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Minutes of Session V: Vessel Motion/Stability

MR. D'SOUZA: Thank you, Skip. Good afternoon, ladies and gentlemen, and welcome to
Sesson V on Vessel Motion and Stability. My nameis Richard D'Souza. I'm with Brown & Root
Energy Services. I'm aveteran of 26 yearsin thisindustry and I'm proud to say thet 1've survived
about five boom and bust cycles.

In the Gulf of Mexico, a ship-shaped FPSO will either be permanently or disconnectedly
turret moored in order to align itsdf to the prevailing environment for the Smple reason that ship-
shaped configurations are not designed to be operable in deep seas. If permanently moored, it must
aurvive hurricane events. If it is disconnectedly moored, it must remain connected and operablein
extreme winter events.

FPSOs ahility to weethervane into the prevailing seas to congtrain unstable lateral or
fishtailing motions and to sustain extreme metocean conditions are criticd to their surviva and
operability. Additiondly, the responses of the FPSO directly impact the design of two key system
elements. Those are the risers and the moorings.

This weathervaning capability and generdly larger responsesin waves are what
differentiate the ship-shaped FPSO configuration from other floating OCS facilities that have been
approved by the coastd authorities to date, and those are the TLP, the spar and the semi. The
reliability and safety of the FPSO system is directly linked to the degree of confidence that we have
in predicting its weathervaning capability and its motions.

In this sesson we will address the current state of the practice of predicting weathervaning
and motion response, the leve of confidence in these predictive tools, the vaidation based on
mode test and field experience, and areas for improvement in these predictive capabilities and,
therefore, the system reliability.

| will predicate this by reminding the audience that ship-shaped (inaudible) FPSOs and
FSOs have been operating successfully for over 30 years worldwide and many in regions with
ggnificantly more hostile environments than the Gulf of Mexico. Industry has and continues to
expend sgnificant effort in improving our predictive capabilities and vaidation of thesetools. So
being anava architect by background, | thought that this excerpt that you see on the screen of "A
Seefarer's Poem” doquently captured the issues we're about to addressin this session.

The two mgjor issues that we're going to be discussing are, ore, the westhervaning and
directiond gtability, and you have an entire spectrum of weathervaning capabilities avalable to the
industry. Oneisthe passve weathervaning where it's smply turret moored and there are no
externd effects, such asthrusters, to assst in the weethervaning. The second isto include heading
controls of some form to enable better dignment with the seas. Progressively, you have thruster-
assisted mooring, and at the other extreme of the spectrum we have dynamic positioning. In going
from passive to dynamic positioning, we have increasing capability to aign with the seas but dso
have increasing operationa and mechanica complexities.

So some of theissues that | thought about which | thought were of some significance for
this sesson were -- and | think very fundamentadly it's the computation of environmentd loads.
Without the ability to accurately predict the forces and moments introduced by the wind, waves and
currents, you're not really going to be able to design or be able to predict the weathervaning
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capabilities. In addition, if they're thruster- assisted then the thruster mooring and thruster
interaction issues become of extreme importance.

Furthermore, when you'e turret moored in very deep waters where the stiffness of the
mooring sysem is relatively soft, one can undergo fairly large dynamic ingabilitiesin the
horizontd plane, so the computation of smdl and large amplitude coupled with the sway, roll and
yaw response in steady and time-varying noncolinear environmentsis paramount. And findly, as
aways, to increase our leve of confidence in the weathervaning capabilities we have to be able to
vdidate by modeling testing.

On the globa performance front, we start off with being able to prescribe certain design
congraints for the globa performance parameters of interest. That isafunction of the operators.
They have to decide what isimportant and what those limitsare. To some extent they could be
prescribed by the coastdl authorities or by the class societies.

The prediction of and the design for short- and long-term extreme globa performance
responseis redly the crux of getting the confidence that we need for operability and survivability.

Perhaps the most vexing and aso one of the more important parametersisthe prediction of
roll amplitude, and thisis vexing becauseit is 0 highly nonlinear (inaudible) evenina
weethervaning FPSO or one that is largely digned with the predominant environment, you will get
some obliquity with the waves and as aresult you will experience very large amplitude roll motions
which can degrade operability and in the extreme affect survivahility.

Another important extreme response in extreme seas isdamming. Aswe know, these can
be induced in heavy seas and can result in, as aresult of concentrated dynamic pressures, damage
to the hull elther at the bow or at the stern. Such incidents have been recorded, resulting in
stoppage of production, so it has become afairly sgnificant issue of late, particularly in hodtile
environments.

Green water is critical because an avoidance of green water isimportant. Green water
overtopping at the bow, sometimes over the side, can result in stoving in of deck structures, and
avoidance of green water, and the prediction of it, of course, becomes of significance.

Predicting maximum offsetsis important for the design of the mooring system and the
risers. Prediction of maximum mooring line tenson is something thet the industry has devoted a
lot of time and attention to and is critica to the design of akey structurd component, which isthe
(inaudible) system.

Predicting maximum heave a0 affects risers and moorings, those two key dementsthat |
referred to earlier, and the emergence of the thrusters in extreme sees, which isthe converse,
perhaps, of green water when it comes to thrusters used to dynamically position vessdls, it's
important that those thrusters now emerge.

In addition, we will be discussing in these sessions, the panel sessions, doshing, globa
bending and fatigue, which are so weight induced, and mation and loading on the hull.

And findly, in addition to being able to predict these extreme responses, we have to be able
to find ways to mitigate these responses when they exceed design condtraints, so dl of these are
open issues that will be discussed in these sessons.

| took some timeto try to capture in a broad sense what some of these global performance
issues are in the form of questions. They're more questions to the industry. And | asked the
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following questions -- thisisto oursdves as agroup: Have we adequately captured lessons learned
to gpply to future designs? We do a good job in forums such asthese. We discuss them, in some
cases we do agood job of recording them, but do we do a good enough job of disseminating this
information and making sure that subsequent designs benefit from the lessons learned from

previous experience.

And another questionis: Do we have enough previous experience? | think we could point
to the many FPSOs and FSOs that have been out there, but the fact is that FPSO experience in the
North Sea, in hurricanes and typhoons, while you could argue is extensive, could also be argued as
not being statigticaly large enough, perhaps, to develop the level of competence we need to say
that we fully understand what's going on in these environments.

Thisis one for the oceanographers. Without understanding the drivers or being able to
characterize the drivers -- which is the environmental conditions, wind, wave and currents, the
amount of linearity, the intengities, it's very difficult to be able to accurately even begin to predict
the responses, o it'simportant that we get afirm grip and a firm understanding of metocean
conditions a a paticular Ste.

And, of course, the eternd question: Are we satisfied with the current state of predictive
andytica and scale modd capabilities, and these will be addressed by the pand members as we go
through.

Anaother one, to me, which is quite important because of the extreme unfamiliarity with the
response of FPSOs and the warning systems and the risers, the question dwaysis are we satisfied
with the current state of practice in predicting extreme response, both short- and long-term?

Thisoneisnew to me. Hull form definition isonethat | believe has not been given enough
attention. Again, asanavd architect, | fed that nava architects are trained to design hull forms for
seekeeping for performance in waves. | don't believe thisindustry uses that knowledge
sufficiently. Now you probably can argue with me otherwise, but | do bdlieve to alarge extent we
can improve the globa performance, optimize the efficiency in waves by paying proper attention to
the design of the hull form. It's a science that nava architects are intimately familiar with.

So having said that, 1'd like to invite the pandlists to offer their views. And we have Adrian
MacMillan with DNV as our firg pandi, followed by Tim Finnigan from Chevron and Marty
Krafft of FMC Energy Systems, and | have to say that Adrian and Tim are present at very short
notice and we're very grateful that they volunteered to be panelists. So without further ado, I'd like
to have Adrian come and discuss his issues.

MR. McMILLAN: Good afternoon, everyone. | hope you're wide awake after your heavy
lunch. Y ou've probably got good strong coffee in your belly to keep you awake during this
sometimes dry presentation.

This afternoon were going to talk about some of the technology opportunities which are
available for FPSO andys's, and this afternoon | was intending to cover persondly the fatigue,
daoshing and loading operationd aspects which should be consdered in an FPSO design.
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Schematically there I've just got some representations of the wave load andysis and
pressure distributions and resulting stresses on the hull, and as we get into complex hull forms you
can quite obvioudy see, as Richard was saying, that you need to treet these vessels as a shape-
shaped dructure in terms of the naval architecture requirements.

Obvioudy the bow region needs to be shaped like aship. Thisisin aharsh environment.
In a benign environment it's not so critica, but in an areawhere you are going to be subjected to a
lot of seas, you need to consider dl of these from the strength perspective, from an operationa

perspective and from the fatigue perspective.

So in terms of fatigue, where are the areas of concern? The problem we have herein our
diagram is aweb frame and adjacent to that it has a bulkhead. So with an FPSO, as you do with a
tanker, you have alarge number of longitudina connection details (inaudible) and these include
brackets and lugs, so theré's alot of connections which need to be checked for fatigue, checked for
strength, and aso ingpected throughout the life of the vessdl, and it's not generaly possible to
ingpect al of these connection details throughout the life of the vessel and were looking at possibly
keeping the vessdl on gtation and not putting it into a dry-dock, as you do with atraditiona tanker,
for up to 20 years and possibly even longer, so it'simportant that we look at these fatigue issuesin
agreat amount of detail.

In addition, snce we've seen from the Coast Guard the last couple of days that they are
requiring double skin in terms of double bottom and double sides, that again increases the number
of connection details that need to be andlyzed and inspected. And, in addition, you will have
hopper knuckles. The kinds of frame gussets may not necessarily be such a huge detail except as
an indication of the web frame for the inner sde. And these are probably mainly typicd tanker type
details.

However, for an FPSO you dso have riser porches, you'll have topside stool connections,
you may have multiple deck penetrations, you have possibly bilge kedls, which fal under the
category of atanker connection detail. However, there may be some other issues you need to
consider specific for the FPSO.

Y ou have erection butts, again atypica tanker detail, but again these items can be difficult
to ingpect and should be andlyzed in terms of fatigue. 'Y ou may have numerous couplers on the
main support structures. On your deck you have probably moonpools and turrets, you have flare
towers, crane pedestals and helidecks, soit'svitd. Therearealot of potentia fatigue sites on your
FPSO, soit's critica for you to be able to understand the fatigue performance of your design in
order to be able to ensure that you can operate that throughout its life effectively and efficiently
because the cost for repairing some of these details can be quite prohibitive because it includes - - if
you have a damage in the bottom of atuba you may need to get through the adjacent tanks, you
need to get repair people onsite, you need to stop operations in those regions. It can be very
expendve, but not impossible.

So in order to be able to investigate the fatigue factors, you need to consider the loading,
and one important issue to congder with fatigue is that -- and Richard brought up this-- it's
imperative that the oceanographers get decent and workable data for the strength analysis and
fatigue andysis of these FPSO structures because a 10 percent uncertainty in your loading could
mean a 30 percent uncertainty in your fatigue life, and it has avery nonlinear effect, a cubic
function effect, depending on the SN curve that you're looking &, and that particle of uncertainty
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can make or break adetail. So we redly need to make sure that we understand all the necessary
loading configurations and loading issues.

S0 here I've listed some of the loading issues that are important. Naturaly, the hull girder
loads, longitudina bending, transverse bending, et cetera, axid ports, are critical and used in the
design of the FPSO from a strength perspective.

Y ou have external pressures -- the wave evation on thesde. Y ou have internd pressures
because hopefully you have cargo in your tanks, otherwise you're not making any money. You
have differentiad pressures from the cargo to the ballast tanks, so that will induce -- someloca
deformations of the structure will induce further siresses.

Those kind of loads, if you look &, say, atypica longitudind diffener on aside shdl, that
diffener will bend due to that level of pressure. It will get an axid stress due to the global
moments and forces and if we take that picture and bear in mind what | said before with the frame
and the bulkhead adjacent to each other, you will also get stresses induced in that Stiffening
connection detail where the frame is less giff than the transverse bulkhead so thet the externd
pressures will force that frame to deflect more from the bulkhead. And that induces another stress
which needs to be considered in terms of fatigue, and that's typically the largest contribution to
fatigue damage for a broken connection at a bulkhead, and | think through experience people have
found that fatigue cracks around the bulkhead region have been worse.

In addition, most of the hydrodynamic anadlysis that's completed these daysisin linear
frequency domain, (inaudible) a certain watermark and it will give you a dynamic pressure
distribution corresponding to that; however, you do need to take into consideration that the wave
elevation will fluctuate above and below that mean waterline. So say the wave will go from here
down to here, so that induces -- that modifies your dynamic pressure that you may get from your
(inaudible), and that needs to be considered when you're doing a fatigue caculaion and it's quite
important Snce in these areas the fatigue damage for the sides and internd gusset plate are more
prone to fatigue damage at that waterline region.

In addition, you aso need to take into congderation the double bottom/double side stresses
that are induced due to the dternative load configuration. Y ou aso have the topside loads, and
athough they're dominated probably by a static component, however the topsides will need to be
supported by the structure, such as deck web frames and frames longitudina and transverse.

Again we can reduce these relative deflection stresses for a topside module in that the fame
will deflect further than the passve bulkhead or the longitudina bulkheaed adjacent to it with an
(inaudible) and those stresses need to be taken into consideration and not just the inertial dynamic
stress components.

Mooring forces and riser loads, that's acomplex issuein itself. Y ou need to include the
masses of the mooring and the risers in the hydrodynamic analyss of the FPSO itself. The
influence on the mations of the FPSO hull is not greetly influenced by the moorings and risers;
however, as Richard pointed out, the influence of the FPSO hull on the moorings and risersis
another matter itself, and decoupling these can be a problem, and that will be covered in Marty's
presentation later.

In addition, you aso have the vessdl motion due to the inertia |oads that can be the heavy
equipment, such as cranes, flare towers.
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And another issueisthat alot of our experience with fatigue has been from the tanker
background and a tanker operates either in abalast condition or in afully-loaded condition, so
essatidly it will have afully-loaded draft and a ballast draft. However, an FPSO is constantly
loading and unloading, so it's important to make sure that you have a sufficient number of
intermediate drafts congdered in your fatigue analyss, particularly for the sde longitudina
positions where the dynamic pressures due to the relative wave devation are critical. I'll have this
in abit more detail.

The doshing effects, if they are a problem for the vessdl design they should be consdered
in fatigue for certain types of environments only, but that needs to be evaluated on a case-by-case
basis, and dso the proportion of time in each loading condition, whether it's 33 percent fully
loaded, 33 percent intermediate and 33 per balast or if you have different proportionsthere. Those
al need to be taken into account.

In addition, you have to look at your siress concentration factors. They have ahigh
influence. 'Y ou have geometric stress concentration factors due to weld geometry, gross geometry,
eccentricity, and that comes into your fabrication tolerances.

Other fatigue issues are, of course, the SN curves, fabrication tolerances for corrosion
protection is abig issue, mean sress effects. Thereisalot of discussion in the industry on how to
solvethisand alot of these are actudly being reviewed, in character at least. The am of these JPs
are to achieve uniform industry requirements, and that's with regard to designers limits and the
operators and class societies. Two of them are loading capacity and the fatigue for the FPSOs. As
an example of that same thing, we recently did work for amgjor oil operator covering these issues
to try and make it one concise document for fatigue andysis.

Soshing: We have variousfilling heights in an FPSO which you don't have in atanker.
Class rules dlow some sort of estimation of their doshing loads but generdly those rule
requirements are based on empirical formulas and need to be investigated further for certain types
of configurations. Weve done anumber of tests to ensure that the class rules are the same group,
but there are dways limitations in empirica formulas. It can be studied more accurately with
hydrodynamic andyss, or dternatively, mitigated by the introduction of more efficient and
effective dosh problems.

The last issue | wanted to discuss here isthe loading operation issue. Because of the
loading issues, an FPSO, because it goes under a number of different loading configurations off-
loading and on-loading, can have large till water bending moments and shear forces which are
important for atraditiond tanker because that normal tanker may not be designed for that
configuration. So if you're going to look at a conversion you need to consider these effects. And
when you're ongite, you need to look at the dynamic plus the gatic loads, whereas the tanker is just
looked a in terms of the maximum siill water bending moments that may be induced alongside, so
you have different alowable stresses.

And I'm sure that none of us redly want to try and have a deck look like thisat any point in
time. It's hard for the crew to operate on adoping deck like this. These can be large stresses or
buckling, and we dso have -- you know, thisisinduced by multiple loading configurations which
implies heavy reliance on the loading computer and the master's competence. So we can either
design thisissue out so that the master doesnt need to worry about that as much or make sure that
he's extremely competent since we don't want to end up with these Situations.
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And that should summarize what | had in mind, anyway.

MR. FINNIGAN: Give me amoment to get my dides up here. Canyou dl hear me okay?
AUDIENCE: Yes. Fine

MR. FINNIGAN: As Richard pointed out, I'm Tim Finnigan. | work with Chevron
Petroleum Technology Company Foating Systems and Anchor Riser Warning Systems. 1've been
working for Chevron for 20 years, which makes me kind of anovelty, | guess, in the indudtry, to
stay with one company for that duration nowadays.

| was asked just Monday to serve on this panel and raise the issue of technology gaps for
vessel motion and stability of FPSOs. So in preparation, | spoke with some FPSO contractors, |
reviewed our internal R& D budget in this particular area, and then after hearing yesterday that
MMS s depending in part upon this workshop to decide whether FPSOs will be permitted in the
Gulf, I've come to the conclusion that there are no gaps.

(Laughter.)

MR. FINNIGAN: Obvioudy, asthey tel usin the technology companies, there are only
opportunities, so | use the term opportunities in addressing the technica chalenges and issues for
various systems and subsystems in our offshore facilities.

You've heard in the last day and a hdf that the industry has designed and built over 70
FPSOs worldwide, which | believe istestimony to the fact the industry does have the tools and
experience necessary to build and design FPSOs in avariety of environments and water depths.

Neverthdess, we aso acknowledge that there are some technical issues that you heard from
Adrian that warrant further attention, especidly as we continue our venture into deeper waters and
more harsh environments, and in particular, in response to the demand that were al hearing from
our various owners and operators for faster cycle time from discovery to first oil. Sowe find
oursalves needing to srike a ddlicate baance between optimization of design and safety in design.

| was asked, and Adrian, in the course of our presentations to raise some issues and
encourage debate and discusson. So with that in mind, | encourage you at the end of our
presentation to step forth and ask questions, and further recognizing the experience in the audience,
I'd ask if the audience has the background expertise, to respond to those questions themsalves. So
don't be shy when the time comes.

Adrian has focused on primarily the structura aspects and | will try to focus on some of the
hydrodynamics aspects of FPSO andysisin the design of my talk, beginning with metocean
criteria, which we have heard throughout the workshop to be amgor theme for the design of
FPSOs as well as other floaters.

| will then continue on with some hydrodynamic loading issues, shce we dl know that al
offshore design problems start with the proper establishment of the hydrodynamic loads and we
just smply pass those on to our structura people for the design. So | plan in touching upon the
problem of hydrodynamic issues to address some of the vaidation issues on hydrodynamic models
snce we al know that in order to keep hydrodynamicists employed we have to do modd tests
supported by field datato help identify new hydrodynamic problems which require new numerica
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models which then require more mode tests and more field data and we keep our longevity going
that way. So well do our best to keep coming up with the problems so they can look at them, dl in
the interest of understanding the loading that goes into a system so we can better optimize our
design and reduce our safety factors eventudly.

Then I'll throw in afew thoughts on what | think is required to help us meet these technica
challenges, or opportunities as we're cdling it.

Getting on into Metocean criteria, FPSOs are probably more sensitive to a proper
combination of environmenta |oads than any other structure. Under light ship conditions, winds
are going to dominate the behavior of the FPSO and in hurricanes we have alot of turbulent
intengity to dedl with. Under loaded conditions, the currents could control, which is the opposite, at
least, of an FPSO, and in many cases the wave-induced responses are going to govern the
subsystem design. It will affect your exploratory motions, ship roll and heave, which dl inturn
will affect your subsystem design -- your risers, process equipment and moorings -- So proper
accounting for the joint Satigtics isimportant.

Also, as was pointed out earlier, the oceanographers not only need to help us with our wave
criteriabut help us to understand the current environments that we're going to be exposed to. We're
al aware of the loop and eddy currentsin the Gulf of Mexico. There are some other cold core
currents hanging around there that may come back and bite you in the design. In West Africa
we've experienced very high velocity surface jets. It doesn't affect our risers that much or our deep
draft issues, but their velocities are quite high in the upper five meters or 0, so we have to consider
that in our FPSOs.

There are other interesting behaviorsin the presence of high currents that could affect the
steepness of your waves, and steepness, as you know, that affects green water issues and wave
damming and wave impeact issues. And, finaly, we have directiondity and directiona spreading
that not only need to be consdered but we sometimes can teke advantage of them in our design.

While I'm on the topic of metocean criteria, | should point out thet there is growing
database of environmenta datathat's available for dl offshore desgn, FPSOs aswell. Y ou will
hear Casper, | think, later talk to you about the GUM SHO database, we have the CASE Eddy
Modd that's been developed by industry, the Satdllite data, and infrared data that is available on
line s0 you can get red-time evauations as well as collect those and get historical data for weather
conditions, and numerical hindcast models are continuing to be developed, as well as forecast
models. In fact, there's a project that is ongoing right now, touched upon briefly by Peter Mills
yesterday, where were looking at forecasting the behavior and response of FPSOsin the North Sea.

Twenty years ago we were satisfied with a specification of a hundred-year return period
wave for the design of fixed offshore structures and a tremendous amount of research was done to
characterize what that wave was and what it looked like. The hundred-year wave does have some
meaning for floating systems but | don't think it's as Sgnificant as understanding how each
subsystem may be governed by criteriathat is not found in that particular hundred-year wave, and |
don't know if either Marty or Casper touch upon that.

For example, mooring systems may be governed by the hundred-year loop current, the
risers by the hundred-year maximum pitch and heave of the vessdl and hull loads by a hundred-year
steep or hundred-crest of awave. Anyway, severd methods have been examined in the past,

10
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including response-based criteria, spectra response surface methods, to help usto establish new
design criteria

Use of response-based criteria and other instruments will leed to optimized design criteria
and help minimize the design loads while a the same time identifying responses which may be
adversely affected by environmenta combinations that may not have otherwise been identified.

And speaking on directiondity and spreading, the picture on the left is actudly taken from
some fixed jacket mode testing done sometime ago. Directiondity included in the design has
been shown to lead to reduced fatigue loading for jacket structures and jacket members, but aso for
risers and floating systems you can take advantage of directiondity of the waves, looking at how
the environments can come from various directions in your tota fatigue estimates, and Spreading
itself can be used to help reduce the extreme and fatigue load calculation.

However, it's not dways clear that spreading is going to cause reduced loads so we need to
have modelsin our hand to be able to address these highly nonlinear and irregular eventsin the
design of our systems and these sometimes have to be supplemented by moddl tests and field
experience. Thisisapoint I'll touch upon briefly in alittle bit.

We heard Adrian speak alittle bit ago about the impact and importance of understanding
the varying weether surface on the hull of an FPSO for estimating your hull srength. Our toolsto
date have been focused on linear hydrodynamic models. There have been sgnificant advancesin
the past in hydrodynamic modeling that should help assst in the design of FPSOs and other
floaters. WAMIT isafirg-order program that does have some second-order features that go with
it, but thereés atool that should be out very shortly out of MIT called Fast WAMIT where they've
accel erated the power output so you can solve problems on the orders of many thousands of
elements on your lgptop P.C. in amatter of a couple of hoursinstead of days on a Cray. With that
same acceleration now they're doing precorrected FFT, you can see forward into certain of the
other nonlinear kind of naming codesthat are available or being developed. They're not available
asatool yet today that you can go out and buy them necessarily, but certain contractors who
specidize in hydrodynamic andyss have those tools. SWAN, AEGIR, LAMP in particular are
tools that ook at solutions for diffractions, provide frac andys's, and | think some of us are avare
of the numerical wave tanks that universities such as MIT and OTRC have been developing to help
look at the nonlinear problems.

And CFD tools, because of the increased power of computers and P.C.s, are popping up
everywhere to address the nonlinear loads. However, you must be knowledgeable and cautiousin
looking at CFD tools. There arelots of tools out there, o referred to as colorized fluid dynamics,
s0 they are powerful but we have to recognize the limitations under which they were designed and
developed.

We heard green water impact discussed as a theme throughout this workshop so | don't
think I'll go over the definition of green water again. | will point out that green weater has become a
topic of consderable interest because of recent accidents and incidentsin the North Sea, and the
HSE and NPD in particular have stressed and encouraged the development of yet another JIP that's
referred to as Safe How which will focus on, in effect, the design issues for FPSOs and the loads
that are incurred through green water.

About ayear ago the Green Lab tool was completed, an empirical model to look at green
water effects on FPSOs and in auxiliary structures on the FPSOs that, as we heard yesterday from
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Peter Mills again, isbeing used now to assess dl the floatersin the North Sea. Andinan
environment such asthe Gulf of Mexico where you often have waves, maybe not as large as the
North Sea, but Hill waves that could impose green water effects, you will need to consider the use
of these green water tools in your design.

This shows a couple of case examples. It doesn't show very well in the picture, but thisis
actudly atrading tanker that had suffered buckling. The bow buckled from a combination of green
water, excessive load of the green water on the bow, as well as the damming effect, so it's atesting
only to the fact that green water and damming are serious considerations to look into for the whole
Structure design.

Therésaset of picturesthat | stole from our operatorsin the North Sea, looking at what
green water can do to an FSU. Thisisthe Alba FSU, the pipe support damage, in this particular
case the damaged control box and steps that are didodged, none of these posing a safety hazard to
the crew on board the ship, but it disrupted the production enough so that you have lost time, down
time, to affect your bottom line economics for your field. So more cases, examples, that show you
need to consder and assess the effect of green water.

| think | heard that someone will be coming with, | believe, a couple more in more detall.
I'm just touching upon some of the issues.

There are anumber of coupled andyssissues. DegpStar in particular has been involved in
abeam dructure study addressing the behavior of FPSOs, spars, TLPs, to use a couple of analysis
tools. That result isjust now wrapping up and there should be some follow-up sudiesin awave
basin to address the effect of coupling.

There are second and higher order diffraction effects that you can include in coupled
andysistools. Line and riser dynamics and damping have shown to be important for some
systems. There are subissues that some folksin the industry are looking at. Some people argue
whether risers can be used as moorings. The couple andysisis going to be required to adequatdly
address that problem. Loads into the turrets are going to be affected by proper consideration of
coupled decks and on down the line.

There are a number of tools, again, in the industry that have become available recently to do
couple analyss. The DegpStar project by -- | think there are somewhere between 11 and 13
contractors that stepped forward to provide analysis, so it's another testament to the fact that the
tools are out there and they're available to us in our projects and we need to take advantage of them
when building our sysems in the Gulf of Mexico in particular.

An issue on modd testing comes up. Even though we have better tools today, we Htill want
to go to model basins to validate those tools, and preferably we have field data, but thereé's dways
limitationsin toals, limitationsin modd dataand limitationsin fiedd data. In modd testing weve
experienced these relating to turbulence in the basin, especidly for sructures that are sengtive to
motion. Modd testing, however, can help us get some indication of the effects of directiona seas
and on the behavior of, possbly, wind shifts, if not in our basin sill something we have to consder
in our desgning for the Gulf of Mexico.

We do have problems in mock basins today with the water depth limitations. | believe the
deepedt, let's say a 180 or so scale, can go to a 3,000-foot prototype modd depth and alot of our
sysems we're looking at are 6 to 8,000 feet. So if we are concerned about the effect of risers and
mooring on a system, then we are going to need to come up with some crestive solutions and dso

12



FPSO Workshop Proceedings: Minutes June 8, 2000 — Session V: Vessel Motion/Stability

some modeling systems to address deep water systems, and | understand that is being pursued by
some of our mgor basin contractors at thistime.

And, findly, I'd like to close my tak with some statements on meseting these technical
chalenges or opportunities. | hope I've given you aflavor of the technicd issuestha we are facing
in deep water FPSO and given you food for thought, and I've identified that the industry is working
on the andysis Sde to meet those challenges. Continued research and development in the area of
FPSO development is going to require cooperative projects between producers and contractors, and
it's going to require gppropriate funding, continued funding a the univerdty level, to assure that we
have a continuous flow of qualified engineers coming into the industry.

The issue was raised yesterday on the competency of the crew. | think we need to be
concerned about the competency of engineersthat are going to be coming out to support us and
perhaps bringing them on board to work for the oil industry instead of Internet companies. Internet
companies and Wl Street are taking alot of the redly qudified peoplein theindudtry. It'sa
serious concern. | don't know how many people have faced thisin their companies, but weve seen
alot of negative responsesto job offersin recent months. So the burden is upon usin thisroom to
impress upon our senior management the vaue of continued research in these areas, and more
important, to make sure that we have appropriate alocation of resources, both in technology
funding and personnd funding.

I'll get off my sogpbox and passit on to the next spesker.

MR. KRAFFT: Thank you, Richard. One of the disadvantages of being in the last session
on the last day of the workshop isthat alot of my best stuff has aready been talked about in earlier
sessions. | think the good newsiis that's an indication were obvioudy on the same page in terms of
where FPSOs are going. I'll also be able to go through some of my materid alittle bit quicker.

I'm Marty Krafft. 1'm asenior research engineer with FMC SOFEC and | want to talk to
you today ahit about how the mations of an FPSO compare with existing platformsin the Gulf of
Mexico, such as TLP, spar and semi.

Firg | did want to point out what has been -- there we go. There have been presentations
earlier and yesterday that showed that there are FPSOs in environmentsthat are at least as harsh as
we have in the Gulf of Mexico. Our hundred-year criteria gpproach in the Gulf is 12-plus meters.
Asyou can see, around the rest of the world we have FPSOsin environments that are as severe, if
not more. | have supplemented (inaudible) specificaly Brazil isonly 8 meters, because that's
where you find some of our very degpest FPSO moorings, so athough the wave heights aren't as
great, combined with extremely deep water it makes them some of the most impressive systems out
there to date.

Thereisan FSO in the Gulf of Mexico, as we talked about yesterday, the PEMEX Canterell
field in Campeche Bay, southern Gulf of Mexico. The water depth is only 80 meters. The wave
height is about 9 meters, but it till was quite a sgnificant design chalenge for the mooring with
such alarge tanker, 352,000 dead weight tons with 2.3 million barrel storage. | believe you've seen
-- | understood yesterday that the off-loading method is both s multaneous tandum and Sde-by-side
mooring. The Campeche system has been tested in afive-year hurricane last year.
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Another system that Tom talked about earlier is the Amoco Liuhua FPSO in the South
China Sea. It'saone-million barrd storage tanker that was hit by typhoon Sally just months after it
wasingdled in'96. It turns out that the wave heights for Sdly were equivaent to what we havein
the Gulf of Mexico in terms of a one-thousand year criteria. At the bottom we're comparing the
hindcast weather with our hundred-year Gulf of Mexico criteria

Green water for Liehuaisavery important issue. Thisisamuch smaler destroyer but we
don't have too many pictures of FPSOs with green water so | though 1'd throw thisin. The Liehua
system was extendvely tested for both seakeeping and green water (inaudible) and green basins are
on the lower. And our purpose here was to design the proper breakwater systemsin the event that
we would get on-deck green water.

Thanks, Tim, for introducing my colorized fluid dynamics. | will be thefirgt to admit that
athough these tools ook impressive there are -- they do modd quditatively very well with some of
the things that we seein the modd basin, but theré's fill quite a bit of validation left to be done, s0
I'll just flip through a sequence of these CFDs, stepping intime.

This particular model has only about 600,000 cells. This was done about four or five years
ago. Intoday's modds for the same program we're using about 3 or 4 million eements and it takes
about a day or two on, say, a 6-700 megahertz P.C.

Okay. The exigting platforms we have in deep waters, as| said, arethe TLPs, spar and
semi, and the typical riser configurations of these out there are ether top tenson verticd risers,
ded catenary risers, or some combination of both. In (inaudible) we did have a semi-submersible
free-gtanding bridge and tower with flexible jumpers up to the semi.

Here I'm comparing the total horizontd offset of an FPSO with the TLP, spar and semi, and
I've expressed the offset in terms of percentage of water depth. Here you're looking at about 6,000-
foot depth. A one-million barrel tanker FPSO has about 10 percent offset with an inverter catenary
mooring. If we convert that to atop mooring, taut polyester system, we can cut the offset in haf.

The semi-submersible aso has a 10 percent offset. It iswith the catenary system. If we had
been able to use atop mooring on a semi, we'd aso have been able to reduce the offset. And you
can seethe TLP and spar are both smilar, about 5 percent offset. So we can look a what we can
do with an FPSO compared to exigting platforms. The total horizontal offsets are fairly close but
we're not going to be able to use, we're not likely going to be able to use, the same kind of top
tendgon or Smple catenary risers that we use on the exigting platforms.

I've plotted here three key motions that are important for riser design -- heave, pitch and
vertical accderation. Inaone-million barrd FPSO we have about 15-16 meters of heave. If we
double the storage sze to 2 million barrdls, we have a significant reduction and then so forth and so
on -- asemi, TLP and spar, successfully decreasing heave motions. These heave, pitch and
accderations for the FPSO are dl wave frequency. Inthe TLP, semi and spar some of this motion
here is due to wave frequency, but some of it is due (inaudible) and low frequency aswell.

Badcdly these types of systems -- the TLP, semi and spar -- are de-turned from the waves,
that is, they're smaller hull concepts. Whereas the sorm wave periods are in the range of 4 to 20
seconds, the semi-submersible has heave and pitch periods f 20 to 50 seconds, and the spar and
TLP 30 to 150 seconds, so the dynamics of TLP, spar and semi would be somewhat |ess severe
than for an FPSO. The FPSO naturd periods are right in tune with the wave periods.

June 8, 2000 — Session V: Vessel Motion/Stability
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So in the Gulf of Mexico were likely going to be needing to use some kind (inaudible) of
decoupled riser configuration.

Whét are some the ways we can minimize these motions or what are some of the maotion
(inaudible) riser systemsthat are available? Firgt of dl, (inaudible) we can minimize wave
frequency motions. We're going to probably be building new-built vessels for the most part.
Therésalot we can do in the hull form design to reduce motions. We can utilize an oversized
hull. Y ou saw in the previous dide the difference in heave in going from a one-million barrd to a
two-million barrdl vessd is quite Sgnificant. We had to add thruster assst to the mooring sysems
S0 that reduces the relative wave heading -- relative wavelvessdl heading. Thiswill reduce the
motions as wdl asthe (inaudible) offsets. In addition, if you have athruster you can build your
turret closer to midships and further reduce your heave motions and (inaudible).

Weve dready discussed the taut polyester. It can significantly reduce offsets. 1've got an
example of one compliant riser configuration, a sted lazy wave, and a decoupled type riser
configuration would be a hybrid (inaudible) with sted and flexible jumpers.

Interms of hull form optimization, the shipyard's god is dlear, maximize volume, minimum
ged, and what you're going to end up with isabarge type vessdl with asmdl L/B. That's going to
result in (inaudible) compared to typical trading tankers.

Therésamooring riser design and we want to minimize wave frequency motions to make it
easer to design our (inaudible) riser. For the Terra Nova project, Brown & Root spent quite a bit
of time and effort optimizing their hull to minimize heave and pitch motions. In addition, this
vessd has quite alarge (inaudible) green water and a tremendoudy extended fo'c'de deck to protect
the bow region from green water.

In terms of directiond ability, this plot isvery smple. The X axisisthe turret location for
amidships. Theright vertica axisis the vessdl heading, so if my turrets are located close to the
bow of the ship and | subject my vessel to colinear wind, waves and current, then the red line
shows the result (inaudible) vessal heading. Of course you'd expect that to be zero in a colinear
case, but as the turret moves aft towards amidships, suddenly you find a point where the vessd is
no longer gable. Thisisill in acolinear environment. Thisis an areawhere you may condder
thruster assstance. The trade-off is that when you go from the bow &ft, the vertical motion of the
FPSO decreases and, for example, you might have an upper limit threshold on what heave motion
your risers can handle and use that criteriaas away of deciding how much thruster assst versus
how far out the turret can be located.

A smple sketch showing what the taut polyester system looks like compared to an inverted
chan-wire-chain with buoy system. I've shown here aflexible mazy wave configuration. In
deeper waters (inaudible) we're not going to be able to use flexible type, were going to need an
dterndtive, either synthetics, which are not available yet, or sted pipe, but stedl pipe needs to have
amuch more open configuration than what you could get away with with flexible pipe. We haveto
respect the minima bend radius and stress concentrations around that shaft.

| think the basic case FPSO in the Gulf is going to have a chain-wire-chain converted
caenary sysem. Taut polyester is ill somewhat new. It isextensvely being used in Brazil but in
al the sudiesthat I've been doing in recent years the basic case has aways been the chain-wire-
chain, and | believe well (inaudible) being successful.
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There's a nice decoupled type solution origindly developed by Mobil, Dave Garrett. We
havewhat's called a TLR riser sysem. We have smple sted catenary risers coming up from the
seabed to atethered buoy and then flexible jumpers up to the FPSO.

If you look alittle bit closer here you can see the buoy and flexible jumpers. Theflexible
lines can handle alot more (inaudible) motion and offset them to the stedl lines. The added benefit
isthat the (inaudible) are drastically reduced because you've only got short jumpers going up to the
turret, o0 that helps smplify the turret design, particularly in deep water.

That concludes my presentation. And, Richard, do we have any additiond comment?

MR.HEYL: My nameis Caspar Heyl. I'm aresearch engineer with FMC SOFEC and |
will give a short presentation on long-term response analysis and focus in particular on extreme
(inaudible) for aturret moored tanker in the Gulf of Mexico.

As mentioned earlier, in the design of these sysems we're trying to find away to define
extreme response, which might be the hundred-year roll response, and at the present most design
practice is to use a hundred-year wave condition combined with maybe a hundred-year wind, a
hundred-year current, and expose the system to that dynamic as your design load.

An dternative to this to get a more accurate extreme design response is to (inaudible)
response andysis and calculate the actual hundred-year responses, responses with a hundred-year
return period. In order to do this, you will need an accurate description of the environment in the
form of ajoint digribution of dl the (inaudible) parameters that are important to the problem. In
this case that would be your wind, wave and current, both intengities and direction.

A way to solve the problem isto make use of a hindcast database that contains alot of
sorms that can be used to caculate long-term responses. Y ou couple this with an accurate
response modd. Specia interestsin this case would be responses such astheroll of the tanker,
green water, and these are responses that are typicaly not going to be governed by the hundred-
year wave condition or the hundred-year combined with your wave and wind condition.
(Inaudible) with green water is that maybe your maximum green water will occur & asmaler sea
gate than the hundred- year sea state, but with a shorter period, which creates a steeper sea. Those
arethekind of problems that could be identified by performing the proper long-term response
andyss.

Some of the resultsthat I'll be showing this afternoon come from ajoint study that was
performed two years ago by Shell, SOFEC and Amoco where the goad was to calculate the long-
term responses of a (inaudible) tanker in the Gulf of Mexico. In addition to that, they dso derived
some response-based design criteria, which are those particular environmental conditions that will
give you your hundred-year response. And you will get different design criteriafor each response
parameter that you would be interested in.

Some other parameters that were studied in this case, we looked at the effect of wave
spreading on the responses and we looked at the effect of the turret position on responses.

The vessdl that we studied was a 120,000 dead weight ton tanker with a congtant draft of
about 60 percent. The mooring system was a catenary mooring system and inverted chain-wire-
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chain system. In order to perform the long-term analysis what we needed is a proper short-term
digtribution function and in this case we used the previous model as data on the same tanker to help
uswith that.

Very quickly | will go over the methodology that was used which you see outlined here,
garting off with hurricane data and a hurricane hindcast database for the Gulf of Mexico which
contains about 11,000 records. Each record represents an hourly average of the significant wave
height, peak period, wave direction, steepness (inaudible) and wind speed and direction, current
gpeed and direction and a vaue for the short-cresting of the sess.

Then with afrequency domain andysswe need -- S0 that we use a very accurate frequent
domain analysis and (inaudible) which run very quickly and we were able to perform a couple of
andyses with mooring and risers for dl of the 11,000 recordsin the database. We actudly did this
multiple times for different turret locations and both for short-crest and long-crest sess.

When you work your way through the database, you can caculate short-term probability for
aparticular storm that passes over a particular rig point and you can caculate that by smply taking
goat dl theindividua digtribution functions for each hour that the storm lasted &t that rig point.

That was caled the medium term probability in this case.

Then to get the didribution function for just asingle storm, (inaudible) taking the average
of dl the grade points of that particular sorm (inaudible) to get a nice smooth, long-term
digtribution function for arandom storm. It would aso average dl the sorms that were in the
database. In this case there were 35 stormsin the database which covered about 85 years. Since
it's known that the arrival of hurricanes in the Gulf of Mexico isa (inaudible) process you can then
cdculate the long-term probabilities for any desired term period.

We tdked about the medium responses. What you see here are two graphs that show that
sequence of records for this database that gave us the maximum roll and the maximum tension
event. It wasthe sixth sorm in the database, a hurricane from 1915. They didn't have named
hurricanes (inaudible). Thisisat grid point 310 and you see how (inaudible) in the |eft plot where
the hours are plotted that the hurricane actualy exceeded the threshold there for about 16 hours,
and you can see the wave heights quickly increasing to a maximum of about 12 1/2 meters and then
decreasing again afterwards.

What you aso seeistha while the wave height is decreasing again, the reative wave
heading of the vessd isactudly increasing. Thisis probably caused by the fact that the (inaudible)
moment caused by the waves is reduced and the vessal is more under the influence of the wind and
current.

Toillugrate that | have an animation that shows the direction of wind, current and waves
over time and the resulting heading of the vessal. The green arrow represents the wind direction
and drength, the yellow arrow represents the waves, and the red arrow represents the current. This
isnot exactly the same sequence. Thisisalittle bit of alonger sequence. This particular stcorm
resulted in the wordt (inaudible).

Now you can see the wind, wave and current just past their maximum and they are
decreasing now, but they're getting less and less digned. With that current strength it has affected
the heading of the vessdl. And at this point you saw that the vessdl amost mounted the waves
where you get very large wave shear force on the vessdl which can result in (inaudible) offsets.

17



FPSO Workshop Proceedings: Minutes June 8, 2000 — Session V: Vessel Motion/Stability

And now the result of the vessel (inaudible) relative wave angle is that you will have large
roll motions. In this case you aso see the current making rather large directiond changes. These
are & one-hour time steps. Each step represents one hour of the database, averaged out as awave
height and wind speed (inaudible).

Now you see some results from the long-term response andlyss. What you see hereisa
comparison of the long-term responses that were calculated with short-term responses. The
response of each was gathered to andyze the system with the typical hundred-year wind, wave and
current for the Gulf of Mexico. We actudly compared it to three different short-term cases. The
ydlow bar isjust awind, wave and current (inaudible) in the same direction, colinear case. The
blue bar represents the environmenta case that is recommended in the DNV (inaudible) where the
wind and current are both at 30 and 45 degrees from the waves. The green bar shows a case where
the wind and current are a an angle with the waves (inaudible) joint distribution of wind, wave and
current in the Gulf of Mexico as they would, on average, be in ahurricane,

Asyou can see, the heave and pitch responses are very close to the short-term responses.
However, the short-term responses are predicting the hundred-year heave and pitch by alittle bit.
More importantly, if you look at theroll, of course in the colinear case you're not going to see any
roll, but the other two of our cases, the DNV case and the Gulf of Mexico case, (inaudible)
predicted the maximum roll by dmaost 50 percent. One of the reasons is the dignment in the wind,
wave and current is il such that the vessel will never take a very large angle to the wave.

What you see here is a collection of dl the short-term responses from the database, so each
dot actually represents a smulation to one of the database records, so there's about 11,000 dotsin
thispicture. What you can seeisthat the most probable roll response plotted versus significant
wave height, and what became clear isthat the larger responses actudly occur at smdler wave
heights. (Inaudible) with significant height increases the wind and currents have more effect on
determining the heading of the vessel and the vessdl can end up with a very unfavorable heading
with respect to the waves which will result in the large rolling.

The next dide shows you the effect of short-crested seas. Thiswas aso one of the
parameters that we sudied. Typicaly mos of the (inaudible) is now full-crested seas without wave
spreading, both in the analysis and model testing, and in this case the program only took the wave
spreading into account in the (inaudible) of the responses. This means that the low-frequency
(inaudible) are unaffected in this case, which in redity they are not. In redlity, when you have
gpread seas you actudly will probably see someincrease in your (inaudible).

These are long-term digtribution functions for roll both with wave spreading and without
wave spreading, and you can see that in this case with wave spreading there€'s a much steeper
digribution function.

Now we see some numbers on theroll response. What I've put in the table here are
responses to the derived design criteria, S0 these are not actudly the calculated (inaudible)
responses but these are responses to -- that the storm that will be redlly your hundred-year roll and
put them together for both long-crested waves and short-crested waves, both the hundred-year
response and the thousand-year response, and as you can see the roll response is considerable. So
isthe (inaudible).

Findly, to draw some conclusons from dl of this, as mentioned before by Richard, roll isa
complex response and | think that it has maybe not received dl the attention it deserves. It'svery
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nonlinear. (Inaudible) interaction with large sway-yaw motion you'll have to be accurate in
predicting your response to the yaw motions to get an accurate roll response prediction. You have
to be accurate in your prediction of the database nonlinear damping and stiffness.

Thethird point, the large roll amplitudes, in this study it gppears that the smaler sea States -
- and the database that was used was actualy put together using a threshold for sgnificant wave
height to include only sea states with a Sgnificant wave height of more than 7 1/2 meters, and as
you could seein one of the earlier didesalot of the large rolls response was around 8 or 9 meter
gonificant sees. So it might be worth it to repeet this sort of exercise and include more of the data
that was in the origind database.

Some of the mitigations that were aready mentioned before, you could think of thruster
assist that could be programmed to react to the (inaudible) wave and try to get the vessd more
headed into the waves if necessary. Another option isto fit the vessd with bilge kedls or double
gde hilge kedls, and the main conclusion is that when designing turret moored FPSOs in areas with
hurricanes where you have these tremendous misdignments in wind, wave and current, it's
necessary for roll response to perform along-term response anayss.

Thank you.

19



FPSO Workshop Proceedings: Minutes June 8, 2000 — Session V: Vessel Motion/Stability

QUESTIONS & ANSWERS

MR. HARRISON: Actudly, these are more points of clarification than questions. Thisis
Garth Harrison, Texaco, and I'll start with the last and work back to the front, okay?

The roll amplitudes were very distinguishable with the double (inaudible).
MR. HEYL: Single amplitude.

MR. HARRISON: Thank you. Marty, two points. One, what are you doing on the heave
and pitch periods? They looked more like roll periods to me, didn't seem long enough. Isthat a
fair observation?

MR. KRAFFT: | wasgiving arange. The shorter periods would be corresponding to the
heave, the longer onesto pitch and roll, which for TLPs are fairly symmetric, so pitch and roll are
essentialy the same whereas pitch and roll periods would differ somewhat.

MR. HARRISON: | thought | was looking at heave and pitch periods on a ship-shaped
(inaudible).

MR. KRAFFT: From 8to 16 seconds. 16 is probably alittle bit on the high side, but 12-13
secondsis not unusud for larger tankers. It depends on -- if you have swdll, the tanker will
respond aso in that area, but the natural periods, | probably should have backed off a couple of
seconds, say up to 14 seconds.

MR. HARRISON: But it sounds more like roll periods to me than pitch. | thought the pitch
was dways generdly longer than roll in the FPSO ship-shaped department.

MR. KRAFFT: Roll periods would be, say, 13-16 seconds, and pitch and heave should
probably be cut off somewhere around 13 or 14 seconds. That's an extreme.

MR. HARRISON: Going through your presentation, you pointed out that the polyester taut
leg system reduced excurson and offset blah, blah, and had alot of good points, but in your
conclusion you said the base cable probably would be chain-wire-chain (inaudible) so youve
gotten such good results from (inaudible) so why do you conclude that the other would be base
cable?

MR. KRAFFT: | should clarify. Going by what the operators were saying, they were
headed for their first FPSOs, S0, "yes, on your taut mooring tell me how much cheaper itis™ The
polyester is 20 percent chegper than the wire, but when you get rid of the ground chain you end up
with a polyester system that's 40 percent of the cost of a chain-wire-chain with buoys, but long-
term indtitute data on polyester moorings is not there so the U.S. operators are taking a more
cautious approach.

| will say that there are some U.S. operators working in Africathat for the off-loading
buoys will be using polyester because that's alower risk carrier than connecting to an FPSO
(inaudible). | should have said what were likely to see for afirs system isaconventiond chain-
wire-chain with some kind of a (inaudible) decoupling system.

And as | mentioned before, we've got taut polyester systems on semis and FPSO- based
sysemsin Brazil aswell as semi.
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MR. HARRISON: There was areference to limitations on model tank testing on water
depth and | understand from (inaudible) this month they're opening their new deep water mode
tanks, just for genera information, which is good for up to 900 meters.

MR. FINNIGAN: That's the 3,000 or so foot limitation that | was mentioning. That would
be on ascde of 1to 76 or 80, somewhere there, 87, | think for an average, and they are the deepest
basin a this point that can address the combined wind, wave and currents, so that number is very
(inaudible).

MR. HARRISON: That'sdl | have, thank you.
I've got one more. Can | go back for one more?
MR. D'SOUZA: Certainly.

MR. HARRISON: Thank you. Hull forms, which Richard brought up, Shehdlion was
badly damaged in the hull (inaudible). Wasthat as aresult of a hull form design, do you think?

MR. D'SOUZA: |s (inaudible) here? He was with BP when they did Shehdlion. But the
answer to that, and I'm saying this without redly knowing for sure, isthat | believe the hull form
design did contribute to that damming damage, yes.

MR. KRAFFT: And as Caspar pointed out, the hundred-year response may not come from
ahundred-year wave. | think it was the idea that alower, steeper wave caused that damage to be
(inaudible).

MR. LEE: CraigLeefrom ABS. Coupleof questions, may not be particularly for
individua speaker on the pandl, can answer together. One question regarding the vessel heading,
the (inaudible) where you were interpreting the diagram there, my question, what you consider in
determination of where they're heading because where they're heading permits for FPSOs design
which relae to (inaudible) motion and green water.

(Inaudible) to Caspar, you are doing a very good job but my question to you, what do you
consder about (inaudible) through and our (inaudible) frequency bridge because the turret has
(inaudible). 1f you try to apply (inaudible) diffraction theory there, it could be some (inaudible).

The third question’s about we talk about how hundred-year response, not hundred-year
environmenta load. So Caspar aready mentioned there may be some short wave cause worst case
on green water, but as we see that can also cause worst case for dynamic load, so what you
consder in your design for andyss? Thank you.

MR. KRAFFT: | think on thefirst quegtion, if | understand you right, it's thet the yaw angle
or the heading of the vessd must depend on dynamic effects of the wind, waves and current. 1Is
that correct?

MR. LEE: Yesh. Morethanthat. Also the difference the (inaudible) part away from the
prior location.

MR. KRAFFT: Yes, that's correct for agiven turret location if the environmenta condition
will give you a different heading.

MR. LEE: Pus, the (inaudible) in the mooring rockers (inaudible) motion.

MR. KRAFFT: On mean vessdl heading for aturret moored vessdl, | would say that the
mooring and risers are not going to have alarge effect on your vessel heading.
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MR. LEE: For green water for OTRC (inaudible)?

MR. HEYL: The mean heading isjust determined by your location of your turret.

MR. LEE: No, design (inaudible) dynamic heading, not only a static heading.

MR. HEYL: Oh, yes, dbsolutely. In the andysstha we do, it isafully-coupled andysis.

MR. KRAFFT: My point was just one example showing mean environmenta forces for
one sea state, how it affects vessal heading versus the turret location.

Y es, you were correct, the mooring risers must be considered as well.
MR. EGGERS:. Did we complete the answer to that question? | guess so.

David Eggers, Mentor Subsea. We aso partook in a couple of anayses with DegpStar and
we evauated the spar and we noticed that there wasn't awhole lot of difference in decoupling the
risers and moorings, especidly in the deep water case. I'mjust curiousif you guys have found the
same type of results, if you will, with the FPSO. | think Richard -- | don't know if you guys did the
FPSO or not but | think SOFEC did; isthat correct? Could y'al comment on that.

MR. KRAFFT: Y our question was the effect of risers on spar motions?

MR. EGGERS. What | was saying is when you did the couple andys's, okay, when we did
it with the spar (inaudible) we noticed that there wasn't alarge difference in the reaults, the
moations, if you will, of the spar, if you coupled the analysis or if you decoupled the anaysis. In
other words, if you looked at the riser and moorings together and if you looked at them separatdly,
we didn't see abig difference in deep water. In other words, is there really aneed for a coupling
anaysisin deegp water? With the spar we dont think so.

MR. KRAFFT: All right. | till agree with Richard, the moorings and risers may not affect
some platforms, may not affect the motions greetly, but the motions of the platform need to be
considered with therisersin place so that you get the exact combination, or a complex combination
of motions that are going on will be imparted to your risers, not just taking an extreme offset,
adding to it and excluding wave motion and not having the actud wave (inaudible) acting on the
risersaswell.

MR. D'SOUZA: And certainly for the second order affects the impact of risers and
moorings on the surge and sway damping isvery, very criticd, and by including it in the modd you
get afairly accurate representation of what that damping term is going to be, and in terms of the
totd offsat which in turn affects the risers and mooring line tensonsit is critica that those
components be coupled.

MR. FINNIGAN: I'd like to address the issue on coupling on the effect of the spar
response. And even though | didn't see (inaudible) talk a the OTC I've heard it persondly from
him where they found for spar design the inclusion of the viscous effects of the riser on the kedls --
of the spar ked joints had a Sgnificant affect on mitigating the effect of the heave of the spar.

Thereis Sgnificant mine damping seen in the catenary moored spars that he showed in his
numerica anayss reduced the heave behavior as well asthe effect of friction between the riser and
the hull, and used that andlysis aswdll, that type of andys's, coupled andysis, to explain why the
Oryx spar in particular was not seeing the kind of heave that they would predict.

So for the spar platform there is both field experience evidence, modd evidence and
numerica evidence that shows the coupling effects are very important and need to be considered.
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MR. McMILLAN: Not that I've directly been involved in thiswork but | understand that
(inaudible) these results have demondrated the same as Richard saying that the motion response of
the FPSO hull is quite sgnificant on moorings and risers and the coupling effects are important to
include. However, for aspar and a TLP, the same et of conclusions -- the coupling and
decoupling doesn't seem to be as criticd asit isfor an FPSO. That's more in the moorings and riser
iSSues.

UNIDENTIFED SPEAKER: (Inaudible) I'm (inaudible) ABS. 1 wasn't planning on
coming up, but generdly let's address some of the (inaudible) sysem. | was directly involved in
some of thework. (Inaudible) the answer also compare only the mooring system. We have to
consder interms of the field (inaudible) cost theriser. 1 think the past week we're using less cost
riser system with reducing offset of the vessel will be an important consderation.

And especidly the couple pandigts presenting the response-based criteria, | would like to
ask anyone and everybody, isthe industry ready to use the response-based criteria, especidly for
FPSO andysisin view of the uncertainty involved as presented and aso the severity of (inaudible)
floating system. And another thing to consder may be the combination -- | mean the richness of
the hindcast database. It's pretty good in the Gulf of Mexico but other parts of the world | don't
think it'sthat.

So | just want to throw that in for everybody's consderation. Thank you.

MR. HEYL: | can say onething about the response-based criteria. | think the prime
function of the response-based criteriaisto be atool in the initial anadysis on new projects, because
when you do along-term andyss you actudly get your hundred-year responses and you don't need
response-based criteriato -- then you don't need them anymore. 'Y ou can derive your response-
based criteriato help you in your next design to speed up your initid design. But they wouldn't be
used for the find detailed design.

UNIDENTIFIED SPEAKER: Becausethat's (inaudible) that'sfine. Because what | mean
is compare with some traditional hundred-year storm base, whether it's wind driven or current
driven type, asit is regulated by the CMR (inaudible).

UNIDENTIFED SPEAKER: | have afun comment and maybe y'dl will want to close on
this one, but you saw that picture that Marty showed, the photo of the destroyer. | don't know how
many in the back of the room could see that closdly, but that destroyer was doing underwater
replenishment. There were hydrocarbons being transferred from the aircraft carrier over to the
destroyer, so things can dways get worse.

MR. HUANG: Ken Huang from ABS. | have persondly observed modd testing
(inaudible) for FPSO being hit by a design wave (inaudible) coincide with this natura (inaudible)
pitch and the whole ship is rocking just like -- you know, up and down (inaudible) so my question
issmply that, as we know, the mgor concern for FPSO design in terms of motion, mooring
(inaudible) even including the green water effect are dl due to the wave-induced mation right at
this naturd period of pitch. So aswe know that the design wave period will very wel coincide
with this natural period of pitch, how or in any way we can dleviate this problem. Any thoughts?

MR. D'SOUZA: Widll, Ken, | think, yes, you will get (inaudible) the heave and pitch
natura periods are in the same period as the period of sgnificant wave energy. However,
fortunatdy for us, in the ship-shaped configurations those motions are a so heavily damped, so you
don't get the dynamic amplification in those modes of motion as you would, say, for roll motion,
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and | don't think that is as critical interms of trying to move the pitch and heave period away from
that particular period of wave energy. It'snot that critical. That's my opinion.

MR. LEE: Craig Leefrom ABS. Seems (inaudible) people here so | just heard our friends,
they introduce their software and technology about fatigue. 1 would like to use this opportunity to
introduce ABS just release FPI guide which provide you a quite Smilar (inaudible) to design the
FPSO using the site-specific environmenta condition, aso providing atool to usein your data,
andyze your design condition for your structure which we use to improve and (inaudible) hull
technology.

This item has been released in OTC time, May 1<, and will be available -- it is under
printing, will be available at the end of June. If you are interested, you can give your name to me.
| can provide you this guidance. Thisisacomplete guidance, including the loading structure
criteriaand facility and the export-import system, dl in one package.

In addition to that | have a couple of questions. Just when we study the motion from the
converson (inaudible) I'm now showing the pandit, you have conceded that backflow are afactor
because when you convert (inaudible) normdly the deck of the tanker does not have (inaudible)
FPSO, sometimes even higher than 55,000 times. Do you congder the KG effect due to this
loading?

Second, when mooring (inaudible) to the motion isthat a Sgnificant effect of the mationin
going to deep water? Do you addressthisin the future?

And the coupling motion, does this mooring system affect the stress design? And maybe
thisfrom -- | thought the rolling mation -- | think rolling motion is very important for stability and
the topside structure design, and I'm not sure this -- from your experience what the limit to the
(inaudible) norma design you try to use in there specia design to limit the roll motion to 20 degree
or dso (inaudible) isit includes the criteriayou normdly design. | dso would like to know.

So the other one, off-loading condition, when you off-load, you have ongite -- you have Sde
by side or you have using the tandem? How do you consider motion? What -- you don't usudly
consider hundred-year sorm. What condition you design for this off-loading condition?

And one comment to the gentleman, he taking about the long-term -- long-crest and short-
crest sea | think it depends on your wave height. 'Y ou showed me a short wave crest that has
lower roll motion, but I'm not sure of this because depending on how you put your wave direction
(inaudible).

Another question is, when we talk about a weathervaning system, weathervaning normally
isplus or minus 30 degrees. How did you determine your roll motion, the maximum roll motion?

Do you consider (inaudible) case or how do you design with the -- under the weathervaning
system, how do you come up with maximum roll motion for the design?

| think that's too many questions.

MR. KRAFFT: | recommend that we each pick one. Onthe PEMEX off-loading,
(inaudible) had specified a criteria whereby the maximum sea mitigating wave height varied
heading in respect to the vessd, so if it was head-on waves we should be able to handle up to 2 /2
or 3 meter seas, quartering waves, the criteriawas reduced to about 1 1/2 to 2 meters, and then
beam-on would be 1 1/2 meters.
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In addition to that there's another matrix depending on the size of the tanker that was off-
loading. So larger tankers we would lower the sea state and smaller tankers we would incresse the
sea state, so it was quite a comprehensve program for determining Sde by side and tandem
mooring loads on the hawsers.

MR. McMILLAN: | think one of your questions was related to whether you include the
meass of the topsidesin the (inaudible) andysis. And, yes, you should include those sequences,
their center of gravities and the mass in the hydrodynamic analyss. It'simperative.

MR. FINNIGAN: Probably 4ill on the question (inaudible) about how the max roll motion
was determined. When we're doing our response-based andysis with the hindcast set of data,
you're using, as Caspar showed, thousands of combinations of hourly wave heights, winds and
currents, and the max roll that would come out of that, provided you set your criterialow enough
(inaudible) you may not have gone low enough with your wave height threshold, the roll is going to
come out and then you'll have adtatigtica digtribution of your maximum response versus dl these
gsorms. Therall response isn't being selected, and | don't think Caspar has suggested thet it's
selected, but it's coming out of the anadlys's as being the max hundred-year roll that occurred. So
it'snot a case of picking a heading, but it's what came out of the westhervaning combined analys's
with their combined events.

| hope that answers your question.
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