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Current hydrate management strategy
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AA-LDHI: a way to produce inside the 3

hydrate zone

* AA-LDHI: Anti-Agglomerant Low Dose Hydrate Inhibitor

* Injection dose: ~ 1% / hydrate phase to be compared with ~ 50% / water
phase for THI*

* Formation of a slurry of fine hydrate particles dispersed in the
suspending liquid phase (no agglomeration, no deposit formation)

* Limitation in terms of slurry viscosity

1 condensate + 30% watercut plugging hydrates pellets
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+ 1% LDHI-AA dispersed hydrates particles (<1um)

*:THI = Thermodynamic Hydrate Inhibitor




MCE Deepwater Development 2016 — =—

4

Development of an in-house simulator

* A predictive tool to handle formation and flow of hydrate slurries

* Main hypotheses
» Steady state 2-phase flow conditions
Thermodynamic equilibrium (no kinetics — conservative approach)
Compositional calculation
Slurry viscosity = viscosity of a dispersed suspension
Exothermicity of hydrate formation considered in thermal calculations
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Development of an in-house simulator

* Example

* single liquid flow with a condensate saturated with gas at 150 bar and at
WC=20%
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Application to subsea gas fields

* New architecture concept for gas field developments

+Ix6"pipeforMEGtranspert—> AA-LDHI in existing umbilical (~1 bbl/d)
MEG-regeneration-unitat-onshore Cutting CAPEX ~ 400 M$
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* Additional possible cutting CAPEX

* Lower liquid content = lower hydrodynamic turndown
=2 production lines = 1 production line




Application to subsea gas fields:

Operational envelop

* Only condensed water is considered

* All the water phase is transformed into
hydrate

e No salt

* Key point: WC at the entrance of the
hydrate zone

* CGR is the main relevant parameter for
hydrate transportability

* CGR threshold: ~4—10 SMm3/Sm3

e Can vary depending on the pressure in the
line

* Might be higher in case of production of
reservoir water
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Application to satellite subsea oll fields

* Production line + service line 2 ETH*-PiP + Subsea systems + all elec.

Facilities CAPEX = 100% Facilities CAPEX = 80%

60 km 20 km 60 km

- WaterlnjectionLine | e L
ILT —‘
FLET FLET ILr
Sbu
4 ] SDU
i SDU SO J
SDU
ifold M RBS _ ifold W RBS
_ T
[ SPL i FLET M T R SPL FELET — LT i ;

1600mWD ... 1200mWD 1600m WD 1200m WD

Adapted from L. Riviere MCEDD Pau 2016
s - *:ETH = Electrical Trace Heating
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Application to satellite subsea oll fields

* Another gain step can be reached by replacing the 12”/18” ETH-PiP
by 14” wet insulated pipe

* CAPEX 80% —> CAPEX 62% (according to L. Riviere MCEDD Pau 2016)

* Batch injection of AA-LDHI for degraded flow conditions and planned
shutdowns (makes feasible subsea storage)

* Risk of hydrate formation during long unplanned shutdowns and
restarts

e Depressurization at the SSU*: may be not enough

* Continuous injection of AA-LDHI for unplanned shutdowns management
might result in high OPEX

* SSU = Subsea Separation Unit
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Application to satellite subsea oll fields
* A case-by-case risk assessment is required by considering:
* Maximum quantity of hydrate that can form )
_ . Hydrate quantity
 Thermodynamic conditions
° lelted by GOR and Sa“nity Of produced water =— After depressurization P=40bar T=4°C P=400bar T=4°C
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* Kinetics effect % oo ﬁ 30 3
3 | %\.\ jg
I —3
’ 0 2 4 Year g 8 10 120

* Natural AA properties of the oil
* May enable to drastically reduce the quantity of AA-LDHI be continuously injected
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Conclusions

e Subsea gas fields
* Large cutting CAPEX by replacing MEG with AA-LDHI
* Can be applied to low CGR cases

 Satellite subsea oil fields
* |n addition to the simplified ‘single line” architecture, AA-LDHI can offer an
another significant cutting CAPEX.
* Batch injection of AA-LDHI to manage degraded conditions and planned
shutdowns
* A case-by-case risk assessment is required for long unplanned shutdowns
e Continuous injection of AA-LDHI may be lead to high OPEX
e Should depend on oil properties




MCE Deepwater Development 2016

THANK YOU FOR
LISTENING

Contact information
Thierry PALERMO- TOTAL SA




MCE Deepwater Development 2016 — =—

DISCLAIMER and COPYRIGHT RESERVATION

The TOTAL GROUP is defined as TOTAL S.A. and its affiliates and shall include the person and the entity 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 GROUP 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 GROUP 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 TOTAL 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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BACK-UP
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CGR and WC definitions

* Pseudo-process considered to calculate CGR and WC:

15t step 29 step 3 step 4th step 5th step
P (bar) 45 60 60 45 15
T(°C) 20 6 1.5 1 1
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Application to satellite subsea oll fields

e ETH-PiP = wet insulated line + continuous AA-LDHI injection

Facilities CAPEX = 80% Facilities CAPEX = 69%

20 km 60 km 20 km 60 km
v Topsides :
| v Add AA Storage and Pumping Module
v Subsea :

v Replace 12”’/18” ETH-PiP by 14”” Wet Insulated Pipe (U15) |
v Add 2”’ AA Injection Line (Piggy-Back on Production Line)

OPEX = up to 30 MS/y
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[&—; LX; - v'Very High OPEX due to AA |~

continuous injection :
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