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Introduction

DP verification study for multi-vessel flexible riser replacement campaign

U Background

U DP incident studies

U Vessel DP system review

U DP configuration set-up & Activity Specific Operating Guidelines (ASOG)
U Training and Familiarizations for specific operation

U Offshore Decision Support

Presentation of work performed by Kongsberg Maritime for Statoil and Marine Contractor Subsea 7
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Background

Kongsberg Maritime has been working since 2015 in close cooperation with Statoil and different marine contractors in developing risk
reducing measures for critical marine operations performed in the vicinity of nffshare facilities.

Riser balcony
\

I'\I

\
Production Platform,

Marine operation inside platform safety zone Platform red and yellow exclusion zone

SIMOPRO method — the vessels operate in the yellow exclusion zone (outside red zone) while the platform is kept in production

The main objectives have been to mitigate risk and minimize operating restrictions thereby reducing cost without compromising on

safety.
(The SIMOPRO method has been patented by Statoil — The method may be used by others pending Statoil approval)
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Multi-vessel riser recovery inside yellow zone

Deflector sheave
@ riser hang-off

‘ Riser buoyancy section |

Subsea end recovered by vessel A — topside end lowered by platform Vessel A steps away from platform while continue pay-out on platform PIW
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Multi vessel riser recovery inside yellow zone

Vessel B moves inside the yellow zone and connects to riser topside end Riser disconnected and towed out by both vessels
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DP incident studies

i i . . Vessel drive-off Collision with platform
SIMOPRO risk studied by LRC Major Risk _ ; o
> Vessel drift-off Collision with platform
Gas leakage on platform Gas exposure to vessel
Dropped object from vessel HC exposure to vessel, platform and environment

When operating at minimum 200m distance to the platform total vessel black-out is considered required for collision
with platform (KM assessment)

26 total black-out incidents studied: 19 related to power failure, 7 incidents related to human error
Significant number of total black-outs occurred because vessel operating with closed bus
Many incidents were indirectly caused by insufficient management-of change

Several incidents could have been avoided by sufficient preventive maintenance of the DP system
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Initiating causes Drive-off and Drift-off incidents

Detailed review of DP 2/3 drive-off and drift-off incidents to capture other contributors to DP incidents

Primarily single failures due to vessels not operating in accordance with DP class redundancy requirements,
operator error or inadequate procedures

Incident initiating event No. of identified incidents

—_—

Failure of reference system 30

Failure of thrusters 22

Operator error 15

Procedures 14 __ Developed into a more serious incident due to human error
Failure of power system 9 in most of the studied cases

Failure of DP computer
Failure of sensors
Failure of auxiliary systems

Other

0 B~ WU

Initiating events from 115 studied DP incidents (further details in paper)
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Recommendations from DP incident study

The DP incident studies resulted in the following recommendations for the planned SIMOPRO operation

U

Review vessel DP FMEA, DP operations manual, procedures and check lists, ensure all action items from
DP trials, audits and incidents are closed out

Ensure DP configuration set-up based on CAMO/ SMO

Plan DP reference systems set-up based on field and operation specific information
Establish detailed ASOG for planned operation

Perform training and familiarization of DP operators and other key personnel

(I R Wy
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Vessel DP system review

Review of DP FMEA, operation manuals, check lists and procedures performed by qualified personnel
Findings:

FMEA, operation manual and annual DP trials report are in may cases not vessel specific or include incorrect
system information e.g. large amount of copy and paste from other vessels, description of different DP system/
generations, several places missing description of back-up systems”

Checkilists are in general fit for purpose, some improvement suggestions provided

Update of DP documentation initiated based on review and additional check points included in check lists

KOMGSBERG PROPRIETARY - See Statement of Froprietary Information 16.10.2017 WORLD CLASS - through people, technology and dedication Page 9



DP configuration set-up

DP parameter settings defined based on the FMEA review, safest mode of operation proposed not only fulfilling
minimum class requirements e.g.

GPS 1
GPS 2
Enabled and in use
HPR 1
HPR 2
Positioning Reference System GPS 3
GPS 4
In operation, calibrated and in Monitoring .
Radius
CyScan

The choice of reference systems should be made specifically for each operation

For this case using the available two HPRs together with two DGNSS systems as fixed position reference
systems was recommended, this balances the consequences of drifting and jumping systems better compared to
using only 1 HPR
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Activity Specific Operating Guidelines (ASOG)

ASOG developed in cooperation with vessel crew to ensure ownership, “action” columns included to provide
additional decision support guidance — see example

Condition

Thrusters ( Systems)
(category leads to loss of
vessel control)

Less than 40% force

System approaching 45%
force

ASOG extract - Vessel B

Contact ECR to start
more thrusters (if
available).

Contact SS, assess
weather and change
heading if possible to

Yellow

Status

Action

Individual thruster
demand

(category leads to loss of
vessel control)

Less than 50 % force

Any approaching 50%

Evaluate thruster
feedback
and set-point

Consequence alarm

Contact Captain/OOW
and SS.

Inform all parties:
Platform CCR, Vessel B
Prepare to suspend
operation.

Push emergency stop if
thruster not
corresponding to set-
point

Consequence alarm and
not able to implement
mitigating actions

Give immediate warning
to Platform CCR, Vessel
B: Loss of vessel control

Abandon Operation from
order by Captain/OOW.

Notes to Condition

Red: Situation specific
abandonment.
Situation can lead to
drift-off (force-off)

ASOG limits established based on analysis — ASOG tested during simulator training
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Training and familiarizations for specific operation

Training guidelines developed together with Human Factors specialists and Leading Advisors from Statoil:

Instructor training
Learning objective
Target group

Entry requirements
Training & familiarization
Evaluation

Input to schedule

I Iy Iy By Wy

Based on the guidelines, a detailed training and familiarization program was established and executed prior to the
operation
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DP operator simulator 3 day course both vessel crew

Dynamic Positioning Simulator with vessel specific DP software
v' Refreshment of basic DP knowledge as a result of pre-test
v Fault settings exercises for understanding of alarms and information

Two bridge DNVGL Class A simulator for joint training with both vessels
covering planned operation inside the platform exclusion zone

v' Different ASOG scenarios tested
v’ Various faults to DP system tested
v" Human Factor and DP system understanding tested

Evaluation
Positive experience and increased confidence
Increased system understanding and improved performance in simulator
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Key personnel familiarizations

Workshops for bridge crew, machine crew and shift supervisors — facilitated by DP instructors
Performed as table top exercises where different scenarios from specific steps in the planned riser replacement
operation were presented and discussed. Interaction required to solve different scenarios.

ASOG extract - Vessel B

Yallow
Stanus Acion

[Contact ECR o start Contact CoplainCOW

5 late warning] ) .
o Platfonm CCR, Vassel | 00, ation spacific
abandonmant.
Situation can lead to

)
drift-ctt [force.off
ecer by CoprainfOowy, | ot farce-off)

Corsequence alarm

Lerss than 50 % force.

Objective:
U Train interaction between key personnel in ASOG and emergency situations
U Review engine room routines and go through possible blackout scenarios
U Ensure key personnel ability to assess situation and perform corrective actions following ASOG and procedures

Evaluation:

ASOG and contingency procedures familiarized and tested

Communication lines and responsibility to initiate abandonment tested

The workshops improved interaction to assess situation quickly and perform required actions
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Fully coupled analysis model

Vessel

Rigging
Current+Wave

Riser (RIFLEX) ——»

Neighboring Risers
(RIFLEX)
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SIMA - Fully Coupled Model (time domain):
* Vessel hydrodynamic model (both LF+HF solved in time domain)
* Thrusters with Kongsberg DP settings
+ Risers and rigging arrangement included (RIFLEX)
* FPU modelled with displacement RAO (only HF)
* Loads on vessel:

* Wave, wind and current

* Thruster reaction forces

* Rigging arrangement loads
* Loads on risers and rigging arrangement:

* Wave and current

* Vessel motions (coupled)
* Irregular Wave Analysis
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Offshore Decision Support

U Coupled analysis combined with measurement
and forecast weather

U Analysis compared with data from DP control
system (thruster forces, vessel motions)

U Drift-off path predicted and monitored during
operations — see example

U Support for critical operational decisions and
planning of future steps

16.10.2017

Drift-off simulation performed with coupled analysis model
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Summary DP verification study
for multi-vessel operation

The DP incidents studied provided information to plan efficient risk mitigation measures for the operation
Recommendations made to DP system set up and ASOG improved safety

Evaluation of the conducted training and familiarization showed improved awareness and capability in
handling critical scenarios

The decision support analysis proved reliable enabling the operations to be performed in a controlled manner
with minimum waiting on weather ahead of planned schedule

The multi-vessel operation to replace 3 risers was conducted successfully without any DP incidents and the
platform was kept in production.

“The vessels have been working safe and efficient in almost all kind of weather. There has been good control on
wind, wave, current conditions at all times thanks to solid analysis by KONGSBERG” statoil Project Manager
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Presenter: Arild Anensen Kongsberg Maritime
E-mail: arild.anensen@km.kongsberg.com
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