. New information on environ-
mental data could, however, more readily be implemented, as such new information will be based on actual measure-
ments from the locations where the data will be utilized. ‘ . '

In order to maintain a consistent risk level for personnel involved in the operation of platforms to be requalified,
the criteria for requalification should not depend upon the length of the extension period sought for the platform under
requalification. Most of the participants of Working Group #2 agreed that this philosophy should also apply to environ-
mental risk. With respect to economic risk, different operators may, however, decide on a more stringent risk level for
platforms considered for a long extension period compared to platforms requalified for a shorter period.

Environmental Statistics (White Paper Issues #7, 8, 10, 8, i4, and 15}

The environmental criteriz for requalification should be based on the best available statistics for the area where
the platform under requalification is situated. To utilize more conservative wave statistics, e.g., based on basin-wide
extreme waves, would give unrealistically high ioad levels, which would not be consistent with the ides of combining
best possible (most correct) environmental statistics with 4 consistent recipe for caloulation of envirommental forces for
the reliability level selected. An operator with a large inventory of platforins may, however, view the economic risk for
losing the entire population of platforms to be sufficiently high to select a higher reliability level for the platforms ke
operates,

The discussion on the use of joint probability for waves and cursent (and wind) has heen sngoing for many years,
Where reliable data exist, the documented joint probability functions could be used. ¥ is in this context impliciily
assumed that a realistic and consistent force caloulation procedurs will be applied. The AP Section 17 document recipe
satistios these requirements.

The selection of the appropriate Reserve Strength Ratios (see previous section) for the arez under consideration
will depend upon the environmental statistics of the area. Of particular concem in this respect is the rate at which the
wave height increases as a function of refurn period. This should be used as one of the main factors in the selection of
the appropriate RSR’s. The design criteria should, furthermore, be based on foree statistics, rather than on wave height
statistics as the degree of noslinearity in foraing will vary for the different piatforms depending vpon the relative
contribution of drag versus inertia loading.
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Force Caicuiation and Methodology (White Paper Issues #16, 20, 17, 11, 18, 19, and 21 )

The reserve strength ratios recommended for requalification purposes are calibrated with respect to the force
recipe of APL RP2A 20th edition. It is therefore important that the 20th edition wave force calculation procedure be
used for requalification purposes to maintain the consistency implicit in the AP Section 17 document.

It should be noted that the drag coefficient to be used in the Morison equation for calculation of loading to a very
large degree depends upon whether the platform member is roughened or not. The diameter of the member will,
furthermore, depend upon the thickness of the marine growth attracting higher loading in the platform. In this respect it
could be considered to remove marine growth to obtain a smooth surface and to reduce member diameter. Present
cleaning technology does not, however, seem to provide a smooth surface over a substantially long period unless there
1s & very frequent, extensive cleaning program. Use of anti-marine-growth painting or coating could, however, be
considered although the costs could be considerable.

The requalification procedure described in the API Section 17 document is calibrated against traditional four or
six legged jacket structures. Until further calibration assessments are carried out for tripods and well caissons, etc., the
procedure must be used with caution for special types of structures. Of main concern in this respect are dynamics of
very slender structures, the effect of transverse loading and the potentially low redundancy.

During requalificaiton of offshore structures, the wind load on the structures and the topsides should be taken into
account properly. The possibility for gust ot suction effects leading to damage of topside equipment should in particular
be considered.

%

Research Areas Related to Regualification of Offshore Pmducéibn Structures

Within the area of environmental conditions and forces on offshore production structures, the following research
areas are in particular considered relevant with respect to requalifications of these structures:
+ In both shallow and deep waters the statistics of crest heights (i.c., the asymmetry of the waves) are considered
of large impartance to determine the appropriate air gap of the topside equipment. Note that the wave ioading

v boilibecome very large if the wave crests hit the topsides. : = o .

* Since the qualification criteria for the Gulf of Mexico are dependent on platform survival statistics in Hurri-
cané Andrew there is a need to reevaluate the hindcast of Andrew in view of measured data that were not yet
‘available when the first hindcast was done.

¢ The forcing dynamic sensitive structures should be evaluated with particular attention to nonlinear transient
loading effects (“springing” and “ringing”).

» The utifization of the relative velocity formalism has been widely discussed over the years for dynamically
sensitive structures. Further assessment of this formalism is recommended in view of the need for a careful
review of all aspects producing hydrodynamic damping.

= The largest contribution fo the drag ivading on an offshore platform comes from the crest of the wave. In view
of the squaring of the water particle velocity in calculating the loading in accordance with the Morison

- equation, there is a need for further research in order to predict accurately wave crest kinematics in irregular

¢ During ali laboratory experiments and offshore measurement programs there has been a large scatter in
predicted versus measured wave foree. There is a particular need 1o understand the backpround for this seatter
and to review its effects in reliabiiity analysis of offshore production structures,

¢ The meagured wave peaks in a storm will nol necessarily coincide with the hindeasted storm wave peaks based
on metocesn information collected during the storm. There 15 2 need for further ressarch to onderstand the
scatier in hindoast versus measured siorm wave peaks and to review its effects in reliability analysis of
offshore production structures.
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Need for Interdisciplinary Collaboration

The participants of Working Group #2 calied for collaboration with the other disciplines. Of particular concern
was cooperation with the operations discipline as to confirmation of assumptions related to weather wming o accom-

modatz evacuation and the reliability of subsurface safety valves.
Furthermore, Working Group #2 encourages the policy makers to adopt a uniform risk for personne! and environ-

ment worldwide. The work on an ISO standard for requalification of offshore production structures is thought to
enhance this recommendation, The draft of API RP2A Section 17 will, in this respect, provide an excellent basis for a

further international standard.
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Discussion and Summary on

STRUCTURAL ELEMENTS, SYSTEMS AND ANALYSES

Colin | Billington, Bomel
Tames R Lioyd, Exxon Production Research Co.
Kris A. Digre, Skell Offshore Fnc.
Working Group #3

Execulive Summary

3&'20{3& . . . EE : : .
Working Group #3 addressed the structural and related reliability issues that must be cansxdered 1n the reassess-
ment or requalification of sﬁ‘shﬁfﬁ gsrséﬁﬁf:sﬁﬁ stmg.:iures ;%E} topzas aover@d were ce-ﬁszéered f@r %h&n smi&i‘;ﬁﬁy for
infernational use. :

%

Activities of Work Group
« Addressed API RP-2A Section 17.0
© + Reviewed Andrew JIP . o
e Reéviewed Testing and Asalysis Case Studied
“Reviewed Active dnd ?mp@sed R%earm E’*mgmrm
' ?'Bsscussasﬁ ”{”ﬁhﬁz{:&i f%m%a :

6vewiew Qf Wafk Grai:p Ggmissmﬁg
' “ There Wwad consensus that the general’ &?ﬁ approuch being proposed forreasséssinbit of existitig platfornss fof the
' {}uif of Mexico would provide an appropriate framework for worldwide application. However, the consequences for
failure are inherently more likely to be greater in areas like the North Sea than in the Gulf of Mexico. :
Structures may be accepted as fit-for-purpese at less than design capacity provzded there 13 adeqaaf:e rehab:iziy iﬁ
- -serve theirintended purpose-and/or the consequences of failure are acceptable, This gmctme is followed for other land- .
based structures; reduction standards have &%&ﬁ established for earthquake resistant: structures, Imdg&s %}midmgs,
dams S?/C Lo i
?ha mam ?é;msi: ni‘ ;hﬁ agmssmmi ;zrs}zfsss f‘mm a stru;turai gerspechve ;s zi pmgz‘esswe 1eve§ ef agsegsmem o
: wemgﬂexzw that could require 2 caleulation of the ultimate system esistance, With fhe resistance convolved with tﬁﬁ
applied loads the relisbility of the structure can be cstimated. There was not consensus on uhati}sz* these caleulated
refiabilities could be regarded 28 “actuarial " -
Sophistication of analysic has had a ggﬁwgﬁé &?faut on z%ze ami;m ‘é‘ﬁ estimate %:h@ ﬁimgmz %}gﬁawsz‘ 95 4 §§§d§f€3§‘§ﬁ
under exwreme loads. Computer programs have been developed that are capable of consid dering | ﬁgnégﬁezg Behavior of
.- members and joints in assessing the systern behavior of complex structures. Mast of fihese g}f@g}’amg a8 ymgws@w}g but
are available for confracted services of the program developer or for licensed use :

There is a modest database available fo provide some of the nonlinear charasteristics ﬁ&&ﬁﬁé w0 cary out ﬁ%ﬁ
computer modeling and analysis. There is, however, a substantial need to gather further information and calibrate the
computer programs’ ability to estimate a platforms ultimate failure behavior. In some cases, the data is readily avail-
able, but has yet to be processed with an application to reassessment in mind. For example, ultimate strength of a joint
i$ not sufficient; the nonlinear loading and unloading characteristics are very important to the redistribution of loads
within the structurs.
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Working Group Discussion of Issues

Is the APE approach for requalification of platforms in U.S. waters appropriate for other geographic areas? What
significant change would need to be made? (Tssue £1)

Discussion

The AP] approach is based on pragmatic acceptance criteria that permits requalification to conditions less than
normally required for new design. The amount of reduction depends on the platform design basis and condition, as well
a3 the consequences to personnel and the environment.

Yes, the API approach is appropriate for other geographic areas. The provisions, however, should be tailored for
the specitic area. In the case of Norway, there is no allowed reduction from design requirements unless the installation
is unmanned. It was noted that in the Novth Sea, thiere are no low consequence structures; they usually have a large
complement of personnel and substantial production.

In the case of bridges, a reduction of about 30% in design strength in the U.S. is permitied for requalification,
There was some discussion of how to choose probabilistic targets, where they were deemed more appropriate for
reassessment.

Research Needed
(Orher areas needing consideration; Africa, Bomeo, Ching, Thailand

Unresolved Issues

If probabilistic reassessiment is used instead of the API approach, there was no unanimity on how the safety
targets should be set. Is an under-strengthened structure considered of low consequence, if it is bridged to a safe haven
structure for personnel?

Are both deterministic and probability based approaches suitable for requalification? Is there adequate technology
to apply both approaches? What qualifications, if any, should be placed on each approach in so far as interprotisg
results are concerned? {issue #2}

Discussion

Yes, both deterministic and probability based approaches are suitable for requalification, Deterministic is easier.
The probabilistic approach shiould be considered an optional “higher level” approach. The probabilistic approach is not
& punaces.

Research Needed

There needs to be better standardization of approaches m order to achieve more consistent outcomes. In the case
of the probabilistic approach, there needs to be training in the application of the methods by the analysts and i iterpreta-
tion of the outcomes by the decision maker.

Are there suitable guidelines and standards to assure edeguate information is archived duving design, construction
gxd ingiallation? If nol, what guidelines und standards ave veeded? (Fisue #3) ;
Dizcugsion

Time limitations prevented this fssue from being discussed.
Should assesyment practices adopt the same refative safely factors among the different components as with new

design or should all component reserves be the same? (Issue #4)

Discugsion
No, it is not necessanly desirable to have all structural components achieve the same target reliability. Among the
factors that enter into accepting differsnt levels are the incremental cost to achieve improved safery and the statistical
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characteristics of the supporiing test data {mean or lower bound). It was noted that AISC depends on “lower bound”
data rather than “mean” data.

Research Nesded

There is a substantial difference in the application of factored design approaches. In some cases {eoncrete
design), the fuctors are applied to individual paramefters that make up the load and resistance formulations, and in
others (API-LRFD} a single factor is applied to the load and resistance formulations. This difference has a significant
effect on how experimental results are interpreted. Basic data needs to be reviewed and this difference resolved.
Presently, the draft for the new ISO standard for offshore structures allows both approaches.

When approximating damage in @ global analysis, is it possible that analyticatly approximating component stiffness
or removing a component from the system could lead to non-conservative resulis? If so, how serious can the error be
and what steps can be taken to avoid such errors or limit their conseguences? (Issue #5)

Discussion

It was pointed out that joint failure could “protect” the integrity of its member. It was noted, however, that joint
failure often results in serious damage to the host chord member, which may experience a significant reduction in
strength. If analysis shows that removal of a member increases the system strength, then consideration should be given
to removing.the member,

Unresolved
There was no agreement on the seriousness of these non-conservative outcomes.

Are there adequate safeguards in proposed assessment and requalification processes to guard against undesirable
interactions among traditionally separate design disciplines? Is it possible that, within g piven discipline, integration .
of case specific test results into an interaction formulation could lead fo non-conservative putcomes? What steps
should be taker: to guard against hidden introduction of non-conservative bias iri the process of stripping away .~

' coﬁeﬁaﬁsms?_ 51{:' i £ L A S N e T e s
Can dynamic measurements be used to caiibrate the respon
would be needed? (Issue #6) '

se to severe environments? What limitations on sea states

Discussion oL - T S e
There was general agreement that such dangers do exist and that diligence needs to be practiced to avoid such
unfavorable outcomes. When practices are changed in one area, their effect should be addressed in other areas, This is
especially relevant in requalification, where reduced levels of acceptance are tolerated. There was no discussion of the -
dynamics issue. T T R e L Rt e T e 8 e e T e b e L

Is the use of mill-certified coupon tesi results appropriate for assessment? If so, are there aiy Emitations or consid-
erations that skould be incinded in their use? In the case of various conventionaf steels for which cospon fost resulls
are mot availuble, is it okay to use recognized material novms, e.g., 43 ki for A36 steels? (Tesue # 7}

Discussion
Tire Hmitations grevented this issue from being discussed,

Is ir approprite or possible to have both limil state and working stress methods used in assessment? How should
test data be incorporated in each case, and can the results be calibrated vo resnlt Inn the same outceme? How should
“safety” faciors be established in puch case? {fssue #5;

Liscussion
it is possibie to use altemneative methods; however, it is umportant to be conaistent,

Page 145



Aesearch Needed

At the present time, the methods of interpreting test data are not consistent among researchers and analysts. In
some cases the data populations are extremely sparse and substantial probabilistic interpretation {s unjustified. The
questions posed in this issue need further consideration to develop an appropriate requalification guideline.

Shouid guideline methods of modeling and evalunting finite element analyses be established? What guidelines
wenld be appropriate? (Issue #8)

Discussion
Yes, guidelmes for nonlinear modeling and finite element analysis are needed. Examples cited were:
How to define the Stress Concentration Factor.
How to define nonlinear capacity.
Where to place strain gages in component testing,
This should be part of the structure bench marking work identified in Issue #13.

Research Needed
Compile existing techniques.
Compile existing data.
More work needs to address complex structures, e.g., multiplanar joints.

Are there adequate data to specify assessment procedures thai account for component ductifity, denting, cracking or
low cycle fatigue? If not, where should more research be done? (Issue #10}

Discussion

There is not énough nonlinear fracture criteria. There is not enough large deformation data availuble for compo-
nent data. Testing is often limited by the testing equipment actuating mechanism.

Discussion digressed to the problem of who should eoordinate and sponsor research work in general. Regulatory
bodies and industry have carried a fair share of the research funding. There is, however, 4 steady shrinking of industry
and government financial resources. Code writing bodies, like IS0, have no resources to fund code developrmet; they
depend on national standards assoctations to fund their individual activities.

Joint Industry Projects have been a primary source of funding for large projects. There are two problems with
JIPs: sponscrs are reluctant to alfow free use of the work that just a few companies supporied, and there are fewer
companies willing to sponsor the work; their cost burden therefore is larger for a given piece of work,

HAesearch Nesaded
Work on component ductility, denting, crackiug and low cycle fatigue are in various stages of development at
Lehigh University, Sintef, TWI, and possibly Korea. More work is needed on multiplanar joints.

Is the state-gf-the-ari for fracture mechanics sultabls to be used in assessment recommeondations or standards? i
#Hot, what needs to be done o develop the knew-bow? (Tssue #17) -

Discugsion

Time limtations prevented this issue from being discussed. The fracture mechanics issue was briefly meationed
1 the discussion of issue 10, It was generally felt that fracture mechanios considerztions are important to the asqess-
ment process, since some level of eracking Is expected and some limits need to be established to determine if cracking
18 sufficient to warrant repair,

s there a commoniy accepied definition for each of these performance measures? If so, should there be numerical
fargets associnted with them in requalification recommendations? If there are not accepted definitions, who should
define them or how should they be developed? (Fsspe 812}
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Discussion

This topic refers  the large number of definitions for ductility, redundancy, robustness, reserve strength, and
toughness. There was not time to discuss this topic, though it was evident during the discussion that some terms stil do
net have universal understanding,

How accurately can nonlinear calcalations for complex structural systems be expected to model true structural
behavior? What levels of calculation precision can be expected? What additional research is needed to validate and
benchmark these methods and computer programs? Should a standard benchmark stractural model be deve{aped fo
validate programs and campouem‘ modefing techuigues?

Ave there approprinie means to infer sysiem probabilistic behavior from the unceriginties associaied with compo-
nents of complex, nonlinear systems? If so, what means should be adopred? {Issue #13)

Discussion : coi

An HSE study is in progress to aﬁzireﬁs the 1ssue of aemzstency anong m}ﬁim@ﬁf s’micmrai imalysm soﬁ“ware The
study encompasses members, joints und foundation considerations. Though the study is not complete, it has disclosed
that member analysis consistency is better than for joint analysis,

There was general agreement that a standard benchmark structural model would be d&suabie to validate existing
and developing software.

Several software packages are capable of inferring system probabilistic behavior fmm uncertagﬁties assoczated
with components. “There was no discussion of the appropriate methodalogy.

Research Needed
A benchmark structural model is needed that exercises the most important nonlinear characicnst:cs of structural
behavior. Evaluate the applicability of simplified methods and detailed FE analysis. Supporters of FE analysis claim
that the methods are becoming so simple to apply that there 1s no need for appmxxmate m%ﬁmds Testmg is needed o
validate analyt:cally deveieped p&st bucklmg behavior.

Is it possible to characterize the beimwm' of systems I}y reference to arz::iyses af common Stmctura! systemﬂ ,Is it -
possible to develop a criterion for establishing loading scenarios, based on these a::alyses, for wﬁmh structures may
reguire assessment? (Issue #14) . B SRR

Discussion i g

It may be possible for an owner of a large number of platforms to develop 2 saremg ?mss i‘hm woaid i;a seif
consistent, but such a process may not carry over to a different owner who may have a dxﬁ‘ersm data base of informa-
tion from which to work.

Fs assessment {or design) of structural components lvaded primarily by efz;?immﬁmfﬁi iﬂmﬁﬁ_éézﬁézf fa} épemﬁo}mf h
envirenmental conditions? (fssue #15} '

Discussion -
Hecguse some structures are not dominated by environmental iosding, there g?&é}iﬁﬁ ?39 ?;ié *ﬁ%@&fzﬁ%i check

provided for such structures. Such checks would be appropriate for decks and structures in very benign sreas.
THscussion dd sot identify how the oporational envivonment would be selected,

Ressarch Needed
A means of calibrating to the operational enviremmental condition needs to be established, so that the operating

environmental condition can be defined. Heretofore it has been entirely left to the operator, since it has had no effect on
the safety of the structure; e.g., if the structure can survive the extreme event, then it can satisfy the operating environ-
ment case. Tae transiation of Section 17 of the RP2ZA-WED inlo the BFZA-LEYD will bave to address this issue.
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What criteria should be used to rank the importance of components in extrene or accidental loading evenis? Level
af overload? Alternative load paths? Strength wrilivation? (Fssue #16)

Discussion

It was questioned whether accidental loading events was a reassessment issue. The United Kingdom, Morway and
Austrabia felt that it was. (Safety cases may be required in Australia next year) Harly designs might not have been
designed for accidental loads that may occur subsequent to requalification.

It was unresolved whether future accidental loading cases should be part of requalification.

is it practical to establish target reliabilities for requalification acceptance criteria? Can caleulated probabilities be
expected to represent actuarial statistics? If calculated probabilities cannot be used for acceptance criteria, what is
the best alternative measure of acceptability? Should there be a simple quantified measure?

Should “target reliability levels” be modified to account for remaining length of life? (Note that the AP approach
does not address this point explicitly. The API approach adjusts acceptance criteria based on conseguences.) (Issue
#17)

Digcussion

It is practical to establish target reliability levels. The reliability levels may be in terms of probabilities or
acceptable performance standards. Some reassessment referance level is needed,

Caleulated reliabilities should still be considered “notional,” however, the caleulated values sre becoming more
defensible in an actuarial sense, but we are not there yet.

The isgue of including the remaining life of the structure in setting acceptance criteria hinges on the condition of
the platform, the condition of the cathodic protection system, the level of the achieved strength in relation to the target
level. It was not clear how this question is answered for onshore structures whose failures are not dominated by
environmental loading.

Unresolved issue-when a structure is requalified, what is the duration of the requalification period? Assmming
none of the original reassessment triggers exist, when or should the structure require future requalification?

Mitigation measures have varying degrees of effectiveness and reliability. Which measures are relatively ineffective
and which need substandiol development work to be reliuble? (Issue #18)
Discussion

Time limitations prevented this issue from being discussed.

What amount of structire archiving can be automated? Is it practical to establisk standards for archiving bused on
emerging siorage devices? Is there existing software that can be used to put all the information on ¢ single ROM,
including photographs, efc.? {Issue $19)

Lhiscussion
Tiene Hmatations proventsd s lesue from being discussed,
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Appendix |

During the Working Group sessions, several individuals presented information regm"dmg ongoing or planned
research falling within the purview of the work group topic. In some cases, handouts were given to the participants. It is
not appropriate 1o reproduce these handouts in the proceedings, however, a bnef synops;s of the tapic is given below
along with a point of contact.

Corrosion Damage-Effect on Sirength

The effect of "patch” and "overall” corrosion damage on the strength of tubular members is being studied.
Particular and imymediate emphasis will be on the effect of localized "patch” corrosion whzch produces reduction in
thickness in a relatively small area and thus invites formation of local buckles which precipitate the ultimate toad. (A
Ustapenko, Department of Civil Engineering, Fritz Engineering Lab, Lehigh University, Bethlehem, PA 18015)

Gorrosion ﬁamag&-Ass&ssmenf in Field

" 'This study involves a survey of existing and emerging nondestructive evaluation {NDE) t&chmquas and an
evaluation of their applicability to the problem of measuring in situ the loss of section due to corrosion in offshore
structures. (5.2 ?assakl I}egyameﬁi of Civil Engmemng, Fritz Engineering Lab Lehtgh Umversuy, Eethiehem PA
18015y

Repair of Columns-Whole Column Approach

The experimental phase will involve axial testing of long columns with dents. Some unrepaired columns will be
tested first to establish a reference, followed by testing of columns repaired using i mtemai grou%:mg and pe:haps a repair
o 'usmg a'grot ted sieeve ﬁnﬁyﬁcﬁi Wi i;;‘wui mveive assessmg the eﬁ’ects of i chavi

. ﬁepgfr of Caiumns&@mmf ;ﬁppmach L :
" The objective of this work is to develop a reliabie moment—thmsbcuwamre reiai:onshlp for short dented grout-
repaired column segments. Such a relationship would then be used in m*;egratmnwtype methods (analagons to DENTA,
BCDENT, etc.) for analyzing the pre- and post-ultirsate axial behavior of dented grout-repaired long colummns, (A.
Ostapenim I)epament of Cwﬂ Engineering, Fritz Engineering Lab, Lehigh Unzversaty, Beﬁ:lenem ?A 18{3 15}

Siafw Sfr&:;gth of Cracked Tubular Joints ™~ =
o “This project will éweiop i metkwdsiagy for assessing the static strengih of crac@& tubtilar 3 30mts bmicimg on
exxstmg knowledge and addressing issues identified in a definition study. The ob;echves are fo develop gmdance o the
static strenglh of cracked tubular joints and to provide recommendations for in-service assessment of cracks using a
failure assessment disgram based approach. The work involves finite element mﬁdﬁgiﬁg of a range of cracked geom-
etries and fully instrumented static tests on cracked large scale joints. The work will cover joint geometries, crack sizes
and loading modes shown to ba 6f concern in the project definition study. (G.S. %i}{%i?‘g ’E“%‘E z%%amsim Hali, zl%azég%@ﬁ
Sm%ﬁﬁégg {l‘%%ﬁL United ngé@m; : e e o

Reguatification of Offshore Production Structures-Synthesis of §’§§?§§ 5@?@3&&@% f???f’l&?i%fég

This paper was prosented after the workshop a5 a response o questions raised in the Working Group #3 discus-
sions and to address some of the fundamental issues raised in the workshop charge by Bob Bea. It presents a synthesig
of some of the European initiatives in developing a rational approach to reassessment and regualification of offshore
production structures, with emphasis on probabilistic approach to decision making and assessment of structural
reliability. The paper discusses the following main topics: what should be requalified and when: what should be the
requalification standards; framework for requalification decisions; asseasment of environmental hazards; assessment for
operational hazards; and issues for consideration. The overall approach was based on a number of previous and ongoing
collaborative research efforts in the European community. (N.K. Shetty or J.T. Gierlinski, W.S Atkins Consultants Led,
Wogdaote Urove Ashley Road, Ppsom, Swrey KT18 3BW, United Kingdoen)
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Reassessment, Strengthening, Modification and Repair of Stee! Offshore Structures

This paper discusses the state-of-the-art in structural reassessment techniques and strengthening/repair options for
existing installations. It is dermonstrated that adequate and advanced structural engineering techniques are available to
economicaily and safely upgrade or strengthen/repair existing offshore piatforms. The paper discusses structural
assessiment techniques, strengthening and repair techniques and intervention methods, Although the techniques are
discussed with reference to jacket structures, the writers elaim the methods described are equally applicable to topside
structures, from a conceptual standpoint. (M. Lalani or N. Sondhi, MSL Engineering Ltd., T.C.C. Silwood Park,
Buckhurst Rd., Ascot, England)
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Discussion and Summary on

FOUNDATION ELEMENTS, SYSTEMS AND ANALYSIS

James D). Murff, Exxon Production Research Co.
Suzanne Lacasse, Norwegian Geotechrical Institute
Alan G. Young, Fugro-McClelland Engineers
Working Group #4

Scope of Workshop Discussions

The purpose of this paper is to report the findings of the workshop with regard to significant foundation related
issues. The foundations workshop sessions were attended by a subset of approximately 25 workshop participants. Most
of the attendees were specialists in offshore geotechnica! engineering, A set of {ssues selected prior to the workshop
provided a format for detailed breakout discussions. Specificaily, participants were encouraged to discuss the following
aspects of each igsue: . . .

» . The state of the practice

* Major deficiencies in the practice
.. % -Recent advances or on-going work to improve the practice

- Directions for future research and development

. . There are many problems in offshore foundation desien practice that aré common 1o those of assessment of .

- existing structures. Furthermore, there are many foundation issues that overlap with the subjects of other work groups
such as Joading, structural interaction, ete. A full discussion of such topics within the brief allocated time was impracti-
cal. Therefore, in the foundation sessions, we attempted to focus strictly on foundation issues that are particularly
pertinent to the requalification question. It is worth mentioning that maintaining this focus turned out to be surprisingly
. difficult as the discussions tended to drift natwrally toward more generic foundation issues. . ..

. As will be described in the following sections, six topics were selected by, the authors for detailed discussion
during the foundation breakout sessions. Bach session was conducted by three invited contributors: 4 presenter,a

. discussion leader and a recorder. More specifically, the sessions began with the invited speaker briefly presenting his/
her interpretation of the issues related to the topic posed by the authors, The discussion leader then served as moderator

for an open forum. The recorder took notes of the discussions and presented a summary at the end of the session. A
seventh session was used to plan the overall summary report to the general session, A
The authors have chosen to group the report of the discussions under the following three major topics, each with
sownsetofissmes: - : :
_* Data gathering and review
»  Assessment
e Wppradisg options

In preparing for the workshop, eight issues from the three major topics were selected by the authors as having
particular interest to participants. These issues are identified in the following sections. As waorkshop preparation
proceeded, however, it was concluded that only six issues could reasonably be addressed in the time allocated for the
breakout sessions. It was therefore decided not to have specific sessions on Jsswe #4 (Use of Performance Gbserva-
tons, Shallow Foundations) and Issue #7 (Criteria for Pushover Analysis) since these are perhaps of somewhat less
general interest. However, because of their importance, it was decided to leave these issues identified in the report and
invite write-in coniributions from participants,

The following is a presentation of the selected issues within the overall framework of assessment topies. The
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description of each issue is introduced by a surnmary of the invited presenter’s remarks followed by a summary of the
discussions held during the breakout sessions. These summaries are intended to reflect an overview of what was said in
the sessions as provided by the presenters’ written notes and notes taken during the discussions by the session record-
ers. We have attempted to properly acknowledge those who contributed, however it was impractical to have everyone
mvelved review this report. Therefore, while these comments reflect the work and idess of the session presenters,
discussion leaders, recorders and participanis, the authors take final responsibility for accurately reporting what was
said.

The length of this report makes it somewhat difficult for the reader o keep the material in proper context.
Therefore the following notes are provided to assist the reader in this regard;

* The report is presented in the same format as in the "white paper.” The summaries of breakout sessions,

including names of session leaders, have been inserted after the definition of each fssue
* The white paper was rewritten in a report context. Additional outline identifiers have heen added to clarify the

major topics and subtopics.

Data Gathering and Review

The first step in assessment of an existing foundation is to collect and review the available data that pertain to its
present condition. This includes 2 wide range of information and is discussed in more detail in the following pars-
graphs, )

Site data and other design documentation

A partial list of the information that may be useful in an assessment is as follows:

* Shallow seismic, side scan, regional soil borings and in-sitx tests

= Regional/local gevlogy

* Soil borings at the site- number, location, depths etc.

« Geotechnical data reports

* Site information from neighboring structures

¢ Bias and encertainty in the design parameters

* Hazards considered in the design or new ones identified

« Analysis/design models and calculations

For the purposes of the breakout session discussions, two situations were considered: {1} eritical elements of the
above information are not available or do not meet ‘new design’ standards and {2} the basic design information is
adequate.

The first situation inevitably engenders considerable ‘soul searching’. The issue that was originaily posed to the
breakout session leaders was as follows:

To what extent should indirect information such as geophysical, regional trends {e.g., data from nearby sites),
geologic history, etc. be used in establishing analysis parameters such as strengih, density, ete.? In the Gulf of
Mexical In the North Sea? Discussion of this issue should include ancillary guestions such as how Jar from on
actual boring can extrapolations be made? When should a new boring be recommended? Can minivsm sfrenglh
profiles be established for a given geologic setting? (Issue 1 Use of Indivect Informagion)

Session Leaders:
Presenter: A, G. Young, Fugro-McClelland Marine Environmental, Inc.
Discussion Leader: . H. Dovie, Shell Offshore, Inc.
Reporier: R. Ingersoll, Mobil Research and Development Corp.

Surnmary of Preseniation by A. G. Young
Among the more important sources of indirect information are:
= Ceophysical data
= {eologic history
= Regional strength data
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i rathey crude) and other datd; and {3} pile driving records. -

< Pile driving data from nearby sites

All of this information may play an important role when the evaluator has a good understanding of the geologic
regime and recognizes the intervslationship that exists between geologic processes and geotechnical engineering
PArAINCIOTS.

A good model of the geologic history of an area is critical to ensure that the geologic factors affecting the design,
construction, and later assessment of the foundations are recognized and adequately mterpreted into useful engineering
data. Further it is important for the geotechmical engineer to have 2 sound understanding of the site conditions and
sediment types and how they imay influence the foundation performance. It was emphasized that indirect information
can certainly be more fully exploited when the geologic model is well defined and there is a long history of observed
foundation performance in the area.

Because of the similarities and overlap In frswes #7 and #7, it was decided to combine their discussion summaries
into cne section reported under fssue #2 below.

" As alluded to above, the situation where the basic des;gﬂ data are adequam is not always strazg}zt forward either.
4 key issue that arises in this case is: : : SIS : S -

What parameter mrrchmfzs are jusﬂﬁeei witere ‘old’ methods of sampling and testing were used in the original site
investigation? For example, is it appropriate te apply corrections to data from driven samples? From unconfined

- compression tests? What should be the standards for parameter determination? To what extent should “old” (per-
‘haps inadequate) analysis models/carrelations be considered/corrected for? (e.g., pore pressure corrections Jfor
a:i“}??’fﬁ} {i’sﬁgg &z Aszeszomant e?;‘” “@fé » Site Sgecxf 74 I)am} :

Se%séam §.§§§9ﬂ§
Pregenter: B, B, Olson, University of Tsxas
Dhscussion Leader: I, Kolk, Fugro, BY o R e T SC I TR I
Rﬁpﬁm@r B Eﬂgem}li Mobil Research and Dcv&*@pment Cmp T R

: Smswa:y af Pfesanﬁgimﬁ by R E Qisor; ; : : '
zfﬁw*&;ﬁamﬁc *oid” data ingludes {1} geophysical daf;g {sabbm;iem pmﬁf%l; shallsw prefiier dsz.,;: pensi:ratmn

system, side scan sonar, and marine magnetometer), {2) soil borings (soil desmptmns water contents, Atterberg Izmzts),

sampling (by different meﬂmds} and yndrained shear stre:rxgsb of coheawe smls {dzﬁereni testmg mathgds generaiiy

-+ In applications of current pile design methods, the requ}red dai:a éepend on the mm:iei used fﬁl‘ the anakysxs itis
:mperatwe that the data are interpreted in light of the data in the database underlying the empirical calculation model

- used. There are a number of databases of various sizes. Under partial sponsorship of APL, the presenter has assembled a

data bage with a wide range of soil and pile properties (all steel pipe piles). Soil profiles were cohesive (78 tests), . .
cohesionless (97), and mixed (142); loading was compressive (246) and tensile (71); soil properties were determined by
standard penetration test (238}, unconfined compression (161), Q-type triaxial (52}, minivane or torvane (41}, quasi-

i static cone (27), and {ield vane (21}; data quality ranged from good to excellent (145} to relatively poor (. 172y pile . .

. diameters 7anged from 4.5 inches to 60 inches; pile lengths ranged from 9.9 feet o 315 feet: and the best saﬁyies were
3-inch thin wall or better (593, 2-inch thin wall or better (44), thick wall (185, or unkm}m {31

The following important issues were identified:

= Can correlstions be éeveie;ﬁssé between strengths from “earlier” tests, e.z., unconfined compression tests, and
.the tests commonly used today, e.g., unconsolidated undrained triaxisl tests and field vane testdy? Such correla
fions are not simple as they depend on sampler, ?**’émgzwg? s%&%*@gﬁ time, soil g@*ﬁm:wi}s strain rates, siress
&i‘&i@ ple, )

«  For g mursber of vears driven sampling was the standard sampling method. Today, pushed samples are come
mor. Are there correlations that can be used to account for the effects of sample disturbance due to sampling
technigue? '

¢ If the database (and thus the empirical caloulation methods based on it) represents piles with set-up times of
one week to one month, what capacities may be expected over several decades?

As mentioned above, the discussions of Issues #7 and #2 are combined here because of their similarities and

overiap.
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Summary of Discussion of Issues #1 and #2

There was clearly a consensus that all data sources should be carefully considered in any platforss assessment.
Almost any data can be useful if sound judgment is used in its interpreation. This includes indirect data such as
geophysical surveys and site specific data obtained using ‘eld’ methods such as wire line hammer sampling and
unconfined compression tests. It was further clear that participants recognized the extreme diversity of situations that
can arise and were in favor of interpreting the data on a case by case basis rather than developing general rules. The
foliowing specific examples were discussed:

* The horizontal distance one might extrapolate stratigraphy and associated engineering properties from a boring
using geophysical data should be dependent on the nature and quality of the data as well as the geology of the
site and the soil characteristics themselves.

+  Rules of thumb for relating different test datz, e.g., field vane versus UL triaxial versus unconSned strengths,
can be valid but such correlations can be very sensitive to subtle variabilities in the soil propertics and geo-
logic histories. No fixed set of rules for such correlations is likely to be valid in general.

+ Great care should be taken when tracking geophysical reflectors horizontally between borings as the ‘cause’ of
a specific reflection may not be indicative of uniform engineering properties along its length.

On the other hand there was a degree of optimism about the value of indirect and old data. It was emphasized that
such data should be considered as a whole within the context of the geology and the entire set of engineering and
physical properties of the soil. Where variability is not great, sensible extrapolations away from borings and interpola-
tions between borings can be made. A sumber of participants emphasized the need for engineering judgment in such
circumstances. There was general agreement that one should always strive to getf a logical profile. For example, ifa
particular sample strength is obviously affecied by sample disturbance and is inconsistent with a reasonable Interpreta-
tion of the site geology and other data, then one should take this into account in the interpretation. One shmsld not feel
compelled to arbitrarily honor data that is not logical,

Among the research needs identified in this area were;

+ For some old structures, parficularly those that have changed ownership several times, there are not only
problems with missing or questionable soils data but the foundation configuration (pile depth, wall thickness
schedule, etc.} itself may not be known. Thus, there is a need fo; nondestructive me%hmm for ﬁssessmg or
confirming pile properties on an in-place platforin,

+ There remains a keen interest in assessing geotechnical properties from geegﬁhys;cai da%:a a8 the potennai
technological gains and cost savings would be enormous. Significant efforts have been placed on this topic in
the past, but, in many situations, one is still not able to distinguish sand from clay much less quantify specific
properties. The pa:tw;pants are still optimistic about the possibilities of this technology and encourage further
work.

Finally, the participants were unanimous in their endorsement of improved resord keeping and storage of all

geotechnical information. The lessons of the past cerfainly underscore the frequent need m have 4 comprehensive da%a
set available for a range of purposes, not the lesst of which is requaiification.

Construction Becords and Geotechnical History ST f

After the structure is installed and has been In service, the engineer bas socess to mors information than was
available during design and thus may have a basis for modifying the foundation model for post installation analyses.
Construction records (if and when available) should indicate structure and foundation revisions that oceurred during
construction and installation. In addition, these records may help to assess the design assumptions, e.g., iocation of end
bearing sand layers from pile deiving blow counts. The foundation’s history sech as survival of storms, instrumentation
records of structursd Tesponss, pore g}maﬁ;{g reaponses, oic. can also be 2 valusbls source for ?ﬁﬁ?}f’mgm?iﬁz‘%ﬂ degign
madels and sssumptions,

The Fellowing Information s weful for svaluation of all bypes of oundations:

= Structural modifications (e.p., may affect foundation load distribution)

= Historica! platform loading (deck loads; drilling loads; estimated wave, wind, current, ice and earthquake

loads} and relevant checks of component capacities

= Instrusnendation (accelerometers, strain gages, pore pressure transducers, eto.)

¢« Remedial measures taken during instalistion

»  Observations during platform operations such a8 scour depths
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Pile Foundations

The following types of foundation information are specific to pile foundations:

¢ Integrity of grouted connections for piles (e.g., pile sleeves for skirts, sleeve piles for drilled and grouted

mserts, etc.} such as indications of visible grout returns

« Incidences of jetting, dritling out plugs, drifling pilot holes, etc., to advance driven piles to grade

*+  As-instalied piie lengths and wall thickness schedules, particulariy as they differ from design

« Pile and conductor driving records including pile driving hindcasts where available

In most cases, particularly in mature operating areas, pile installation is carried out essentially as planned.
Furthermore, pile and conductor instaliation records are often among the data that are preserved and retrievable. These
records, for the most part, contain blow count verzus depth recordings plus notations of add-ons and other delays,
Further, any remedial measures required to advance the pile are usuaily noted such as jetting or drilling pilot holes. As
such, these data are an important potential source for verifying and/or improving the axial pile capacity design model.
The differences of opinion regarding the interpretation of such data give rise to the third key issue.

Should pile installetion data (blow counts, instrumentation, locations and size of pilot holes etc. ) be used to update
axial pile capacity estimates? What are the limitations of such revisions? How does installation date relate o long
term capacity? Is resturt or retap data move appropriate? (Issue #3 Use of Instatlation Data, Pile Foundations)

Session Leaders
Presenter: A. Puech, Geodia, Inc.
Discussion Leader: R. G. Dahlberg, Veritec
Reporter: K. Dutt, Fugro-MoClelland Marine Geosciences, Inc.

Summary of Presentation by A. Puech

Installation data can play a role in three aspects of assessment: (1) confirmation of stratigraphy (changes in
straturn elevation, thickness and soil type), (2) qualitative information on soil strength and need for remedial measures,
and (3) quantitative information on soil strength (reassessment of design parameters and capacity). '

The main issus proposed for discussion was whether, on the basis of the old state of practice and the present state

of knowiezig& one can expedt reliable estimates of axial pile capacsty from pile installation observations. Possible
avenues to improve the situation include dedicated model pile tests, more systematic use of hammer and pile driving
monitoring techniques and research on pile driving parameter assessment techniques. .

Other related issues identified were:

+ It was emphasized that blow counts alone are inadequate to assess soil resistance to driving, primarily because
the energy delivered by a haouner can vary so greatiy Efficiencies between 40-60% are not uncomumon for a
hammer at a given site, -

* The questions were raised— Are iha sunpizﬁed wave equatmn analyszs models {quake damping medeis)
sufficient to model dynamic soil response? What is the reliability of the signal-matching procedure for iong
open-ended steel pﬂes? Examples show that the results of sxgnai mamhmg can vary significantly from one

... operator to another. .

= Additional questions p{}sed were-— Iz the gmfessmn coﬁﬁdem: in the mem meﬁ}e&s f{}r c%eteﬁmnmg thc seﬂ
resistance o driving? What are the factors (soil related and driving-history related) affecting soil resistance to
driving? For clays, are sll the key parameters govarning set-up properly identified, for gxamg%a gggyarmf sef
up gém s §i§;‘@ pmsgm @?QE&L&Q} versus true set-up (due fo soil reconsolidation)?

§§§§*§§?§5§3§ gf &%&gﬁf@g é? 5335@ §€§

Druring the discossions, there was clearly s congensus that any additional information will be useful fo foundation
reassessment, first o confirm some of the assumptions made, and second to provide means for an overall assessment of
the piie capacity. All agreed that blow count observations are useful for the quantification of time effects. As a mini-
mum, one should make soil plug measurements and do set-up test(s} {restriking the pile after a specified set-up period)
to estimate increased resistance with time for piles in clays.

There was some agreement, although not 2 consensus, on the ability of dynamic monitoring and signal-matching
to assess soil resistance. Blow counts coupled with instrumentation results (hammmer efficiency, velocity and accelera-
fion} could provide g reasonable basis for reassessing pile capasity. The effoct of different variables is however some-
what uncertain. The medels for predicting pile capacity from pile driving records were debated at length and a separaie
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written discussion by Professor Randolph (a strong advocate of the technique) on the potential of the interpretation of
dynarnic pile load tests o evaluate soil-pile resistance is presented in Appendix L

Among the research and development needs identified in this arez were:

« Methods to determine the tength of an in-place pile {considering that the pile will have been welded or grouted

to the jacket)

+ Methods to identify site-specific soil properties from stress wave measurements

Important issues related to pile driving should also include: (1) for sands, whether a pile cores or plugs during
driving, the skin friction distribution and degradation along the pile wall and whether there are effectively limiting
values with penetration depth; and {2) for clays, whether a relationship between the dynamic and static skin friction can
be established and whether there is a limiting value of skin friction at depth.

Gravily Foundations

The following types of information are specific to shallow foundations {(e.g., gravity structure foundations, jack-
up spud cans and mats, anchors, mudmats, ete.}

+ Installation records inciuding skirt penetration, under-base grouting,

«  Foondation performance over time including scour, long term settlement

= Settlernent during severe environmental loading

 Instrumentation results including pore pressures during loading and accelerations (for stiffness assessment)

For shallow foundations, observations and response during instaliation and during subsequent environmental
loading can provide useful indications of foundation behavior under different conditions. These can allow one to verify
design assumaptions, Rack-calculations are not always done and instrumentation results are often limited to data
reduction without interpretation in terms of the observed data significance from the foundation response point of view.

Should foundation engineering also include u reassessment of the soil parameters from the results of ebservations
during installation or later on in the life of the piatform? Should the parameters be adjusted to reflect an “as
installed” foundation in case specific events or penetration observations suggest that changes may be warranted? If
so, how can this be done? Should pore pressure response be compared to what is expected on the basis of the
assumptions made when defining the soil parameiers for the different comporents of the foundatiorn: analysis?
{issue #4 Use of Performance Observations, Shallow Foundations)

This tssue was not discussed at the workshop but is included as it is an important isgue for gravity structures.
While the number of gravity structures is relatively small these structures tend to be extremely large, manned facilities
and usually involve large investments. They are somewhat unique in that they have often been heavily instrumented,
thus, providing the potential for reassessing design parametess based on measured performance. While no open
discussion of this issue was conducted, a written contribution by Susan Lacasse is included as Appendix 1L

Physical survey data of the structure foundation system

A physical survey of the structure and foundation during the platform’s life, and especially near the time of the
assessment can be very useful for updating the foundation model. Any change in the structure can give rise to changes
in the load distribution in the foundation. An inspection of the seabed in the proximity of the structure’s base can be
useful in evaiuating the contribution of nudmats and horizontal framing members w the strength of the foundation
systern, The existence of scour {or lack thereof] around piles can be helpful in updating design models. It is particularly
helpful if periodic survey data (e.g., ROV} is available to assess long term trends or changes due io specific svents
{e.g., especially severe storms, harsh winfers, ote}. However, one must be mindful that obeervations of scour afler a
storm may be not fully reflect the worst case, as there may be a tendency for scours o be backfilled during the subsid-
ence of the stonm.

Aszessment

Having scquired the gvailable data for analysis, the next step is (o carry out the assessment(s), Three sequential
analysis checks of existing structures have recently been proposed: screening analysis, design level analysiz and
uitimate strength anzlysis {Draft Revislons w API RPZA for Assessmant of Existing Platforms). For the purposes of
discussion, this throe-lovel format will be adopted here,
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Leval i-Screening Analysis

Prior to conducting a screening level analysis, a review of the data is carried out to determine whether the
platform has been damaged, loading has increased, air gap has been reduced, or in general the design environment has
changed. If the environment is significantly different from the design assumptions then the screening analysis check is
skipped and the design level analysis is conducted. If not, the screening analysis check is carried out. This simply
invoives confirming that the platform was designed to a specified edition of API RPZA or equivalent {this is intended to
be a ‘modern’ version). For this level of checking it is appropriate to confirm that the design soil parameters are valid,
e.g., that the platform location with respect to the soil boring(s} is as assumed in the design. If the platform passes the
screening fevel check, no further action is required. If not, a design level analysis is required.

Lavel 2-Desigr Level Analysis
For the purposes of conducting a design level analysis of an existing structure, the use of nominal design param-
eters as would be used in new design (as opposed to best estimate parameters) is prescribed. However, during the
original design process, various conservatisms are introduced to account for unknowns and uncertainties that inevitably
arise in the construction, installation, and service of the platform. Furthermore, new platform specific information as
well as siew research restlis may be available since the original design was completed. in these instances it may be
appropriate to use the following in the analysis:
# Revized loads .. . SRR
» Revised soil parameters
* Hindcasts of component behavwr based on pile dm ing, skirt pemetratmn measurements, ete.
= Identification of all important potential failure modes {especially identification of new modes, i.c., tHose
- different frorn ones identified in the original design}
+ New engineering analysis including: steel piled jacket (axial capacity, laterally loaded pile stress anaiyszs
earthquake response) and shallow foundations { bearing capacity, hydraulic stability, soil structure interaction,
¢ . settlement, earthquake response) :
*» : Probabilistic analyses o bettar understand the sensxtwmes of the fozmdation performance to pa:ameter bias
- -and uncertainty .
. Reconcile obsarved VErsus . gaicu‘%ated behavior ' L -
;f. Tw:) k@} issues that arise in g;arxymg:gam a_d&sxgn levei fozmdztmn ar;alysxs are descn‘bed below

Shoafd axial pzie capacity determinations explicitly aeeount for cydtc and mie 9f load‘mg eﬁ'ecz‘s?’ If 58, should
nominal factors be used or should luboratory tests be the basis? What factors? What laboratory tests? Should
assessment incliude new developments with respect to pile capacity {in favorable or unfaverable directions) that have
heen published since the design calculations were compieted? To what extent should research results (recently
published studies) be used for the vssessment (especially when results are i dngreemenf with carrent practice)?
{issue #5 Use of Recent R&Sﬁaﬁ‘ﬁ Eozults in Pile Capacity Assessment)

E '§e$s§ﬁﬁ Leaders b v RTATY T
*Presenter: M ¥ Fé&rmai;&h i;%:zwrsmv &f %*v slern s‘austraha
“Diiscussion Leader: J. L. Briaud, Texss A&M Lmverv*t} B
R@;}om; R.L E&’{imfz Em;}ﬁﬁai &}%iaf?e

$§sﬁ§§§f§f ﬁ? ?f‘@seﬁ?ﬁfmﬁ %;f 53.? é‘f ﬁ&ﬁ&g&fﬁﬁ
" Two peoblems ofien oocur in practice: _ :
«  Mewer pile load test data are in conflict with the current design guidelines.
* Phenomena that are observed in the field {or the laboratory} are not accounted for in routing design.

The variability in the pile capacity reference data is associated with:

= Natural (hut unguantifed) variation in soil properties across the site

+ Imprecise quantification of key soil parameters, such as shear strength

+ Variation in installation and testing procedure {e.g., pile tested before full reconsolidation’
s {Jther effects such as loading rate, multiple tests on a zsingle pile, failure definition, ate.
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The different factors can often be compensating with, for example, high loading rates, load redistribution due to
creep and cycling, and aging being beneficial while strain-softening, degradation due to cycling and creep being
detrimental.

Three main issues were considered important:

+ Ifan adverse change in foundation or loading characteristics has occurred since original design, should a lower

capacity be adopted in reassessment?

¢ Isit reasonable or ethical to ignore results of recent research unti] guidelines are updated {especially in the

fight of implied lower capacity)?

* Should one include, in analysis, effects of strain-softening and high loading rates under storm loading? How

should these factors be accounted for?

Summary of Discussion of lssue #5

The group discussion focused on the implications of new research data by addressing the following specific
issues:

+  the assimilation of new pile load test data info the data base and the resuiting code changes,

* the use of site specific pile load test results without changes in design code, and

* the need for future research to understand phenomena of pile behavior that are not addressed explicitly at

present.

There was a strong consensus that research will take a long time and should be conducted in 3 phased approach.
Phase 1 should be directed towards the identification and discovery of the basic physical model, any governing phe-
nomena, and fundamentat reasons for divergence with practice. In Phase 2 we should atterapt to quantify by
geotechnical analysis the findings from Phase 1. Finally, Phase 3 should simplify and codify the analysis, so it can be
applied retrospectively to different geologic regions and diverse site conditions around the world. ,

On Point 1 above, the group agreed that caution should be exercised when using new load test data to justify
changes in the design code. Such changes are much more acceptable when the geologic conditions and soil types are
not considered unusual when compared with those originally used to develop the empirical design method. The group
agreed that the design code should be changed, to include both beneficial and adverse effects, only if the test results can
be explained, quantified, and applied sensibly in terms of soil types, stress history, and geologic conditions.

Site specific pile load tests were considered s reasonable methed for improving pile design parameters for a
specific structure or area when the design code is recognized to have a sparsity of pile load tests in the particular soil
type or geologic regime. For example, the Shell Oil Co. Long Beach (California) Beta Test (J. H. Pelletier and E. H.
Doyle, (1982) Tension Capacity in Silty Clays- Beta Pile Test. Proceedings of the 2nd International Conference on
Numerical Methods in Offshore Piling, Austin, Texas) provided valuable pile design information for nearby offshore
structures. However, these site specific test programs should also be planned to understand basic soil-pile behavior.
This allows one to generalize the results with the goal of making improvements in the design codes and not merely
using the results for the parochial requirements of the project,

All participants agreed in the discussion of Point 3 that improved understanding of the basm behavior is neaded
from future research, so the offects of strain softening, loading rate, and cyclic loading can be evaluated relative to the
actual field capacity. However, most agreed that the basic phenomena are not well understood in the context of 2
physical model and thus practitioners are rightly reluctant to consider a single phenomena in & design without sccouni-
ing for the full effect of all others.

Most agreed that strain softening occurs, but the effects may differ from one region to another depending upon
the susceptibility of the soils. The effects are not considered to be substantial in some soils such ss Gulf of Mexico
ciays, but there is a pronounced influence in partisily cemented, highly structured carbonate mé& Anslvical methods
for numerically modeling strain sofiening exist, but need to be treated carefully due 1o some anomalies that may
develop such as mumerical ermors,

Rate of loading effects can increase the design capacity, but the besefiss of same should not be used without
inciuding the effects of cyclic loading or strain softening which tvpically reduce capacity. However, a need exists to
quantify the effect for various types of soil by a field or laboratory test such as the in sifu field vane or direet simple
shear, respectively. These tests must duplicate the rate of loading associated with the environmental loading such as the
maximum storm wave.

A majority of the participants agreed that cyclic loading will reduce design capacity when the magnitude of the
cyolic ioad is significant in comparison with the shear strength of the soil. Foundation analyses of gravity base struc-
tures typicaily mcorporate these sifects explicitly in the design method in contrast 1o the current practice of offshore
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pite design. There are computer methods currently available to analyze the effects of cyclic loading, but these methods
need to be calibrated with physical tests such as a field mini-pile, laboratory model pile, centrifuge mode! test, and/or
full-scale field pile. Some studies of this type have been carried out, but no generally accepted methads of design or
analysis have vet been developed

In summary, the group of participants agreed that further vesearch is needed to refine the analytical methods
currently presented in the API recommended design practice. This research should continue to extend the pile load test
data base te more closely approach actual prototype pile sizes and load levels. The research should also be plamned to
improve design methods in new or unfamiliar soil types, for nonstandard installation techniques or for severe load
regimes. Application of such research to the assessment problem iIs inextricably lnked to such advancements,

What is the appropriate role for probabilistic analysis in foundation assessment? Are estimated safery indices for
axial pile capacities believable? How should the acceptable reliability level be established (probability of failure or
safety index equivalent 1o a safety factor)? What should be done, if anything, e resoive dt_gfermees in wmilmg
strength and LRFD :ﬁ%z&tgn values? {Isssxe #6— Role gf Probabilistic Azza{pszsj .

S&sslan Le&d&m _
Presenter: 5. Lacasss \(}E’Wéﬂiaﬁ {}e{:t@chn;cai Iﬁstim*e
~.Discussion Leader: W, H. Tang, University of Itlinois SRR e e e
Repﬁrim R. B. Gilbert, University of Texas . T

Szzmm&rgf é}f ?r&ssﬁiaﬁws 53 i 5 aasasse o ,

On the premises that (1} uncertainties in f{)w}datl(ii} be?}avmr aﬁﬁi ssz§~strizgmm mt@raenon exzsiz (7} pm%}&%}liisnc
maodels are now accessible, (3} solutions have been developed for a range of geotechnical problems and {4) probabilis-
tic solutions are to be used in addition to deterministic analyses, a number of issues were raised. These issues also
reflect reqmrements to make reliability analysis more useful for geotechnical engineers. .

The uncertainties inthe pa,ramﬁ*ers and tbeu‘ gffect %jziz the resuhs sbtained neer;i to be. estabhshed 5‘»’612 tf this

* .__Wath regarci to the mterpreianon of tha resuits af rehab;,ixz} emakysi&, hmz.f 5hc,}uid tbe rehabzirw rasuks be used

- and how does one determine an acceptable target probabii;ty of failure Whe:n requahfymg a structure?
: There is.a need fo auantify the unceﬂamty'fmm ‘old” design. metheés Wﬁﬁi‘% gngineering judgment and hidde:n _
" .faet;ors were combined in a single safety factor, It is helpﬁ:f in the process of code development, to asia?;hsfn the :mpllcﬂ:_ _

' .. probability of failure for® mﬁvemmnaﬂy accegaied’ designs fi}r strohures ﬂire:aciy in place. That j 15, pmb&bﬁmixc
methods Shﬂﬁié ise aaizi‘;raieé using methods that have successﬁzﬁy we‘r}:ﬁé m zhe gﬁasfz

R Summary of t)iscus wn‘ of _issue #6 _ - - s
. . Durngthe discus ons, there was a consensus i}zat ;}mi}a 1 serve n %aiuaé}ie role in t%se asssss—
N ment of fﬁuﬁé&tzﬁﬁs for axmimg offshore pméucimn stﬂmmras The g}m%a%;xizsﬁc a;}pmach can systamaﬁsaﬁy account
. for the uﬁsmamtzﬁs in the parameters and the mode] and provide  vonsistent measure of m%méatmvz mrﬁ"&mm that
_ 'zs uot a»%zzs: s&ﬁ asmg & é@zﬂmmggm ag}ymaﬁg ”%@ 3&;&% ﬁﬁ%ﬁ&ﬁi}g in mazw 55{32%’%‘%(33& ﬁazamamfg igz reason for,

%’%ﬁé% g%ﬁ*’ﬁézzws%éggim programs o minimize a;ﬁwf“mmg
in gi}%? ?‘?’ﬁ?ﬁﬁiﬁgb and in ;*:ée*mmmg sensitivity 5&&&3@5 iﬁ identify critical design parameters. They also enable one to
evziuate compiex problems with multiple ;axhzze mechanisms, where deterministic analyses may lead W compounded
conservatisms.

However, several major deficiencies were identified in the current state of practive with respect to probability
analysis. First and foremost, calculated failure probabilities are better used at present to provide relative but not
absolute measures of foundation performance because they have not been fully calibrated, For example, the reliabilities
of severs! foundations can be compared using & consistent analvsis of fallure probabilites. 1t should be nofed that the
reliability of a foundation is not necessarily comparable with that of 2 structure. Caleulated faflure vrobabilities for
foundations are generally higher than for those of structures because the uncertainties in properties and analysis/design
rnodels are greater, vet it is the parception of the workshop participante that sigmficantly fewer offshore foundation
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fatlures than offshore structural faflures have occurred or at least have been documented.

Workshop participants were of the opinion that the major contribution to uncertainty in foundation performance
resuits from the uncertainty in the performance models. Databases used to calibrate these models are lacking in quantity
and quality, and very large extrapolations are commonly required o relate the data to offshore foundation performance.
Hence, considerable expertise and judgment are used together with the existing databases to assess appropriate model
uncertainty. Although there clearly are not enough data, the geotechnical engineer believes that he has a good under-
standing of the basic behavior and of the response of the foundation elements he is trying to model.

in the current state of ;}factmé many geotechnical engineers are not familiar enough with probability concepts
and have had little formal training in this area. Consequently, the full potential of probabilistic analysis has yet to be
realized in practice. Examples of how to use the method are needad.

The research and development needs identified in the area of application of relizbility analyses to foundation
assessment include:

* Reducing model uncertainty by obtaining and analyzing more performance data of high quality [laboratory or
field model fests, construction records, performance records during events {storms, earthquakes, etc.)]. It is
ymportant to understand the components of behavior better, rathier than lemping together different factors
affecting performance. Bayesian updating may prove to be useful for the assessment of existing offshore
fourkiations for requalification,

« Comprehensive probabilistic sensitivity studies should be made to identify the effects that contribute most to
the overall uncertainty in predicted capacity.

« More work is required to study the performance of the foundation system relative to the individual compo-
nents that form the system (e.g., capacity of four-pile system versus single pile components). It is impoﬂant o
develop the definition of failure that best reflects actual performance.

* We should strive to better quantify failure probabilities for different offshore structures in cooperation with
owners and policy makers. Probabilistic results will be useful, not only to compare different foundation
designs, but fo make requalification decisions considering costs and benefits.

« Itis imperative that geotechnical engineers commusnicate with engineering specialists in refated fields (e.g.,
structures, hydrodynamics, environment) to develop appropriate paraméier sta%zstics and 1o mamtain consistent
assessment criteria ihmughﬁu the requalification process. ¢ :

Levei 3-Ultimaite Strength Analysis
The third level of checking (for platforms that do not pass screening or design analysis levels) is to carry out an
ultimate strength analysis. This is typically done by scaling up the environmental forces for the design level eventon a
nonlinear structural model until the collapse load is achieved. This is frequently referred fo as a pushover analysis. The
general considerations are similar to those enumerated above for design analysis except that ‘best estimate’ rather than
nominal parameters are used and other known conservatisms are removed. An issue that is particularly important for
and unigue to nonlinear analysis is:

What criteria should be used for modeling the lateral soil resistance along a pile for “pushover’ analysis? Skould so-
called “static’ or ‘cyclic’ models be used? Should & displacemernt lmit be pluced on such analyses? (Fssue 7

Criteria for Pushover Anglysis)

As previously stated this issue was not discussed at the workshop but is included here as it is an imporfant issue
for reserve strength snalvals of steed piled jackets. 1 is of particular interest S shallow water druchures where the
critical failure mode is often found to be the formation of 2 lateral shear mechanism in the piles. Whils no open
discussion of this issue was conducted, a written contribution is included as Appendiy I11,
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Upgrading Options

At some point during an assessment it may become apparent that remedial action of some type is indicated
{especially where a platform fails to pass the Level 3, ultimate strength analysis check). There are 2 number of actions
that can be carried out to upgrade the foundation {or perhaps downgrade the requirements, e.g., demanning) to render it
suitable for continued service. Among the alternatives are:

+ Collect new soils dats (improved guality, more borings, closer 1o site, ete.) to justify a more optimistic inter-

pretation

. Install instrumentation fo verify design/analysis assumptmm

= Set eriteria for shutdown, evacuation, ete.

Enhance pile performance: retap or pull conductors {or piles if practical) to assess capacity, upgrade capacity
by adding insert piles or artificial plugs, add outrigger piles
Enhance shallow foundation performance: add berms around base of structure, add scour protection, add piles
. in skirt compartments or around g&mphery to enhance sizdmg stability, add E}aiiast to structure to enhance
overtuming or sliding stability :
A key issue regarding what i3 ofien cansxdﬁ:r&d ong af the first lines of defense is as follows:

How does the foundation engineer prioritize or weight the competing factors ix hic recommendations to the owner,
suck as: safety requirements; the reality of having a structure that is already installed with a safety factor below
standard or with key pieces of information missing: the expected conservatism built inio parametor selection and
assessment methods; the huge cosis that may be involved; the uncertainty in ¢ffectiveness (and even rvisk of making
things worse) of the proposed vemedial action {e.g., how effective are remedial measures aimed at strengthening
pzies such as addmg inserts and artzf eial piugs 7). (Issue #8-—Remedial Measures)

S0 S Presenters J H Cilﬁﬂ iﬁhevmﬁ Petm}sum Teﬁhﬁﬂiggy Co.i o
Drgvassion Leader 1D, Murff, Bxxon Produstion éigseamh Co.
‘Reporter: 5./ Lacasse, Gr@gé}giauﬁmi%hﬁig&};i Stitute

Summary of Presentation fzfy . H Chen

- Discussion 1ssues in the ﬁiaﬁnmg of stmcmmi npgmf}ﬁ of sffshﬁre piaifcr’ms mﬂéudeé the: i*argei mi:a’:;zhty, cosis
involved, feasibility and effectiveness, and possible disruption in the platform operation. The costs vary gver 2 wide
range, from the relatively modest costs of new soil borings to the extremely high costs of pile streﬂgthemng using pile
tip bell’ f{;ﬁtmgs as used for North Rankin A on the Northwest Sheif of Austraha {Pmef:eémgs of ihe Eniematwnai
+Conference on Calcareous Sediments, Perth, Australia, 1588). : iz
When considering foundation upgrading the following issues sheuld be adciressed in any reassessment
;oo cdttention should be focused on a systgm rather thana component (i.c., only foundation) approach.
.~ The technica! feasibility and effectiveness of different options need to be. evaluated on a case by @a:sé basis,
. - Because there is little or no direct experience wnh a number. of existing options, there can be potential . '
..-downside risks, and %az*ge {g@fh&pg unaccepiable} deformations may be needed to achieve the added resis-
iance,
s (mne should f{}ﬂgs on gﬁ;@a%mg an upgmée selu‘zz{m f’éaa% reaii}f Improves, %‘;ae amaﬁgﬁ zaihcz ﬁm} giving & good
- solution on pepern, In this enterprise details are important,
«.Thers should be special contern for i mazﬁmmmg the mmgﬁ*} ‘?%E& g{zm@gm ﬁzzé;gzjzmzmz;ﬁg {éz_sm?tésﬁ of the
. platform operation, - . - e

Summary of Bacussion of fesue #8

In the decision of whether to strengthen & foundation or not, the following considerations were deemed o be of
most importance:

» results of conductor puli-out tests on the platform under consideration

= whether the proposed remedial action can weaken other aspects of the foundation or the structure
+  the degree of improvement that is needed
+ the cost-benefit trade-ofls of remedial action; balance between safery lovel and benefit of an inspection
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» the level of deformation needed to mobilize the added resistance, e.g., for load transfer

»  the risk incurred if one decides not to strengthen

« the pussibility of doing further damage during the strengthening operation (to what extent and with what

degree of certainty will the measure improve the situation)

The following options with respect to strengthening or verifying axial pile capacity were mentioned: strengthen-
ing—insert piles (grouted or driven); outrigger piles; guy wires; bell footings; struts; grout or gravel plugs; soil modifi-
cations {freezing, chemicals); verifying—new site investigations; instrurmentation of structure and monitoring during
events; pile/conductor load tests; and including drilf casings and mudmats in resistance calculations.

Among the needs identified with respect to upgrade options during requalification of offshore structures were:

* Enhanced dialogue between geotechnical engineers and structural engineers when dealing with upgrade

decisions.

« More effective exploitation of the existing large database of upgrade case histories, Both the decision-making
process and the upgrade solution selected could be documented. It is highly recommended that industry makes
an effort to establish a reference database of actual foundation upgrades. The case studies should describe {1y
the problem; (2) the decision process; (3) the solution selected; and (4) how the effectiveness of the measure
taken was confirmed. it is fmportant that all information pertinent to the condition to be upgraded is captured.

*+ Means of evaluating the effectiveness of the strengthening solution adopted are needed; it is of questionable
value to employ remedial measures without confirming their effectiveness.

It was also suggested that in the future there should be less need for remedial actions and upgrades, as the design

process gradually improves.

Closing Remarks

There are many actions that can be taken during the design, construction, installation and service life of a
structure that can facilitate its subsequent assessment and requalification. As such, assessment requirements should be
made a part of the plan from inception. A carefully thought out systesn of archiving pertinent data, calculations, '
measurements, and inspection results throughout the life of a platform is one of the most imporiant aspects of such a
pian. Such a system is greatly enhanced by a clearly marked trail over the life of the structure indicating what decisions
were made and why. Effort spent on the front end in this manner will inevitably pay for itself many times over.

At the close of the workshop discussion, the following consensus was drawn on foundation assessment for
requalification of offshere structures.

Geotechnical specialists believe that their state of knowledge is moving in the right direction, but there is still a
lot of work to do. The details of the geotechnical procedures for foundation assessment and the large number of
parameters and relevant factors are such that it is important to keep flexibility in the codes and standards and o avoid
imposing too restrictive or too specific requalification requirements.

At nearly all levels, there is a need for greater interaction between the geotechnical engineer and other flelds of
engineering (specialists on environmental conditions, hydrodynamics, structural analysis, operations, and policy
makmg},
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Appendix |
issue 3: Interpretation of Dynamic Pile Load Tests

Contribution by
FProfessor Mark F. Randoiph, University of W%st@rn éazstra?e‘sz _

[Hscussions were held at the workshop on the reliability of the soil resistance to ax:ai Ecadmg deducaci from
dynamic load tests carried out during pile driving. Professor Mark Randolph, from the University of Wastern Australia,
shared the following experience with the participants st the workshop.

The measurernent of dynamic force and velocity waves at the pile head during a hammer blow is generally
referred to as a dynamic load test. The data allow accurate assessment of the hanimer ¢ energy delivered to the pile, and
may also be interpreted to yield an estimate of the soil resistance mobilized during the blow. A full interpretation,
known as signal-matching, involves adjustment of the parameters in & numerical model of the dynamic pile and soil
response until a close match is obtatned between the measured and computed 51gnals Generaﬂy, measured force and
velocity data are combined to give the downward traveling component of the stress wave, which is used as input to the
numerical model. The signal-matching is then carried out on the upward aampenent c}f ihe su'ess wave, comparmg
measured and computed response. .

The main parameters that must be adjusted are the hmmng vaiues of shaﬁ friction and end bearing. These are
taken as equivalent static values and are adjusted to give the full dynamic resistance by meéans of additicnal parameters
that attempt to quantify inertial and viscois damping. A variety of different soil models have been proposed for the
dynamic components of soil resistance, and this is still an area of current research. However, the fotal static resistance

:deduced from an accurate mgnai«matchmg is relatwely insensitive to the precise soll_m 1and _chcuce of dynamic

parameters As such dynamw tests must be mierprzteé by expanenced persennei to gWé estmtates of the eqmvalent

The dynamc load test can give :miy mformatmn on the soil resistance mobahzc it the time of the biow and
© any changes in resistance that might occur with time should be assessed by re-tes mg the pile. "
. A distinction must be miade between mobilized pﬂe resmfance and pzie capacaty, nice if the hammef blow is ~
" insufficient to cause s1gmf£cant p]asnc penetratwn of the pile, then the full pile thpacity may not be mobilized.
"+ The mode of failure of open-ended piles during driving is generally an unplugged (ot partially plugged) one,
'wﬂh relative m@imﬁ between the mmpiete: soil plug and the’ pile. Howe’ver, (ismzxg ic loading, the pile will -
' generally perfaﬁn asa fuiiy pinggeﬁ pzie afid any relative movemeit will be Conf to the Tower fow”
digineters of the soil plug. As such, some ad;ustmem of the soil res:stance ma%niazed‘ dunng dynamm ies%mg
" miay need to be carried out fo afrive’at an ‘equivaient static resistance. ' "
+  While the total sm% registance deduced from a dynamic load test is retatively msens:twe to the soil model and
" gynamie’ parameters, the detailed distribution of resistance along the ;33%5.:? shaft’ andat the pile base is rather
more sensifive to'these ‘§}.§,§‘&§3ﬁ§1&§ S Ferent {}‘Qﬁ'&?ﬁﬁ will penerally arvive at'a i’azzgﬁ of differerit distributions
et ragz&ﬁm:é {huit with sifnilar viilugs of wial feaistarice) still at%;ﬁ%mg i &é@%ﬂaﬁﬁ miatch o 'the dynamic data.
" Ag such, 'more confidence should be placed in the overall 5oli resistance thah in'the deduced distribution.
it should be emphasized that operators of dynamic testing equipment (and experienced signal-matchers) probably
will tend 1o be more assertive of their sbility o pradict the distribution of soil resistance, while those with little direct
experience with dynanic testing will tend to downplay the reliability even of the estimated total resistance.
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Appendix li
issue 4: Use of Performance Observations, Shaliow Foundations

Contribution by
Dir. Suzanne Lacasse, Norwegian Geotechnical Institute

The geotechnical design of shallow foundations for offshore structures, especially gravity structures, has until
now been based on much more detailed soil investigations than, for example, piled structures; and a large number of the
existing gravity structures, even the very first structures, were very well instrumented. Barly on, the observed data wers
used to adjust calculation hypotheses and to develop semi-empirical calculation procedures (e.g., methods for predict-
ing skirt penetration resistance}.

Throughout the years, a large quantity of perfonmance data have been accumulated for gravity structures, but the
data and their geotechnical content have not been fully exploifed with respect to interpretation of soil behavior and
understanding of the soil-structure response, partly due to lack of time, partly because the exercise was given only
superficial attention, and partly because the measured data have been reduced by those accumulating the data but not
interpreted further by a geotechnical engineer. This is unfortunate because important behavioral information is locked
away in files and may be forgotten. As more time elapses, it will become only more difficult fo reconstruct the series of
events that have led to the observed behavior,

Gravity structures have the potential of providing long-awaited answers to many aspects of soil behavior or soil-
structure response. They represent, in effect, model tests at a very large scale. The unexploited performance observa-
tions are a source of additional information in the case of platform strengthening or requalification. The behavior
observed on one structure may well prove to be a key element in the understanding of the behavior of another structure.
As a minimum, performance observations represent useful model tests for other types of shallow foundations, e.g., spud
cans for fack-up structures and suction anchors.

The interpretation of instrumentation results can, among other aspects, enable one to reassess hypotheses made
during design, document components of foundation behavior that are controversial, reduce uncertainty in the calcula-
tion models, and/or develop further the understanding of different behavioral patterns {e.g., dilative sand behavior, pore
pressure build-up and dissipation, stresses and pore pressure on structural elements such as skirts and base). An
example is the rate of settlement measured beneath the carly gravity structures. The observed setilements tended to
occur much faster than assumed in design, thus indicating a more rapid increase in shear strength due to consolidation
under the platform weight. This observation is utilized nowadays, where installation is planned such that optimum
advantage of the shear strength gains due to consolidation is taken.

Among future needs, the following should be mentioned;

«  Whenever one needs to reevaluate a foundation, the soil profile, soil parameters and calculation models, if
relevant, should be adjusted to reflect the added knowledge and the in situ condition at the time of the platform
re-evaluation. An historical follow-up of the events in the platform history and the observed performance
should be carried out to make the observed behavior fit in logically with accepted geotechnical principles.

* The piatform operators should allocate the required resources (man-hours, budget) to promote an adeguate
exploitation of the existing measurements. The conclusions drawn on soil behavior and soil reactions will
prove useful not only for other gravity concepts but also for the interpretation and futere developments of
sther foundation types. For example, sidet penetration data, e.g., skin friction, can assist in the understanding
of calculation models and existing observations of skin friction on piles; scour observations can help verify
analytical models; and acceleromeer data can help verily soil sirese-styain models,

= A datz bank of the information and instrusrentation that exists shouid be estsblished and priorities set up for
the interpretation of the results on the basis of the usefulness and the expected gain in the understanding of
geotechnical behavior and soil-structure response.

+ Especially in the interpretation of performance observations, inferaction with other disciplines is of utmost
importance. For example, the Inferpretation of soil-structure interaction response {e.g., eracks in the concrete
base ean change the back-calculation of the foundation stiffuess from accelerometer data) requires 2 close
dizlogue between the gootechnical and the structural engineer. A worthwhile reanalysis of foundation stability
during a storm depends entirely on the loads derived from the interpretation of the wave height, and therefore
the interaction between the hydrodynamicist and geotechnics! engineer,
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Appendix I
lssue 7-Criteria for Pushover Analysis

Conribution by
Dr James D. Murff, Exxon Production Research Company

In the process of assessing the ultimate strength of an offshore platform it has become standard practice to
conduct a nonlinear structural analysis. Typically the 100-vear design load is applied to the structural model and
incrementally scaled up until the model can carry no more foad. In this analysis the foundation piles are usually
medeled explicitly with the soil being represented as soil springs which are characterized by so-called p-y (lateral), t-z
(axial shaft}, and g-w {axial end bearing) curves (se¢ for example, the API Recc}mmezlded Pracnca for Piannmg,
E}esxgrimg, and Constructing Fixed Offshore Platforms, RP 2A, 20th edition).

“The nonlinear structural avalysis may indicate frat the critical failure mode is comgiete?y wxihin the structure,
completely within the foundation or a combination of the two. Within the foundation there are typically two failure
modes; overturding, in which the failure primarily involves axiai deformation of the piles, and shedr, in which the
failure primarily involves lateral transiation of the structure base accomumodated by the formation of plastic hinges in
the piles. Owing to axial icad—m{}me:ﬁ% E’i‘*iéfaétmﬁ mﬁzm the p*ic izself a c:ambxmd 0vert’ummg~shear faxlurcz mc}de is
also possibie.

Tn modeling the pile’s axial behavior the appmach isa straight forward extensmn of the precedures used in
design. For lateral behavior, the designer usually employs the so called cyelic p-y curves (as opposed to static curves)
to account for the fuct that the foundation will undoubtedly undergo many repetitions of siggiificanit lateral load prior to
expetiencing the désign condition (usually the' 100-yéar wave). I an'ultimaté strength analysis the piles undergo
reianveiy large d;spiacements {pethaps 20-30% of the diametér or more) to mobilize the full resistance avaxlabie In
this situation’ the questzori atises whether if is appw;srsaaz 10 uge cyclic oF static p-y clives. An Imperiam step in -
answering this question 18 to consider the'tests thit formed the basis for the p-y curve deveiopmﬁnt .

eI gmf:ral the cyclac Iaadmg in the tests was initiated at low iaad levels hmidmg up to higher leveis Even ai: the
inghest ic:saé levels the tests were typzcaﬂy carried to daspianements that were only a few percent of the pile diameter,

" The p-y curves devéloped fromi these data are thus intended to represent envelopes of 50il response and are not intended

to be realizations of specific load versus displacement paths. The cycl;caliy degraded curves represent the combined

-effects of near surface gapping as well as localized remolding and softening of the soil. They have historically been

- applied in working'stress design (where displacernents are nornmally less than '10% of tk& pile digmeter} apd it deems

“veasonable to question their direct applicability foroltimate strength asnaiysis where a one-time large displacement

“excursion should foree the pile inte virgin soil that has presumably been minimally affected by prrevious tyclic loads.
+The foregoing hypothesis has been tested in a series of centrifuge tests on Iaterally loaded piles in soft clay by

Hanulion and his coworkers. (The basic test set up and results of static calibration tests are reported by Hamilton, et al.,
- Centrifoge Study'of Lawrally Lobded Behavior in Clay. Proceedings of the Intérnational-Confererice Centrifupe 81,

- Boulder; the cyclic load tests will be reporied in a future publication). Tn the tests, relativ ely rigid, furge diameter

- {prototype) piles were oyvolically loaded o larpe displacements {up to and greater than one pile diameter). The tests
showed that the AP oyclic criteria for soft clays were very conservative for post oyclic, ultimate strength analysis. A
stightly reduced version of the “static” curves appears to be more appropriate. Obvicusly care should be exercised in
generalizing these resulty, Sspécially for other soils such as sffelay or 33?}“‘32 %aww& ﬂze writer ave:;z;%é gz;szsz these
conclusions to directionally apply fo many conditions, ' : toognie e o
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Discussion and Summary on

OPERATIONAL CONSIDERATIONS

M. K. Craig, Uroea! Corp.
K. E. Amold, Paragon FEngineering Services, Inc,
0. R. Bayly, Pell Frishmann Engineering, Ltd.
Working Group #5

Operationai §ssaes-ﬁe§iniiim and intent

()peratmnai (Zansxder&t}enﬁ in the context of t}us workshop on agmg smzctures is defined to mean addressmg
risk sources (o & fﬁnsmrﬁng offshore pmdu{:tmﬁ platform that are not dxrectly related to overload of the structure from
the natural enmmmemaz hazards of storms, sarthquakes and ice.

It means the identification of ‘non-struciusal’ risk sources capable of causing injury, pollution or destruction of
the structure - what type of risks, how potentially damaging, what are their frequencies of occurrence, and what
mitigating measures control them. _

" Such risk sources can be the under-performance of aging equipment or appurtenances - process equipment,
drilling eqmpment mnstrument and control systems, fire and safety systems, SC‘V*S and SSCV 8, risers cathod:c
pmtecmn systems mvigafwﬁai warning aids, and the deck structure itself, 7 © :

) ‘Such msk sources can alst be the ﬁﬁéermperfamame of the désigners, constructors arid operatars of this aging

:'eqﬁipment oihith %aiseg ‘questiony on such diverse issués as operator training @id retrainiig; humén and organizational

ervors, safety review procedures, é;a;fei*y tearm’ makeups i};:?eﬁtmg and safc work practices, blowoiit ¢ontiol pmcedm'es
ef"fects ‘of droppéd objects, cight control,’ inspections; ‘wilkdowns, evacuation ‘procedises, and derhanning. _

B “The intent of this ¥ paper is to identify important “fon-Fuchiral’ & $ources of tisk, their damage potential, their
pe:rcewed likelihoods of occurence, whit is being done to control them, and where/if such controls need improvement,

“athi in the context of emstmg, agmg platforms.

- The intent of this paper is not to provide an in-depth treatment of the facility-related (equipment) issues, bat to
prev;de: mote of an awareness brief on these hazards. A separate workshop addressing fasility-related hazards may be
justified. However, considerableefforts are presently underway 10 imiplemént tipdated pioctss safety imariagément

- guidelines. These eﬁ‘orts shcaifé m:st E}ﬁ ézims& Ef' & worksm;& is hehi pmcess-relamé questmns are ksted in Appendzx I
to’ famiréaie discussion. - ‘

“Operations/Structure interface issues are discussed first, followed by fatilities issuéé. Areas demaﬁdmg further

- development, as identified by the Operations Working Group, are outlined at the end of the paper. :

Operations/Structure interface Risk lssues

Uperations/Structure interface issues are those in the grey area between %fa@ pﬁfﬁ% ;f aiﬁz@tmmz amﬁ m&j fanility
issues’ These intesfuce issnés can influence the intagiitv of the structure.

The findings and recommendations of the Work Group on Operational Considerations are lsted below, in
approximate prionty order. As such, and given the nature of the issues, the subject topies vary considerably, The
staternents made below are those developed by consensus in the Operational Considerations Work Group.

Cathodic Protection

Adequate cathodic protection is recognized as the first line of defense in the preservation of subsea structural
integrity. Collection of data annually on cathodic protection levels on each OCS structure is required by law. It is
crucial that these data are acted on appropriately. Underprotected structures must be retrofitted, or their integrity will
rapidly decreage. This is emphasized because collection of the data is commonly supervised by operations (non-
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strugtural) personnel. Development of clear purchase order specifications for new anodes (including connecting rod
steel) is recommmended. Proper anode placement and comection details to avoid tearout is encouraged. Impressed
current systemis perform satisfactonily provided they are properly fabricated and hooked-up.

Fire and Blast Design

Diraft guidelines proposed for a new Section 18 in API RP 2A are being developed on this subject. 1t is recom-
mend that, although this topic is a complex one to quantify, the new guidelines be as pragmatic and designer-usable as
possible. The process must recognize the successful operational experiences in U.S. waters.

Risk Reduction

In the fitness for purpose assessment of a platforn, there are operations-related {non-structural) issues that
influence the cutcome, in the form of reliability improvements or lower performance targets. First, housed personnel
can be removed from a platform, and it can be re-categorized as an unmanned platform, Second, marine growth can be
peripdically or permanently removed, as can appurtenances such as unnecessary conductors, risers and boatlandings, to
lower wave forces. Third, hydrocarbon inventory stored om the platform can be limited or removed. Fourth, upgraded
surface controlled subsurface safety valves (SCS8V7s) can be installed on naterally flowing oil wells, to potentially
improve shut-in performance. Safety valves can be added to process piping, risers and pipelines o help limit il
spillage; more valves can be added to reduce process segment sizes. Fourth, personnel and platform structural safety
can be enhanced by the selective provision of fire and blast protection, and additional means of safe escape and
evacuation. :

Blowouis, ‘Complex Plalforms’

A ‘complex platform’ is ane whose facilities process significant quantities of oil in closed-in, modular type
process packages. For these platforras, and cspecially for ones located in harsh and sensitive environments, a “total risk’
type analysis may be necessary, as discussed in the next section. Note, that few such platforms exist in U.S. waters. In a
‘total risk’ analysis, the probability of occurrence of 2 blowout that would undermine the global integrity of the
platform must be estimated. The development of a comprehensive database on such blowout statistics o aid with these
estimates s encouraged, ’

Shut-In Systems

A preliminary analysis of the limited statistics on surface and subsurface controlled shut-in system reliability
shows that these svstems are relatively reliable. However, there is no comprehensive documentation of this. The
development of such documentation and its associated database is recommended, to aid in a) low consequence platform
categorizations, and b) “total risk” analyses. However, past attempis to develop such a database have not been success-
ful, due in large part to poorly conditioned data when it is reported (was the cause of valve failure due to the valve
itself, or to other unknown causes?)

Ship Collisions ;

This issuc was considered, first, very germane to giobal platform safety, especially for those platforms located
near active ship chanoels, and second, complex to treat. issues on where to place what type of navigational system
{sctive or passive, on the vessel or on the platform) cressed boundaries beyond the experience bage of the Work Group.
The crsation of an mproved datsbase on vesselfstructors collisions s encouraged. For local vessel Impacts Ompacts
which do not threaten the global stability of' s structure}, in the design of bostlandings and the analysis of bent waterline
braces, it is recommended that the Bnal Section 18 guidelines in APL RP 2A-WED on this subject be simple, pragmatic
and designer-usabie. Operators’ field personnel are encouraged 1o notify the civil engineer(s} when such damags
Gecurs,

Dropped Objects

it is recommended that operators have in place clear reporting directives for significant objects dropped over the
sides of platforms, and that their reporting to retevant parties be encouraged. One relevant party is the company’s ¢ivil
enginger, who may smnetimes be left out of the reporting loop, This is particularly mportant when damage has
securred, and qualificd repair 1s necessary. It 18 hoped that the new guidelines on offshore crane operations and mainte-
nance proposed for AP (American Peircloum Instituie 19%4) will resull in fewer obisols dropped by cranes,
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Topsides Seismic Performance

Equipment performance under laters! load is a critical safety issue for field personnel on platforms located in
earthquake-prone aress. Appropriate restraint is required, especially of large movable items like the drilling rig. The
drilting rig is particularty vulnerable due b s Benibility and 55 being regularly repositioned. Detailed guidance on
appropriate restraint and other safety measures are given in the updated Section 2.3.6¢.2 and associated commentary,
API RP 2A-WSD, 20th edition.

Riser Guards _ o

It is recommended that, in light of the satisfactory past performance of riser guards, the present non-prescriptive
approach to the design of these structures be retained. Explicitly quanttfying vessel impact loads for riser guard design
iz considered not warranted, hut will likely resuit in overdesigned riser guards and jackets,

Evacuation

For o platform's exposure category to qualify as "manned, evacuated” it is presumed that sufficient resources are
available and deployed in advance 'of 4 hurricane’s impact in the Gulf of Mexico to accomplish full evacuation. The
potentiai of shrinking evacuation resources (helicopters), and g ggmax ing mumbers of personnei fur-hez‘ offshore haghiights
the neeé {G assure aéequaze rESOUrGes. : :

Platform Movements
First, Yor compliant platforms - either deepwater or minimum structares -there exist relative motions betwden the
well conductors and ﬂ';e'piazfarm' It is important that these motions be tecognized in the design and maintenanice of
piping and connections beiween the wellhead and deck~sapp0rted production manifold. Second, relative platformfnser
or piatfom’xfj-tube motions can induce significant stresses in the short, stff standoffs iyplcaﬁy used to conmect the riser
of the J-tube to the piatfem es;aec;aiiy in more c:}mpiiam piatfarms and in standofTs that are dlrectiy welded (instead
of clamped) to the jacket members. These stresses can calise prématire fatigue failure. Third, the récording of earth-
B quake~:n{iuced mstm (}ﬂ_\platfc}ms i{}caied n sezsmzc regic}ns ;s stmngly encouraged gwen the present pauc:ty of real

s unbaﬁ?ed separamrs ‘And finaiiy, for striictures which may be suscepnhie to foundation subsidencé or movement -
piatfcrms m ac‘ave ﬁmdsh&e areas for exampie or;bearé ninneters cauld be usequ m mﬁnitonng graduai changes with

Pmper iocaﬂen on stiff deci(mg is i:he: first ,siep fo v1braimn ceﬁtrél fﬁiiowed by prﬁper baiazi g or ﬁﬂe use cf dyn;muf;
absafbers Deck sugporf stzﬁemng may heip. It may also move the p*‘nb em to an adjacent laeatmn Faﬁgue cracking
C(}E{Zﬁ‘nﬁ mu& %}e aemumcated fmm cw;i engmeer to i eld persam}el ané vsce versa and mﬁ}er pemaﬂenﬂy rect;ﬁed

‘i%m**mgﬁ fﬁ%&}. d{zmmematwﬁ of Sig‘ﬁiiiufiﬁi wezght changcs a%;&; ifme Good esmmunmaimn %}gfwa&a cwu and
{;ggvz@a%s ;az&&m@% is f'ﬂzi:zﬁz to d&n&mg this end. An accurate z‘=*fem?§m o baseline wei 1ght takeoft is 2 necessary

tarting point, This ﬁi“é"siﬁﬁ he ‘E}i’?f{}ﬁ?zﬁﬁ by an 6&5}3‘%%3& 5} ﬁ%m%@é ‘wm gms?m&g az‘gé %zazém&% %&E}ﬁ}gﬁﬁ@&g on
the @52%}% 3:;3; this ﬁﬁgmﬁﬁ?{s} m&y be necessary.

Losfings

Continued maintenance of adequate corrosion protection of the platform steel at the waterline, and above water, is
crucial to structural integrity preservation. Proper surface preparation and application during construction are necessary,
especially on elements in the splash zone area. Special coating protection of risers should be considered. The continued
development of coatings with reduced volatile organic compounds and isocyanates is encouraged. Conumnunication
between field personnel and civil engineers can heip minimize expenses relating to maintenance painting in the feld, to
ohtamn adequate asset preservation at minimurn Hfecyle cost
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tilegal Docking, Terrorism

Tie-up by pleasure craft and other boats to platforms or their mooring systems is illegal. Its prevention by law
enforcement authorities (Coast Guard) is, first, encouraged, and, second, recognized as being ineffective. The threat of
acts of terrorism, or the willfil infliction of damage by non-industry parties, is recognized as real. It is also recognized
that the prevention of the acts themselves is difficult, Ongoing vigilance on the part of all field personnel is encouraged.

Operations Risk Issues

Topsides risk issues relating strictly to the operations of the platform are discussed in the following. First, how
are topsides facilities assessed to assure continued Finess for purpose? And second, how are the results of these
assessments mtegrated with the fitness for purpose assessments of the platform’s structure, if at all?

Topsides Facilities-Ongoing Assessment

Unlike the structure-related fitness for purpose question, there are, and have been for many vears, significant
industry programs and agency regufations in place that assure the ongoing fitness for purpose of topsides DPrOCess
facilities. These topsides safety management programs ensure that ‘requalification” or assessment of topsides facilities
is performed on'an ongoing basis.

Topsides safety management programs have evolved over the years, as experience, and the prevailing regulatory
and safety climates, dictate. These programs have become more conservative, more pro-active, more coricerned about
human and organizational errors, more focused on key safety concems, and much more demanding in terms of required
documentation and paperwork.

Current topsides safety management programs include:

API RP 14A through API RP 14G, recently enhanced by APIRP 75, Recommended Practiée for Develepment of
& Safety and Environmental Management Program (SEM P} for Outer Continental Shelf (OCS) Operations and
Facilities, First Edition, May, 1993, and by API RP 4], Recommended Practice for Design and Hazards Analysis

for Offshore Production Facilitics, First Edition, September, 1993, These programs a_re_ in effect on a voluntary
basis in UL.S. coastal waters.

The Offshore Installations (Safety Case) Regulations, 1992, United Kingdor:. These regulations are in effect in
waters off the United Kingdom, and they are mandatory.

Regalations Concerning the Implementation and Use of Risk Analyses ( 19903, and Einefgéﬁcy Preparedness, in
Petroteum Activities, Norwegian Petroleum Directorate, {1992}. These regulations are in effect in Norwegian
waters, and are mandatory. o ' T

The more recent documenis have a cormumon genesis—the Piper Alpha disaster. They each have a common
structure. They have remarkably similar performance goals, whereby facilities with increasing complexity and increas-
ing failure consequences are svaluated by and assessed to more comrplex analyses and more stringent standards. Fach
of the programs address hardware ss well as human issues. - _

- Based on 40 years of successful offshore production experience, the net resuit for offshore oil and gas srocessing
is that compliance with these programs appears o result in topsides integrity that: is assessed on an etiguing basis,
appears generally 1o be unrelated 1o sge, generates process ficilitios that are 8¢ for Burposs,
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Topside Facilities-Assessment Scopes

As discussed, the scope and detail of process hazards analysis should be commensurate with the facilities’
complexity and consequences.

The vast majority of production platforms in U.S. waters, by virtue of their layout and equipment makeup, have
low escalation and consequence potential in the event of 2 process-related incident, There typically exists the ability for
personnel to readily escape in the event of an incident (by jumping overboard, in most cases). The equipment is
typically arranged on skids on *open” decks with good ventilation.

For these types of production platforms, and where a rational political climate prevails, hazards analyses that are
pragraatic, experienced based, check-list type evaluations, as allowed by SEMP are considered appropriate. Separate
evaluations of topsides process safety and structural safety are also considered appropriate.-

These types of production platforms can be found in the Gulf of Mexico, offshore California, and in many
overseas waters, such as offshore Indonesia and West Africa.

For the small subset of ‘high consequence’ platforms - typically those with complex facilities processing high
volumes of oil and natural gas in closed-in modules with fittle or no natural ventilation, often involving the handling of
highly volatile natural gas liquids and H,S gas by-products, housing many persons onboard on an ongoing basis, often
far from shore, in harsh climates (with the potential for extreme seas, ice, earthquakes or temperatures, potentially
prohibiting personnel escape), often in environmentaily pristine and sensitive areas, and sometimes in areas where the
local community has a radical environmental element - a more rigorous and detailed hazards analysis is considered
appropriate, commensurate to the potential consequences of failure. :

In these cases, an extension of the check-list type hazards analysis to one that includes quantitatively evaluating
the total risk associated with the operation of the platform may be appropriate. Such risk analyses can be helpful in
assessing the relative distribution of risks, and thus in determining the most effective disposition of limited financial
and human resources, using cost-benefit analysis. Total risk comprises threats to platform stability from fires, expio-
sions, blowouts, ship coliisions, and environmental overfoad.

Quantitative, total risk analysis (Bea and Craig 1993) is, however, generally not well understood at the present
time, and there are no universally accepied quantitative risk targets or zoals. As can be expected in an aifoiving area of
new technology, the validity of the analysis depends fo an extent on the knowledge and ability of the risk analyst, as
well as the availability and quality of the input data. For these reasons, similar studies by different individuals may
sometimes produce markedly different results. ' TR e

No doubt there is room for improvement in the process safety management prograrms presently in place. As
mentioned earlier, this issue may be worthy of a workshop of its own, To help facilitate discussion on this issue -
focused solely on process safety - the Appendix comprises numerous questions and issues that are germane to the issue
of production platform topsides process safety.

Operational Considerations-Development Needs

The Operational Considerations Work Group recommends the following development work:

°  Further compilation and dissemination of quality near-miss and accident data worldwide, fo allow for the
improved deployment of scarce resources, an improvement in the quality snd consistency of both aualitative and
quantitative risk analysis, the development of clearer safety gouls, and the identification of high risk sctivities or
operstions. In particular, the following should receive more attention: :

Acturate and consistent nearmise and scoident reporting within companies,

Mear-miss and accident investigation by trained mvestigators,
The real need is not for a database for stasistical manipulation, but to go beyond that with evaluations of incident
cause and best remedy, to aid designers and equipment operators.

*  Operators include structural safety assessments in their loss control and safety management programs. The AP
RP 75 SEMP element 8§ Mechanical Integrity should be modified to read “...Assurance of quality and mechanical
integrity of critical equipraent and load bearing structures’. Further °. Critical cquipment may include .., and load
bearing strustures.”
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Maore cross-referenting between the structure-related guidelines in API RP 2A, and the facilitv-related
guidelines in the APT RP 14, AP BP 75 and other drilling and preduction standards and recommended
practices, to ingwove communication between the facility and civil/structural communities, especially commu-
nication between in-house cross-functional teams and support staff,

The further developrment of disciplined, systematic evaluation techniques for the better control of human and
organizational errors, in support of APL 147 recommendations. It is particularly important to avoid the mind set
which regards the cause of sccidents a5 a result of equipment or systemn failure sione.
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Appendix |

Risk associated primarily with the operations of the platform are discussed below - that is, risks not associated
with structural overload, nor the operations/structure interface issucs discussed earlicr. The questions below are
provided 1o help facilitate future discussion on this important topic,

Operations Related Risks-Sources

The risk of the loss of serviceability of an operating production platform inciudes many components that are
unrelated to storm, earthquake or ice overload. Figure 2.1 in API RP }4J Design and Hazards Analysis for Offshore
Production Facilities illustrates some of these sources, The Figure attempts to identify operational sources which could
lead to an event {pollution, fire, explosion, or injury).

Questions:

-

Dioes this figure adequately represent risk sources for production facilities? Is there a better way of depicting

significant sources?

* Can this figure be modified 10 include drilling and workover activities? How should it be modified or how can

this be identified? Are blowouts age-related?

Does the figure adequately represent risk sources from construction and maintenance activities (concurrent

with production, or otherwise)? Can the figure be modified, or is there a better way to identify these sources? Is

concurrent construction activity a major culprit?

Should the figure be modified to include the potential effects of ship collisions and dropped objects, or should

they be referenced elsewhere (drafi AP RP 2A section |8, Fire, Blast & Accidental Loading}? Are dropped

chiects a real risk? Ave riser guards effective? ’

* Shouid the figure include risk sources from organizational and human {operator) errors?

*+ Where are potential shortcomings in the deck structure {(and even in the jacket structure) addressed or refer-
enced (API RP 2A section 18, Fire, Blast & Accidenta] Loading)? Where is maintenance of adequate cathodic
protection addressed? What about weight control?

¢ Which are the more important of these risks? Do we have adequate data? Do we need more data? Is age a

factor? Is this figure relevant for the assessment of existing facilities?

*

The object is to identify significant risk ‘sources (risk = consequence x likelihood), considering ail aspects of an
existing production operation - production, construction, maintenance, drilling, workover, etc., and to develop a logical
framework for their further review. This may be in the form of API RP 14)s Figure 2.1, or something different.

Operations Related Risks-Likelihoods and Mitigation by Design

The likelihood that a gource will develop into an event may be & function of several design related factors,
meluding the age of the facility, the complexity of the process, fuid properties (pressure, corrosivity), the degree of
documentation of material and construction CA/GC, the codes and siandards employed in design, the huzards analvyis
and safety case technigues emploved, and whether the facilities are desipned for manned or unmanned sperations.

{Juestions:

= Can we identify design related factors which affect the likelihood of a source developing into an event?

What quantitative or gualitative evidence can be used fo zid in developing probabilities? What are the uses of
fatlure databases (OREDIA, etc )7

- Do cost/benefit relationships exist in determining the effort to expend on analyzing risks?

W

Lk
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Operations Related Risks-Mitigation by Safety Management

Safety management means those elements of managing the operations oecurring on the platform whick are

generally unrelated to the specifics of the design itself. These clements are expiained in AP RP 75, and include:

Saﬁﬁ:*s; and Environmental Information

Hazards Analysis

Management of Change

Operating Procedures

Safe Work Practices

Training

Assurance of Quality and Mechanical Integrity of Critical Egquipment

Pre-Startup Review

Emergency Response and Control

Investigation of Incidents :

Audit of Safet_y and Environmental Management Program Elements

Ti‘faz extent to é’hiﬁ%‘% ih&géz pregfgm elemnents are in place can affect the likelihood that a source wili develop
- which could mrn inio an event. . . o G o o _

(uestions: .
* Are other program eiammts seaded? o
» What objective svidence exists to show that these eiementg reduce rzs%cs" .
* How to measure the degree of compliance with these elements? _ _
...+ Hazards Analyses. What triggers such? What are their appropriate scepes and frequenc:es‘?
0% Management of Change. How is this process implemented and audxied‘? Whaﬁ are the nght roies anci respcmsx-
bilities? Is this the key to aging-independence?
:Mechanical Integrity Maintenance. What are the focus areas, freqa:enf‘zeg zmd scﬁpes’? Are mkmbgs;eé mspectmn -
and maintenance (Assat, Integnity, Managem&m} programs justified, especially for s}
Ise to justify the 1&M costs {show they result i insignificant riskereductio 16
clude that of the gaﬁkei‘? Who i is responsible fag the mamtenzmce {.;sf subs
.~ effects of new tie-ins of pressured production? L
How should the errors by organizations and by operators be quantxﬁed and better cantroiied‘? Shouid there be
- minimum, mamdazcc tmmmg and re%:rammg reqmremems for, csperaters"f Whafc shcaid ihev be? ...

¢ xc"pfateétxen*?"iﬁhat of the

.

ﬁgﬁemimr’sa Fieia%éd %ES?(S*@@?%&&Q&E{E&Q ﬁsmra’si f‘w‘ieawa‘es

The risk of & source dsveiepmg inte an event or the risk of a smaii event deyeiapmg mto a Eargar event can ba
reduced by mitigation and control methods. These methods can include | layout choices, use of fire and blast walls, fire
fighting and control gﬁmc}sepky mafmﬁﬂ decisions, hvacuatgaﬁ phzfﬁgophy sé‘msmm {iﬁ&igﬂ_ﬂﬁ_ﬁsid‘*?&iiﬁ%}& efc..

AN

_Q}asézsé&;zg; _

~« Which mitigation and control messures should be addressed? S o
¢ Does manning reduce or incrasse risks? To what sxtent does 1 manning g%za ﬁﬁ@g&h}z influence design? ls there a
need for generie Safety, Health and Environment Management Systems? Is the issue safety or loss of a job?
« What are the goals of and degipn criteria for fire and explosion control/profection? What are the implications
for structural design?
Are there hard and fast rules for fayout considerations other than those contained in AP[ RP 1417
* Have we learned anything from Safety Case studies that have general application? Now that 2 number of Nafety
Cases have been performed, is there 2 demonstrated rationale to continue to require that they be performed in
all instances in the North Sea?
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Operations Related Risks-Potential improvements

Improvements can evolve from a better understanding of operational risks and trade-offs. A better understanding
of probabilities and consequences is needed.

{usstions:

.

L

How can we improve data on likelihoods in a cost effective manner? When is detailed probability analysig

necessary?
How can we improve data on effectiveness of miti gation/consequence contro! measures? When is detailed

consequence analysis necessary?
How can we better assess cost/bBenefi relationships for attention to activities which increase efforts devoted 10

safety analysis and documentation?
How can operators better understand the full, integrated risk to their facility (operational and structurai}?

How can human error be better quantified and controlled?
Are there new products that can significantly enhance mechanical integrity evaluation or preservation (cg. glass

fiber reinforced epoxy in fire water systems)?

Summary Observations
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Risk sources related o the operation of production platforms are identified, as are the measures used fo contro!

them. Questions on how to improve on this control are listed. ,
These *non-structural” risks appear to be more significant than those associated with the overload of the structure

from environmental hazards,




Discussion and Summary on

CONSIDERATIONS AND CONSEQUENCES OF PUBLIC POLICY

Robert E. Kallmean, Minerals Management Service
Richard MeCarthy, Seismic Safety Commission, California
Altan Pulsipher, Louisiana State University
Working Group #6

Working Group Objective

Discuss and summarize the public and private benefits as well as the economic consequences and political
realism of the two approaches to the development of requalification policy identified in Bob Bea’s “Workshop Charge,”
i.e., the “petformance standards approach” being implemented in the North Sea (SISTS) and the “historic approach”
(ABDF) exemplified by the API draft guidelines.

Fundamental Public Policy Question Regarding Requalification at Issue in the U.S -

Is the “if it isn’t broke {and wouldn't make much difference if it were) don’t fix jt” (ABDF) standard for
requalification propounded in the API draft guidelines an acceptable basis for public policy?

OR

Should a more inclusive and proactive approach resting on state-of-industry technological standards (SITS)
like the one followed in the North Sea and similar to the best available technology (BACT) or best practicable technol-
ogy (BPCT) approaches common in many EPA and OSHA regulations in the U.S. be used as the basis for
requalification?

* Questions were discussed in a variety of contexts from a variety of perspectives.

* “Acceptable” has economic, political and regulatory dimensions.

Summary Conclusion of Working Group #6

The ABDF approach outlined in the AP] dmafi gusdelines is an “zocepiable” and “viable” spprosch fo
requatification of offshore platforms in the United States, because it ic:

* Practicsl, efficient and “sconomic”
» Flexible

+ Credible

ABDF approach is practical, efficient and economic becanse:
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» Operating experience, especially in the Gulf of Mexico with Hurricane Andrew, demonstrates that the vast
majority of platforms are “not broke.” Thus an expensive regulatory system which would expend scarce public
and private resources to document this widely accepted “fact” would neither by prudent nor wise, but simply
wastefully redundant,

* The attention and resources of both regulators and operators should be focused on platforms with the highest
probability of, and most serious consequences fom, failure, The screening procedure detailed in the API draft
recommendation is a good way to accomplish this.

* Conversely, use of more comprehensive procedures such as the “SITS” or the “Safety Case” approach, in
which each plaifortn would be comprehensively reviewed to see if technologically defined, minimum condi-
tions or practices were conformed to, would pose an unwise and unacceptable risk of 2 loss of production in the
Gulf of Mexico.

ABDF is flexible because:

* 1t treats platforms posing more serious environmental conseguences more carefully.

* It uses relatively cheap deterministic screening and analysis to make broad categorization but allows more
expensive probabilistic, case-by-case, analyses to be used as necessary to avoid economic mistakes,

]

ABDF is credibie because:

+ Difference in treatment correspond to objectively verifiable differences in:
conditions and
environmental consequences

BUT

* Policy goals and responsibilities for the operator and the regulator are objectively consistent.

Major issues identified but not resolved:

+ Although the ABDF approach embodied in the AP] guidelines is efficient, flexible and credible, important
policy decisions will have to be made by MMS in order for APT's guidelines to be come operational, Without
these decisions by MMS, API’s flow chart will not “flow.” Among the major decisions MMS will hive to
make are:

What is a *significant” environmental impact?

ARhough the API guidelines sketch an acceptable conveptual oritenia, the criteriz are nos discriminating
enough to make the operational distinctions necessary to implement the guidelines. During working group discussions,
MMS indicated that the research necessary to make such decisions was underway and that completion of this research
would enable these determinations 1o be made.

How should the requalification process be integrated with MMS’s ongoing mspection process?

The requalification ‘triggers” identified in the draft regulations were deemed sensible, but some ambiguity
exists as to when and how the determination is to be made if a pasticular platform would activate 2 specific trigger
There was 2 general, if not unanimous agreement, that MMS should institute procedures to insure that all platforme are
subjected to the AP{ screening triggers within five years of their adoption.
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Should the sale of a platform trigger a requalification?

How should industry and the interested public be consulted during the design and implementation
phases of MMS's part of the requalification process?

There was general agreement that MMS will have to exercise considerable regulatory judgment in face of the
inherent ambiguities of some aspects of the requalification process and that deterministic rules-of-thumb should not and
could not be applicd without the opportunity for regulatory review or recourse,

Peer review and modified CVA processes could improve the efficiency of any implementation of requalification
procedures, but they should be applied early and interactively rather than ex post in a deterministic fashion,

* International Standards: The working group recognized the value of harmonization of requalification stan-
dards and practices internationally, but did not have the time to consider the public pelicy or regulatory aspects
of this issue during the workshop.

= Concern about the “bad actor” problem, i.e., individual firms whose operating practices and policies consis-
tently fall below minimal indusiry standards, have played an important role in the requalification dialogue and
was discussed by our working group. It was agreed that further research to identify and deal with “bad actors”
was warranted but the term should not, a priori, be applied indiscriminately to smaller or independent opera-
tors,

Draft California Seismic Requalification Guidelines

Considerable portions of three separate working group sessions were allocated to draft seismic guidelines for
California platforms prepared by Martain Eskijian of the Californiz Lands Commissions and Leslie Monahan of the
MMS Pacific Region. The discussion not only resulted in significant and substantive changes in the draft guidelines but
served as a very practical case study that focused the discussion of the public policy aspects of requalification in a very
concrete and practical way. The discussion below summarizes the consensus reached during the day and half of
deliberations of Working Group #6, entitled “Policy Considerations and Consequences.” Initially, the intent was to
provide guidelines for high seismic areas, but much of the following information will apply to overall requalification of
the aging fieet of fixed, offshore platforms in the Gulf of Mexico and the Pacific offshore region (California and
Alaska).

* The fundamental policy decision is when should requalification be performed, or what is the ‘trigger’. The
following summarized the active and passive triggers for platform reassessment.

The overall policy is that all existing platforms will be considered for structural reassessment, With
the large number of platforms to be considered, the time during which the reassessment would be
submitted to the regulators would be not more than fve {3} years. This is an active trigger that will
affect ali fixed, offshore slatforms.

A number of secondary trigger mechanisms sre also operationsl, and are basically in sonformity with
the Draft of Section 17 (American Petroleum Institure 1992}, Thess triggers result from a significant

change it the demand, capacity or consequence of the platform:

Functional or operational changes, with higher foads than in the onginal design (e.g. water flood
operations, additional tanks, etc.).

Significant, unrepaired damage to primary member {s}, following a Level I or higher inspection.
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Acquisition of credible environmental data {wind, wave, current or seismic) that would indicate
higher loads than postulated in the original design critenia.

Significant changes in the design criteria or methodologies. An example of this type of significant
change is the tubular joint equations and their evolution.

¢ In terms of seismic reassessment for zones 3, 4, 5 (API seismic map), the following criteria are applicable:

Platforms must meet the median, 1000 year return period seismic event, without loss of global
structural stability. The selected seismic events must be site-specific,

If the platform is unmanned (AP] 1993} and the pollution risk is nil, then the platform must meet the
median, 500 yeur retumn period seismic event,

If neither of the above can be satisfied, then a tota} risk, probabilistic assessment is required.
Note:  Topsides and appurtenances must withstand these loads (RP 2A, Section 2.3.6e.2).
* The issue of peer review was discussed during the workshop, and the foltowing consensus statement was
obtained. However, the definition and full implementation of the proposed “modified CVA” program was not

completely developed.

“For the seismic hazard assessment, a modified CVA approach s recommended, with interaction with the
geotechnical team, from the beginning of the project.”

The interactive CVA process was initially proposed in the THIC document {Iwan, et al. 1992), and it was agreed

during this workshop that it was a good idea. The uncertainty associated with the seismic hazard assessment is large,
and the regulator is without any easily obtained “tool” to verify the.operator’s values,
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API RP2A-WSD 20TH EDITION
DRAFT SECTION 17.0

ASSESSHENT OF EXISTING PLATFORMS

17.1 GENERAL

These gquidelines are divided inio separate sections describing assessment
initiators, exposure categories, platform information necessary for assessment,
the assessment process criteria/loads, design and ultimate strength Tlevel
analysis requirements and mitigations. Several references [1-8] are noted which
provide background, c¢riteria basis, additional details and/or guidance including
more specific technical references. .

The guidelines in this Section are based on the collective industry experience
gained o 'date 'snd serve as a recomuended practice for those who are concerned
- wilh the assessment of existing platforms to determine their fitness for purpese.
The development of these guidelines is documented in API RPZA DRAFT Section 17
Assessment of Existing Flatforms, by K. A. Digre, et al., BOSS 94, July, 1994

[1].

The gqideiineszhere;q’are‘bageq on life safety and environmental risk. They do
not iﬁé?uié'Cthidéfatibﬂ”ﬁf@eﬁanémic;risk, fhe_gefefmiqatipn;qftan'&gceptab]e
:TevaT‘éffacéhomiC“?isk;is'Eaft to the operator’s discretion. ~ It may be

' -'beﬁé?iﬁ%é%ffﬁfj&ﬂfﬁ?é?&%ﬁ?T%ﬁ”?e??ﬁ?ﬁ*éX§?iéiﬁ“doﬁﬁibenefiﬁ risk analyses in

addition to simply using this recomended practice,
17.2 PLATFORM ASSESSMENT INITIATORS o

An existing platform should undergo the assessment process if one or more of the
conditions noted in Sections 17.2.1 through 17.2.5 exists.

Any structure which has been totally decommissioned {e.q., an unmanned platform
with inactive flowlines and all wells plugged and abandoned) or is in the process
of being removed (e.g., wells being plugged and abandoned} is not subject

to this assessment process. o '

17.2.1 Addition of Personnel. [f the manning condition {as defined in Section
17.3.1) is changed to 2 mere restrictive Tevel, the platform must be assessed.

17.2.2 Addition of Facilities. If the original operational Yoads on a structure
or the level deemed acceptabie by the most recent assessment are significantly
xcesded by the addition of facilities {i.e., pipelines, wells, significant
increase in topside hydrocarbon inventory capacity), the platform shall be
assessed.

17.2.3 Increased Loading on Structure. If the structure is altered such that
the new combined environmental/eperational foading is significantly increased

APT RPZA-WSD SECTY JBE 28, 1994 ] _ )
EReproduced with the permiszion of the American Petroleum Institutz,
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beyond the combined loadings of the original design using the original design
criteria or the level deemed acceptable by the most recent assessments, the
structure should be assessed. See Section 17.2.6 for definition of
“significant®.

17.2.4 Inadequate Deck Height. If the platform has an inadequate deck height
for its exposure category {Ref. Sections 17.3 and 17.6.2, plus for GOM, Section
17.6.2a~2 and Figures 17.6.2-2b, 3b, 5b) and the platform was not designed for
the impact of wave loading on the deck, the platform must be assessed.

17.2.5 Damage Found Buring Inspections. The assessment process may be used to
assess the fitness for purpese of a siructure when significant damage to a
primary structural component is found during any inspection. This includes both
routine and special inspections as required and defined in Section 14.4. Minor
structural damage may be justified by appropriate structural analysis without
performing a detailed assessment. However, the cumulative effects of damage must
be documented and, if not Justified as insignificant, be accounted for in the
detailed assessment.

17.2.6 Definition of Significant. Cumulative damage or cumulative changes from
the design premise are considered to be significant if the total of the resulting
decrease in capacity due to cumulative damage and the increase in oading due to
cumulative changes is greater than 10%. )

17.3 EXPOSURE CATEGORIES

Structures should be assessed in accordance with the applicable exposure category
and corresponding assessment criteria, Platforms are categorized according to
life safety and environmental impact. Exposure categories for Tifz safety are:

« Manned,Non-Evacuated
« Manned, Evacuated
« Unmanned

Exposure categories for environmental impact are:

« Significant Environmental Impact
» Insignificant Environmenta} fmpact

This results in a potential for six combinations of platform exposure categories,
Platforms categorized as Unmanned, Insignificant Environmental Impact are termed
as having "minimum censequence.”

17.3.1 Life Safety

17.3.1a Manned, Hon-Evacuated. The Manned Non-Evacuated category is a condition
inwhich a platform is actuzlly and continucusly occupied by persons accommodated
and 1iving thereon, and it is not intended that they be evacuated during an
environmental design event.

17.3.1b HManned, Evacuated. The Hanned, Evacuated category is a condition in
which a platform is normally manned except during a forecasted design

APY RPZA-USE SECTY w28, 199



environmental event. For assessment purposes, a platform should be classifjed
as a HManned, Evacuated platform if, prior to a design event, sufficient time
exists to safely evacuate all personnel from the platform.

17.3.1c Unmanned. The Unmanned category is a condition in which a platform not
normally manned, or a condition which is not classified as either Manned,
Non-Evacuated or HManned, Evacuated.

17.3.2 Environmental Impact.

17.3.2a Significant Environmental Impact. A structure shail be placed in the
Significant Environmental Impact (SEI} caiegory if its assumed collapse can be
projected to result in a liquid hydrocarbon or sour gas release which would cause
an unacceptable impact on the environment. In order to determine the
appropriateness of placing a structure in the SEI category, ‘an environmental
impact review should be performed. Such & review should consider all pertinent
factors, inciuding but not necessarily limited to: .

- estimated volume of the release y o
- Tocation and availability of containment equipment I
- the proximity of environmentally sensitive areas, such as a coral reef,

wildiife refuge and/or pubiic beach

Except for those cases in which release of hydrocarbons or sour gas would not
occur, no one factor should be considered alone when performing an environmental
impact review, - e

17.3.2b InsigniFicant Environmental Impact, Structﬁté$ ﬁ6%”in;iﬁéfS?ébifféaht

T£ﬁy?ragmenta?;fmpactﬁcateQOry;areFdeemeﬁ_tejbe-iﬁ the Insignificant Fnvironmental

 Impact category. Note that a platform may have potential for 1iquid hydrocarbon

| ﬁerﬁsaﬁﬁygisfrﬂ]é&é&“ﬁﬁd“ﬁti??fbeféatagafizéd'33j3ﬁ$¥g_ ie
Imp&ct;-f{§ée'$ectian 617{352)_ D e R

17.4 PLATFORM ASSESSMERT_IHFBRHATION - SURVEYS

17.4.1 General. Sufficient information should be collected to allow an
engineering assessment of a platform’s overall structural “integrity. It is
essential to have a current inventory of the platform’s structural condition and
facilities. The operator should ensure that any assumptions made are reasonable
and information gathered is both accurate and representative of actual conditions
at the time of the assessment., Additional details can be found in Ci7.4.1 and
in both An Integrated Approach for Underwater Survey and Damage Assessment of
Offshore Platforms, by J. Kallaby and P. J’Conner, OTC 7487, May, 1994 .[2] and
Structural Assessment of Existing Fiatforms, by J. Katlaby, et a1., 07C 7483,
Hay, 1994 [3%. . . . _ _ RS
17.4.2 Survevs,

i. Topside: The topside survey should, in most instances, only require the
annual Level I survey as required in Section 14.3.1, The accuracy of the
platform drawings should be verified when necessary. Where drawings are
not available, or are inaccurate, additional walkaround survaeys of the

APL ZPFA-WRD SECTT ABE FA, 199
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topside structure and facilities may be required to collect the necessary
information, i.e., topside arrangement and configuration, platform
“Exposure Category“ (see Section 17.3), structural framing details, etc.

2. Underwater: The underwater survey should, as a minimum, comprise a Leve]
Il survey (existing records cor new survey}, as required in Section 14.3.2.

In some instances engineering judgment may necessitate additional Level
I11/level IV surveys, as required in Sections 14.3.3/14.3.4, to verify
suspected damage; deterioration due to age; lack of joint cans; major
medifications; lack of/suspect accuracy of platform drawings: poor
inspection records; or analytical findings. The survey should be planned
by personnel familiar with inspection processes.  The survey results
should be evaluated by a qualified engineer familiar with the structural
integrity aspects of the platform(s).

i7.4.3 Soil Data. Available on or near site soil borings and geophysical data
should be reviewed. Many older platforms were installed based on soil boring
information a considerable distance away from the installation site.
Interpretation of the soil profile may be improved based on more recent site
investigations (with improved sampling techniques and inplace tests) performed
for other nearby structures. More recent and refined geophysical data may also
be available to correlate with soil boring data developing an improved foundation
model.

17.5 ASSESSMENT PROCESS

17.5.1 @General. The assessment process for existing platforms separates the
treatment of Yife safety and environmental impact issues, and applies criteria
that depend upon location and consequence. Additional details regarding the
development and basis of this process can be found in Process for Assessment of
Existing Platforms to Determine Their Fitness for Purpose, by W. Krieger, et al.,
O0TC 7482, May, 1994 [4] with supporting experience in A Comparison of
Analytically Predicted Platform Damage to Actual Platform Damage During Hurricane
Andrew, by F. J. Puskar, et al., OTC 7473, May, 1994 [5].

There are six components of the assessment process:

¥

Platform selection (Section 17.2) '
- Lategorization (Section 17.3)

Condition assessment {Section 17.43

Jesign basis check (Sections 17.5 and 17.6)

Analysis check (Sections 17.6 and 7.7

Consideration of mitigations {Section 17.8}

3 1

G LTY e CAl PN bt
'

4

The screening of platforms to determine which ones should procesd to detailed
analysis is performed by executing the first four components of the assessment
precess.  If a structure dees not pass screening, there are two potential
sequential analysis checks:

I - Design Level Analysis
2 - Ultimate Strength Analysis

APL RPZA-USD SEOTT MBE 2B, 1904



the design level analysis is a simpler and more conservative check, while the
ultimate strength analysis is more complex and less conservative, It is
generally more efficient to begin with a design level analysis, only proceeding
with ultimate strength analysis as needed. However, it is permissible to bypass
the design level analysis and to proceed directly with an ultimate strength
analysis. If an ultimate strength analysis is required it is recommended to
start with a linear global analysis (Section 17.7.3a}, only proceeding to a
global inelastic analysis (Section 17.7.3¢) if necessary.

Note that mitigation alternatives (Section 17.8) such as platform strengthening,
repair of damage, load reduction, or changes in exposure category, can be
considered at any stage of the assessment process.

In addition, the following are acceptable alternative assessment procedures
subject to the limitations noted in C17.5.1:

i. Assessment of similar platforms by comparison.
z. Assessment through the use of expliicit probabilities of failure.

3; Assessment based on prior exposure, surviving actual expesure to an event
i that is known with confidence to have been as severe or more severe than
the applicable ultimate strength criteria based on exposure category.

Assessment procedures for metocean, seismic, and ice loading are defined in
Sections 17.5.2, 17.5.3, and 17.5.4, respectively. _

- 17.5.2 Assessment For Metocean Loading. The assessment process for metocean
- loading is shown iin Figure 17.5.2. A different approach to defining metocean
criteria is taken for Guif of Mexico platforms than for other locations. ‘For the
Gulf ‘of Mexico, design level ‘and ultimate strength ‘metocean ¢riferia are
explicitly provided, “including wave height vs. water depth curves. For other
areas, metocean criteria are specified in terms of factors relative to Toads

caused by 100-year environ- mental conditions. The reserve strength ratic {(RSR)

is used as a check of ultimate strength. RSR is defined as the ratic of a

platform’s ultimate lateral load carrying Capacity to its 100-year environmental

condition lateral loading, computed using present RP2A procedures.  Further

discussion of metocean criteria is provided in section 17.5. _
Platforms that have no significant damage, have an adequate deck height for their
category {Ref. Figures 17.6.2-2b, 3b, 5b), and have not experienced significant
changes from their design premise may be considered to be acceptable, subject to
either of the following two conditions: .

. Hinimum Consequence: If the platform is categorized as having minimum
consequence, the platform passes the assessment .

Z. Design Basis Check: If the platform is Tocated in the Gulf of Hexico and
was designed to the 9th editien of RP2A (1977}, or later, the platform
passes the assessment. However, in this case it must also be demonstrated
that reference level hydrodynamic loading was used for platform design.
The procedure to demonstrate that 9th edition refersnce leve! forces weve

APL RPPA-USD SECTY &mE 2R, 19
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PLATFORM ASSESSMENT PROCESS — METOCEAN LOADING

PLATFORM SELECTON

nfictons
{see Section 1?2} o,

:
i
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PLATFORM ASSESSMENT PROCESS - METOCEAN LOADING

®
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applied during design is described in Section 17.6.

Significant damage or change in design premise is defined in Section 17.2.6.
For all other platforms, the following applies:

3. Design level analysis: Design level analysis procedures are similar to
those for new platform design, including the application of a2l safety
factors, the use of nominal rather than mean yield stress, etc. Reduced
metocean loading, relative to new design requirements, are referenced in
Figure 17.5.2 and Section 17.6. Design level analysis requirements are
described in Section 17.7.2. For minimum consequence platforms with
damage or increased loading, an acceptable alternative to satisfying the
design level analysis requirement is to demonstrate that the damage or
increased loading is not significant relative to the as-built condition,
as defined in Section 17.2.6. This would invelve design level analyses of
both the existing and as-built structures.

g. Ultimate strength analysis: Ultimate strength analysis reduces
conservatism, attempting to provide an unbiased estimate of platform
capacity. The ultimate strength of a platform may be assessed using
ifelastic, static pushover analysis. However, a design level analysis
with all safety factors and sources of conservatism removed is also
permitted, as this provides a conservative estimate of ultimate strength.
In both cases the ultimate strength metocean criteria should be used.
Ultimate strength analysis requirements are described in Section 17.7.3.
For minimum consequence platforms with damage or increased loading, an
acceptable alternative to the ultimate strength requirement is to
demonstrate that the damage or increased loading is not significant
relative to the as-buiit condition as defined in Section 17.7.6. This
would involve ultimate strength analyses of both the existing and as-built
structures.

Several investigators have developed simplified procedures for evaluation of the
adequacy of existing platforms. To use these procedures successfully requires
intimate knowledge of the many assumptions upon which they are based, as well as
a thorough understanding of their application. Environmental loadings used in
simplified analysis are at the discretion of the operator; however, the
simplified analysis method used must be validated as being more conservative than
the design level analysis. ’

17.5.3 Assessment For Seismic Loading. For platforms with exposure categories
noted in section 17.3 (excluding the non-applicable Hannmed-Evacuated category)
that are subject to seismic loading in seismic zones 3, 4 and 5 {see Section
€2.3.6¢), the basic flow chart shown in Fig. 17.5.2 is appiicable 1o determine
fitness for seismic loading with the following medifications:

i, Assessment for ssismic %gaﬁ%ng is not a requirement for seismic zones 0,
1 and 2 (see Section (Z2.3.6¢);

]
"

Assessment for metocean loading should be performed for all seismic zones.

Lk

Perform assessment for ifce loading if applicable.

APT RPZA-USH SECIT SEE PR, 90



4. Design Basis Check: For all exposure categories defined in Section 17.3,

platforms that have been designed or recently assessed in accordance with
the requirements of API RP 2A, 7th Edition (1976} which required Safety
Level Analysis (referred to as Ductility Level Analysis in stbsequent
editions), are considered to be acceptable for seismic Toading, provided
that:

No new significant fault has been discovered in the area.

No new data indicate that a current estimate of strength Jevel
ground motion for the site would be significantly more severe than
the strength level ground motion used for.the original design.
Proper measures have been made to limit the 1ife safety risks
associated with platform appurtenances as noted in Section 2.3.6e.7.
The platforms have po significant damage, . CrElaemi

The platforms have been surveyed, L N
The present and/or anticipated paylioad levels are less than or equal
.to those used in the original design. e LE L Gn nane o

5.. j_&ééigﬁ Level Aﬁéfysis:' The dés%gn 1é€é¥-ana?yéf§ §ax'in Fi§;i§?;5.2 is
~not applicable to seismic assessment {see Sectian }?.5,3}. S

6. Ultimate Sirength Analysis: Manned, Non-Evacuated platforms and/or Signif-
icant Environmental Impact platforms that do not meet the screening
criteria may be considered adequate for seismic loading provided they meet

.- the life safety requirements associated with platform appurtenances as
. noted in Section 2.3.6e.2, and it can be_suitab]y.demenstrated_by dynamic

; ngiihgtandﬁﬁgadsfasseciated,gﬁihfax§$Qiaﬁs t

the site witho

guake-appropriate. for Ut

- In-the-case of Unman .,..ﬁsggnfffgaﬁt&fnyyron@ﬁﬁia};Impactrp}atfarmg,:in
addition to satisfying the platforn appurtenance requirements.of Section
2.3.6e.2, it must be suitably demonstrated by dynamic-analysis using bast
--estimate resistance values that :the platform: can withstand earthquake
1oads associated with a median 560-year return period ‘event appropriate

-~ for the.site without system collapse. procogenpn B0 w1 fiasy e

A ?a}iéateéasims?ifieé;aaa?ysis may be used for seismié'éssé5§meﬁt {Ré?;*ﬂéctiaﬁ
17.5.2}. . It must be. demonstrated that the simplified analysis will be more
conservative than ib%-@éiéﬁaée_$treﬁ§i%“§aa§ysis. P e e e

17.5.4 Assessment For Ice Loading. For all exposure categories of platforms

subject to ice loading, the basic flowchart shown in Fig. 17.5.2 is applicable
Lo determine fitness for ice loading with the following modifications:.

i. ?é??§?§_%$§é§$mﬁﬁi.§@? metocean loading if 3§§§%aa%§g, Hote this iz not

required for Coock Inlet, Alaska as ice forces dominate.
2. Perform assessment for seismic Toading if applicable.
3. Design Basis Check: A7 categories of platforms as defined in Section

APY RP2A-USD SECY? JmF 2B, 1994

= analysis using best estimate resistances that these platforms.can be shown
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17.3 that have been maintained and inspected, have had no increase ip
design level loading, are undamaged and were designed or previously
assessed in accordance with API-RP 2N, First Edition (1988} or later are
considered to be acceptable for ice {oading.

4, Design Level Analysis: Significant Envircnmental Impact and/or Manned
platforms that do not meet the screening criteria may be considered
adequate for ice loading if they meet the provision of API-RP2N (Ist
edition 1988) using a Tinear analysis with the basic allowable stresses
referred to in Section 3.1.2 increased by one-half.

Unmanned, Insignificant Environmental Impact platforms that do not meet
the screening criteria may be considered adequate for ice loading if they
meet the provision of API RP 2N (First Edition) using a linear analysis,
with the basic allowable stresses referred to in Section 3.1.7 increased
by 70% which is in accordance with Sections 2.3.6.c4 and 2.3.6e.

5. Ultimate Strength Analysis: Platforms that do not meet the design Tevel
analysis requirements may be considered adequate for ice ioading if an
uitimate strength analysis is performed using best estimate resistances,
and the platform is shown to have a Reserve Streagth Ratio (RSR) equal to
or greater than 1.6 in the case of Manned, WNon-Evacuated and/or
Significant Environmental Impact platforms, and a RSR equal to or greater
than 6.8 in the case of Insignificant Environmental Impact platforms that
are either Manned-Evacuated or Unmanned. RSR is defined as the ratio of
piatform ultimate lateral capacity to the lateral loading computed with
present API RP 2N (Ist edition, 1988) procedures using the design level
ice feature provided in Section 3.5.7 of RP 2N.

A validated éimpiified analysis may be used for assessment of ice ioading (Ref.
Section 17.5.2). It must be demonstrated that the simplified analysis will be
as or more conservative than the design level analysis.

17.6 METOCEAN, SEISMIC AND ICE CRITERIA/LOADS

17.6.1 General. The criteria/loads to be utilized in the assecsment of existing
platforms should be in accordance with Section 2.0 with the exceptions, modifi-
cations and/or additions noted herein as a function of exposure category defined
in section 17.3 and appiied as outlined in Section 17.5. ’

17.6.2 HKetocean Criteria/floads. The metocean criteria consist of the following
items:

Omni-directional wave height vs. water desth
torm tide (storm surge plus astronomical tide)

Deck height

Have and current direction

Current speed and profile

Have period

Wind speed

The criteria are specified according to geographical region. At this time, only
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criteria for the Gulf of Mexico and three regions off the U. S. West Coast are
provided. These regions are Santa Barbara and San Pedro Channels plus Central
California {for platforms off Point Conception and Argueilo). No metocean
criteria are provided for Cook Inlet because ice forces dominate.

The criteria are further differentiated according to exposure category
(envirenmental impact and 1ife safety category combination) and type of analysis
{(design level or ultimate strength).

Wave/wind/current force calculation procedures for platform assessment have to
consider two cases:

« Wave clears the underside of the cellar deck;
+ Wave inundates the cellar deck, ultimate strength znalyses must be
performed;

For Case 1, the criteria are intended to be applied with wave/wind/current force
calculation procedures specified in Sections 2.3.1-2.3.4, except as specifically
noted in Section 1?‘652¢ R LA ' ORI

For Case' 2, the procedures noted in Case 1 apply in addition to the special
procedures for calculating the additional wave/current forces on platform decks,
provided in Section C17.6.2. ' . e s L

The following sections define the guideline metocean criteria and any“speciai
force calculation procedures for various geographical regions. Platform owners
may be able to justify:different metocean criteria for-piatform assessment than

‘the guideline criteria specified herein. ‘However, these alternative criteria

nust meet the following conditions:

must be based on-measured ‘data’ in-winter storms and/or hurri-

" canes, ‘or on hindcast data from numerical models and procedures that have

;"'béEﬁ'theroughiy validated with measured data.

Extrapolation of storm data to tong return periods and determination of
‘associated” values of secondary metocean parameters must be done with

defensibie methodology.

Uerivatiaﬁ_af metocean criteria for platform assessment must follow the

same legic as used to derive the guideline parameters provided herein.
This logic is explained in Metocean Criteria/loads for gse in Assessment
of Existing Offshore Platforms, by €. Peilrauskas, et al., OTC 7484. May,
1994 181, ,

17.6.2a 6uif of Hexico Criteria.
i. Hetocean Systems:
Both hurricanes and winter storms are important to the assessment process.

In calculating wave forces based on Section 2.3, a wave kinematics factor
of 0.88 should be used for hurricanes and 1.0 for winter storms.

APD OREZA-WSD SECYY JUBE PR, 1994
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Deck Height Check:
The deck heights shown in Figures 17.6.2-2b, 17.6.2-3b, and 17.6.2-5h are
based on the ultimate strength analysis metocean criteria for each of the
exposure categories. Specifically, the minimum deck height above MLLW
measured to the underside of the cellar deck main beams is calculated as
follows:
Minimum deck height = crest height of ultimate strength analysis
wave height and associated wave period + ultimate strength analysis
storm tide.

The wave crest heights are calculated using the wave theory as recommended
in Section 2.3.1ib.2.

If this criterion for the minimum deck height is not satisfied then an
uttimate strength analysis must be conducted with proper representation of
hydrodynamic deck forces using the procedure described in Section Ci7.6.2.

Design Basis Check (for structures designed to the 9th Edition or later):

ALl exposure categories: A single vertical cylinder may be uwsed to
determine if the platform satisfies the Sth edition reference level force.
Figure 17.6.2-1 shows the 9th edition wave forces as a function of water
depth for diameters of 30", 48", 60", and 72". The forces are caleulated
using the wave theory as recommended in Section 2.3.1b.7. Consistent with
the Oth edition, the current is zero and no marine growth is used. The
drag coefficient is 0.6 and the inertia coefficient is 1.5.

To verify that the platform was designed for 9th edition reference level
foads, the forces on the single cylinder need to be calculated using the
original design wave height, wave period, current, tide, drag and inertia
coefficients, wave-plus-current kinematics, and marine growth thickness.
The cylinder diameter should be equal to the platform leg diameter at the
storm mean water level. If the forces are equal to or exceed that in
Figure 17.6.2-1, then the platform forces are considered consistent with
9th edition requivements.

A more accurate approach is te build a hydrodynamic model of the structure
and compare the base shear using the originel design criteria with the
base shear that is consistent with the 9th edition reference level force.
The 9th edition forces should be calculated using the wave theory as
recommended in Section 7.3.1b.2.

Design Level and Ultimate Strength Analyses:

Stgnificant Envirenmental Impact/Manned, Fyacusted or Ummanned. The
full hurricane popuiation applies. The metscean criteria sre provided
in Table 17.6.2-1. The wave height and storm tide are functions of
water depth; these are given in Figure 17.6.2-2a2. The minimum deck
height is also a function of water depth: this is shown in Figure
17.6.2-2b. The wave period, current speed, and wind speed do not depend
on water depth; these are srovided in Table 17.6.2-1.
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TABLE 17.6.2.2

100-YR METOCEAN CRITERIA FOR PLATFORM ASSESSMENT
US WATERS (OTHER THAN GULF OF MEXICO), DEPTH > 300 FT

SANTA Wave Wave Storm Wind Speed, ki
BARBARA CH Height, ft Cugrent, kis | Period, sec Tide, it {1-hr @ 33 1)
120°30'W 50 1 14 § 55

120° 18w 43 1 13 5, 50
i20°00'W 35 1 12 8 50

119° 45' W and 34 i i2 & 45

further east

SAN , Wave Wave Storm Wind Speed, iﬁs

PEDRO CH, Height, 2 Current, kis | Period, sec Tids, f {1-hr @ 33 1
118° Q0 to 43 1 13 & 50

118° 15

CENTRAL Wave

CALIFORNIA Height, fi Current, lds | Period, sec {(t-hr @ 331
Wast of Pt 56 H 14 R 80
Coriception

West of Pt 60 1 14 7 65
Arguelio

APT RPZA-WSD SECY? REFE 28, 10N
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wave direction
(towards, ciockwise
from N}

factor

Fig. 17.6.2-4 Sudden Hurricane Wave Directions and Factors fo Apply to the
Omnidirectional Wave Heights In Fig, 17.6.2-3a for Ultimate
Strength Analysis
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If the underside of the cellar deck is Tower than the deck height
requirement given in Figure 17.6.2-2b, then an ultimate strength
analysis will be requived.

For design level analysis, omni-directional criteria are specified. The
associated in-line current is given in Table 17.6.2-1 and is assumed to
be constant for all directions and water depths. For some non-critical
directions, the omni-directional criteria may exceed the design values
of this recommended practice, in which case the values of this
recommended practice will govern for those directions. The current
profile is given in Section 2.3.4c.4. The wave pericd, storm tide, and
wind speed apply to all directions.

For ultimate strength analysis, the directionality of the waves and
currents should be taken into account. The wave height and current
speed direction factor and the current profile should be calculated in
the same manner as described in Section 2.3.4c.4. The wave period and
wind speed do not vary with water depth. Wavefcurrent forces on
platform decks should be calculated using the procedure defined in
Section C17.6.2.

Insignificant Environmental [Impact/Hanned-Fvacyated. The combined
sudden hurricane and winter storm population applies. The metocean
criteria (referenced to the sudden hurricane population) are provided in
Table 17.6.2-1. The wave height and storm tide are functions of water
depth; these are shown in Figure 17.6.2-3a. The required deck height is
also a function of water depth; this is given in Figure 17.6.2-3b. The
wave period, current speed, and wind speed do not vary with water depth;
these are provided in Table 17.6.2-1.

If the underside of the cellar deck is lower than the deck height
requirement given in Figure 17.6.2-3b, then an ultimate strenqth
analysis will be required.

For design level analysis, the wetocean criteria are based on the
100-year force due to the combined sudden hurricane and winter storm
population. Omni-directional criteria are specified. The associated
in-Tine curvent is given in Table 17.6.2-1 and is assumed to be constant
for ail directions and water depths. For some non- critical directions,
the omni-directional ¢riteria may exceed the ultimate strength analysis
values, in which case the ultimate strength analysis values will govern
for those directions. The current profile is given in Section 2.3,4c.4.
The wave period, storm tide, and wind speed apply to all directions.
Although the criteria are based on both sudden hurricanes and winter
storms, the wave forces should be ecalculated sing a directional
spreading factor of 0.88 because the criteria are referenced to ihe
sudden hurricane population.

For ultimate strength analysis, the directionality of the waves and
currents should be taken into account. The wave height, associated
current and profile, as z function of divection, should be calculated in
the same manner as described in Section 2.3.4c 4., excopt that the
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directional factors should be based on Fiqure 17.6.2-4. The wave period
and wind speed do not vary with water depth. Wave/current forces gn
platform decks should be calculated using the procedure defined in
Section C17.6.2.

¢. Iasignificant Environmental Impact/Unmanned (Minimum Consequence). The
winter storm population applies. The metocean criteria are provided in
Table 17.6.2-1. The wave height and storm tide are functions of water
depth; these are shown in Figure 17.6.2-5a. The required deck height is
also a function of water depth; this is given in Figure 17.6.2-5h. The
wave period, current speed, and wind speed do not vary with water depth;
‘these are provided in the Table 17.6.2-1.. -

If the underside of the cellar deck is Tower than the deck height
requirement given in Figure 17.6.2-5b, then “an “ultimate strength
analysis will be requived. L PR

For both design level and ultimate strength anaiysis, the wave height
criteria are omni-directional. The associated in-line current  is
provided in Table 17.6.2-1 and is assumed to:be . constant for all
‘directions and water depths. The current profile should be the same as
in Section 2.3.4c.4. The wave period, storm tide, and wind speed apply
to all directions. Wave/current forces on platform decks should be
calculated using the procedure defined in Section C17.6.2.

17.6.2b West Coast Criteria.

1. '??e€&§%§ﬁ 3YS§%%3f

. The extreme waves are dominated by extratropical storm systems. In
- calculating wave forces based on Section 2.3, 2ctional spreading
“factor of 1.0 should ‘be used, "V, - 000 §ERE s

2. Deck Height Check:

- The deck height for determining whether or not an uitimate strength check
will be needed should be developed on the same-basis as prescribed in
Section 17.6.2a.5. The ultimate strength wave height should be determined
on the basis of the acceptable RSR. .The uitimate strength storm tide may
be lowered from that in Table 17.6.2-2 to take into account the untikely
event of the simultaneous occurrence of nighest  astronomical tide and
uitimate strength wave. - '

Design %aﬁ%é Check:

[
E

only appiicable to Gulf of Mexico platforms.

g, Jesign Level and Ultimate Strength Analysis:
Table 17.6.2-2 presents the 100-yr metocean criteriz necessary for
performing design Tevel and ultimate strength checks. An ultimate
strength check will be needed +f the platform does nat pass the design
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level check or if the deck height s not adequate.

The criteria are for deep water (>300 ft) and should be applied omni-
directionally. Lower wave heights, provided they are substantiated with
appropriate computations, could be justified for shallower water.

17.6.3 Seismic Criteria/Loads. Guidance on the selection of seismic criteria and
loading is provided in Sections 2.3.6 and C2.3.6. Additional details can be
found in Assessment of High Consequence Platforms - Issyes and Applications, by
M. d. K. Craig and K. A. Digre, OTC 7485, May, 1994 f71.

i. The design basis check procedures noted in Section 17.5.3.4 are only
appropriate provided no significant new faults in the local area have been
discovered or any other information regarding site seismic hazard charac-
terization has been developed that significantly increases the level of
seismic toading used in the platform’s original design,

2. For seismic assessment purposes, the design level check is felt to be an
operator’s economic risk decision and thus is not appiicable. An Ultimate
Strength Analysis is required if the platform does not pass the design
basis check or screening.

3. Ultimate strength criteria is set at a median 1000-year return period
event for all platforms except those classified as minimum consequence,
For the minimum consequence structures z median 500-year return period
event should be utilized. Characteristics of these seismic events should
be based on the considerations noted in Sections 2.3.6 and C2.3.6 as well
as any other significant new developments in site seismic hazard
characterization. The Ultimate Strength Criteria should be developed for
each specific site or platform vicinity using best available technology.

i7.6.4 Ice Criteriafloads. Guidance on the selection of appropriate ice criteria
and Tcading can be found in API RP2ZN, first edition, 1988. Note that the ice
feature geometries provided in Section 3.5.7 of RP 2N are not associated with any
return period since no encounter statistics are presented. All references to
Screening, Design Level and Ultimate Strength Analyses in Section 17.5.4 assume
the use of the values noted in Table 3.5.7 of RP 2N. Where ranges are noted, {he
smalier number could be related to design level and the Targer related to
ultimate strength. Additional details can be found in Assessment 'of High
Consequence Platforms - Issues and Applications, by M. J. K. Craig and K. A.
Digre, OTC 7485, Hay, 1994 [71.

17.7 STRUCTURAL AMALYSIS FOR ASSESSMEET

17.7.1  General., Structurai anaiysis for assessment ghall be performed in
accordance with Sections 3, 4, 5, 6 and 7 with exceptions, modifications and/or
additions noted herein. Additional information and references can be found in
Structural Assessment of Existing Platforms, by J. Kallaby, et al., OTC 7483,
May, 1994, [31.

A structure should be evaluated based on its current condition, accounting for
any damage, repair, scour or other factors affecting its performance or
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integrity. Guidance on assessment information is provided in Section 17.4. The
global structural model should be three-dimensional. Special attention should
be given to defensible representation of the actual stiffness of damaged or
corroded members and joints.

For platforms in areas subjected to ice Toading, special attention should be
given to exposed critical connections where steel that was not specifically
specified for low temperature service was used.

17.7.2 Design Level Analysis Procedures.

17.7.2a @eneral. Platforms of all exposure categories which do not pass the
screening requirements may be evaluated using the design level procedures
outlined below. These procedures may be bypassed by using the ultimate strength
analysis procedures described in Section .7.3. oo v s i

17.7.2b Structural Steel Design. The assessment of structural members shall be
in accordance with the requirements of Section 3, except as noted otherwise in
this section. Effective length factors {K-factors}) other than those noted in
Section 3.3.1d may be used when justiféed;':Bamageé_éﬁefgpaired_members, may be
evaluated using a rational, defensible engineering approach, including historical
exposure or specialized software developed for that purpose. ./

17.7.2c Connections. The evaluation of structural connections shall be in
accordance with Section 4, except as noted otherwise in this section. Section
4.1 which requires that joints be able toicarry at least 50% of the buckling load
for compression members, and at least 50% of the yield stress for members Toaded
primarily in tension, need not be met, - Tubular joints” should be‘evaluated for
the actual Toads derived from the global aralysis. ~The strength of grouted and
routed joints may use the.results-of-ongoing experimental and analytical
- Studies, if it can be demonstrated that these results are applicable, valid and
defensible. For. assessment purposes, the metallurgical properties ‘of ‘APl 2H

‘material need not be met.

17.7.2d Fatigue. As part of the assessment process for future service life,
consideration should be given to accumulated fatigue degradation effects.  Where
Levels III and/or IV surveys are made (see Section 14.3) .and any known damage is
assessed and/or repaired, no additional analytical demonstration of future
fatigue life is required. Alternatively, adequate . -fatigue. life ‘can be
demonstrated by means of an analytical procedure compatible with Section 5.

17.5.2 'fﬁétéﬁéééfgt?éﬁgtﬁfﬁnaé?sis“??66&&%&%%};“??%é%%é§%§5§§733E?%x§ﬁéﬁre :

categories either bypassing or not passing the requirements for screening and/or
Design Level Analysis, must demonstrate adequate strength and stabiiity to
survive the ultimate strength loading criteria et forth in Sections i7.5 and
~17.6, 1o insure adequacy for the current or extended use'of the'platform. Special
aitention should be given to modeling of the deck, should wave inundation be
expected as noted in Section 17.6. The provisions of Section 17.7.2d (Fatigue)
apply even if the Design Level Analysis is bypassed.

The following guidelines may be used for the ultimate strength analysis:

AR RPZA-USD SECIT JME 78, 100
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a. The ultimate strength of undamaged members, joints and piles may be
established using the formulas of Sections 3, 4, 6 and 7 with all
safety factors removed (i.e., a safety factor of 1.0). Nonlinear
interactions (e.g. arc-sine) may also be utilized where justified.
The ultimate strength of joints may also be determined using a mean
“formula or equation® versus the lower bound formulas for joints in
Section 4.

b. The ultimate strength of damaged or repaired elements of the
structure may be evaluated using a rationai, defensible engineering

approach, including software developed for that purpose.

€. Actual {coupon test) or expected mean yield stresses, may be used
instead of nominal yield stresses. Increased strength due to strain
hardening may aiso be acknowledged, if the section is sufficiently
compact, but not rate effects beyond the normal (fast) mill tension
tests.

d. Studies and tests have indicated that effective length (K) factors
are substantially lower for elements of a frame subjected to over-
toad than those specified in Section 3.3.1d. Lower values may be
used, if it can be demonstrated that they are both applicable and
substantiated.

The ultimate strength may be determined using elastic methods, Section 17.7.3a
and 17.7.3b, or inelastic methods, Section 17.7.3c, as desired or required.

17.7.3a Linear Global Analysis. A linear ahalysis may be performed to determine
if overstress is local or global. The {intent is to determine which members or
joints have exceeded their buckling or yield stremgths. The structure passes

assessment if no elements have exceeded their ultimate strength. When few

overloaded members and/or joints are encountered, local overload considerations
can be used as outlined in Section 17.7.3b. Otherwise, a detailed global
inelastic analysis is required.

17.7.3b lLocal Overioad Considerations. Engineering judgment suggests that
overioad in locally isolated areas may be acceptable with members and/or joints
having stress ratios greater tham 1.0 if it can be demonstrated that such
overload can be relieved through a redistribution of load to alternative paths,
or that & more accurate and detailed calculation would indicate that the member
or joint is not, in fact, overloaded. Such z demonstration should be based on
defensible assumplions with consideration being given to the importance of the
joint or member to the overall structural integrity and performance of the
piatform. In the absence of such a demonstration, it is necessary to perform an
incremental linear analysis (in which failed elements are replaced by their
residual capacities), or perform 2 detailed glebal inelastic analysis and/or
apply wmitigation measures.

17.7.3¢ Global Inelastic Analysis.

1. General. Global inelastic analysis is intended to demonstrate that a
platform has adequate strength and stability to withstand the Joading criteria

APL RPZA-USH SECYT mmr 28, 19O



specified in Sections 17.5 and 17.6 with local overstress and damage allowed, but
without collapse.

At this Tevel of analysis, stresses have exceeded elastic levels and modeling of
overstressed members, joints and foundation must recognize ultimate capacity, as
well as posi buckling behavior, rather than the elastic load limit.

2. HMethods of Analysis. The specific method of analysis depends on the type of
exireme environmental loading applied to the platform and the dntended purpose
of the analysis. Push-over and time-domain analysis methods are acceptable as
described in Section Ci7.7.3¢.2. '

3. Hodeling - Element Types. For purposes of modeling, elements may be grouped
as follows:
@. Elastic Members: These are members that are expected to perform
- elastically, throughout the uitimate strength analysis.

b. Axially Loaded Members: These are members that are expected to

. undergo axial yielding or buckling during ultimate strength

_analysis. Fhey are best modeled by strut-type elements that account
for reductions in strength and stiffness after buckling.

€. Moment Resisting Hembers: These members are expected fo yield
during the ultimate strength analysis, primarily due to high bending
stresses. They should be modeled with beam-column type elements
that account for berding - _

. formation and degradation of piastic hinges. .= =~

v étﬁaigiéﬁas}“?ather“théﬁ_ihaéefbésedhﬁnfthéf;;rengthfnf,thg_braces

nd axial interaction, as well as the

.|, Joints: The assessnent Toads ‘applied to the joint' sholid be the

¢ e.i fﬁé£é§é&f€oF§6ded Eiéméﬁféiw'Dama§967c5froéééumeﬁbérsfof”ib?ﬁté'éﬁaT?'

~'be modeled accurately to represent their ultimate and post ultimate

c..strength and deformation characteristics,  Finite element . and/or.

f1_ftaq§arg_méﬁhahjcsfana]ysis_may bejjﬁ$fjfjed'ia some instances.

f.  'Repaired and Strengthened Elements: Hembers or joints thit have

- been or must be strengthened or ‘repaired should be modéled to

frfrép%eﬁgﬁtlthé actﬁaEf?é?aire§j0r s§réng§§éa§§;pybpé?i§§$f”_'u

history analysis of an offshore platform, pile foundations should be
modeled dn sufficient detail to adeguately simulate their response.
1% may be possible to simplify the foundatien mode] o assess the
structural responseé of the platform.  However. such 3 model should
Crealistically reflect the shear and moment (MT/PT) coupling at the
pile head. Further, it should allow for the nonlinear behavior of
~both the soil and pile. Lastly, a simplified model should
accommodate the development of a collapse mechanism within the
foundation for cases where this {s the weak link of the platform
system.  Further foundation modeling gquidance can be found in

APL RPZA-YSD SECI7 HME 28, (9%
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Section C17.7.3¢.3q.

For ultimate strength analysis it is usually appropriate to use best
estimate soil properties as opposed to conservative interpretations.
This is particularly true for dynamic analyses where it is not
always clear what constitutes a conservative interpretation.

17.8 MITIGATION ALTERMATIVES

Structures that do not meet the assessment requirements through screening, design
Tevel analysis, or ultimate strength analysis {reference Figure 17.5.2) will need
mitigation actions. Mitigation actions are .defined as modifications or
operational procedures that reduce loads, increase capacities, or reduce
consequences. A Review of Operations and Mitigation Methods for Offshore
Platforms, by J. W. Turner, et al., OTC 7486, May, 1994 [8] contains a general
discussion of mitigation actions and a comprehensive reference list of prior
studies and case histories.
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Commentary on Draft Section 17.0 Assessment of Existing Platforms

C17.1 GENERAL. In engineering practice, it is widely recognized that if an
existing structure does not meet present day design standards, that does not mean
that the structure is inadequate or not serviceable. Examples of this not only
include fixed offshore platforms, but also buildings, bridges, dams and onshore
processing plants. The application of reduced criteria for assessing existing
facilities is also recognized in risk management literature, justified on both
cost-benefit and societal grounds.

The References noted a§d=ﬁ0t follow the review and balloting procedures necessary
to be labeled API documents and in some cases reflect the opinions of onty the
authors.

C17.2 Platform Assessment Initiators

£i17.2.4 Inadequate Deck Height. Inadequate deck height is considered an
initiator because most historical platform failures in the Gulf of Mexico have
been attributed to waves impacting the platform deck restulting in a large step-
wise increase in loading. In a number of these cases this conclusion is based
on hurricane wave and storm surge hindcast results which indicate conditions at
the platform location that include estimated wave crest elevations higher than
the bottom elevation of the platform’s cellar deck main beams. DT

Inadequate deck height may result from one or more of ﬁhe following events: .

-{Piétfﬁfﬁ]ﬁéck;eieyatioﬁ_seéubyfédﬁ{pmént}}imitéiibnﬁﬁ',Lf',f‘fﬁ:' o
-:Eiﬁjﬁéiﬂét&11$d3¢€§§§fQ¢€¢iiaQ o
Platform installed in deeper water

bsidence

due to reservoir compaction. = ..

C17.3.1a Manned, Won-Evacuated. The Kanned, Kon-Evacuated condition is not

Platform deck elevation set to only clear a ?ﬁﬁeg_ﬁgsigﬁf%ayelhé%ghﬁ;;;

normally applicable to the Gulf of Mexico. .Current industry practice is to

evacuate platforms for hurricanes.

C17.3.1b  HManned, Evacuated. In determining the length of time required for
evacuation, consideration should be given to the distances involved; the number

of personnel to be évacuated; the capacity and operating limitations of the
evacuating equipment; the type and size of docking/landings, refueling, egress
facilities on the platform; and the environmental conditions anticipated to sccur

throughout the evacuation effort. '

ﬁ%?gzﬁéé: %ﬁééﬁééégd_%%ﬁééééé%éé&%éyzﬁéﬁééé“§?§%§g?§;'éf§;§ méé%éé ?é?'ééég'gﬁéyﬁ"

durations such as maintenance, construction, workover operations, drilling and
decommissioning, may be classified as Unmanned.

€17.3.2 Envirommental Impact. This section addresses those concerns associated
with the potential release of liquid hydrocarbon or sour gas as 3 result of an
assumed structural collapse of a platform. Such release rould emanate from any,
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or all, of three possible sources: (I} the topsides inventory, (2) the wells,
and {3) the pipelines. Determining the detailed impact of potential release on
the environment is a very complex and somewhat subjective evaluation. It is
important to note that the potential amount of liquid hydrocarbon or sour gas
release from any of the three sources mentioned above is considerably Jess than
the available inventory of each source. The factors affecting the release of
hydrocarbon from each source are discussed below.

As a first step in the overall assessment process, an environmental impact review
should be performed by the operator to estimate the consequence of any assumed
ptatform collapse on the environment. This review should consider the amount of
anticipated release, proximity of the platform to the shoreline, current
direction and/or particularly environmentally sensitive areas such as coral
reefs, wildlife refuges, and estuaries. The outcome of this review is the
categorization of the platform as having either Significant Envirenmental Impact
or Insignificant Envirenmental Impact.

Topsides Inventory:

At the time of a platform collapse, liguid hydrocarbon in the vessels and piping
is not likely to be suddenly released. In fact, due to the continuing integrity
of most of the vessels, piping and valves, it is most Tikely that very little of
the inventory will be released. Thus, it is judged that significant liquid
hydrocarbon release is a concern only in those cases where the topsides inventory
includes unusually large capacity containment vessels.

Wells:

the liquid hydrocarbon or sour gas release from wells depends on several
variables. The primary variable is the reliability of the sub-surface safety
valves, SSSV, which are fail-safe closed or otherwise activated when an abrormal
flow situation is sensed. As current MMS regulations require the use and
maintenance of SSSV, it is judged that uncontrolled flow from wells may not be
a concern for the platform assessment. Where SSSV are not used and the wells can
freely flow, e.qg., are not pumped, the flow from wells is a significant concern.

Even with the best operation of the SSSV, the liguid hydrocarbon or sour gas
above the valve could be lost over time in a manner similar to a ruptured
pipeline; however, the quantity is small and may not impact the assessment
requirements, o ' '

Pipelines:

The potential for liquid hydrocarbon or sour gas release from pipelines is &
major concern because of the many possible causes of rupture, f{e.g., plaiform
callapse, soil bottom movement, intolerable unsupported span lengths, and anchor
snag). Only the first cause {platform collapse) is addressed in this document.
Platform collapse is likely to rupture the pipelines or risers near or within the
structure. For the hurricane case where the lines are not flowing, the maximum
Tiquid hydrocarbon or scur gas release will Tikely be substantially iess than the
inventory of the line. The amount of product released will also depend on
several variables such as the Time size, the residual pressure in the line, the
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contraction of the steel pipe during release of the residual pressure, the gas
content of the liquid hydrocarbon, the undulations of the pipeline along its
route, and other secondary parameters,

The major concern is the major oil transport lines which are large in diameter,
tonger in length and have a large inventory. In-field Tines, which are muﬁh
smaller and have much less inventory, may not be a concern and therefare may not
need to be included in the platform assessment

C17.4 PLATFORM ASSﬁSSHEﬂ? INFORMATION - SURVEYS

C17.4.1 GERER&L ?he adequacy af strﬁctura? assessm&nts is measured by the
quality of data available. The following is a summary of data that may be
required: : _

i. Genera§ Enfarma%ian : i

Original and Current ﬁwner

Original and Current Platform Use and Function
Location, Water Depth and Orientatien .- . a
Platform Type- -Caisson, Tripod, 4-6-8 Leg, etc.
HNumber of Wells, ﬁ%s%?i and Production Rate s
Other Site Specific Information, Manning Level, ete.
Performance During Past Env1ronmenta¥ Events

b Hox

r1g1na¥ Design ...

w Design. ﬁﬁntractor'aﬁd Qat& of Hesign Coae
.Design Drawings .and Material Specwfzcat1aﬂs
Oesign.Code:(e.g., Edition of :RP<2A} - s favmed L e LV
Environmental Q?z%%r§a~§§ﬁd, ‘Have, Cﬁrreﬁig S@zsﬁia? zﬁe~+eéﬁ

- Deck-Clearance Elevation ottom: of: Cellar Deck Steel):
perational tr1te?%gﬁ§e¢§ ’sﬁdzng 'nd Eqﬂ%@meﬁ *Arraﬁgemeni;

;c*éw' o BT SR e RS N )

, gty e , et
conch, oo -Rumbery Size ané ﬁestgﬁ ?enétrat}en af P§§ES and Conductars
fo.iv . -Appurtenances-List and Location as besigned
3.0 ;ﬂonst?gct?@ﬁ (o E E -
: f“?abvscatz@ﬂ aﬁé §§3332§%e¥03 Centraatsrs ﬁﬁé ﬁate Gf Iﬁsta%latzs%
- FAS-Buile” ﬁ?&¥§%§$ ;
. cofabrication, Welding ané £eﬁstractéan Sp€€%$§ﬁatlﬁﬁ$
. omoMaterials ??ateaézéi%y Records TSN o
o Pile and Conductor Driving gecarés ARTEE A»;fﬁ;=ji,~.- e
e ;?s%@ ﬁ?@g 3?% %&aﬁrﬁsf zf ﬁgpi%ga%fe T R

LB n Tl
= L K - .A

a??ﬁ%?é?ﬁ §§§i§?§ '
BERIET- ¥ i%%@?ﬁﬁﬁ%ﬁzaé iﬁ&é%ﬁﬁ ﬁziiﬁ?ﬁ* ﬁar?%taﬁgs, §§?i§§aa§g§? ete, et
~w~a&;- ~Dperational Loading fistory-Collisions. and Accidental agaﬁs eI
¢ ~Survey amd %azﬁiéﬁ&ﬁae Records
d Repairs-Descriptions, Anzlyses, Orawings and Dates
e Modifications-Descriptions, Analyses, Drawings and Dates
5. Bresent Condition

a. A1l Decks-Actual Size, Location and Flevation
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A1l Decks-Existing Loading and Equipment Arrangement
Field Measured Deck Clearance Elevation (Bottom of Steel)
Production and Storage Inventory

Appurtenances-Current List, Sizes and Locations
Wells-Number, Size and Location of Existing Conductors
Recent Above Water Survey (Level I)

Recent Underwater Platform Survey (Level II minimym)

e e S W o B e

I[f original design data, or as-built drawings are not available, assessment data
may be obtained by field measurements of dimensions .and sizes of fmportant
structural members and appurtenances. The thickness of tubular members may be
determined by ultrasonic procedures, both above and below water, for all members
except the piles. When the wall thickness and penetration of the piles cannot
be determined, and the foundation is a critical element in the structural
adequacy, it may not be possible to perform an assessment. In this case it may
be necessary to downgrade the use of the platform to a Tower assessment category
by reducing the risk, or to demonstrate adequacy by prior exposure.

C17.4.3 Soil Data. Many sampling techniques and laboratory testing procedures
have been used over the years to developed soil strength parameters. With good
engineering judgment, parameters developed with earlier techniques may be
upgraded based on published correlations. For example, design undrained shear
strength profiles developed for many platforms installed prior to the 1970°s were
based on unconfined compression tests on 2.25-inch diameter driven wireline
samples.  Generally speaking, unconfined compression (UC} test give lower
strength values and greater scatter than unconsolidated undrained compression
(UU} tests, which are now considered the standard (Section 6). Studies have also
shown that a 2.25-in. sampler produces greater disturbance than the 3.0-inch
diameter thin walled push samplers now typically used offshore. Therefore,
depending on the type of sampling and testing associated with the available data,
it may be appropriate to adjust the undrained shear strength values accordingly.

Pile driving data may be used to provide additional insight on the soil profiles
at each pile location, and infer the elevations of pile end bearing strata.

C17.5 ASSESSHENT PROCESS
€17.5.1 General - Acceptable Alternative Assessment Procedures:

L. Assessment of similar platform by comparison: Design Tevel or ultimate
strength performance characteristics from an assessment of one platform may be
used to I{nfer the fitness for purpose of cther similar piatforms, provided the
platforms’ framing, foundation support, service history, structural condifion and
pavicad Tevels are not significantly different. In cases where one platform’s
detailed performance characteristics are used to infer those of another similar
platform, documentation should be developed to substantiate the use of such
generic data,

2. Assessment with explicit probabilities of failure: As an alternative to
meeting the requirements herein, the computation of explicit probabilities of
platform failure may be performed at the discretion of the owner, oprovided the
failure probabilities are properly derived, and the acceptance criteria used can
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be satisfactorily substantiated.

3. Assessment based on prior exposure: Another alternative to meeting the
requirements herein, for metocean Toading assessment, is to use prior storm
exposure, provided the platform has survived with no significant damage. The
procedure would be to determine, from either measurements or calibrated hind-
casts, the expected maximum base shear that the platform has been exposed to and
then check to see if it exceeds, by an appropriate margin, the base shear implied
in the Ultimate Strength Analysis Check. The margin will depend on the
uncertainty of the exposure wave forces, the uncertainty in platform ultimate
strength, and the degree to which the platform’s weakest direction was tested by
the exposure forces. All sgurces of uncertainty, i.e., both natural variabiiity
and modeling uncertainty, should be taken into account. The margin has to be
substantiated by appropriate calculations to show that it meets the acceptance
requirements herein. Analogous procedures may be used to assess existing
platforms based on prior exposure to seismic or iceloading. . -

C17.5.2 Assessment For Metocean Loading - The Manned, Non-Fvacuated criteria are
not applicable to the Gulf of Mexico. Current industry practice is to evacuate
platforms for hurricanes whenever possible. Should this practice not be possible
for a Gulf of Mexico platform under assessment, alternative criteria would need
to be developed to provide adequate life safety. The Manned, Fvacuated criteria
provide safety of personnel for hurricanes which originate inside the Guif of
Mexico where evacuation may not be assured, e.g., hurricane Juan {1985). The
Hanned, Evacuated criteria also encompass winter storms. S : _

In the Guif of

ulf . of Mexico, many early platforms were designed to 25-year return
period conditions, resulting in Yow deck heights. By explicitly specifying wave
heéght;"Qeﬁkg%aanﬁaﬁigﬁgfﬁrCESagﬁg:bﬁ;eSﬁi@aieﬁ:éfrect1yafqr,uiiima

ction 17.6)

C17.5.3 " Assessment For Seismic Assessment. An alternative basis for seismic
assessment is. outlined in the APL sponsored Report titled: Seismic Safety
Requalification of Offshore Platforms, by Iwan, W. D., et al, prepared for the
API, May 1992. This Report was prepared by an independent panel whose members
were selected based on their preeminence in the field of earthquake engineering
and their experience in establishing practical guidelines for bridges, buiidings

and other on-Tand industrial strac;ures._The_basis-far_separatiﬁg economic, 1ife

safety aﬁd*eﬂgirﬁngeﬁta}”Safﬁt?:issﬁesdis_addressed in this report. .
C17.6. METOCEAN, SEISHIC AND ICE CRITERIA/LODS o

£17.6.2 Have/Current Deck Force faleulation Procedure. The procedure described
herein is a simple method for predicting the global wave/current forces on
platform decks.  The deck farce procedure is caiibrated to deck forces measured
tn wave tank tests in which hurricane and winter storm Waves were modeled.

The result of applying this procedure is the magnitude and point-of-application
of the horizontal deck force for a given wave direction. The variability of the
deck force for a given wave height is rather large. The coefficient of variation
{standard deviation divided by the mean} is about 0.35. The deck force should
be added fo the associated wave force,
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Other wave/current deck force calculation procedures for static and/or dynamic
analyses may be ysed provided they are validated with reliable and appropriate
measurementis of global wave/current forces on decks either in the laboratory or
in the field.

The deck force procedure relies on a calculated crest height. The crest height
"should be calculated using the wave theory as recommended in Section 2.3.1b.2.,
and the ultimate strength analysis wave height, associated wave period and storm
tide.

The steps for computing the deck force and its point-of-application are as
follows:
Step 1. Given the crest height, compute the wetted “silhouette" deck area,
A, projected in the wave direction, g,.

The full silhouette area for a2 deck s defined as the shaded area ip
Figure C17.6.2-1a, i.e., the area between the bottom of the scaffold deck
and the top of the “solid® equipment on the main deck. The siihouette
area for deck force calculations is a subset of the full area, extending
up to an elevation above milw that is equal to the sum of the storm tide
and crest height required for ultimate strength analysis,

For 1ightly framed sub-cellar deck sections with no equipment, such as a
scaffold deck comprised of angle iron, use one-half of the silhouette area
for that portion of the full area. The areas of the deck legs and bracing
above the cellar deck are part of the silhouette area. Deck legs and
bracing members below the bottom of the cellar deck should be modeled
along with jacket members in the jacket force calculation procedure.
Lattice structures extending abové the "solid equipment on the main deck
can be ignored in the siThouette. T

The area, A, is computed as:

A=A cos 8, + A, sin g,
where 6, A and A, are as defined in Figure €.17.6.2-1b

Step 2. Use the wave theory recommended in Section 2.3.15.2 and calculate
the maximum wave-induced horizontal fluid velocity, V, at the crest
elevation or the top of the main deck silhouette, whichever is lower.

Step 3. The wave/current force on the deck, Far 18 computed by:
Fa = 172 p Oy (oY + U *U) %A,
where U is the current speed in-line with the wave, owkf {s the wave
kinematics factor (0.88 for hurricanes and 1.0 for winter storms ),
achf is the curvent blockage factor for the Jacket and p is the
density of sea water..
The drag coefficient, C_, is given in Table Cl7.6.2.-1.
Step 4. The force ¥ should be appiied at an elevation I, above the
bottom of the i%??a?ééﬁcig Ly 1s defined as 50% of the distance between
the Towest point of the sithouette area and the lower of the wave crest
ar top of the main deck.
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TABLE C.17.6.2-1

Drag Coefficient, Cd, for Wave/Current Platform Deck Forces

Cd Cd
Deck Type End-on and Broadside  Diagonal (45°)
Heavily
Equipped 2.5 1.8
(solid)
Moderately
Equipped 2.0 1.5
Bare
(no equipment) 1.6 1.2
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€17.6.2a.1 &Gulf of Moxico Criteria

The Significant Envirenmental Impact criteria are based on the "full population®
hurricanes (all hurricanes affecting the Gulf). The Manned, Evacuated/ Insigni-
ficant Environmental Impact criteria are based on a combined population
consisting of “sudden™ hurvicanes (subset of full population hurricanes) and
winter storms. The Unmanned/Insignificant Environmental Impact criteria are
based on winter storms. :

The sudden hurricane criteria are based on hurricanes that spawn in the Qulf of
Mexico. - These criteria apply to Manned platforms in which there may not be
enough warning to evacuate. Hurricanes that spawn cutside the Gulf were not
included because sufficient warning to evacuate all platforms is available
provided that conventional Gulf of Mexico excavation procedures are maintained.
An example of a sudden hurricane is Juan {1985).  The sudden hurricene nopulation
used here provides for conservative criteria because,  among the 27 hurricanes
that spawned in the Gulf during 1900-1989, platforms would have been evacuated
in almost all cases. ST C et et Beed e e

C17.7 STRUCTURAL ANALYSIS FOR ASSESSMENT

€1?.?;i 76eﬁé§é§;_ éf&uttufa?'évaiﬁétééa'és-iﬁtehdé$ t6 be #efférmed'%ﬁ'three'

consecutive levels of increasing complexity.  Should 2 structure fail the
screening or first level, it should be analyzed using the second level, and
similarly for the third level.. Conversely, -should a structure pass screening,

no further analysis.is required, and similarly for the second level.: .The first.
?eveiﬁ{sgreening)kis;gcmprésed=ef:€he-fi?gigfﬁav components cof rthe tassessment -

process;:selection, categorization, condition assessment and Design BasisChecks.:

‘The -second Jdevel {design: Jevel canalysis)iallows recogni tionof the -working

strength of .a member or joint within the elastic range using current-technology.

The third Jevel (ultimate strength analysis) recognizes the full strength of the

platform structure to demonstrate -adequacy.and stability. ..

Cl?.?,éu '. ﬁesiQﬁ Level Analysis Procedures. |
€17.7.2a.  GENERAL: It should be noted that the Design Level Analysis criteria
provided in: Section 7.6 were calibrated for.structures-that did not have wave
loading on their decks. - It is therefore unconservative to consider wave Joading

on decks for assessments using Destgn-tevel Analysis. Ultimate Strength Analysis .

is required, using the higher gngifeamaata%;c?iteri&-tgﬁiaéﬁeé;én1Sestéﬁﬁ_1?§§‘

ﬂeiﬁ,:{ar-sﬁmafgavgwéﬁwéeckséﬁaé%sg;ﬂﬁéy:a-%%%ear?g?eéaé'ﬁaaéys%g will ‘be
necessary {Ref. Section 17.7.3a). .- I R : o

C17.7.2b Structural Steel Design,  Should angoing research be used to determine
the strength of members, it must be carefully evaluated to assure appiicability
to the type of member, its level of stress and the level of confidence in the
conclusions of the research. For example, the use of smaller values for
effective Tength (K} factors may be appropriate for members developing targe end
moments and high levels of stress, but may net be so for tower Tevels of stress.
Because of availability and other nonstructural reasons, members may have steel
with yield stress higher than the specified minimum yield stress. If no such
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datz exists, tests may be used to determine the actual yield stress. Joint
industry studies have indicated that higher yield stresses may be Justified
statistically.

C17.7.2¢ Connections. Joints are usually assumed rigid in the global structural
model . Significant redistribution of member forces may resuit if joint
flexibility is accounted for, especially for short bracing with small tength to
depth ratios, and for large leg can diameters where skirt piles are used. Joint
flexibility analysis may use finite element methods, as appropriate. Steel
Joints may have higher strength than currently accounted for. Similarily, the
evaluation of strength for grouted joints, as well as the assessment of grout
stiffness and strength can consider higher values than normally used for design.

C17.7.2d Fatigue. A1l offshore structures, regardiess of location, are subject
to fatigue degradation. In many areas, fatigue is & major design consideration
due to relatively high ratios of operational seastates to maximum design
environmental events. In the GOM, however, this ratio is low. Still, fatique
effects should be considered and engineering decisions should be consciously
based on the results of any fatigue evaluations.

Selectibn of critical areas for any Level III and/or IV inspections should
preferably be based on factors such as joint and member loads, stresses, stress
concentration, structural redundancy and fatigue lives as determined by platform
design.

In the GOM, Levels III and/or IV underwater surveys may be considered adequate
if they indicate no fatigue cracks. Should cracks be indicated, no further
analysis is required if these are repaired. The use of analytical procedures for
the evaluation of fatigue may be adequate if only Level II survey is done.

C17.7.3 _Ultimate Strength Procedures. It should be noted that 1imited
structural damage is acceptable and that the more severe environmental loading
as noted in Sectien 17.6 is required.

In ultimate strength analysis structural elements are allowed to carry Toads up
to their ultimate capacities, and can continue to carry load after reaching those
Capacities, depending on their ductility and post elastic behavior. Such
elements may exhibit signs of damage, having crossed over buckling or inejastic
yielding, and in this context, damage is acceptable as tong as the integrity of
the structure against collapse is not compromised.

Since structures do not usually develop overload stresses in most of their
elements at one time, the need to perform complex ultimate strength analyses for
the whole structure may not be justified for a few overioaded elements, thus the
need to distinguish between local and global overicading.

An efficient approach to yltimate Capacily assessment is Lo carry it out in 2
step wise procedure. First, perform a linear giobal analysis to determine
whether nonlinearity is a local or a giobal problem, and then perform Tocal or
global ultimate strength analysis as required.
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C17.7.3a Linear Global Analysis. This analysis is performed to indicate whether
the structure has only a few or a large number of overloaded elements subject to
toading past the elastic range.

C17.7.3b  Local Overload Considerations. Minimal elastic overstress with
adequate, clearly definable alternative lgad paths to relieve the portion of
loading causing the overstress, can be analyzed as a local overload, without the
need for full global inelastic analysis, or the use of major mitigation measures.
The intent here is not to dismiss such overstress, but to demonstrate that it
would be relieved because of alternative load paths, or because of more accurate
and detaiied calculations based on sound assumptions.  These assumptions must
consider the level of overstress as well as the importance of the member or joint
to the structural stability and performance of the platform.

Should demonstration of relief for such overstress be inconclusive or inadequate,
a full and detailed global inelastic analysis would be required and/or mitigation
measures Laken as nesded. L e RS R

€17.7.3¢  &lobal Inelastic Analysis. :

1. Geheral. 7t should %&1'%é€é§ﬁ§2€ﬁ tﬁailxéaﬁﬁﬁié%ééﬁﬂ-é¥  the zéitimaﬁe

cstrength of structural elements s a complex task and the subject of
ongoing research that has neither been finalized nor-fully utilized by the
practicing engineering community. The effects of strength degradation due
to cyclic loading and the effects of damping in both the structural

eiements ' and 'the ‘supperting foundation s0ils ‘should be considered.
Strength int?éésgs ége t'?soiffﬁqnsg?idaiipﬁ=mayfbe sed 'if Justified.: -

2. . Methods of analysis: Several:methods Have ‘been:
w:ﬁm:st?en§ih?@%§?§é§%@§?§?;ﬁi?ﬁciﬁfa?,systems.%HdeTmén
,g?ﬁ;ﬂide}y;ased“fﬁ$~ﬁffsﬁbf@%p?atfnrm:anaiysisjaréfthe 1sh-0v i
- Domain methods.” J17is “mportant to note that, regardless of the method
used, ‘no further analysis is required once ‘a structure reaches the
specified extreme environmental Toading, i.e., analysis up to collapse is

not requived. .. . ST Sl v o oiaen o ingRes s e

a;'f?ﬁgﬁwgvé??%éﬁﬁﬁé?i?hﬁs'meﬁhﬁéris%@e11rsuﬁiéﬁﬁfﬁr}&tatéa“ia&éiaq;
ductility analysis, ‘ér dydamic loading which ¢an be reasonably represented
by eqs%vaéent'staiis“1céd€ﬁg,ifgxamp?es-af:sgchﬁﬁggﬁjggqﬁﬁuéé‘bé waves
acting on stiff structures with natural periods under three seconds,
- having éegi%g%é%é*ﬁyﬁgﬁic:éffﬁc%sgfa?iése?%aad%ﬁgTyhighiﬁﬁiﬁﬁi amplified
by exciting the resonance of the structure. The structural mode! must
recognize loss of ‘strength and stiffness past uitimate. The analysis
tracks the performance of the structure as the level 6F force is increased
until it reaches the axtreme load specified. - As the load is dncrementally
%nargggéé;-Szrgéiaégé‘éééééaig‘s&s&iég‘@Qméé?gg-ﬁgésié“ﬁ?fﬁ%Ees§~a?é
checked for inelastic behavior in order to ensure proper modeling. This
method has alsoe been widely used for ductility level earthquake analysis
by evaluating the reserve ductility of a platform, or by demonstrating
that a platform’s strength exceeds the maximum toading for the extreme
ezrthquake events. Although cyclic and hysteritic effects cannot be
explicitly modeled using this method, their effects may be recognized in
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the model, in much the same way that these effects are evaluated for pile
head response to inelastic soil resistance.

b. Time Domain Method. This method is well suited for detailed dynamic
analysis in which the cyclic toading function can be matched with the
cyclic resistance-deformation behavior of the elements step by step. This
method allows for explicit incorporation of nonlinear parameters such as
drag and damping into the analysis model. Examples of dynamic toading
would be earthquakes and waves acting on flexible structures whose
fundamental period is three seconds or greater. The identification of 2
coliapse mechanism, or the confirmation that one does exist, may require
significant judgment using this method. Further guidance to noniinear
analysis can be found in Sections 2.3.6 and £2.3.6.

3. Modeling. Regardless of the method of analysis used, it is necessary to
accurately model all structural elements. Before selection of elememt
types, detailed review of the working strength analysis results is
recommended to screen those elements with very high stress ratios, that
are expected to be overloaded. Since elements usually carry axial forces
and biaxial bending moments, the element type should be selected based on
the dominant stresses. Beam and column elements are commonly used,
atthough plate elements may be appropriate in some instances. Elements
may be grouped as:

a. Elastic Members: The majority of members are expected to have
stresses well within yield, and would not be expected to reach their
capacity during ultimate strength analysis. These elements should
be modeled the same as in the working strength method, and tracked
to ensure their stresses remain in the elastic range. Examples of
such members are deck beams and girders which are controiled by
gravity loading, and with Tow stress for environmental loading,
allowing for significant increase in the latter before reaching
capacity. Other examples may be jacket main framing, controlled by
installation forces, and conductor guide framing, secondary bracing
and appurtenances.

b. Axially Loaded Hembers: These are undamaged members with high Kl/r
ratios and dominant high axial Toads, that are expected to reach
their capacity. Exampies of such members are primary bracirg in the
horizontal levels and vertical faces of the jacket, and primary deck
braciag, The strut element should recognize reductions in buckling
and post buckling resistance due o applied inertia or hydrodynamic
transverse Toads, Effects of secondary {frame induced) moments may
be ignored when this type of element is selected. Some Jacket
members, such as horizontals, may nol carry high axiz! Joads unti}
after buckling or substantial loss of strength of the primary
vertical frame bracing.

€. Homent Resisting Members: These are undamaged members with low Ki/r
ratios and dominant high bending stresses, that are expected to form
plastic hinges under extreme toading. Examples of such members may
be unbraced sections of the deck and Jacket legs, and piles.
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d. Joints: The joint model should recognize whether the joint can form
a hinge or not, depending on its D/t ratio and geometry, and should
define its load-defotmation characteristics after hinge formation.
Cther evaluations of joint strength may be acceptable if applicable
and if substantiated with appropriate documentation.

€. Damaged Elements: The type of damage encountered in platforms
ranges from dents, bows, holes, tears and cracks to severely
corroded or missing members or collapsed joints. “Theoretical as
well as experimental work has been ongeing to evaluate the effects
of damage on structural strength and stiffness.  Some of this work
is currently proprietary and others are in the public domain.
Modeling of such members should provide a conservative estimate of
their strength up to and past capacity.

f. Repaired and Strengthened Elements: "The type ‘of repairs usually

) used on platforms ranges from wet or hyperbaric welding, grouting,

clamps, to grinding and relief of hydrostatic pressure. Grouting is

used to stiffen members and joints, and to preclude Tocal buckiing

. due. to dents and holes. - Grinding -is” commonly - used to improve

¢+ fatigue life and to remove cracks. Several types of clamps have

- been successfully used, such as friction, ‘grouted and Tong bolted

clamps. .. Platform strengthening may -be "accomplished by adding

Tateral struts to improve the buckling capacity of primary members,

and by adding insert or outrigger piles to improve foundation

capacity. Modeling of repaired elements requires a keen sense of

~ Judgment tempered by conservatism, due to lack of experience in this
rarea. iy e LT AR e i T

Foundations: . In a detailed pile-soil interacti
resistance is modeled.as a set of compliant e hich r
the displacements of the pile.-Such elements are normally idealized
as distributed, uncoupled, ﬁoniliﬁearw§p$%n§s;~In%ﬁyhamic*anaiysis
hysteretic behavior may alsoc be significant. Recommendations for

characterizing non-linear soil springs,argﬁp;qviﬁad b§1aw.

- = _Soil_.Strength and Stiffness Paramelers. A profile of relevant

. 5011 properties at a site is required {0 characierize the soil

resistance for extreme event analysis.. Soil strength data are

“particularly important in characterizing soil resistance. In some

cases, other model parameters (such as ‘initial soil stiffness and

- damping} are correlated with “strength:values “'and ‘thus can be
estimated from the strength profile ﬁ?'éé&@?'?ﬁ%&%’é?fﬁéaméa

- Lateral Soil Resistance Hodeling. A method for constructing
distributed, ﬁﬁt&%;%%ég-ﬁ%ﬁm?iﬁ%&?,ﬁ%?%'£§?§§§$$€§f§-€§?¥§$} is
described 1n Section 6.7.  These “techniques may be useful for
modeling the monotonic loading &eha?éer”a?‘?aiera%?y*é&fg?ming piles
where other site specific data is not available., Due to their
empirical nature the curves should be usad with considerable caution
however, particularly in situations where unloading and reloading
behavior is importani or where targe displacement response such as
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ultimate capacity (displacements generally > 10% of the pile
diameter) is of interest.

- Axial Soil Resistance Modeling. A method for constructing
distributed, uncoupled, non-1inear soil springs {t-z and g-w curves)
for axial resistance modeling is described in Section 6.7. These
techniques may be useful for modeling the monotonic loading behavior
of axially deforming piles where other site specific data is not
available.

To construct a ’best estimate’ axial soil resistance model, it may
be appropriate to adjust the curves in Section 6.7 for loading rate
and cyclic loading effects which are known to have a significant
influence on behavior in some cases.

-~ Torsional Soil Resistance Modeling. Distributed, uncoupled,
non-Tinear soil springs for torsional resistance modeling can he
constructed in a manner similar to that for constructing t-z curves
for axial resistance. Torsion is usuaily a minor effect and lipear
resistance models are adequate in most cases.

= Hudmats and Mudline Horizontal Members. In an ultimate strength
analysis for a cohesive sot} site, it may be appropriate to consider
foundation bearing capacities provided by mudmats and mudline
horizontal members, in addition to the foundation capacity due to
pilings, provided that:

1. Inspection was conducted to confirm the integrity of the wmudmats.

2. Inspection confirmed that the soil support underneath the mudmats

-.and horizontals has not been undermined by scour. In contrast, for
design purpose, the bearing capacity due to mudmats and mudiine

Jacket members are typically neglected.

Mudmats and mudline horizontal members may be treated as shallow
foundations. Methods described in Sections 6.12 to 6.16 and the
commentary on shallow foundations may be used to estimate their
ultimate capacity and stiffness. In addition, other methods may be
used in cases in which the shear strength of the soil increases with
depth.

Care must be taken in correctly modeling the interaction between the
mudmats {and mudline members), and the pile foundation, Depending
on soil conditions, the two components of foundation capacity may
have very different stiffnesses,

- Effect of Soil Aging. For ultimate strength analysis, aging {the
increase of soil chear strength with time} has been suggested as z
source of additional foundation capacity that is not accounted for
in the present design methodology, However, the state-of-the-art of
this subject has not been sufficiently developed to justify rouline
application. Any attempt to upgrade foundation capacity based on
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aging will have be justified on a case-by-case basis.

- Estimate As-iastalied Pile Capacity. Pile capacity should be
estimated primarily based on the static design procedure described
in Section 6.4. However, if pile driving records (blow counts
and/or instrumented measurement) are available, one dimensional wave
equalion based methods may be used to estimate soi] resistance to
driving (SRD) and infer an additicnal estimate of as-installed pile

capacity.

A conductor pull test offers an alternative means for estimating the
as-installed capacity of a driven pile. o

- Conductors. In an ultimate strength analysis, well conductors
may contribute to the lateral resistance of a platform once the
Jacket deflects sufficiently to close the gap between the conductor
Guide frames and the conductors. S B

Below the mudline, conductars may be modeled using appropriate p-y

cand t-z soil springs in a manner similar to piles. Above the
mudline, the jacket model must realisticaily account for any gaps
between the jacket and the conductors. =~
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