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Agenda

D Ocean Currents for design and operations
D Hindcast
D Forecast

D Challenge!

Way for improvement!
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Ocean Currents:
Influence on design

A few examples...
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Example: Angola - Block 17 - Girassol FPSO

(Floating Production Storage and Offloading platform)

In Production since December 2001

Hull =2 Mbbl
300m x 60m x 31m

... 5 of them offshore Angola & Nigeria,
and more to come!
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Design
Angola - Block 17 - Girassol : Subsea Lay-out
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Design:
Fixed platform & offloading buoys: boat landin

D Structural design to sustain loads
created by crew boats
under extreme current conditions

e s e e
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Design:
Vortex Induced Vibrations at Pipeline freespans

Induced vibrations = fatigue

Current
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Ocean Currents:

Influence on oEerations

A few examples...
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Wide Variety of Offshore Operations for the O&G Industry

xploration Drilling Campaigns

Exploration Surveys: Rig Operations

Field Developments:

Seismic, Site Investigation

Construction, Float-Out, Towing,
Warranty Surveys,
Installation (lifting and piling),
Pipeline & Flowline Installation

ield Lifetime |

Tanker Berthing & Offloading

Terminal Operations:

ield Operations:

Helicopter Transportation,
Supply Boats,
Diving and Maintenance Vessels,
Offshore Hook-Up, Offloading

Tanker Shipping,
Trading
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Operations: 3D seismic acquisition

1990 1998

45- 6 km
6 -8 km

2 streamers
traction : 5 tonnes

6 - 8 streamers
traction : 35 tonnes

10-12 streamers
traction : 110 tonnes

P
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Operations: Seismic Surveys

) Cost of a site survey vessel is ~50 000 US/day

) Cost of a 3D seismic vessel is >>200 000 US/day
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Knowledge of surface currents is
compulsory for:

= Gun position control

» Tail buoy and network positioning

= Streamer control (horizontal and vertical)

= 3D seismic coverage (reducing infill acquisition
can lead to a 30% saving of the whole
program)

Knowledge of sea bottom currents is
necessary to:
»  Program AUV (Autonomous Underwater

Vehicle) seismic operation (deep water
operations).
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Operations:

3500 m
3000 m

Total TVD

Ky

'300 m‘ Reservoir

Water

Owverburden

Drilling Rig Operations

3500m

Total TVD

oo,
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Rig

Riser

Dynamic Positioning

of the Rig, submitted to wind,
waves, surface current

(risk = loss of position control
=>» exceed riser tolerances)

Riser (~*oil conductor pipe”)
submitted to deepwater
currents that may cause
extreme loads and vibrations
induced by vortices (VIV)
(risk = failure by over-loading
or premature fatigue = delay
of operations (i.e. cost) or oil
pollution)

I
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Operations: Transportation & Towing

— Storage-Offloading
Platform (FPSO),
i -towed from Korea to
' West Africa
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Tension-Leg-Platform:hull,

transported from Singapore to Gulf of MeX|co

Vessel+cargo stability depends on wind & surface current
static load and dynamic response to the waves = risk of
capsizing & loss of life + cargo.

Gain of time and fuel if the route is optimised thanks to the
knowledge of surface currents

P
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Operations: Tandem Offloading

Tandem Offloading operations are very
sensitive to sudden changes of
surface current or wind direction.

=>» Risk of tanker impact, loss of containment.
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A particular case: support to emergency response
to an olil spill

Creation

Data acquisition

HH!EE.HI‘I gﬁ!ﬂhﬂ;!

To support emergency response in particular
to compensate for the gap of visual
observations during nightime.

Malocean modal

Dkl apill chrift model

P
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Hindcast
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Hindcast current data

D To answer most of our needs during design phases

= 3D

= High time and space resolutions: as a minimum, 1 hour — 1/16° or better in
particular in shallow water

= Long time series > 5 years

= Previously validated by in-situ and satellite data

D In-situ database:
WWW.Simorc.com

please register
and use it!
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[BSIMORC version 1.0 (Created by MARIS see http://www.maris.nl) - Windows Intermnet Explorer
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http://www.simorc.com/�

Forecast
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Forecast current data

D Same as for design: To answer most of our needs during operations
= 3D

= High time and space resolutions: as a minimum, 1 hour — 1/16° or better in
particular in shallow water

= Previously calibrated / « trained » on historical in-situ and satellite data
= Making the best possible use of in-situ real-time metocean data!

D In-situ real-time metocean data:
= Metocean stations onboard offshore platforms
= Drifters
= HF radars
= Etc.
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W %/‘Eﬁ?

Monitoring, in-situ observations

Holey-sock
drogue
(sea anchor)

D Drifters, deployable when a spill occurs

nouveau modéle MAR-GE/T fabriqué

Figure 1. Bouée dérivante modéle SVP ou
WOCE. Version inftiale DG ur CLS

D Real-time monitoring of currents throughout the water column

D Making better use of metocean stations onboard offshore platforms

= Objective: use of in-situ data into numerical models, for validation, calibration or
assimilation. @
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Current state of progress

e

LUSAL)

. AKFO Jﬁ-‘:‘
Started in September 2010

15 « metocean » platforms in the
Gulf of Guinea (for Total) @

D 4 are « already
available remotely in real-time »: %

= 4 weather stations

= 1 ocean buoy (Wave buoy +
ADCP)

10 platforms should be available
in October 2012:

= 10 weather stations

Sotiji SEFP “_3’*9\' /~v a'.r

= 3-4 ocean stations AT ?ms f-.
b
nmssmso " ‘

Alima FRPU

In progress: Transfer to Meteo
France and to the GTS

GIRASSOL FPSO PazELOREPSD *
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A challenge!
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Challenge!

D Make the best possible use of the O&G industry historical and real-time
metocean measurements.

D 3D, high time and space resolutions
D Deepwater and shallow water — high resolution bathymetry

D Using satellite & in-situ observations for assimilation / calibration /
comparison

P One model cannot be perfect =» ensemble modelling or pool of models?

And an least, indicate confidence interval or reliability index for the
modelled data.
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Thank you for your attention!
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DICLAIMER and COPYRIGHT RESERVATION

The TOTAL GROUP is defined as TOTAL S.A. and its affiliates and shall include the party

making the presentation.

Disclaimer

This presentation may include forward-looking statements within the meaning of the
Private Securities Litigation Reform Act of 1995 with respect to the financial condition,
results of operations, business, strategy and plans of Total that are subject to risk
factors and uncertainties caused by changes in, without limitation, technological
development and innovation, supply sources, legal framework, market conditions,
political or economic events.

Total does not assume any obligation to update publicly any forward-looking
statement, whether as a result of new information, future events or otherwise. Further
information on factors which could affect the company’s financial results is provided
in documents filed by the Group with the French Autorité des Marchés Financiers and
the US Securities and Exchange Commission.

Accordingly, no reliance may be placed on the accuracy or correctness of any such
statements.

Copyright

All rights are reserved and all material in this presentation may not be reproduced
without the express written permission of the Total Group.
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