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Production, Storage, Transport & Regasification of LNG

* LNG Production & Storage = FLNG — LNG-FSPO
* LNG Transportation = LNG Carriers (ships)

» Storage et Regasification of LNG = FSRU

SUB-SURFACE & SURFACE DEVELOPMENT LIQUEFACTION, STORAGE & SEND-OUT SHIPPING RECEPTION, STORAGE, REGASIFICATION & DISTRIBUTION

‘F IW - Loading Unloading-

Gas Field Pipeline System Liquefaction Plant LNG Storage LNG Carrier LNG Storage Vaporizers Pipeline System
To End User

For Gas Transport
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The project

Context
* New terminal for South America,
* Moored along a jetty.

. Dimensions (m)
* Unlt LOA 345.0
* LNG-FSRU of 263 000 m3 Capacity, LBP 333.0
Breadth MLD 55.0

e Storage and regas LNG on board. D;e;h 0

Draft Design 12.0

Draft Scant. 13.7

* Tanks
e Unit with 5 cargo tanks (QMAX size)
e Built with NO96 Cargo containment system.
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Production, Storage, Transport & Regasification of LNG

* Largest FSRU in service:

* LNG-FSRU of 173 000 m3 Capacity,

* 4 cargo tanks
e BV Class.

e Largest FSRU under building:

* LNG-FSRU of 263 000 m3 Capacity,

* 5 cargo tanks
e BV Class notations:

|, "HULL, =MACH,
Liquefied gas carrier — RV, Unrestricted navigation,
EVeriSTAR-HULL CM FAT ( 40 years), INWATERSURVEY, 5sPOSA-JETTY, ®AUT-PORT,

HALM/ALP
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Hydrodynamic analysis - Méthodology

: : Metocean conditions
FSRU Project Hydrodynamics TMA Spectrum
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Liquid Motion analysis methodology

SEA KEEPING

MOTIONS
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Assumption of Liquid motion analysis

» Hydrodynamic mesh

» Tanks are modeled for seakeeping/sloshing coupling.

» Navigation mode

» North Atlantic 40-year scatter diagram (as recommended by IACS Rec.34)
» Cases for each of the filling levels {10%H; 70%h & 95%H} for standard tank & tank n°1

» 32 (cases) * 3 (filling) * 2 (std. tk/tk N1) = 192 cases (3 hours irregular motions)
» FSRU mode

» Scatter diagram is provided (30 years of hindcast data),
» Extreme cases (100 year RP) are investigated,
» Filling levels investigated {15%H, 20%H, 25%H, 30%H, 40%H & 50%H}

» Water Depth = 15m = Shallow water depth, V=0
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Liguid motion analysis - Results
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Conclusion of liquid motion analysis - BV approval of CCS

First, BV has no objection regarding the conclusion of the project. The conclusion is that
the Cargo Containment System (NO96 Mega Reinforced) is suitable to sustain the sloshing
loads in the different cargo tanks when the ship is operated for 40 years of navigation in
North Atlantic conditions within the standard filling limits (below 10%H and above 70%H)
and without any filling limitation in FSRU mode for regas conditions on the site.

Primary Box
filled with Perlite or GW
1 internal comb, cover 2 x 15 mm

[ = P I—_J S.econd?ry Box.
| 6internalbulkheads S~ (e
M\"‘\—._\ o _____d———“"_’#
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NQ.96 CCS configuration
== _ \ | Mega Reinforced
7 E -

Tanks n® 2,3,4,5 Tank n_ 1 (@

BUREAU
VERITAS




MCE Deepwater Development 2017 —

Résistance — Modeéle 2D

Several transverse sections analysed along the ship length for :

* Longitudinal strength assessment,

H . . . l , e } e b LENL I | ﬁ»a LN |
* Longitudinal ordinay stiffeners, 1 : 1 b

* Plating thickness between stiffeners.
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Strength analysis — Modele 3D

3 structural models extended over 3 cargo tanks:

e Typical tanks at Midship,
* Fore tank and trunck deck end,
e Aft tank and connection with accomodation.

Assessment of the primary structural members.
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Strength — Full ship model

Environmental conditions

'

e VeriSTAR Hull FLM (FLM Full Length MOdel) Choice of calculation conditions:

- Frequencies
- Wave headings

* Méthodology of the equivalent design wave. ~ Loading conditions

i /
i Hydrodynamic analysis Hydrodynamic responses:
(HOMER / HydroSTAR) - Wave pressure
' - Mations / Accelerations
- Hull girder loads
¥

Dominant Load Effect (DLE) RAO:
- Vertical wave banding momaent

- Wertical wave shear force

- Horizomtal wave bending moment
- Wave torque

- Vertical / horizontal accelerations

L
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Spectral analysis
¢ (StarSPEC) DLE long term responss
y
Equivalent design waves:
- Wawve period
- Wave heading
- Wave height

- Wawe phase
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Structural analysis

(HOMER / Nastran) Finite element analysis
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Spectral Fatigue analysis for Offshore units

Typical Spectral Fatigue Analysis
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Fatigue strength assessment — Analysed Hot spots

Dyunjicacing <0.001
Max Dygaacaze < 0.001

Fatigue life >100 years
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Conclusion

* Classification of the largest FSRU,

* Several independant analysis were carried out,

* Use of most advanced methodologies,

* Validation of reinforcements for partial fillings,

* Assessment of the Cargo containment system,

* Assessment of the structure strength under extreme loads,

* Fatigue assessment.
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Thank you for your attention!
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Move Forward with Confidence
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