KONGSBERG

Sealoading CTV

13/10/2022

KONGSBERG PROPRIETARY: Thisdocument contains KONGSBERG information which is proprietary and confidential. Any disclosure, copying, distribution or
use is prohibited if not otherwise explicitly agreed with KONGSBERG in writing. Any authorised reproduction in whole or in part, must include this legend.
© 2021 KONGSBERG - All rights reserved.



Introduction

IKONGSBERG

CTV Hawsers
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Offshore loading

Ehuttle tanker arriving FP50 for offshore lcading
operations
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Logistics

Shuttle en route to terminal/STS Ship-to-ship or storage on land Tanker sails to market
Shuttle tanker leaving FPSO for offloading - - -
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Tanker sails to market

CTV standby at field for offshore loading directly to
conventional tanker

Tanker sails directly to oil purchaser after completion
of offshore loading, removing several sequences
from the logistics chain
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% Description of the Operation
KONGSBERG Before operation, FPSO, CTV and tug on field

Tug ‘ ‘ CcTV
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& Description of the Operation

KONGSBERG Tanker arrives at field, tug transfers toolbox to tanker, connection of hold-back hawser

CTv

Tanker

Tug .
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& Description of the Operation

KONGSBERG Gangway operation

Tanker

CTv

Tug
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& Description of the Operation

KONGSBERG Hook-up of hawser and hose

Tanker

Tug
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& Description of the Operation

KONGSBERG Approach to FPSO, connect of hose, transfer oil

Tanker

Tug
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& Description of the Operation

KONGSBERG Transit away from FPSO, retrieve hose and hawser

CTv

Tanker

Tug
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& Description of the Operation

KONGSBERG Tanker sail-off to market

CTv

Tug

Tanker
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Individual Thruster
Commands

Thruster
Allocation

Force and
Moment Demand
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Development Process

Feedback Loop (of) Development

Green

Definition

Narmal operations —
operational,
environmental and
equipment performance
criteria are all
categorised as normal.

Advisory status —

Degraded status —

Emergency status—

environmental or

environmental or

environmental or

quip performan
limits are being
approached.

An event or failure has
occurred that does not
compromise single-fault
tolerance of the DP
system.

performance
limits have been
reached.
A condition exists which
may require a suspension
of operations.

performance
limits have been
exceeded.

A condition exists which
requires an immediate
termination of
operations.

Response

For DP aperations to
commence and continue
the conditions in the
green column must be
met.

Qperations can continue
whilst risks are being
assessed.

Canduct dynamic risk
assessment to determine
whether to continue,
change position or cease
operations,

Preparations should be
made to suspend
operations in a
controlled manner.
Contingency procedures
should be initiated with a
view to reducing the
time to terminate,

The operation should not
be resumed before the
vessel has regained

Abandon aperations.
Take immediate action,
o ensure the safety of
people, the vessel, the
environment and the
operation. The vessel
should be moved toa
safe position. No DP
operation is to be
recommenced until a full
investigation has been
with the

or before all
risks have been fully
assessed to determine
whether it is acceptable
‘to resume operations
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failure resolved and full
normal capacity verified
by testing.

12



IKONGSBERG

DP Connection
Point

Environmental Forces -

Fixed Connection
Point
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Control System Algorithms

A complex Challenge
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% Control System Algorithms

KONGSBERG Concept with comparative model
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Control System Algorithms

KONGSBERG Verification in model test
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Further Development and Operability Analyses

KONGSBERG transitioning from a Physical Model to a Digital Twin
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% Operability Analysis

IKONGSBERG

Results for VLCC Ballast in environment condition |.1
Nominal Operation
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Operator Environment

KONGSBERG

Loading status

Buoy selected FPSO BOW
Hose
Hawser Enabled
Weathervane  [EIEIEAEY
FSU position
Base offset
SLS in use

* Dedicated tandem solution for Spread Moored FPSO’s
with bow rotation and base heading offset

* Including tanker sector with restrictions towards FPSO

* Tanker monitoring and reporting; distance,
sector position and heading

Reference origin  MArtemis-1
DP class Batteries @

- e =

* Tanker sector is derived from CTV heading and limited
_____________________________ towards FPSO

* PASD functionality as a barrier between the CTV and
the FPSO

Deviation weather vane
Deviation Base distance m

170.0

RefpointBase
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Operator Training & Procedural Development

Green

Definition

Normal operations —
operational,
environmental and
equipment performance
criteria are all
categorised as normal.

Advisory status —
operational,
environmental or
equipment performance
limits are being
approached.

An event or failure has
occurred that does not
compromise single-fault
tolerance of the DP
system.

Degraded status —
approaching operational,
environmental or
equipment performance
limits have been
reached.

A condition exists which
may require a suspension
of operations.

Emergency status —
operational,
environmental or
equipment performance
limits have been
exceeded.

A condition exists which
requires an immediate
termination of
operations.

Response
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For DP operations ta
commence and continue
the conditions in the
green column must be
met.

Operations can continue
whilst risks are being
assessed.

Conduct dynamic risk
assessment to determine
whether to continue,
change position or cease
operations.

Preparations should be
made to suspend
operations in a
controlled manner.
Contingency procedures
should be initiated with a
view to reducing the
time to terminate.

The operation should not
be resumed before the
wvessel has regained
redundancy or before all
risks have been fully
assessed to determine
whether it is acceptable
‘to resume operations

Abandon operations.
Take immediate action,
to ensure the safety of
people, the vessel, the
environment and the
operation. The vessel
should be moved to a
safe position. No DP
operation is to be
recommenced until a full
investigation has been
implemented with the
failure resolved and full
normal capacity verified
by testing.
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Status

KONGSBERG In operational trials, track record of 10+ offloading operations
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% A Complex Challenge Met

KONGSBERG

Application of engineering principles

Verification that design meets the needs of the industrial mission

Development of procedures and processes to achieve successful operation of
the industrial mission

Support through the lifecycle of concept to activation
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Thank you for your
attention
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