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1.0 INTRODUCTION

1.1 Instructions Received

Petrofac Marine Serviceswere requested to witness and approve for and on behalf
of MMSLthe KPOSupgrade CAT, CJoy CAT, HiPAP501 Calibration Tests, perform
and witness the DP proving trials of the OSVRELUMEoff Rotterdam, Netherlands
and Kristiansand, Norway from 5th May 2015 to 15th May 2015. Instructions for
attendance were received from Mr. Paul Dunn - VesselSuperintendent, MMSL.

1.2 Scope of Work

Petrofac Marine Services attended the OSVRELUMEoff Rotterdam, Netherlands
from 1st May2015 to 15th May 2015.

• Witnessedand approve the KPOSupgrade CAT,CJoyCATTrials and HiPAP501
calibrations tests

• Perform and witnessed the DPFMEAproving trials

These proving trials were compiled from the vessel's Failure Mode and Effect
Analysis and have been formatted in accordance with IMCAM190 Guidance for
Developing and Conducting Annual DPTrials Programmes for DPVessels to show
that the vessel meets the requirements of IMCAM 103, "Guidelines for the Design
and Operation of Dynamically Positioned Vessels, IMO- Guidelines for Vesselswith
DPSystems1994 (MSC645)".

The DP proving trials were carried out off Rotterdam, Netherlands and
Kristiansand, Norway between 1st May 2015 to 15th May 2015 in varying weather
conditions and water depths of between 24m and 500m.

The completed trials test sheets, CATprocedure sheets and HiPAP501 calibration
sheets together with the status report of the DPrelated equipment is appended to
this trials report.
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1.3 Key Personnel in Attendance at the Trials

Name Rank Company

N. Michael Master MMSL

J. Thomas Chief Officer MMSL

A. McDonald z= Officer MMSL

K. Johnson rd Officer MMSL

A. Dingwall 2nd Officer MMSL

P. Dixon Chief Engineer MMSL

G. Barton 1st Engineer MMSL

T. Mortimer 3rd Engineer MMSL

G. MacDonald 3rd Engineer MMSL

J. Newsom ETO MMSL

P. Dunn Vessel Superintendent MMSL

H. L. Reekers Senior Electrical Engineer Surveyor Lloyd's Register Maritime

J. Jedryk Hardware Engineer Kongsberg

L. E. Hals Software Engineer Kongsberg

K. Strandabo Software Engineer Kongsberg

R. Visser Technician Rolls Royce

R. J. Younger Marine Technical Superintendent Petrofac Marine Services
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1.4 Order of Trials

Mr. R. J. Younger - Marine Technical Superintendent, representing Petrofac Marine
Services, witnessed the Kongsberg K-Pos DP System CAT, Kongsberg CJoy
independent joystick CAT, HiPAP501 calibration tests and DPFMEAproving trials,
which are attached to this document and noted relevant results, alarms and
printouts of various tests and disconnections as required.

The trials were conducted off Rotterdam, Netherlands and Kristiansand, Norway at
the following Rotterdam, Netherlands:-

RREngine Trials Kongsberg/RR K-PosCATTrials
PS/SBAft Azimuth Scaling - Tuning

and 2 x Bow Start: 13:00 hours Start: 14:00 hours
Time 1 Date: Tunnel Thrusters 01/0512025 05/05/2015

Start: 07:30 hours End: 22: 30 hours End: 19:45 hours
End: 12:00 hours 04/04/2015 07105/2015
01/05/2015

Start Latitude: N: 52 14.4781 N: 52 14.2163 N: 52 10.2722

Start Longitude: E: 003 59.5481 E: 003 59.3591 E: 003 58.3171

Water Depth: 22 metres 23.3 metres 24.0 metres

Prevailing Wind: 12 kts @ 360° 15 kts @ 270° 16.9m/s@ 215.0°

Residual DP N/A N/A 1.3 mls @ 232.0°Current:

Heading: 310° 101° 230.0°

CJoy CATTrials HiPAP Proving Trials
Start: 09:00 hours Test/Calibration Start: 13:00 hours

Time 1 Date: End: 13:00 hours Start: 09:30 hours 05/05/2025
07105/2015 End: 15:00 hours End: 22:30 hours

11/05/2015 15/05/2015

Start Latitude: N: 52 13.7725 N: 5806.8664 N: 52 10.9066

Start Longitude: W: 003 59.4089 W: 00802.5812 W: 004 00.1252

Water Depth: 24 metres 200 metres 21 metres

Prevailing Wind: 10.2 mls @ 260.0° 6.3 mls @ 200° 15.1 kts @ 348°

Residual DP 1.0 mls @ 234.0° 0.3 m1s @ 310° 1.9 kts @ 042°Current:

Heading: 242° 231.2° 026.8°

During the trial all important DPequipment was available.
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1.5 Requirement During Testing

1.5.1 During the trials all relevant shipboard equipment is required to be fully
operational. In particular, all propulsion units and their controls, both manual
and automatic, all power generation equipment and all computer systemsmust be
fully functional, including their alarms, standbyunits, battery backups,shutdowns,
trips, etc.

1.5.2 All tests are to be co-ordinated by the independent auditor, with approval from the
Master, andwith full regardto the safety of navigationof the vessel.

1.5.3 All tests will be carried out in realistic environmental conditions or with some
varying load on the systeminduced by movementsof the vessel.

1.5.4 During the trials, the vessel staff will assist as required in recording alarms and
failure locally (locally means not only at the DP console but also at the ECR,
thruster room, etc.).

1.5.5 During failure tests, the systemmust not be reinstated until the operators, ECR
staff and auditor are satisfied they understand the full effects of the failure and
that all the information or indicators to showwhat hasoccurred havebeennoted.

1.5.6 When reinstating systemsafter failure simulations, two engineerswill check that
circuit breakers have been reinstated. Only when everyone is satisfied that the
systemhasbeen reset and hasstabilised, will the trials continue.

1.5.7 If there are any doubts about a test, it will be repeated. If test results are
unexpected, then the test will also be repeated. It should be noted that
seemingly small or spurious faults in control systems may be the first
manifestations of a more seriousproblem.

1.5.8 Tests will continue only when all those involved have been informed and, where
necessary,suitable communicationshave been set up, e.g. DPconsole to thruster
room.

1.5.9 The tests will not only prove hardware redundancy and vessel capability after
failures but also that the operators have the necessarytraining and experience to
usethe systemanddeal successfullywith suchfailures.
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1.6 IMD Definition of DPClass2

Quote from IMOMSC/Circ. 645 for DPClasses

2.2 The equipment classes are defined by their worst case failure
modes as follows:

.2 For equipment class 2, a loss of position is not to occur in the
event of a single fault in any active component or system.
Normally static components will not be considered to fail where
adequate protection from damage is demonstrated, and
reliability is to the satisfaction of the Administration. Single
failure criteria include:

.1 Any active component or system (generators, thrusters,
switchboards, remote controlled valves. etc.) .

.2 Any normally static component (cables, pipes, manual valves,
etc.) which is not properly documented with respect to
protection and reliability.

2.3 For equipment classes 2 and 3, a single inadvertent act should be
considered as a single fault if such an act is reasonably probable.

As per class notation (DPS(AA)) and IMOMSc/Circ. 645 DPClass2 the vessel must
be designed and commissioned to comply with the following basic rules:-

• automatic and manual position and heading control under specified maximum
environmental conditions, during and following any single fault excluding loss
of a compartment due to fire or flood

• two independent computer systems
• at least three different position references
• at least three sets of sensors

As a minimum the following must be provided:-

• 2 x VRS / MRU
• 2 x wi nd sensors
• 3 x gyro compass
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1.7 Basic Requirements for LR Class Notation DP (AA)

• All systems necessary for the correct functioning of the DP system are to be
configured such that a fault in any active component or system will not result
in a lossof position.

• Passivecomponents such as cables and pipes are to be located and protected
such that the risk of fire or mechanical damage is minimised.

• No single fault in the generation and distribution systems is to result in the loss
of more than 50 percent of the generating capacity.

• Two independent automatic control systems are to be provided and arranged
such that no single fault will cause loss of both systems, a fault in one causing
automatic bumplesstransfer to the backup system.

• At least three position reference systems incorporating at least two different
measurement techniques are to be provided and are to be arranged so that a
failure in one systemwill not render the other systemsinoperative.

• At least three gyrocompassesand two vertical reference units, if necessary,are
to be provided.
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2.0 VESSELPARTICULARS

2.1 General

Name: OSVRELUME

Port of Registry: Nassau

Flag: Bahamas

Built: 2004

Classification Society: Lloyd's Register of Shipping: 1OOA1 + LMC
UMS,DP(AA),NAV, IBS.SPSCode compliant

Length (LOA): 82.6 m

Breadth: 16.5 m

DesignDraught: 4.0 m

IMONumber: 9280720

Call Sign: C6TR4

GRT: 3526

2.2 Power Generation and Propulsion

Main Engines: 2 x Diesel Enginesof type: wartsila 8L20/C2.1317kW, driving
Alternators of type: ALCONZA- NIR5670A-8LW, 900rpm,
1300kW, 1625 kVAat 0.8 Pf, 3-phase, 690V, 60Hz

2 x Diesel Enginesof type: Wartsila 6L20/C2. 988kW,driving
Alternators of type: ALCONZA- NIR5656A-8LW,900rpm,
1000kW, 1250kVA,0.8 Pf, 3-phase, 690V, 60Hz

Main Switchboard: 2 x 690V, 2 x 440V and 2 x 230V

The thruster and propulsion system consistsof:-

2 x aft azimuth propellers of type:-
• RRMarine Aquamaster US205P20/3500 1500kWfixed pitch variable speed

2 x bow tunnel thrusters of type:-
• Rolls RoyceTI1650 DPNCPtunnel thrusters (700kWeach)

All thrusters are electrically driven and supplied from the 690V switchboard
system.
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2.3 Vessel Power Management System (PMS)

The vessel has an alarm, monitoring and power management system supplied by
Imtech of type: RI(OM 3500.

2.4 DPControl System

The vessel hasa KongsbergKPosOPsystem with three OSstations (one forward and
one on each bridge wing aft).

2.5 Independent Joystick System

The vessel is equipped with a KongsbergMarine (-Joy independent joystick system.

2.6 DPSensors

• Gyro:

• VRS/MRU:

3 x Navigat XMk1Mod 10-4914

2 x Seatex, MRU5 + MRUH

2 x RMYoung• Wind Sensors:

2.7 DPReference Systems

• x VERIPOSUltra - OGPS1

• x Simrad MX612- DGPS2

• x (-Nav - OGPS3

• 1 x KongsbergHiPAP501

• 1 x KongsbergRadius 1000

• x Fanbeam (unit hired for proving trials only, not normally fitted)

• x Bandak14BLight Weight Taut Wire

2.8 FME(C)A

MMS-MAR-14-0013-RJY-R01

2.9 Upgrades to Vessel since Previous Trials

A full Kongsbergupgrade from SOPto K-Pos
Both tunnel thrusters upgraded to RR- TT1650OPN(P
OGPS2 replaced with SimradMXB612
KongsbergRadius1000system added

HiPAPupgraded to Kongsberg501System
NAVIKNOT600 SOTSpeed Logadded
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2.10 Machinery Configuration for Trials

• In DP2Mode (ConsequenceAnalysisActive)
• All four DGengines running/available (Auto Standby Start asspinning reserve)
• DGs1 and 3 connected to port 690VSWBD
• DGs2 and 4 connected to stb'd 690VSWBD
• 690VSWBDbus tie OPEN
• 440VSWBDbus tie OPEN
• MSB230Vsupplied via transformer from port 440VMSB
• NSB230Vsupplied via transformer from stb'd 440VMSB
• ENSBPSand ENSBSBsupplied from MSB230V
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service

tank 2. Fuel crossover valves (supply and return) closed.

Specific test configurations may vary in order to safely simulate failures.
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3.0 CONCLUSIONS

3.1 Trials Conclusions

Petrofac Marine Services witnessed the DP annual trials on the OSVRELUMEand
from the findings of the trials, subject to the correction of any unexpected results
and major recommendations, the vessel are considered fit for purpose within its
operational capability without exception.

3.2 Documentation

All DPdocumentation has been inspected and was found up to date.

3.3 Machinery Maintenance

All machinery maintenance records have been inspected and were found up to
date.

3.4 DPSystem Maintenance

All DPmaintenance records have been inspected and were found up to date.

3.5 Incidents

No DPincidents have been recorded within the last 12months

3.6 Power Generation

The tests successfully demonstrated power generation, load sharing and shedding
to be fully effective. Each generator was demonstrated as being able to deliver
full power.

3.7 Power Distribution

The tests successfully demonstrated the power distribution system redundancy.

3.8 Power Management

The tests successfully demonstrated the power management system.

3.9 Control Loops

Control loops for the thruster (command and feedback) were successfully
demonstrated, with the exception of the failure of the KongsbergCommand Signals
to the Azimuth Steering of both Port a Starboard Aft Azimuth Thrusters.

See'6' Recommendations 4.3.1 and 4.3.2

3.10 Environmental and Heading Sensors

All sensors were tested under normal and failed conditions and found to be
satisfactory.
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3.11 PositionReferences

All available reference systemswere tested under normal and failed conditions and
found to be satisfactory.

3.12 DP Control

The tests successfully demonstrated the DPand independent joystick controls.

3.13 Personnel

Petrofac Marine Serviceswould like to express their gratitude towards the Master
and crew of the OSVRELUMEfor all their professionalism, help, hospitality and
assistance received during the trials.
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4.0 FINDINGS

4.1 Findings from Trials

Recommendationsare made in three categories as follows:-

'A' For immediate attention and should be implemented to comply with DP
Class2

'B' Should be implemented as soon as practicable

'(' Are desirable or for enhancement of systems

During the trials on the OSVRELUMEconducted off Rotterdam, Netherlands and
Kristiansand, Norway between 5th May 2015 and 15th May 2015 the following
recommendations were made:-

A Nil Recommendationswere found and identified during the trials

B 2 Recommendationswere found and identified during the trials

C Nil Recommendation was found and identified during the trials

Observations Nil

4.2 'A' - Findings

No 'A' Recommendationswere noted.
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4.3 '6' - Findings

4.3.1 SUB SYSTEM 3 - THRUSTERS

Test 34 Azimuth Thrusters (PS) - Azimuth Signal Failures

Fail azimuth command signal from DP to ACU, restore.
(WU4 U41 X44, 5)

Step 1

Expected Results Alarm, 'AZIMUTH AFT P NOT READY', drops out of DP, rotation
freezes. RPM to Zero

The failure of the Kongsberg Azimuth Command Signal (DP to ACU - Thruster
Control Cabinet) resulted in an alarm in DP and 'AZIMUTH AFT P PREDICTION
ERROR AZIMUTH' , the azimuth rotated to the zero position (parking position) and
the RPM went to the default value of 79 RPM (not zero).

Change in thrust vector produced an immediate 'Heading out of limits' alarm.

Failure of the Rolls Royce Azimuth Command Signal (ACU -Thruster Control Cabinet
to Thruster) produced the 'As expected' result: 'THRUSTER AFT P NOT READY',
thruster dropped out of DP, azimuth freeze and RPM to zero.

This unexpected result was reported by the Kongsberg Hardware Engineer on
board (Mr. J. Jedryk) and their Software Department are investigating the
problem.

As a temporary measure until such time as a fix is fully implemented and tested a
prominent sign should be displayed at all DP Operating Stations to the following
effect:-

'IF AN 'AZIMUTH AFT PIS PREDICTION ERRORAZIMUTH' OCCURSEITHERPORT OR
STARBOARD AFT AZIMUTH THRUSTER, IMMEDIATELY DESELECT THAT THRUSTER
FROMDP'

A blank trials sheet for Test 34 has been left with the Master.

Once a fix has been implemented the blank trials sheet Step 1 should be
completed after suitable sea trials, all alarms and parameters noted, stamped,
signed and returned to Petrofac Marine Services for close out.

CLOSED - PMS29/05/2015.
See Appendix 2 Pages 89-93.
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4.3.2 SUBSYSTEM3 - THRUSTERS

Test 36 Azimuth Thrusters (SB)- Azimuth Signal Failures
Fail azimuth command signal from DPto ACU, restore.
(WU7 U71 X44, 5)Step 1

Expected Results Alarm, 'AZIMUTHAFT SNOTREADY',drops out of DP, rotation
freezes. RPMto zero.

The failure of the Kongsberg Azimuth Command Signal (DP to ACU - Thruster
Control Cabinet) resulted in an alarm in DP and 'AZIMUTH AFT S PREDICTION
ERRORAZIMUTH', the azimuth rotated to the zero position (parking position) and
the RPMwent to the default value of 79 RPM(not zero).

Changein thrust vector produced an immediate 'Heading out of limits' alarm.

Failure of the Rolls RoyceAzimuth CommandSignal (ACU-Thruster Control Cabinet
to Thruster) produced the 'As expected' result: THRUSTERAFT S NOT READY',
thruster dropped out of DP, azimuth freeze and RPMto zero.

This unexpected result was reported by the Kongsberg Hardware Engineer on
board (Mr. J. Jedryk) and their Software Department are investigating the
problem.

As a temporary measure until such time as a fix is fully implemented and tested a
prominent sign should be displayed at all DPOperating Stations to the following
effect:

'IF AN 'AZIMUTHAFT PIS PREDICTIONERRORAZIMUTH' OCCURSEITHERPORTOR
STARBOARDAFT AZIMUTH THRUSTER,IMMEDIATELYDESELECTTHAT THRUSTER
FROMDP'

A blank trials sheet for Test 34 hasbeen left with the Master.

Once a fix has been implemented the blank trials sheet Step 1 should be
completed after suitable sea trials, all alarms and parameters noted, stamped,
signed and returned to Petrofac Marine Servicesfor close out.

CLOSED- PMS29/05/2015.
SeeAppendix 2 Pages94-98.

4.4 'C' - Findings

No 'C Recommendationswere noted.
Please Note:-

It is the owner's responsibility to processand close out any recommendations given,
providing documentary evidence of such close outs necessary to update this
document.
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5.0 STATUS REPORT

5.1 Thrusters

BT(1 ) BT(2) AZ PS AZ SB

Maintenance Records ./ ./ ./ ./
Checked

Outstanding Nil Nil Nil NilMaintenance

Last Oil Analysis Oil Renewed Oil Renewed Oil Renewed Oil Renewed
(Date) January 2015 January 2015 January 2015 January 2015

Last Oil Analysis ./ ./ ./ ./
Condition New New New New

Running Hours NA NA 64098 64338

Azimuth P & Soil renewed following full overhaul January
2015.

Remarks:
Bow thrusters 1 and 2 oil renewed. New upgraded units
fitted January 2015.

5.2 Generator Engines

GE1 GE2 GE3 GE4

Maintenance Records ./ ./ ./ ./
Checked

Outstanding Maintenance Nil Nil Nil Nil

Last Oil Analysis (Date) 08/02/2015 08/0212015 06/11/2014 06/11/2014

./ ./ ./ ./
Last Oil Analysis Condition Normal Normal Normal Normal

Running Hours 51611 51660 42218 42129

Last Generator Engine January January May 2012 May 2012Governor Adjustment 2014 2014

Remarks:
DG 3 and 4: Serviced January 2014
DG 1 abd 2: Serviced May 2012
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5.3 Switchboard

Circuit Breakers Date Company

Switchboard Ties March 2015 CROON/IMTECH,Netherland

Generator Breakers March 2015 CROON/IMTECH,Netherland

Thruster Breakers March 2015 CROON/IMTECH,Netherland

Remarks: BT1: ACBRenewed - March 2015

5.4 DPUPS

Unit Battery Check Comments

UPS1 ./
30 min. duration test carried out during
proving trials 15th May2015.

UPS2 ./

Remarks: UPS1 and 2 new at refit - 201412015
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5.5 Sensors

Sensor Records Checked Comments

MRU 1 - Seatex, MRU H ./ Last Service: February 2014

MRU 2 - Seatex, MRU 5 ./ Last Service: December 2014

Gyro 1 - Navigat X Mk1 ./ Last Service: February 2015

Gyro 2 - Navigat X Mk1 ./ Last Service: February 2015

Gyro 3 - Navigat X Mk1 ./ Last Service: February 2015

Wind Sensor 1 - RMYoung ./

Wind Sensor 2 - RMYoung ./

./ Upgraded to LD6-GG2.DGPS1 - VERIPOSUltra
February 2015

DGPS2 - Simrad MX612 ./ New 2015

DGPS3 - C-Nav ./ Software upgrade February 2014

Kongsberg HiPAP 501 ./ New 2015

LWTW - Bandak Mk 14B ./ Last Service:

Radius 1000 ./ New 2015

./ Unit hired for proving trials only,Fanbeam - MDL 4.2 not normally fitted.

Remarks:
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5.6 DP Control Systems

Type of system? KongsbergK-Pos

Hasfirmware upgrade been
installed? Date performed:- 24th September 2014
(Kongsberg K-Pos systems only)

Maintenance checked? Full K-PosUpgradeApril 2015

Last software revision? 8.2.2

Remarks:
Delivery: MENASRELUME
Product: K-Pos
SWDelivery: DP6732_CD_MIRROR_06-05-2015
SWBasis: 8.2.2
GMS: 61d_p1_LlF
AK: 5.3.1.2
OSK: 2.10.2.44
PCK: 2.9.2.44
Windows: 6.1 Service Pack 1 (Build 7601)
Panel: 03.00
DpOS.exe: Generated: 17:21:143 May 15

5.7 Hardware Modifications

Have there been any modifications
Full KongsbergK-Posupgradesince last annual trials?

Havemodifications been
Yesthoroughly tested?

Have trials procedures (Part 2)
Yesbeen updated?
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5.8 Capability and Footprint Plots

Are the correct capability plots on
board? Plots should include the Yes - new calculations performed by
intact state and post worst case Kongsberg. Not yet received on board.
failure state as a minimum.

Are there verifying footprints on Module for producing verifying footprints on
board? screen from within the K-PosSystem.

5.9 Incidents

Have any incidents been recorded?
Incidents maybe recorded using

Nothe IMCAreporting format or the
company's own reporting process.

If yes, number of incidents. N/A

Is there a documented satisfactory
explanation? Give brief details as N/A
appropriate.
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5.10 Key Vessel DPPersonnel

Name Position Training Experience

N. Michael Master Certificate No: 383 >10yearsIssued: 17104/1991

J. Thomas Chief Officer Certificate No: 5021 9.5 yearsIssued:25/08/2005

A. McDonald 2nd Officer Certificate No: 14458 4 yearsIssued:05/05/2011

A. Dingwall 2nd Mate Certificate No: 9621 6 yearsIssued: 1210612009

P. Dixon Chief Engineer NI A - SDP21 Maintenance 9 years

J. Newsom ETO K-PosMaintenance >10years04/09/2014

Remarks

5.11 FMEAand Trials

Remarks

24025-0912-16117 I Revision9 - 30105/2013
FMEA- Last Revision and Date:

New FMEAin progress for K-Posupgrade.
MMS-MAR-15-0029-R01

Have all findings been closed out? Yes

Any findings arising from the FMEA
which are not documented as

N/Abeing closed out should be entered
in the remarks column?

Theseare the DPFMEAproving trials
Last Annual DPTrials - Date: following a full K-Posupgrade.

MMS-MAR-15-0029-RJY-R01- Part 2

Have all findings been closed out?

Have any open findings been
included in the relevant section of
this report?
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5.12 Other Documentation

Remarks

Is there a vessel specific DP
Operations Manual asdescribed in
IMeAM103Section 1.5?

Yes - new section added to cover IMeAM220,
Doesthe DPOperations Manual Operational Planning.
include an Operational Planning
Section as described in IMeAM
220?

Are there appropriate checklists
covering field arrival trials,
Rotterdam, Netherlands Yes- tick box added to bridge six hourly
checklists, periodic checklists as check list to cover IMeAM220.
appropriate for bridge and engine
room?

Is a DPlogbook kept up to date? Yes

Do the key DPpersonnel have
accessto appropriate IMeA Yesguidance documents either via
internet or hard copy?

Are records available for vendor Yes - Full K-Posupgrade April/May 2015.
visits for repair or service of DP
system components? All documented.
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6.0 TEST RESULTS

6.1 Equipment Sub-System 1 - Electrical/Power Management

6.1.1 EQUIPMENT SUB-SYSTEM 1 - ELECTRICAL

Test: 1 Simulate SIC on Port Main 690 Bus Bar (BB1 PS)

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference active.
~~~~tm

Reduce number of DGon line supplying BB1 to one

1. Trip the breaker of the remaining online DG.

1. Blackout of PS690V switchboard. Lossof BT fwd (T1) and port azimuth (T3), loss of
connected consumers. BT1servo failure and lossof hydraulics.
• Connected pumps stop, alarm and auto changeover to power from starboard

switchboard.

Vesselmaintains position with remaining thrusters.

15th May2015Witnessedby: R. J. Younger
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6.1.2 EQUIPMENTSUB-SYSTEM1 - ELECTRICAL

Test: 2 I Simulate SIC on Starboard Main 690 Bus Bar (BB2 SB)
Equipment Configuration:

• In DP2 mode (consequence analysis active).
• All four DG engines running/available.
• DGs 1 and 3 connected to port 690V SWBD.
• DGs 2 and 4 connected to stb'd 690V SWBD.
• 690V SWBDbus tie OPEN.
• 440V SWBDbus tie OPEN.
• MSB230V supplied via transformer from port 440V MSB.
• NSB230V supplied via transformer from stb'd 440V MSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1 and DG3 fuel from daily service tank 1, DG2 and DG4 from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergency generator in auto start mode.

All available reference systems active.
Method:

Reduce number of DG on line supplying BB2 to one

1. Trip the breaker of the remaining online DG.

Results expected:
1. Blackout of SB 690V switchboard. Emergency generator auto starts and connects.

Loss of bow thruster 2 (T2) and stb'd azimuth (T4).
• Connected pumps stop, alarm and auto changeover to power from port

switchboard.

Vessel maintains position with remaining thrusters.

Results found:

1. As expected.

Comments:

Witnessed by: I R. J. Younger 1Date: 11 5th May 2015
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6.1.3 EQUIPMENTSUB-SYSTEM1 - ELECTRICAL

Test: 3 I Simulate SIC on 440V Bus Bars Port and Starboard
EQuipment Configuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSBnov supplied via transformer from port 440VMSB
• NSB230V supplied via transformer from stb'd 440VMSB
• ENSBPSand ENSBSBsupplied from MSBnov.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

For each 440V bus bar section:

1. Trip supply to port section, restore.
2. Trip supply to starboard section, restore.

Results expected:

1. Lossof port azimuth (T3), fwd BT (T1). Lossof consumersfrom port section, SWand
FWpumps auto changeover to stand by pumps supplied from stb'd section.
No lossof position.

2. Lossof stb'd azimuth (T4), aft BT (TZ). Lossof consumersfrom starboard section, SW
and FWpumps auto changeover to standby pumps supplied from port section.
Emergencygenerator auto starts and connects.

No lossof position.

Results found:

1. Asexpected.
2. Asexpected.

Comments:

Witnessed by: I R. J. Younger IDate: I 15th May 2015
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6.1.4 EQUIPMENTSUB-SYSTEM1 - ELECTRICAL

Test: 4 I Simulate Loss of 440V / 230V Transformers T1 and T2
~quip._mentConfiguration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690V SWBDbus tie OPEN.
• 440V SWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSBBOV supplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

Set up with transformer T1 online.
1. Trip the breaker supplying T 1, restore. (PSQ10.10440VMSB).

Set up with transformer T2 online.
2. Trip the breaker supplying T 2, restore. (SBQ1.10440VMSB).

Results expected:

1. Lossof 230Vport section consumers, no lossof DPfunctions.
2. Lossof 230Vstb'd section consumers, no lossof DPfunctions.

Results found:

1. As expected.
2. As expected.

Comments:

Witnessed by: I R. J. Younger J Date: J 15th May 2015
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6.1.5 EQUIPMENTSUB-SYSTEM1 - ELECTRICAL

Test: 5 I Simulate Short Circuit of Individual Main 440V Distributions (PS)
Equipment Configuration:

• In DP2Mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:
1. Fail each main 440Vdistribution (PS)in turn, restore.

DBNo. Description
1. PDP1 - (Q10.9)
2. PDP2 - (Q10.8)
3. WSPDP1 - (Q9.8)
4. Galley DP- (Q9.7)
5. HVACContr. Vent - (Q10.4)
6. HVACContr. AC3 - (Q9.9)
7. GSP1 - (Q8.8 and ESB10Q3)Dual Supply
8. Reefer PDP2 - (Q10.6)
9. HVACCPAC2- (Q10.1 and ESB8Q4) Dual Supply

Results expected:
PDP1 PDP2 WSPDP1 Galley DP HVACContr. Vent

No loss of DPFunction Lossof PS No lossof DP No lossof DP No lossof DPFunction
Propulsion Function Function

HVACContr. AC3 GSP1 Reefer PDP2 HVACCPAC2
No loss of DPFunction Loss of BT1 No lossof DP No lossof DP

Function Function

Results found:
I PDP1 J PDP2 WSPDP1 I Galley DP I HVACContr. Vent I
I As expected I Asexpected Asexpected I Asexpected I Asexpected I

I HVACContr. AC3 I GSP1 I Reefer PDP2 I HVACCPAC2 I
I Asexpected I As expected I Asexpected I As expected I

Comments:

Witnessed by: I R. J. Younger IDate: I 15thMay 2015
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6.1.6 EQUIPMENT SUB-SYSTEM 1 - ELECTRICAL

Test: 6 I Simulate Short Circuit of Individual Main 440V Distributions (SB)
Equipment Configuration:

• In DP2Mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systems active.
Method:
1. Fail each main 440Vdistribution (SB)in turn, restore.

DBNo. Description
1. HVACContr. AC2AMech. Vent - (Q2.10and ESB11Q1) DualSupply
2. HVACContr. AC1 - (Q10.2 and Q2.9) Dual Supply
3. Reefer PDP1 - (Q10.6)
4. PDP4 - (Q1.8)
5. WSPDP2 - (Q2.8)
6. GSP2 - (Q3.8 and ESB10Q4)DualSupply

Results expected:
I I HVACContr. AC2AMech. Vent I HVACContr. AC1 I Reefer PDP1 I
I 1 I No lossof DPfunction I No lossof DPfunction I No lossof DPfunction I

I I PDP4 I WSPDP2 I GSP2 I
I 1 I No lossof DPfunction I No lossof DPfunction I Lossof BT2 I

No lossof DPfunction.

Results found:
I I HVACContr. AC2AMech. Vent I HVACContr. AC1 I Reefer PDP1 I
I 1 I Asexpected I Asexpected I Asexpected I

I I PDP4 I WSPDP2 I GSP2 I
I 1 I Asexpected I Asexpected I As expected I

Comments:

Witnessed by: I R. J. Younger IDate: I is" May2015
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6.1.7 EQUIPMENT SUB-SYSTEM 1 - ELECTRICAL

Test: 7 J Simulate Short Circuit of Individual 230V Distributions (MSB230)
EQuipment Configuration:

• In DP2Mode (consequence analysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB,
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Fail each 230Vdistribution (supplied from MSB230) in turn, restore.

DBNo. Description
1. NLDP3(12Q1)
2. NLDP4(12Q3)
3. NLDP5(12Q5)
4. Galley DP230V (12Q7)
5. WSPDP2(13Q1)

Results expected:
1. No lossof DPfunction.

Results found:
I I NLDP3 I NLDP4 I NLDP5 I Galley DP230V I WSPDP2 I
I 1 I Asexpected I As expected 1 Asexpected 1 Asexpected 1Asexpected I

Comments:

Witnessed by: 1 R. J. Younger 1Date: 115thMay2015
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6.1.8 EQUIPMENT SUB-SYSTEM 1 - ELECTRICAL

Test: 8 I Simulate Short Circuit of Individual 230V Distributions (NSB230)
~uipment Configuration:

• In DP2Mode (consequenceanalysisactive).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Fail each 230Vdistribution (supplied from NSB230) in turn, restore.

DBNo. Description
1. NLDP1(NSB- 12Q1)
2. NLDP2(NSB- 12Q2)
3. WSPDP1(NSB- 12Q5)

Results expected:
1. No lossof DPfunction.

Results found:

I I NLDP1 1 NLDP2 1 WSPDP1 J
I 1 I Asexpected I Asexpected 1 Asexpected J

Comments:

Witnessedby: I R. J. Younger I Date: I 15thMay2015
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6.1.9 EQUIPMENTSUB-SYSTEM1 - ELECTRICAL

Test: 9 I Simulate Short Circuit of Individual 230V Distributions (ENSBPS230)
i;_quipment Conftauratien:

• In DP2 Mode (consequence analysis active).
• All four DG engines running/available.
• DGs 1 and 3 connected to port 690V SWBD.
• DGs2 and 4 connected to stb'd 690V SWBD.
• 690V SWBDbus tie OPEN.
• 440V SWBDbus tie OPEN.
• MSB230V supplied via transformer from port 440V MSB.
• NSB230V supplied via transformer from stb'd 440V MSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1 and DG3 fuel from daily service tank 1, DG2 and DG4 from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergency generator in auto start mode.

All available reference systems active.
Method:

1. Fail each 230V distribution (supplied from ENSB PS 230) in turn, restore.

DB No. Description
1. NDP 1 (ENSB- 31Q1)
2. NDP 3 (ENSB- 31Q2)
3. DP UPS 1 (ENSB- 33Q1)

Results expected:
1. No loss of DP function.

Results found:

I I NDP1 I NDP2 I DPUPS1 J
I 1 I As expected 1 As expected 1 As expected J

Comments:

Witnessed by: I R.J. Younger 1Date: 115th May 201 5
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6.1.10 EQUIPMENTSUB-SYSTEM1 - ELECTRICAL

Test: 10 I Simulate Short Circuit of Individual 230V Distributions (ENSBSB230)
I;guipment Configuration:

• In DP2 Mode (consequence analysis active).
• All four DG engines running/available.
• DGs 1 and 3 connected to port 690V SWBD.
• DGs 2 and 4 connected to stb'd 690V SWBD.
• 690V SWBD bus tie OPEN.
• 440V SWBD bus tie OPEN.
• MSBBOV supplied via transformer from port 440V MSB.
• NSBBOV supplied via transformer from stb'd 440V MSB.
• ENSBPSand ENSBSBsupplied from MSB 230V.
• DG1 and DG3 fuel from daily service tank 1, DG2 and DG4 from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergency generator in auto start mode.

All available reference systems active.
Method:

1. Fail each BOV distribution (ENSBSB230) in turn, restore.

DB No. Description
1. NDP2 (ENSBSB41Q1)
2. NDP4 (ENSBSB41Q2)
3. NDP6 (ENSBSB41Q3)
4. DP UPS2 (ENSBSB43Q2)

Results expected:
1. No loss of DP function.

Results found:

I I NDP2 I NDP4 I NDP6 1 DP UPS 2 I
I 1 I As expected 1 As expected I As expected I As expected I

COmments:

Witnessed by: I R. J. Younger 1Date: 115th May 2015
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6.1.11 EQUIPMENT SUB-SYSTEM 1 - ELECTRICAL

Test: 11 I Simulate Short Circuit of Individual Emergency 440V Distributions
~quipment Configuration:

• In DP2Mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD,
• 690VSWBDbus tie OPEN.
• 440V SWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1, Fail each 440Vdistribution (ESB)in turn, restore.

I DBNo·1 Description II 1. I EPDP1(ESB440V - 10Q8) J

Results expected:
1, Lossof stb'd aft azimuth.

Results found:

I I
EPDP1

I1 Asexpected

Comments:

Witnessed by: I R. J. Younger IDate: I 15thMay 2015
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6.1.12 EQUIPMENT SUB-SYSTEM 1 - ELECTRICAL

Test: 12 I Simulate Short Circuit of Individual Emergency 230V Distributions

i;.Quip-ment Conf.iguration:

• In DP2 Mode (consequence analysis active).
• All four DG engines running/available.
• DGs 1 and 3 connected to port 690V SWBD.
• DGs 2 and 4 connected to stb'd 690V SWBD.
• 690V SWBDbus tie OPEN.
• 440V SWBDbus tie OPEN.
• MSB230V supplied via transformer from port 440V MSB.
• NSB230V supplied via transformer from stb'd 440V MSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1 and DG3 fuel from daily service tank 1, DG2 and DG4 from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergency generator in auto start mode.

All available reference systems active.
Method:

1. Fail each 230V distribution (ENSBSB 230) in turn, restore.

DB No. Description
1. ELDP1 (ESB230V - 11Q6)
2. ELDP2 (ESB230V - 11Q8)
3. ELDP3 (ESB230V - 12Q1)
4. ELDP4 (ESB230V - 12Q3)
5. ELDP5 (ESB230V - 12Q5)

Results exoected:
1. No loss of DP function.

Results found:
I I ELDP1 l ELDP2 I ELDP3 I ELDP4 I ELDPS I
I 1 I As expected I As expected I As expected I As expected I As expected I

Comments:

Witnessed by: I R. J. Younger IDate: I 15th May 2015
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OSVRELUME- DP FMEAProving Trials MMS-MAR-15-0029-RJY-R01 - Part 2

6.1.13 EQUIPMENT SUB-SYSTEM 1 - ELECTRICAL

Test: 13 I Simulate Loss of Supply to Emergency Switchboard
~~uiDment Configuration:

• In DP2Mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSBBOV supplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSBBOV.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systems active.
Method:

1. Fail 230Vsupply to emergency generator start battery charger, restore. (ESB13Q3)
2. Trip the 230Vsupply breaker on the EMswitchboard, restore. (10Q6)
3. Trip the 440Vsupply breaker on the main switchboard.

Results expected:

1. Alarm, 'CHARGERSTARTBATTERYEMGENFAIL'.
2. Lossof ESB230Vconsumers - no lossof DPfunctions.
3. Blackout of ESB. Emergencygenerator auto starts and connects (5 sec.), lossof stb'd

azimuth (T4).

No loss of position.

Results found:
1. As expected.
2. Asexpected.
3. As expected.

Comments:

Witnessed by: I R. J. Younger I Date: t 15th May2015
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OSVRELUME- DP FMEAProving Trials MMS-MAR-15-0029-RJY-R01 - Part 2

6.1.14 EQUIPMENT SUB-SYSTEM 1 - ELECTRICAL

Test: 14 I Simulate Failures of the 24VDC Systems
i;_quipmentConfteuration:

• In DP2mode (consequence analysisactive).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

Method:
For each 24VDCdistribution system in turn:
1. Fail main switchboard supply to MSB124V, restore. (MSB440V PSPDP1Q1)
2. Fail emergency switchboard supply to MSB224V, restore. (ESB440V 14Q4)
For each battery bank in turn MSB124V and MSB224V.
3. Fail main supply and test battery duration for 30 mins, restore
4. Simulate 24VSIC MSB1 by tripping all breakers to consumers, restore.
5. Simulate 24VSIC MSB2 by tripping all breakers to consumers, restore.
Results expected:
1. Alarm, 'BATTERYCHARGER24V WHEELHOUSEFAIL'.
2. Alarm, 'BATTERYCHARGER24V ERFAIL'.

24VDCconsumersauto changeover to battery backup.
3. Battery duration >30mins.
4. MSB1SIC: Lossof port azimuth ACU, loss all port azimuth indicators (ECRand bridge).

Alarm, THRUSTER3 NOT READY', azimuth freezes, speed to zero, thruster rejected
from DP. (Thruster failure condition confirmed by manual sighting at thruster local
indicators. )

5. MSB2SIC: Lossof stb'd azimuth ACU, lossall stb'd azimuth indicators (ECRand bridge).
Alarm, THRUSTER4 NOT READY', azimuth freezes, speed to zero, thruster rejected
from DP. (Thruster failure condition confirmed by manual sighting at thruster local
indicators. )

Results found:
1. Asexpected.
2. Asexpected.
3. Asexpected.

MSB124V
Start Time I 13:45 hours 1 Start Volts 1 25.5 V
End Time I 14:15 hours I End Volts 1 24.69 V

MSB224V
Start Time I 13: 10 hours I Start Volts I 25.5 V
End Time 1 13:40 hours I End Volts 1 24.69 V

4. Asexpected.
5. Asexpected.
Comments:
Note:- Manual changeover to 440V backup supply for battery chargers.

All batteries renewed March 2015.

Witnessed by: I R. J. Younger 1Date: 115th May2015
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6.1.15 EQUIPMENTSUB-SYSTEM1 - POWERMANAGEMENT

Test: 15 I Simulate Loss of Power Supply to PMSand Alarm System
E_qujR_mentConfiguration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD,
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:
For each DG
1. Fail 230Vsupply to Praxis AMeSUPS,restore. (ESB230V - 13Q5)
2. Fail and restore the 24VDesupply to PMS,restore.

(DG3-DP24VQ8, DG1-Q9)( DG4-MSB224VQ8, DG2-Q9)
3, Fail power supply to client computer from UPS,restore.
4. Fail power supply to server computer from UPS,restore.

Results expected:

1. Alarm. 'UPSAIM 230V FAIL'.
Supply to 24VDeUPSconsumersfrom battery backup.

2. No immediate effects.
3. Lossof alarm and monitoring system. Noeffect
4. Lossof monitor. No effects.
Results found:

1. Asexpected.
I I DG1 I DG2 1 DG3 1 DG4 J
12. I As expected I Asexpected I As expected I As expected J

3. Asexpected.
4. Asexpected.
Comments:

Witnessedby: I R. J. Younger 1Date: 115th May2015

Rev. 04 - Page40 of 98
Applicable Regions. Europe

Document No: BMS-AF-R-0015
Template Rev, 01

©Petrofac Facilities ManagementLimited 2015
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6.1.16 EQUIPMENTSUB-SYSTEM1 - POWERMANAGEMENT

Test: 16 I PMSFunctions
l..iguipment Configuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

For each 690V main bus bar (port and stb'd), set-up with one diesel generator running,
the other in 5tBy start mode.

1. Increasethe load on bus bar, i.e. input move on DP, or operate in manual joystick.
2. Test heavy load consumers start inhibits (attempt to start a bow thruster).

Results expected:

1. Standby generator starts and connects. (Set at 50%load start for DP2Operations)
2. Start blocked until 2nd generator starts and connects.

Results found:

BB1 (P5) BB2 (5B)
1. Asexpected Asexpected
2. Asexpected Asexpected

Comments:

Witnessed by: I R. J. Younger 1Date: 11 5th May2015
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6.1.17 EQUIPMENTSUB-SYSTEM1 - POWERMANAGEMENT

Test: 17 I Failure of kW and Bus Tie Signals
~uipment Confisuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

All DGson line.
1. For each DG: Disconnect kW signal cable from DPsystem

(DG1PSIAft Load: WU4U42X12, 3) (DG2PS/Fwd Load: WU4U43X1 2, 3)
(DG3SB/Fwd Load: WU7unX12, 3) (DG4SB/Aft Load: WU7U73X1 2, 3)

2. Disconnect bus tie status signal from DPsystem. (WU4U43X2 1, 3)

Results expected:

1. DPshows loss of generator on mimic, load still appears as calculated value, specific DG
turns RED.Alarm, 'RIO OPENLOOPCABLEBREAK' and '10 INPUTERRORGENERATOR#
POWER'. No change in thruster or generator status.

2. Noalarm given, mimic showsbus tie breaker remains open. PMSscreen showsactual
state of tie breaker.

Results found:

DG1 I DG2 I DG3 I DG4
1. As expected 1 Asexpected I Asexpected J Asexpected
2. As expected

Comments:

Witnessed by: I R. J. Younger I Date: I 15thMay 2015
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6.1.18 EQUIPMENTSUB-SYSTEM1 - POWERMANAGEMENT

Test: 18 I Failure of Field Bus Networks
E_quipmentConfiguration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690V SWBDbus tie OPEN.
• 440V SWBDbus tie OPEN.
• MSB230V supplied via transformer from port 440VMSB.
• NSB230V supplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergency generator in auto start mode.

All available reference systemsactive.
Method:

With all thrusters and generators on line, main server controlling PMS.

1. Fail main field bus network FB3at main I/O server, restore. (terminals 27 and 28)
2. Fail backup field bus network FB3at backup I/O server, restore. (terminals 27 and 28)

Results expected:

1. Alarm for failure of field bus network, communications continue on backup network.
2. Alarm for failure of backup field bus network, communications continue on main

network.

Results found:

1. As expected.
2. As expected.

Comments:

Witnessed by: I R. J. Younger IDate: I 15th May 2015
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OSVRELUME- DP FMEA Proving Trials MMS-MAR-15-0029-RJY-R01 - Part 2

6.1.19 EQUIPMENTSUB-SYSTEM1 - POWERMANAGEMENT

Test: 19 I Failure of DPU1Through 5
Equipment Configuration:

• In DP2 mode (consequence analysis active).
• All four DG engines running/available.
• DGs 1 and 3 connected to port 690V SWBD.
• DGs 2 and 4 connected to stb'd 690V SWBD.
• 690V SWBDbus tie OPEN.
• 440V SWBDbus tie OPEN.
• MSB 230V supplied via transformer from port 440V MSB.
• NSB230V supplied via transformer from stb'd 440V MSB.
• ENSBPSand ENSBSB supplied from MSB230V.
• DG1 and DG3 fuel from daily service tank 1, DG2 and DG4 from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergency generator in auto start mode.

All available reference systems active.
Method:

For each DPU:
1. Simulate failure of DPU1, restore. (F11)
2. Simulate failure of DPU2, restore. (F12)
3. Simulate failure of DPU3, restore. (F13)
4. Simulate failure of DPU4, restore. (F14)
5. Simulate failure of DPU5, restore. (F 23)

Results expected:

1. Alarm (Praxis), 'FIELD BUS 1 NOT PRESENT' DPU 1 in alarm on system Diagnostics page.
2. Alarm (Praxis), 'FIELD BUS 2 NOT PRESENT' DPU 2 in alarm on system Diagnostics page.
3. Alarm (Praxis), 'FIELD BUS 3 NOT PRESENT' DPU 3 in alarm on system Diagnostics page.
4. Alarm (Praxis), 'FIELD BUS 4 NOT PRESENT' DPU4 in alarm on system Diagnostics page.
5. Alarm (Praxis), 'FIELD BUS 5 NOT PRESENT' DPU 5 in alarm on system Diagnostics page.

'MAIN LINK NOT PRESENT'
No effect on DP.

Results found:

1. As expected.
2. As expected.
3. As expected.
4. As expected.
5. As expected.

Comments:

Witnessed by: I R. J. Younger IDate: I 15th May 2015
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6.2 Equipment Sub-System 2 - Power Generation

6.2.1 EQUIPMENT SUB-SYSTEM 2 - POWER GENERATION

Test: 20 I Fuel Oil System - Operation of Quick Closing Valves
I;guipment Configuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB
• NSB230Vsupplied via transformer from stb'd 440VMSB
• ENSBPSand ENSBSBsupplied from MSB230V
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode

All available reference systems active
Method:

1. Operate controls for quick closing valves located at the emergency headquarters,
(representative sample from each zone)

2. Monitor the action of each valve and record result.

Results expected:

1. Valves closesand fuel supply shut off.
2. Quick closing valves close as per test schedule.

Results found:

1. As expected.
2. As expected.

Comments:

All tested 30/0312015,

Rep. Sample: valves 29, 33, 3, 14, 7, 6, 37, 26, 39 and 2 tested 06/05/2015.

Witnessed by: I R. J. Younger IDate: 16th May2015
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6.2.2 EQUIPMENT SUB-SYSTEM 2 - POWER GENERATION

Test: 21 I Fuel Oil System - Operation of ME FO Boost Pumps, Auto Standby Start
I;guipment Confjguration:

• In DP2mode (consequence analysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSBBOV supplied via transformer from port 440VMSB
• NSB230Vsupplied via transformer from stb'd 440VMSB
• ENSBPSand ENSBSBsupplied from MSB230V
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode

All available reference systemsactive
Method:

For each ME:

1. Bleed fuel oil pressure switch, reinstate (ME.1)
2. Bleed fuel oil pressure switch, reinstate (ME.2)
3. Bleed fuel oil pressure switch, reinstate (ME.3)
4. Bleed fuel oil pressure switch, reinstate (ME.4)

Results expected:

1. Alarm, low fuel supply pressure, standby pump starts.
2. Alarm, low fuel supply pressure, standby pump starts.
3. Alarm, low fuel supply pressure, standby pump starts.
4. Alarm, low fuel supply pressure, standby pump starts.

Results found:

1. Asexpected.
2. Asexpected.
3. Asexpected.
4. Asexpected.

Comments:

Witnessed by: I R. J. Younger 1Date: 115th May2015
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6.2.3 EQUIPMENT SUB-SYSTEM 2 - POWER GENERATION

Test: 22 Fuel Oil System - Operation of Service Tank Low Level and Fuel Filter
Differential Pressure Alarms

E_q!JipmentConfiguration:
• In DP2mode (consequence analysisactive).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Simulate low level alarm sensoron port fuel oil service tank.
2. Simulate low level alarm sensoron starboard fuel oil service tank.
3. Simulate high differential pressureacrossfilter DGs1 and 2.
4. Simulate high differential pressureacrossfilter DGs3 and 4.

Results expected:

1. Alarm (Praxis): 'FO DAILYSERVICETANK01 PORTLEVEL15%',
2. Alarm (Praxis): 'FO DAILYSERVICETANK 02 STB'D LEVEL15%',
3. Alarm (Praxis): 'ENG 1 PSFWDFODIFFPRESSHIGH'.

'ENG 2 SBFWDFODIFFPRESSHIGH'.
4. Alarm (Praxis): 'ENG 3 PSAFT FODIFFPRESSHIGH'.

'ENG 4 SBAFT FODIFFPRESSHIGH'.
Results found:

1. As expected
2. Asexpected

DG1 DG2 DG3 DG4
3. As expected Asexpected NA NA
4. N/A N/A Asexpected Asexpected

Comments:

Witnessed by: I R. J. Younger I Date: 16th May2015
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6.2.4 EQUIPMENT SUB-SYSTEM 2 - POWER GENERATION

Test: 23 Lub Oil System - Test Operation of DG Low-Low Lub Oil Pressure Sensors
and Operation of Pre-Lube Oil Pumps

Equipment Configuration:
• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Isolate low-low lube oil sensorand drain.
2. Isolate pre-lube pump and try to start generator engine.

Results expected:

1. Alarm (Praxis), DG#EXTERNALSHUTDOWN', generator trips and shuts down.
2. Generator will not start if pre-tub pump is not functional.

Results found:

DG1 DG2 DG3 DG4
1. As expected Asexpected As expected Asexpected
2. As expected Asexpected As expected Asexpected

Comments:

Witnessed by: I R. J. Younger J Date: 115thMay 2015
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6.2.5 EQUIPMENTSUB-SYSTEM2 - POWERGENERATION

Test: 24 I SWCooling System
Equipment Configuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

For each SWcooling pump in turn:
1. Simulate low SWpressure, restore.
2. Confirm auto start of standby pump,

Isolate standby pump
3. Stop running pump, observe rise in temp.

Results expected:

1. Alarm (Praxis): 'SW LOWPRESSURE'.
2. Alarm (Praxis): 'SWCIRCP/P# PRESSLOW' and 'SWSTBYP/P#STBYSTART'.

Standby pump starts.
3. Alarm of high temperature, FWlow temperature circuit, after five minutes.
Results found:

SWPump 1 SWPump 2
1, Asexpected Asexpected
2. Asexpected Asexpected
3. Asexpected Asexpected

Comments:

Witnessed by: I R. J. Younger IDate: I 15th May 2015

Rev, 04 - Page49 of 98
Applicaote Regions. Europe

Document No' BMS-AF-R0015
Template Rev 01

©Petrofac Facilities Management Limited 2015



OSVRELUME- DP FMEA Proving Trials MMS-MAR-15-0029-RJY-R01 - Part 2

6_2_6 EQUIPMENT SUB-SYSTEM2 - POWER GENERATION

Test: 25 I FW Cooling System
~gujJ~mentConfiguration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN_
• 440V SWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V,
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:
For each circulation pump in turn:
1. Stop FWpump No.1, restore.
2. Stop FWpump No.2, restore.
3. Stop both FWpumps, observe temperature rise, restore.
4. Test FWexpansion tank low level alarm.
5. Test FWexpansion tank low low level alarm.

Results expected:

1. Alarm (Praxis): 'FW CIRCP/P# PRESSLOW' and 'FW STBYP/P#STBYSTART',
Standby pump starts.

2. Alarm (Praxis): 'FW CIRCP/P# PRESSLOW' and 'FW STBYP/P#STBYSTART',
Standby pump starts.

3. Alarm (Praxis): FW low pressure. Gradual increase in temperature on engines and
thrusters.

4. Alarm (Praxis): 'LOWLEVELFW EXPANSIONTANK',
5. Alarm (Praxis): 'LOWLOWLEVELFW EXPANSIONTANK',

Shutdown of converter on high temp not initiated due to it being detrimental to the system.
Results found:

FWPump 1 FWPump 2
1. Asexpected N/A
2. N/A Asexpected
3. As expected
4. As expected
5. Asexpected

Comments:

Witnessed by: I R. J. Younger 1Date: J15th May 2015
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OSVRELUME- DP FMEAProving Trials MMS-MAR-15-0029-RJY-R01 - Part 2

6.2.7 EQUIPMENTSUB-SYSTEM2 - POWERGENERATION

Test: 26 I Simulate Loss of Service Air and Start Air
E_guipmentConfiguration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V,
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed,
• Emergencygenerator in auto start mode.

All available reference systems active.
Method:

1. Isolate service air, bleed pressure, restore,
2. Isolate Start air system PS,bleed pressure, restore.
3. Isolate Start air systemSB,bleed pressure, restore.

Results expected:

1. Alarm (Praxis): 'SERVICEAIR VESSELPRESSURE',no effect on system.
2. Alarm (Praxis): 'PT STARINGAIRVESSELPRESSUREA103', no effect on running

engine.
3. Alarm (Praxis): 'STSTARINGAIRVESSELPRESSUREA104', no effect on running

engine.
Results found:

1. As expected Alarm @ 5.0 bar.
2. As expected Alarm @ 18.0 bar.
3. As expected Alarm @ 18.0 bar.

Comments:

Witnessed by: I R. J. Younger IDate: l " May2015
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6.2.8 EQUIPMENTSUB-SYSTEM2 - POWERGENERATION

Test: 27 1 Diesel Engines, Speed Sensors
E_q!Jlp.rnentConfjg!Jration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

For each DG:
1. Fail one speedsensor, restore and reset.

Results expected:

1. Alarm (Praxis), continues to run on remaining sensor.

Results found:

DG1 DG2 DG3 DG4
Sensor1 Sensor2 Sensor2 Sensor1

Asexpected As expected Asexpected Asexpected

Comments:
Two speedsensorsfitted - both connected to WECS(DCU1and RelayModule).

During this test after failing the sensor the engine must be shut down to clear the alarm.

Witnessed by: I R. J. Younger IDate: I is" May2015

Rev. 04 - Page 52 of 98
Applicable Regions. Europe

Document No: BMS-AF·R-0015
Template Rev 01

©Petrofac Facilities ManagementLimited 2015



OSV RELUME- DP FMEAProving Trials MMS-MAR·15-0029·RJY-R01 . Part 2

6.2.9 EQUIPMENTSUB-SYSTEM2 - POWERGENERATION

Test: 28 I Diesel Engines, Emergency Stops
Equipment Configuration:

• In DP2mode (consequenceanalysisactive).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

For each DG:
1. Operate emergency stop, restore and reset.

Results expected:

1. Alarm, stop of generator engine.

Results found:

I DG1 I DG2 1 DG3 1 DG4 J
I Asexpected I Asexpected I As expected I Asexpected J

Comments:

Witnessed by: I R. J. Younger J Date: 115thMay2015
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6.3 Equipment Sub-System 3 - Thruster

6.3.1 EQUIPMENT SUB-SYSTEM 3 - THRUSTER

Test: 29 I Thruster - Hydraulic Systems
Equipment Configuration:

• In DP2Mode (Consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2_

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.
• All available reference systemsactive.

Method:
For each tunnel thruster:
1. Fail on line hydraulic pitch pump.
2. Fail standby pump.
3. Checkstart inhibits / restore hydraulics and start thruster, restore.
4. Checktunnel thruster header tank low level alarms.
5. Simulate cooling water leakage
For each azimuth thruster
6, Checkazimuth thruster seal tank low level alarms.
Results expected:

1. Alarm, stop of on line pump, automatic start of standby pump.
2. Stop of thruster.
3. Thruster will not start.
4. Alarm (Praxis): 'BT FWD/AFTUNITSEALTANK LEVELLOW'
5. Alarm (Praxis): 'BT FWD/AFTCWLEAKAGESENSOR'
6. Alarm (Praxis): 'AZIMUTHPS/SBGTOIL TANK LEVELLOW'
Results found:

BT1 BT2
1. Asexpected Asexpected
2. Asexpected Asexpected
3. Asexpected Asexpected
4. Asexpected Asexpected
5. Asexpected As expected

AZ P AZ S
6. Asexpected Asexpected

Comments:

Witnessed by: I R. J. Younger IDate: 17th May2015
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6.3.2 EQUIPMENTSUB-SYSTEM3 - THRUSTER

Test: 30 I Thruster Emergency Stops
i;_quiomentConfjguration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD_
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

For each thruster:

1. Activate emergency stop on bridge / restart.

Results expected:

1. Stop and start.

Results found:

BT1 BT2 Main Thr. P5 Main Thr. 5B
1 As expected Asexpected Asexpected As expected

Comments:

Witnessed by: I R. J. Younger IDate: 17th May 2015
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6.3.3 EQUIPMENT SUB-SYSTEM 3 - THRUSTER

Test: 31 I Bow Tunnel Thrusters (BT1) - Pitch Signal Failures
E_quipmentConfiauration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690V SWBDbus tie OPEN.
• 440V SWBDbus tie OPEN.
• MSB230V supplied via transformer from port 440VMSB.
• NSB230V supplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergency generator in auto start mode.

All available reference systemsactive.

Method:
1. Fail pitch command signal from DPto TCe, restore. (WU3U36X34, 5)
2. Fail pitch feedback signal from Tee to DPcomputer, restore. (WU3U36X1 5, 6)
3. Fail pitch command signal from Tee to thruster and restore.

(RRElect Unit- Node 1. X1C-39,40)
4. Fail pitch feedback signal from thruster to Tee and restore.

(RRElect Unit- Node 1. X1C-57, 58)

Results expected:
1. Alarm, 'TUNNELBOW1NOTREADY'. Thruster drops out of DP.
2. Alarm, 'TUNNELBOW1INPUTERRORPITCH', thruster follows command.
3. Alarm, TUNNEL BOW1NOTREADY'. Thruster drops out of DP.
4. Alarm, 'TUNNELBOW1INPUTERRORPITCH', thruster follows command.

Results found:

1. As expected.
2. As expected.
3. Asexpected.
4. Asexpected.

Comments:

Witnessed by: I R. J. Younger I Date: 1 15th May 2015
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6.3.4 EQUIPMENTSUB-SYSTEM3 - THRUSTER

Test: 32 I Bow Tunnel Thrusters (BT2) - Pitch Signal Failures
~quip-ment Confiauration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD_
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN_
• 440V SWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSBBOV supplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSBBOV.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.

Method:
1. Fail pitch command signal from DPto Tee, restore. (WU6U66X34, 5)
2. Fail pitch feedback signal from Tee to DPcomputer, restore. (WU6U66X1 5, 6)
3. Fail pitch command signal from Tee to thruster and restore.

(RRElect Unit- Node 1. X1C-39,40)
4. Fail pitch feedback signal from thruster to Tee and restore.

(RRElect Unit- Node 1. X1e-57, 58)

Results expected:
1. Alarm, TUNNEL BOW2NOTREADY'. Thruster drops out of DP.
2. Alarm, TUNNEL BOW2INPUTERRORPITCH' , thruster follows command.
3. Alarm, TUNNEL BOW2NOTREADY'. Thruster drops out of DP.
4. Alarm, TUNNEL BOW2INPUTERRORPITCH' , thruster follows command.

Results found:

1. As expected.
2. As expected.
3. As expected.
4. As expected.

Comments:

Witnessed by: I R. J. Younger 1Date: 115th May2015
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6.3.5 EQUIPMENTSUB-SYSTEM3 - THRUSTER

Test: 33 IAzimuth Thrusters (PS) - Speed Signal Failures
E_guipmentConfjguration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systems active.
Method:

1. Fail RPMcommand signal from DPto inverter drive, restore. (WU4U41X34, 5)
2. Fail RMPfeedback signal from inverter drive to DPcomputer, restore.(WU4 U41X2 5, 6)

Results exp-ected:

1, Alarm, 'AZIMUTHAFT PORTPREDICTIONERRORRPM' and 'RIO OPENLOOPCABLE
BREAK', RPMto zero.

2. Alarm, 'AZIMUTHAFT P INPUTERRORRPM'& 'RIO OPENLOOPCABLEBREAK'.
thruster follows command.

Results found:

1. As expected.
2. As expected.

Comments:

Witnessed by: I R. J. Younger 1Date: 115th May2015
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6.3.6 EQUIPMENT SUB·SYSTEM 3 . THRUSTER

Test: 34 I Azimuth Thrusters (PS) - Azimuth Signal Failures
EQuipment Configuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSBBOV supplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed,
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Fail azimuth command signal from DPto ACU, restore. (WU4U41X44, 5)
2. Fail azimuth feedback signal (Sin) from ACUto DPcomputer, restore. (WU4U41X22)
3. Fail azimuth feedback signal (Cos)from ACUto DPcomputer, restore. (WU4U41X23)
4. Fail azimuth command signal from ACUto Turning Motor and restore. (ACU·X1E05& E06)
5. Fail azimuth feedback signal from Turning Motor to ACUand restore. (X2330, 331)

Results expected:

1. Alarm, 'AZIMUTHAFT P NOTREADY',drops out of DP,azimuth rotation to zero
position, RPMto zero.

2. Alarm, 'AZIMUTHAFT P INPUTERRORAZIMUTH', thruster follows command.
3. Alarm, 'AZIMUTHAFT P INPUTERRORAZIMUTH', thruster follows command.
4. Alarm, 'AZIMUTHAFT P NOTREADY',drops out of DP, rotation freezes, RPMto zero.
5. Alarm, 'AZIMUTHAFT P INPUTERRORAZIMUTH', thruster follows command.

Results found:
1. Not as expected.
2. Asexpected.
3. Asexpected.
4. Asexpected.
5. Asexpected.

Comments:
See 'B' Recommendation 4.3.1.

Witnessed by: I R. J. Younger I Date: j 15thMay2015
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6.3.7 EQUIPMENTSUB-SYSTEM3 - THRUSTER

Test: 35 I Azimuth Thrusters (SB) - Speed Signal Failures
EQuipment Configuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Fail RPMcommand signal from DPto inverter drive, restore. (WU7U71X34, 5)
2. Fail RMPfeedback signal from inverter drive to DPcomputer, restore.(WU7 U71X2 5, 6)

Results expected:

1. Alarm, 'AZIMUTHAFT STARBOARDPREDICTIONERRORRPM' and 'RIO OPENLOOP
CABLEBREAK', RPMto zero.

2. Alarm, 'AZIMUTHAFT S INPUTERRORRPM'& 'RIO OPENLOOPCABLEBREAK'.Thruster
follows command.

Results found:

1. Asexpected.
2. Asexpected.

Comments:

Witnessed by: I R. J. Younger 1Date: j15th May2015
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6.3.8 EQUIPMENT SUB-SYSTEM 3 - THRUSTER

Test: 36 I Azimuth Thrusters (SB) - Azimuth Signal Failures
EQuipment Confiauration:

• In DP2mode (consequenceanalysisactive).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.

Method:

1. Fail azimuth command signal from DPto ACU, restore. (WU7U71X44, 5)
2. Fail azimuth feedback signal (Sin) from ACUto DPcomputer, restore. (WU7U71X2 2)
3. Fail azimuth feedback signal (Cos)from ACUto DPcomputer, restore. (WU7U71X23)
4. Fail azimuth command signal from turning motor to thruster, restore.(ACU-X1E05& E06)
5. Fail azimuth feedback signal from thruster to turning motor, restore. (X2330, 331)

Results expected:

6. Alarm, 'AZIMUTHAFT SNOTREADY',drops out of DP,Azimuth rotation to zero
position, RPMto zero.

7. Alarm, 'AZIMUTHAFT S INPUTERRORAZIMUTH', thruster follows command.
8. Alarm, 'AZIMUTHAFT S INPUTERRORAZIMUTH', thruster follows command.
9. Alarm, 'AZIMUTHAFT SNOTREADY',drops out of DP, rotation freezes, RPMto zero.
10. Alarm, 'AZIMUTHAFT S INPUTERRORAZIMUTH', thruster follows command.

Results found:
1. Not as expected.
2. Asexpected.
3. Asexpected.
4. Asexpected.
5. Asexpected.

Comments:
See 'B' Recommendation 4.3.2.

Witnessed by: I R. J. Younger 1Date: J15th May2015
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6.4 Equipment Sub-System 4 - DP Control

6.4_1 EQUIPMENTSUB-SYSTEM4 - DPCONTROL

Test: 37 IManoeuvring Changeover
~quiDment Conftsuretion:

• Vessel in manual manoeuvring Fw'd bridge console.
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD_
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN_
• 440VSWBDbus tie OPEN.
• MSB230V supplied via transformer from port 440VMSB.
• NSB230V supplied via transformer from stb'd 440VMSB_
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Take command aft bridge stations PSand SB,make movesand heading changes.
2. Take command on independent joystick (CJoycC1) PSthen SBmake movesand heading

changesat each station. (check correct heads up orientation)
3. Switch the selection switch to DP, take command in manual DP(OS1Fwd).
4. Deselect DPby switching the selection switch to manual fwd bridge console.
5. Transfer command to manual aft bridge console then transfer to manual DPjoystick.

Results expected:

1. Command transferred to aft bridge stations, operation satisfactory.
2. Command transferred to each joystick station in turn, operation satisfactory.
3. Command transferred to DP,operation satisfactory.
4. Command transferred to fwd bridge.
5. Command transferred to aft bridge then manual DPjoystick.

Results found:

1. Asexpected - Performed and witnessed during CAT.
2. Asexpected - Performed and witnessed during CAT.
3. Asexpected - Performed and witnessed during CAT.
4. Asexpected - Performed and witnessed during CAT.
5. Asexpected - Performed and witnessed during CAT.
Comments:

Witnessed by: I R. J. Younger IDate: 17th May2015
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6.4.2 EQUIPMENTSUB-SYSTEM4 - DPCONTROL

Test: 38 I DP Joystick Function Test
E_quipmentConfjguration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230V supplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2,

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Movevessel by operating DPjoystick, introducing auto sway, surge and yaw controls in
turn.

2. Observe transfer of system to auto DPonce third element is selected.

Results expected:

1. Vesselmoves to commands.
2. Auto DPautomatically selected.

Results found:

1. Asexpected - Performed and witnessed during CAT.
2. Asexpected - Performed and witnessed during CAT.

Comments:

Auto DP@ 06:30 hours.

Witnessed by: I R. J. Younger IDate: 17th May 2015

Rev. 04 - Page63 of 98
Appllcaole Regions. europe

Document No: BMS·AF-R·0015
Template Rev 01

©Petrofac Facilities Management Limited 2015



OSVRELUME- DP FMEA Proving Trials MMS-MAR-15-0029-RJY-R01 - Part 2

6.4.3 EQUIPMENTSUB-SYSTEM4 - DP CONTROL

Test: 39 'DP Function Test
i;_quipment Confiauratioru

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440V SWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Test present and marked position functions.
2. From present to marked, stop operation in middle.
3. Test low, medium and high gain setting functions.

Results expected:

1. Normal operation.
2. Vessel stops at present position, overshoot within system parameters.
3. Normal operation.

Results found:

1. As expected - Performed and witnessed during CAT.
2. As expected - Performed and witnessed during CAT.
3. As expected - Performed and witnessed during CAT.

Comments:

Witnessed by: I R. J. Younger I Date: 17th May 2015
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6.4.4 EQUIPMENTSUB-SYSTEM4 - DP CONTROL

Test: 40 I DP Consoles OS1, OS2, OS3 and Network Failures
Equipment Confjguration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSBBOV supplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systems active.
Method:
For each console:
1. Check all pageson screen.
2. Change rangesand speed.
3. Lamp test.
4. Print page.
5. Switch off console power supply, restore (OS1:UPS1F2), (OS2:UPS2F2), (OS3:UPS2F5)
6. Fail network hub A. Restore.
7. Fail network hub B. Restore.
Results expected:

1. Check all pageson screen.
2. Change rangesand speed.
3. Lamp test.
4. Print page.
5. Alarm, lossof console. DPmaintained. DPOto take manual control on second

operating station.
6. Alarm, 'ERRORNETA' no affect on DP, continues on Net B.
7. Alarm, 'ERRORNETB' no affect on DP, continues on Net A.
Results found:

051 OS2 053
1. Asexpected 1. Asexpected 1. Asexpected
2. Asexpected 2. Asexpected 2. Asexpected
3. Asexpected 3. Asexpected 3. Asexpected
4. Asexpected 4. Asexpected 4. Asexpected
5. Asexpected 5. Asexpected 5. Asexpected

6. As expected.
7. As expected.
Comments:

Performed and witnessed during CAT05/05/2015.

Witnessed by: I R. J. Younger I Date: 15th May2015
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6.4_5 EQUIPMENTSUB-SYSTEM4 - DPCONTROL

Test: 41 IMain Computer Failures
Equipment Configuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.

Method:
Select OPC21- A On line:

1. Trip power supply to DPC21 'A' (X11-F1,X81-F1)Dual supply.
2. Observeposition accuracy, restore.

Select OPC21- BOn line
3. Trip power supply to DPC21 'B' (X13-F1,X83-F1)Dual supply.
4. Observeposition accuracy, restore.

5. Fail hub A and Bone by one, restore.
Results expected:
1. Lossof DPC21 'A', automatic changeover to DPC21 'B'.
2. No change in position.
3. Lossof DPC21 'B', automatic changeover to DPC21 'A'.
4. No change in position.
5. Alarm, no affect on station keeping.

Results found:

1. Asexpected - Performed and witnessed during CAT05/05/2015.
2. Asexpected - Performed and witnessed during CAT05/05/2015.
3. Asexpected - Performed and witnessed during CAT05/05/2015.
4. As expected - Performed and witnessed during CAT05/05/2015.

Comments:

Witnessed by: j R. J. Younger J Date: 15th May2015
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6.4.6 EQUIPMENTSUB-SYSTEM4 - DPCONTROL

Test: 42 I Rotation Centre and Offset
I;guipment Configuration:

• In DP2mode (consequence analysisactive).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Rotate through 360° high gain, in 90° increments.
2. Observedifference in reference system positions and overshoot.

Move centre of rotation.
3. Rotate through 90°, medium gain.

Results e~P-ected:

1. Vessel rotates smoothly.
2. Maximumovershoot within set parameters (3°).
3. Vessel rotates smoothly with no deviation from new CoR.

Results found:

1. Asexpected.
2. Asexpected. Start Hdg: 218.5° - overshoot: 90°: +2.9°, 180°: +2.8°, 270°: +0.7°,

360°: +1.0°
3. Asexpected.

Comments:

Performed and witnessed during CAT07/05/2015.

Witnessed by: I R. J. Younger 1Date: 17th May2015
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OSVRELUME- DP FMEAProving Trials MMS-MAR-15-0029-RJY-R01 - Part 2

6.4_7 EQUIPMENTSUB-SYSTEM4 - DPCONTROL

Test: 43 I Box Manoeuvre
I;_gujpmentConfiguration:

• In DP2mode (consequenceanalysisactive).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Perform a 200Mbox manoeuvre.
2. Observedifference in reference system positions and overshoot at each cardinal point.

Results expected:

1. Vesselmovessmoothly to commands.
2. Maximum overshoot within set parameters (3m).

Results found:

1. Asexpected - overshoot: Start Hdg: 23104°
1. 200Mto Ahead and 200Mto SB: -OAm.
2. 200Mto SBand 200MAstern: -0.5m.
3. 200Mto Astern and 200Mto PS:-0.3m.
4. 200MAhead: -OAm.

2. Asexpected.
Comments:

Performed and witnessed during KongsbergHiPAPCalibration Tests 11/0512015.
SeeFMEAPart 1 - Appendix 3.

Witnessed by: I R. J. Younger IDate: 111 th May2015
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6.4.8 EQUIPMENTSUB-SYSTEM4 - DPCONTROL

Test: 44 I Mathematical Model
Equipment Configuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

Method:

1. Deselect all reference systems, allow vessel to drift for 5 minute period.
2. Observevessel movements and measure drift.

Results expected:

1. Alarm, 'NO REFERENCESYSTEMACTIVE'. After 30 seconds'POSITIONDROPOUT
alarm on KPosOS,vessel in model control and station keeping degrades.

2. Vesselmoved off position slowly.

Results found:

1. Asexpected - Performed and witnessed during CAT05/05/2015.
2. Asexpected - Performed and witnessed during CAT05/05/2015.

Start Time: 15:10 hours EndTime: 15:15 hours
Start Position N: 52 10.2644 W: 003 58.2644
EndPosition N: 52 10.2704 W: 003 58.303-
Wind 17.1 m/s 217u
DPResidual Current 1.4 m/s 232u
Heading 224u

Comments:

Drift of 35.19m @ 0.66° measuredon ECDIS.

Witnessed by: I R. J. Younger IDate: 15th May2015
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6.4.9 EQUIPMENT SUB-SYSTEM4 - DP CONTROL

Test: 45 I UPS 1 Failures
Equipment Confjguration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440V SWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230V supplied via transformer from stb'd 440VMSB,
• ENSBPSand ENSBSBsupplied from MSB230V,
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergency generator in auto start mode,

All available reference systemsactive.
Method:

1. Fail 230Vmain supply to UPS1,(ENSBPS33Q1)
2. Test battery endurance for 30 minutes.
3. Trip UPSoutput supplies one by one and restore.

Results expected:

1. Alarms, 'UPS 1 FAILURE', local and on DP,
2. Batteries endurance> 30 minutes.
3. Systemsfail as follows:-

F1 DPC21- A F2 OS1 (Fwd Bridge) F3 Fan BeamSystem
F4 DGPS1-Veripos F5 DPAlarm Printer F6 Gyro 1
F7 LTWMK14BEl. Cab. 1 F8 Radius (1) Outlet F9 Wind 2
F10 Spare F11 Spare F12 Spare

Results found:

1. Asexpected - Performed and witnessed during CAT05/05/2015.
2. Asexpected.

Start Time 08:10 hours EndTime 08:40 hours
Start Volts 110.4 V EndVolts 98.3 V

3. Asexpected - Performed and witnessed during CAT05/05/2015.
Comments:
UPSoutput voltage at start: 230V60Hz
Loadcurrent at start: 4.0A 0.76pf
Battery time remaining at end: Charge level 76%

Runtime 94 mins.

Witnessed by: I R. J. Younger IDate: I 15th May 2015

Rev. 04 - Page70 of 98
Applicable Regions. Europe

Document No. BMS-AF-R-0015
Template Rev 01

©Petrofac Facilities Management Limited 2015



OSV RELUME- DP FMEA Proving Trials MMS-MAR-15-0029-RJY-R01 - Part 2

6.4.10 EQUIPMENTSUB-SYSTEM4 - DP CONTROL

Test: 46 I UPS2 Failures
Eguipment Configuration:

• In DP2 mode (consequence analysis active).
• All four DG engines running/available.
• DGs 1 and 3 connected to port 690V SWBD.
• DGs 2 and 4 connected to stb'd 690V SWBD.
• 690V SWBDbus tie OPEN.
• 440V SWBDbus tie OPEN.
• MSB230V supplied via transformer from port 440V MSB.
• NSB230V supplied via transformer from stb'd 440V MSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1 and DG3 fuel from daily service tank 1, DG2 and DG4 from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergency generator in auto start mode.

All available reference systems active.
Method:

1. Fail 230V main supply to UPS2. (ENSBSB43Q2)
2. Test battery endurance for 30 minutes.
3. Trip UPSoutput supplies one by one and restore.

Results expected:

1. Alarms, 'UPS 2 FAILURE', local and on DP.
2. Batteries endurance> 30 minutes
3. Systems fail as follows:

F1 DPC 21 - B F2 OS2 F3 Hard Copy Printer
F4 MP8200 and HiPAP OS F5 OS 3 F6 HiPAP Transceiver
F7 Gyro 2 (dual supply) F8 Wind 1 F9 MRU 5 No, 21 VRS2
F10 Spare F11 Spare F12 Spare

Results found: _._

1. As expected - Performed and witnessed during CAT 05/0512015.
2. As expected.

Start Time 08:45 hours End Time 09:15 hours
Start Volts 110.6 V End Volts 97.84 V

3. As expected - Performed and witnessed during CAT 05/05/2015.
Comments:
UPSoutput voltage at start: 230V 60Hz
Load current at start: 3.6A 0.86pf
Battery time remaining at end: Charge level 77%

Run time 93 mins.

Witnessed by: I R. J. Younger I Date: I 15th May 2015
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6.5 Equipment Sub-System 5 - Sensors

6.5.1 EQUIPMENT SUB-SYSTEM 5 - SENSORS

Test: 47 I VRS/MRU Fault Simulation
Equipment Configuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systems active.
Method:

Select VRS/MRUNo. 1
1. Fail ready signal to DP, restore (WU3U34X24, 6).

Select VRS/MRUNo. 2
2. Fail ready signal to DP, restore (WU6U64X24, 6).

Results expected:

1. Alarm, 'VRS1 NOTREADY',automatic changeover to MRU2.
2. Alarm, 'VRS2 NOTREADY',automatic changeover to MRU1.

Results found:

1. As expected - Performed and witnessed during CAT05/05/2015.
2. As expected - Performed and witnessed during CAT05/05/2015.

Comments:

Witnessed by: I R. J. Younger 1Date: 15th May2015
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6.5.2 EQUIPMENTSUB-SYSTEM5 - SENSORS

Test: 48 I Gyro Signal Failure
E_QuipmentConfiguration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systems active.
Method:

1. Checkgyro headings.
Select Gyro No. 1
2. Disconnect serial line input to DP, restore. (WU3U32X2 1, 2)
Select Gyro No. 2
3. Disconnect serial line input to DP, restore. (WU6U62X2 1, 2)
Select Gyro No. 3
4. Disconnect serial line input to DP, restore. (WU3U33X1 1, 2)

5. Checkgyro rejection by imputing difference.
Results expected:
1. Gyro headingsagree.
2. Alarm 'GYRO1 NOTREADY'and 'GYRO1 COMMUNICATIONSERROR',gyro rejected

from DPsystem, auto selection of other gyro.
3. Alarm 'GYRO2 NOTREADY'and 'GYRO2 COMMUNICATIONSERROR',gyro rejected

from DPsystem, auto selection of other gyro.
4. Alarm 'GYRO3 NOTREADY'and 'GYRO3 COMMUNICATIONSERROR',gyro rejected

from DPsystem, auto selection of other gyro.
5. Gyro rejected on difference alarm.
Results found:

1. Asexpected - Performed and witnessed during CAT05/05/2015.
2. Asexpected - Performed and witnessed during CAT05/05/2015.
3. Asexpected - Performed and witnessed during CAT05/05/2015.
4. Asexpected - Performed and witnessed during CAT05/05/2015.
5. Asexpected - Performed and witnessed during CAT06/05/2015.
Comments:

Witnessed by: I R. J. Younger I Date: 16th May2015
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6.5.3 EQUIPMENTSUB-SYSTEM5 - SENSORS

Test: 49 I Gyro Power Supply Failures
Equipment Confisuratlon:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSs ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

Select Gyro No. 1
1. Fail main power supply, restore. (UPS1F6)
2. Fail backup power supply, restore. (MSB124VQ6)
Select Gyro No. 2
3. Fail main power supply, restore. (UPS2F7)
4. Fail backup power supply, restore. (MSB124VQ7)
Select Gyro No. 3
5. Fail main power supply, restore. (ENSBSB43Q4)
6. Fail backup power supply, restore. (MSB124VQ24)
Results expected:

1. Alarm, local and fwd bridge console, auto changeover to backup supply.
2. Alarm, stays on main supply.
3. Alarm, local and fwd bridge console, auto changeover to backup supply.
4. Alarm, stays on main supply.
5. Alarm, local and fwd bridge console, auto changeover to backup supply.
6. Alarm, stays on main supply.
Results found:

1. Asexpected.
2. Asexpected.
3. Asexpected.
4. Asexpected.
5. Asexpected.
6. Asexpected.
Comments:

Witnessed by: I R. J. Younger 1Date: 115th May2015
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6.5.4 EQUIPMENTSUB-SYSTEM5 - SENSORS

Test: 50 IWind Sensor Failures
Equipment Configuration:

• In DP2mode (consequence analysisactive).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode,

All available reference systemsactive.
Method:

For each wind sensor
1. Fail serial line input from wind sensor, restore.

(Wind 1: WU3 U32X1 1,2) (Wind 2: WU6 U62X1 1,2)
2. Fail power supply to wind sensor, restore. (Wind 1: UPS2F8 - Wind 2: UPS1F9)

Results expected:

1. Alarm 'WIND 1 NOT READY'and 'WIND 1 COMMUNICATIONSERROR',wind sensor
rejected from DP, other wind sensorselected.

2. Alarm 'WIND2 NOT READY'and 'WIND2 COMMUNICATIONSERROR',wind sensor
rejected from DP, other wind sensorselected.

Results found:

1. Asexpected - Performed and witnessed during CAT05/05/2015.
2. Asexpected - Performed and witnessed during CAT05/05/2015.

Comments:

Witnessed by: I R. J. Younger IDate: 15th May2015
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6.6 Equipment Sub-System 6 - Reference Systems

6_6.1 EQUIPMENT SUB-SYSTEM 6 - REFERENCESYSTEMS

Test: 51 I DGPS1 (Veripos Ultra)
i;_quipmentCcnfisuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230V supplied via transformer from port 440VMSB.
• NSB230V supplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Simulate communication failure by failing input telegram. (WU3U32X3 1,2)
Select DGPS1as only reference system
2. Perform movesAhd, Astern and Athwartships.

20mAstern, 40m Ahead, 20m Astern, 20m Port, 40m Stb'd and 20m Port.
Re-select all available reference systems
3. Simulate DGPSrejection by reducing the number of satellites from six downwards and

wait to seewhen rejection takes place.
4. Fail Power supply to DGPS.(UPS1F4)
Results expected:

1. Alarm, 'GPS110 ERROR'and zero weight. DGPSrejected.
2. GPSis capable of maintaining position as standalone reference system.
3. Alarm, 'GPS110 ERROR'6: 'WARNINGSPEEDGPS1NOTREADYand zero weight. DGPS

rejected. Useof altitude aiding, rejection when four satellites, note number of
satellites available when lost.

4. Alarm, 'GPS1TELEGRAMTIMEOUT and zero weight. DGPSrejected.
Results found:

1. Asexpected.
2. Asexpected - Performed and witnessed during CAT05/05/2015.
3. Asexpected - number of satellites when lost: 4.
4. Asexpected.

Comments:

Witnessed by: I R. J. Younger J Date: I 15th May 2015
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6.6.2 EQUIPMENT SUB-SYSTEM6 - REFERENCESYSTEMS

Test: 52 J DGPS2 (Simrad MX612)
Equipment Configuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230V supplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Simulate communication failure by failing input telegram. (WU6U62X3 1,2)
Select DGPS2as onl~ reference s~stem
2. Perform movesAhd, Astern and Athwartships.

20mAstern, 40m Ahead, 20m Astern, 20m Port, 40m Stb'd and 20m Port.
Re-select all available reference s~stems
3. Simulate DGPSrejection by disconnecting RTCMSignal. (Port 4)
4. Fail power supply to DGPS.(TLDP1Q22)
Results e)SP-.ected:

1. Alarm, 'GPS210 ERROR'and zero weight. DGPSrejected.
2. GPSis capable of maintaining position as standalone reference system.
3. Alarm, 'GPS210 ERROR'6: 'WARNINGSPEEDGPS1NOTREADYand zero weight. DGPS

rejected. Useof altitude aiding, rejection when four satellites, note number of
satellites available when lost.

4. Alarm, 'GPS2TELEGRAMTIMEOUT and zero weight. DGPSrejected.
Results found:

1. Asexpected.
2. Asexpected - Performed and witnessed during CAT05/05/2015.
3. Asexpected.
4. Asexpected.

Comments:

Witnessed by: J R. J. Younger IDate: I 15thMay 2015
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6.6.3 EQUIPMENT SUB-SYSTEM 6 - REFERENCESYSTEMS

Test: 53 I DGPS3 (C-Nav)
i;gIJipment Confisuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN,
• 440V SWBDbus tie OPEN,
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2,

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Simulate communication failure by failing input telegram. (WU3U33X3 1, 2)
Select DGPS3as onl~ reference s~stem
2. Perform movesAhd, Astern and Athwartships.

20m Astern, 40m Ahead, 20m Astern, 20m Port, 40m Stb'd and 20m Port.
Re-select all available reference s~stems
3. Simulate DGPSrejection by reducing the number of satellites from 6 downwards and

wait to seewhen rejection takes place.
4. Fail power supply to DGPS.(Display: MSB124VQ26, (-Nav: MSB124VQ27)
Results expected:

1, Alarm, 'GPS310 ERROR'and zero weight. DGPSrejected.
2. GPSis capable of maintaining position as standalone reference system.
3. Alarm, 'GPS310 ERROR'ft 'WARNINGHIGHVARIANCE'and zero weight. DGPS

rejected. Useof altitude aiding, rejection when four satellites, note number of
satellites available when lost.

4. Alarm, 'GPS3TELEGRAMTIMEOUT and zero weight. DGPSrejected.
Results found:

1. As expected.
2. Asexpected - Performed and witnessed during (AT 07/05/2015.
3. As expected - number of satellites when lost: 3.
4. As expected.

Comments:

Witnessed by: I R. J. Younger IDate: I is" May2015

Rev. 04 - Page78 of 98
Applicable Regions: Europe

Document No: BMS-AF-R-0015
Template Rev. 01

©Petrofac Facilities Management Limited 2015



OSVRELUME- DP FMEA Proving Trials MMS-MAR-15-0029·RJY·R01 - Part 2

6.6.4 EQUIPMENT SUB-SYSTEM6 - REFERENCESYSTEMS

Test: 54 I DGPS1, 2 and 3 Performance
EQuipment Conffauration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systems active.
Method:

1. Rotate vessel through 3600 and check for blind sectors.
2. Carry out standard box manoeuvre. Recordovershoot.

20m Astern, 40m Ahead, 20m Astern, 20m Port, 40m Stb'd and 20m Port.

Results exoected:

1. No sectors where position data is lost.
2. Good position keeping. Overshoot <2m.

Results found:

1. As expected - Performed and witnessed during CAT07/05/2015 - Noblind sectors. All
reference systemsremained within limits and agreed within 1m.

2. As expected - Performed and witnessed during CAT07/0512015 - max. at cardinal
points -0.8 m.

Comments:

Witnessed by: I R. J. Younger IDate: 17thMay2015
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6.6.5 EQUIPMENT SUB-SYSTEM6 - REFERENCESYSTEMS

Test: 55 I HiPAP 501 Testing
EQuipment Configuration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:
1. Test each transponder in turn.
2. Lift one transponder used for DPwithout deselecting.
3. Rotate vessel through 3600 and check for blind sectors. Compare performance with

other systems.
4. Carry out 200m box manoeuvre. Recordovershoot.
5. Fail power to HIPAP500 transceiver unit, restore. (UPS2F6)
Results expected:
1. All transponders work.
2. Transponder rejected when moved.
3. Weighting equally divided with other reference systems.
4. Goodcorrelation, within 3m.
5. HiPAP501 rejected from DP.
Results found:
1. As expected.
2. As expected.
3. As expected.
4. As expected - overshoot: Start Hdg: 231.8°

90°: 1.1°, 180°: 0.8°, 270°: 1.0°, 360°: 0.9°
5. As expected - overshoot: Start Hdg: 23104°

5. 200Mto Ahead and 200Mto SB: -OAm.
6. 200Mto SBand 200MAstern: -0.5m.
7. 200Mto Astern and 200Mto PS: -0.3m.
8. 200MAhead: -OAm.

6. As expected.
Comments:
BeaconM31used.

Witnessed by: 1R. J. Younger I Date: 111 th May2015
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6.6.6 EQUIPMENT SUB-SYSTEM 6 - REFERENCESYSTEMS

Test: 56 I LWTW
EQuipment Configuration:

• In DP2mode (consequence analysisactive).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN,
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossovervalves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
MethQt!:

1. Moveto limits (in board and out board). Check distance agreeswith other systems.
2. Disconnect taut wire input to DP, (voting check) or lift weight from seabed.

(Beam: WU4 U44X1 5, 6) (Alongship: WU4 U44X1 2, 3)
3. Trip power supplies to the LWTW,restore, (UPS2F7)

Results expected:

1. Correct scale of input, alarm 'LTW OUTOF LIMITS'at first limit then 'LTW EXCEEDS
FATAL LIMITS'rejected from DPsystem

2. LWTWrejected by voting
3. Alarm at DP'LTWMOORINGNOTON', LWTWrejected.

Results found:

1. Asexpected.
2. Asexpected - weight lifted from seabed.
3. Asexpected.

Comments:
Water Depth: 522m Wind: 18.1kts @ 256°
N:5754.8345 DPCurrent: 0.3 kts @ 057°
E: 00758.3600 Hdg: 270.0°

LIMITSNOTED:
Inboard: Warning limit 7.7° Fatal limit 8.1° boom angle
Outboard: Warning limit 11.2° Fatal limit 16.3° boom angle
Ahead: Warning limit 11.49° Fatal limit 16.1° boom angle
Astern: Warning limit 11.09° Fatal limit 16.11° boom angle

Witnessed by: I R. J. Younger 1Date: J 10th May2015
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6.6.7 EQUIPMENT SUB-SYSTEM6 - REFERENCESYSTEMS

Test: 57 I Radius 1000
~qulP.ment Configuration:

• In DP2 mode (consequence analysis active).
• All four DG engines running/available.
• DGs 1 and 3 connected to port 690V SWBD.
• DGs 2 and 4 connected to stb'd 690V SWBD.
• 690V SWBDbus tie OPEN.
• 440V SWBDbus tie OPEN.
• MSB230V supplied via transformer from port 440V MSB.
• NSB230V supplied via transformer from stb'd 440V MSB.
• ENSBPSand ENSBSB supplied from MSB230V.
• DG1 and DG3 fuel from daily service tank 1, DG2 and DG4 from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergency generator in auto start mode.

All available reference systems active.
Method:
1. Verify correct function by locking onto a fixed reflector station.
2. Check distances against other references.
Deselect all other reference systems
3. Move vessel in a 40m box pattern with heading changes.

20m Astern, 40m Ahead, 20m Astern, 20m Port, 40m Stb'd and 20m Port.
Reselect all available reference systems
4. Rotate vessel through 360°, identifying blind spots.
5. Fail power supplies to PSUand monitor UPS1 F8.
Results expected:
1. Normal operation.
2. Normal operation.
3. Vessel moves and maintains position within 3m overshoot and heading within 2°.

System can function as a standalone reference system.
4. Blind spots identified.
5. Alarm, rejected by DP.
Results found:
1. As expected.
2. As expected. ",,"" "",

,t> '", .,"'0. "
3. As expected. ,,' ..

# ..
4. As expected. ~ a

5. As expected.
i! •

~j~,
•E

Target set up 1800 astern. ~
2 <!"." 1250

Moved In - Acquired Target: 233 m. ~'
IOI\()'t\

Rotate to Port - Target lost at: 233 0

Rotate to Stb'd - Target lost at: 1250

Comments:

Witnessed by: I R. J. Younger I Date: 17th May 2015
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6.6.8 EQUIPMENT SUB-SYSTEM6 - REFERENCESYSTEMS

Test: 58 I Fanbeam
Equipment Confjguration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440VSWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230V supplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:
1. Verify correct function by locking onto a fixed reflector station.
2. Check distances against other references.
Deselect all other reference systems
3. Movevessel in a 40m box pattern with heading changes.

20m Astern, 40m Ahead, 20mAstern, 20m Port, 40m Stb'd and 20m Port.
Reselect all available reference systems
4. Rotate vessel through 360°, identifying blind spots.
5. Fail power supplies to PSUand monitor UPS1F3.
Results expected:
1. Normal operation.
2. Normal operation.
3. Vesselmoves and maintains position within 3m overshoot and heading within 2°.

Systemcan function as a standalone reference system.
4. Blind spots identified.
5. Alarm, rejected by DP.
Results found:
1. Asexpected.
2. Asexpected. \,)0 ')1>0 }';O 10 ~o

'"3. Asexpected. ". "0
.:: ........'0 '.4. Asexpected. 2820 -# '!. 760

5. Asexpected. r-+---_ ~ 8

-

Target set up 1800 astern.
- ~ 8
- t .-Moved In - Acquired Target: 233 m. ~ ~o ~

Rotate to Port - Target lost at: 282 °
/ o....~ .,'

0" ",'

Rotate to Stb'd - Target lost at: 76°
Of, rio', "ao~06( c t OL\ 0')' \

I

Comments:

Witnessed by: I R. J. Younger IDate: 17thMay2015
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6.7 Equipment Sub-System 7 - Communication Devices

6.7.1 EQUIPMENTSUB-SYSTEM7 - COMMUNICATIONDEVICES

Test: 59 I Communication Devices
E_guipmentConfiguration:

• In DP2mode (consequenceanalysis active).
• All four DGengines running/available.
• DGs1 and 3 connected to port 690VSWBD.
• DGs2 and 4 connected to stb'd 690VSWBD.
• 690VSWBDbus tie OPEN.
• 440V SWBDbus tie OPEN.
• MSB230Vsupplied via transformer from port 440VMSB.
• NSB230Vsupplied via transformer from stb'd 440VMSB.
• ENSBPSand ENSBSBsupplied from MSB230V.
• DG1and DG3fuel from daily service tank 1, DG2and DG4from daily service tank 2.

Fuel crossover valves (supply and return) closed.
• Emergencygenerator in auto start mode.

All available reference systemsactive.
Method:

1. Test all communications system (telephones, intercoms, etc.).
2. Check ergonomics DPconsoles (blind spots, vision, Em-stop positions, etc.).
3. Test DPalerts.

Results expected:

1. All systems operational.
2. Acceptable ergonomics.
3. All systems operational.

Results found:

1. Asexpected.
2. Asexpected.
3. Asexpected.

Comments:

Witnessed by: I R. J. Younger I Date: 17th May 2015
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7.0 APPENDIX1

7.1 Temporary Measure for 'B' Recommendations 4.3.1 and 4.3.2

DPprocedure in place as a temporary measure for 'B'Recommendations4.3.1 and
4.3.2 - Azimuth Thrusters Aft PSand SBCommandSignal Failure.

IMMIL

''Thrustel'' Prediction £rIL"Or"warniug alar 0 DP

1Dui!1D ~ resulI:s.oblamei~ ~::!ID 5AI:urIuE FM£APlvWlg 1mIS­
ac ~fiIliIm! lJlOdl!of1be UiiI!:u2Ib...ti~ bAziaun:h~ lin
bruk.m1llt!d - d2 .>\zim'Jlh faii!icg II) '1!Iuk-.posioIiiaI:t rim" li!f!u...l't:RPM af"i'l1'.

-AZllMUjlH_MTPO :F.'!>nmiPREDICiIDN EU.O Am!U1H'

The ClII1SI!afdtis.1Ilmc i:i,whe!zt ~ Am3oooCllJlil.lldl s.ipW i:i, ~ '.
As !Ild!i.1hesmIll of tile ~ 1riIl1ludJ to i1l!P01J!!lll:iaJ ilIdm::Blf. ~ - I:IIIlmI!I!1
CllOl!2lillrTlb! .teaII:Iuy" ~am:!peIIS~

I!:l!he e!II"e:tt f~ ""PtMia:iamEmlr .!izizamr !be IDPOis jrn".edii!!l!aly coocfi:rm.
selediiac. af!he . -weiuimrlIfI.

is .r,iJa ... DI'O is; lIIiIU
d st:du

Intheue t the $pred ot Ft'dudngto ZH'O.
:EMERGENCY STOP the thr trr - ENSl.lRE THE:
CORRECT THRUSTER IS STOPPED.

J) 'IhDPO - ..- I HMOTet!'ofuyRO\i"'s.lU'aftmdsJ'DinBiIltH
1F1dH

S} Co ZDH' II!~OILtnlWI.D.tr

'l !SoOtily Ih ilmalbiio .tlIiIt 1"t5sel is dlputi:rar; fMS 'Zoae du to IIloss
ofltedudacy
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8.0 APPENDIX2 - CloseOuts

8.1 CloseOut Confirmation Mail

,,-,
TaG
'OC;
Sillllfec.tl!"I~

CS!I~MMIB

"""'*' !IM)IM'cI'F!!dIDllnfl"
091~I'itItEJl;OQ!eQlt~
lS MIIr liltS U:'!i!)::D
fMMJest '" __ "",
I'I!WA'IM'¥ 2!MK15p"

Goodl aftemcon Rid'!ardl,

KcJng:sbE!ll'gand Rolls lIIo'lOOe€lollllpileted 1I'IeA!WCiIib~opoetD mdtify the c<U:3timJdln!;:issues wilih
regaKlls tDt.eSlt34 and 36 yesterday IIIIDminG:.the vessel then sailedf,l!IIrtriBl5 in 1I'Ie'Europort
area.

The fo.lllcwinG:adiilms wer'e talkenlrwTe51tM, A2imUllhThruster ~ 5) - A21imuthS~~al Failures:

1_ Ves:sel'IOSs-et up,as per Equipment Cionflguratiiot:IJdetailed in MllltS--iMAB:-1I!.4-(JClU,-!RI'Ii'­
RmPart2

2_ .Aziimu.ththrusters were set to variable, mode'
1, Due ta the 5!liW;htweather mnditiions at 1I'Ie1IriaIssigJIitthe load on1il'Iea21imuil'hs

thrustel" was ow~thE!fl!ifcIrieatOm, bodiilV Iml!Jli'en1entto,ll!MJI'It w~ in5tiigated to inaease
the 110mon both azimlllthS.

4_ ililhemmmiliJ:ld si~JaUto1l'le;between the O'Pand Port Azimuth AlCU was faiiled as per-the
method cfioated under the test proitl!lloolL

5_ DPAlmn 'Aziimuth iIft:fORT notread,( was l'i!a!iilled
6, lfIelPorlAzimUllht!l'lllU5ter _s dnJm!ed ftom the IiliPSljIStem
7_ lfIelPorl Azimuth Thrusteroratatedto 0" and the RPM drnpped to 01_
8, i1if1ef.oIJowiingalarms were .noted 'on the Pra,lIi!;Slj'stem

a, Master IS1a.ve>Ikidge warning
Itt_ MiliSter ISIDe Briililge.faillure

9_ HalI'd'lilIlpies.of'relle>'imt DPsneens were taken tD5lUiPiJ:l(II't test IJesUits- SII!!!' 'I'l\tmdi!ed~
FMEA Test 34 2.m!515

HI_ ililhemmmJand signal w~ reinstalled, ,after wII'Iichthe I!)IPOtolJik mnbrDl of the AZlimlll'h
into dile :Ji).!i'SIj'stemiIJIldarrowedl the vessellto,stabillise_

ll_ iihe DPOthell"ll seledted f;or'lDE!BiiasfDr Azimulih 1f1iru51ter3,and 4.:andallJc:Jwedthe' ...essel
to' stabillise_

12.Aaions 3 amd'; Welre Rpe;ated ,andthe, resullis noted undB Amons: 5- S.'llndlusiole)
~re,obselVedl

11_Amons 9 iIiJ:Idm 'were diI.enRpeateci and the vessel was ll'eposmcnedl to, cOnliinoe witlh
Test 36_

L Vessell_Bet UP'ilISper Equipm.en,t Oonliguratiiol1idetailedl in MMS-MAIt-l4-(JCl'E,"RI'Ii­
R.01 Part 2

2_ AzilmlUth thruster5 weil'eset to .....riable mode
1_ Due ~o the siliW;htw-eather mnditions at t!I'Iettia1s s~fi,t the load 01[1, tihe'aiZlimufhs

mruster was:Ilow, thE!fl!fure a,tOmI bodily mllJYement to, IJlKlf1 'Wasin5tiigaMd to'inlll'ease
the Uoadlon both azimu.ths.

4. lIihe command ~l:!1'1311to tihe between the I[).!i'and Starboard kim uth A.CU was failed as
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per the method dictated und,e,- tile test protocoL
5. OPAlarm 'Azimuth aft STBOno!: ready' was received
6. The smo Azil'T\Uththruster WiliS.dropped from the OPsystem
7. The STIl-DAzimuth Thruster rotat.ed to 0" alild the RPMdropped to O.
&. The following a arms were noted on the PTaxis system

a Master / SlaveBridge warning
b. Master-/ Sla'JeBridge faiture

9. Hard copies of relevant OP screenswere ra en to support test results - see artoched;'
fMEA Test 35280515

10. The command signal was reinstated. after which the OPO took co trol of tile Azimuth
into the OPsysta-n a d allowed the vesselto stabilise.

11. The OPOtIlen selected FOKeBiasfor Azimuth thruster 3 and 4 and allowed the 'Jessel
to,stab lise.

12 Actions 3 and 4 wer,e repeated and tile results noted nder Actions 5 - 8 r dusive}
were observed

13. Actioo&.9a dllO were then repeated.

Further to tile above tests.dle control sigJlalfai!W-e5were a so simulated when tile '.ressellwas
uooer control of the US,with the fo !ow' g results noted:

L Control signa fai ed between IJSand Thruster AClI
2. IJSAlarm 'AzimlJdl Pon/SttId not'ready' ere; either P«r«Slbd was dispfayed

depellding 011 w idI tlllUStJ?r confIOl signallMls.fai eo
3. The failedlthruster was dropped from tile US
4. The talledJthruster rotated toO"and the RPMdropped to0
5. The Praxisaliarmswere noted to be as per tIlose recordi!d under action 8 of test 34 a d

36
6. Photoswere take 0 the SdiSpiCf to support test restJlts-am be emil ed if reqUIted
7. The command ~I was tIlen reinstated, a I'owmgthe operator to take c001l'0II of the

tnruster and stilbilise the vessel

All test were witnessed by Roll Roylle as.a 3n1!party witI1ess.

Illel1eve ~hat tile results gained should satisfYa I parties wit the Azimllltll thrusters both faj ~
into the fail safe condition Le. Azimuth parked in the 0- position and RPM dropping to O.The
onfV action remai ing 'AlOud be to edit tlile 'Results &peaed' secno otTest 34 and 36 of
docume t MMl5-MAR-14-«1013-ru -ROl- Part 2 to include tIlat me az' uttl thruster returns to
the parked position (0·1and RPM drollS to zero, es at present the expected result are for tine
azimlJth rotatio to freeze.

I await your further 'comments

Best I"egaros

Joh Heale

Master· Relume
MEJIASMil,;ne Services Ltd
Email: relume master®re4ulYle-mmsLcom

Vsat Phone: +44 (O}203 7691458 or +44 (0)203 7691749
Inmarsat Phone: +870 763446215 Inmarsat Fax: +870 7634462n
DutCh Mobi\e: +31 (0)6197047'm
UKMobile: +44 (0)7522657279
Web: www-ifan-maritirne.ont
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8.2 '6' Recommendation4.3.1 - Test 34-Azimuth Thruster (PS) Azimuth Signal
Failures

EQUIPMENT SUB-SYSTEM 3" THRUSTER

Test l4 Azimuth Thrusters (PS) - AzImuth SIgnalFailures
(qulpment r.....tr- "'allen:

• In DP2mode (consequenc~ anatysls,ecnve),
• All four OGenaines IUlnina/avaltabte.
• DGs1 and 1connKt~ to port 690Vsweo.
• DGs2 and -4 connected to stb'd 690VSWSO.
• 69(JV SWBObus tie OPEN.· 4«)V SWBObus ti~ OPEN.
• MS8 2)(YtI supplied via lriInsfortn@r from port 440V hlSB.
• NSB230V supplied via transformer from stb'd 440V MS8.
• ENSBPSand ENSBSBsupplied from MS8nov.
• DG1and DGJ fue( from dally service tanll t, DG2and 1Xi-4 from dally seMce tank 2_

fuel creesover valve$ (SUW!Yand return) dosed.
• Emereency eenerator In auto start mode.

All available reference system~active.
~thod:

t. Fail azlmutl'l command sliMl from Of> to A(U. restore. lNU4 J4 \ ~.T.:.. :]
2. Fail azimuth feedback siBnal (Sin) from ACU to DPcomputer, restore, (WU04U41 xz 2)
1. Fail azimuth feedback signal (Cos) from ACUto Of computer, restore. (WU4 U41 Xl 31
4. FaJlazimuth command $1g.natfrom ACUto Turning Motor and restor~. (MU·Xl E(y')ft E(6)
5. Fail azimuth feedback signal tram Turning Motor to ACU and restore. (X2 )]0, 331)

Results @xpKted:

If Alarm 'AZlMUTH AFT P NOT READY' droos outof CP, rot<U.ionfreezes. RPMto zero""!
2. Alllrm, 'AZIMUTH AFT P INPUT ERRORAZlMUTlf, thruster follows command.
3. Alarm, 'AZlMUTH AFT P INPUT ERRORAZIMUTH", thruster follows command.

"'. Alarm, 'AZIMUTHAFT P NOT READY',drops out of [If), rotation freezes, RPMto zero.
5. Alarm, 'AZtMUTH AfT P IHPUT ERRORAZlMlITli", thruster fot~ command.

lew"' found:
(1. -~' H III: N:1 ~ IUIf:t"f:~ (IlK D' "....UAr£( "1>0·, ~ 1'1:> ZdO
2. As el(pected - tested 15105/2015
1. As expected" tl!Sted 15105/2015
4. As expect~ - tested 15/05/2015
5. As el(pected - tested 15/05/2015

Comments:

.~

Witnessed by: s.c: l'It!U.. Date: 2r flot)' j,~
RELU"!':, ~:s"Au9780110

GIRl; 3626
MRl : 1051 1
~ :.4~ _-
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8.3 'S' Recommendation 4.3.2 - Test 36-Azimuth Thruster (SS) Azimuth Signal
Failures

EQUIPMENT SUB-SYSTEM 3 - THRUSTER

Test ]6 Azimuth Thrus~ (58) - AzImuth Signal Failures
Equipment Configuration:

• In DP2mode (consequence ana\~is active)_· All four 06 engines IU'Inlng/avaUabte,
• 065 1 and 3 coorected to port 69CVSWBO,· 0652 and" cOI1nected to stb'd 690V SWBO,
• 690V SWBObus tie OPEN_
• 44(N SWBObus tie OPEN.
• MSHnov ~pll@(j v11l trMstonner from port 440V MS8.· NS8nov supplied via transformer from stb'd 440V MS8.
• ENSBPSand ENSB58 supplied from MS8230V,
• OGl lind OG3 fuel from daily service tank 1, DGl and DG4 from dally service tank 2.

Fuel cr05SOVet' Yalves (supply and return) closed.· Emel'iency ~tor in auto start mode.
All ayailable reference systems active,

Method:

1. Fail azimutll commMld siena' trom OPto ACU, restore. U ,j, ",. :
2, fall azimuth feedback signal (Sin) from ACU to OPcomputer, restore. (WlJ7 U71 X121
3. Fail azimuth feedback signal (Cos) 'rom ACU to DPcomputet', restore. ('NU7 U71 xz ])
4. Fall azimuth commllf1d sli"llt from Turning Motor to thruster, restore,IACU XI E05 & E(6)
5, Fllil azimuth feecllack signal from thruster to Turn1neMotor. restore. ~1C2no, ]] I)

Re$UI~ expected;

1. ~arm, 'AZIMUTH AFT S NOT READY', dro~~out of OP rotation.f(eeze5. RPMto..z,erQJ
2. Alarm, 'AZ1MUTHAFT S INPUT ERRORAZIMUTH', thruster follows command,
3. Alann. 'AZlMUTH AFT S INPUT ERRORAZIMUTH', thruster follows command.
4. A1ann, 'AZIMUTH AFT S NOT READY', drops out ot OP. rotation freezes, RPMto zero.
5. Alann, 'AZIMUTH AfT S INPUT ERRORAZIMUTH', thruster follows command.

Resutcs found:
~. ~~.:.8i~ Nt.c1lSO ...r liJltJ:I', ~ a.rof Ii'. ~1UO·,~1b~
2. As e?q)eCted - tested 15/05/2015
3. A~expected - tested 1510512015... As expected - te-sted 15/05/2015
5. As expected - tested 15/0512015

Comments:

I

Witnessed by: j~ }%I1iJ. Date: N'""!?AT ..,i)~
~S II l~l!=l~J~~,
H~SSi\1j 9280720

~T: 3616
NRT: tCl57

\ KVi : ~i3!_l

Rev. 04 - Page 94 of 98
Applicable Regions: Europe

Document No: BMS-AF·R-0015
Template Rev. 01

©Petrofac Facilities Management Limited 2015



OSV RELUME - DP FMEA Proving Trials MMS-MAR-15-0029-RJY-R01 - Part 2

r .
og

i
~ i-

n
!!!

~ =:
3

"Il ..
til..

c;

i......
~
0
~
9
0z

~I

I, I

I

I
I
I
I-1
i

Rev. 04 - Page95 of 98

oc- ... ~,l
IJiI ..
I
!
/

/~ /-y~
__ - iJ.

I

10
6

,-=ii='" '"II ,/~
!~ /..., i! if.,) ~

\

+ 1<
\
I

...,
'";." i !J1.•

©Petrofac Facilities ManagementLimited 2015
Applicable Regions. Europe

Document No: BMS-AF·R·Q015
Template Rev. 01



OSV RELUME - DP FMEA Proving Trials MMS-MAR-15-0029-RJY-R01 - Part 2

, I""',
'"
¢ o

------

i Jl
~
<"I ,/--
0 r
;:)

I I ..
~ ,.., L0::> \

- ----rJ I-
\
\
,,

<:'• ~a
-zzs: ,_ .....,_ :>.~...., f ~,.. '" a l!L :...,.

\

~ .. J - \,
s
8 '"

...., t• >.) ....,

1O.s>...•
,~

~ ,.., :z
f
f "

Rev. 04 - Page96 of 98
Applicable Regions: Europe

Document No: BMS·AF-R-0015
Template Rev.01

©Petrofac Facilities Management Limited 2015



OSV RELUME - DP FMEA Proving Trials MMS-MAR-15-0029-RJY-R01 - Part 2

... ..J!.._.-

/' 0
./ tV

tV
I~ I

'l
I'"ii :0 i (/)
l:_ .. ~ ~ I~ '" s 1..
'"t, ji,

1~s ,
II j
'" T

~ ~
1

I~ ~-c f
I

I~ 1:::1 r I

:1 ~ :J
1"tJ ,

ir--
2 .... I,-; «> 0
~ ~ ~ i!u i Os: ~

Lt-!'! ~
0 ~';1'
L..

..J.

I 1_,
b

t!I:l
;I, i!( a

.» :
$' .~ ;(I

-u

~ ~
) tJ)

~ r ..
~t. •

~
J g.

J;:_
•,
'.
,

,.:_
,,_J

.,;
'--_.

-,
fI)

,I - /--
1;, ~/. ¢

'I :::l
I I

, '.

~... A- .
,..1 (g~ ~-,

" GO ·en,
... -a , - .

<t I, (J ·" CL ·\
zl

~,
I

,,.

- --__.,_ ,,

...-'

I

---- -,
" ~ l1 s .i
~ 0

n _,.-'
0 ,- to
:;

~'i
"'8- t (

1 g ,-

1 --, \

! I...,'.,

• 10 l 0

"., -r:s> i(~l :-::±J III ~-, ,

I! IIrr C» ta: ;.._. •! ..z .. I-
). ! 1\rl ~ .. l.. I ,,
0.'
~ C» '" -

!" :...., ~ ci ..

Rev. 04 . Page97 of 98
Applicable ReglOns: Europe

Document No: BMS-AF·R-0015
Template Rev, 01

©Petrofac Facilities Management Limited 2015



OSV RELUME - DP FMEA Proving Trials MMS-MAR-15-0029-RJY-R01 - Part 2

!~
l:!i {l l:I

~II~ .. §
~ ..

.& ~..
;,
i
l:
~.,
'"'l1.
!

Ill( z
:'1! x ..o ___

Ii \)
;j ..

'I i 6,
o~ ~Inar

~I Q

LJ c::>

~

CIl- c;:.._
~I- /-'" .. -~

e ~I~'/¢:!1
tl J -=> I

1: I I :::J
3" Ir 10
'" 1\

0 0

CO iO 9
'f: , '. ¢;: I1. - .!!. ;-....

"

1

1
~.--

L

...,
:

~ ~

•
'= a _,.

I .bo 0>
-!

U ....--4i.

__,,.-....----,--- - ~ -_._.. f ~
GO~ '!.

_/ ,... /' .....

I :-J ~ Ie !3--- "i I
9 I·

\

[ -1 \.........r...._,.. <. - ~

_..--.------
"" ~
JC. ....

~ ,.
lit
g

•

.'.:A-)

f .. A
I I

on "'0l!. t 0
"' (/)
~I

.
'. Q.

%

""CD
, !:

~...
""
¢,
~s
.,.
;;..
0
el
In
~

:.1::1-
sz

........ ,
:J

i lif
I~f·.. ~ .
~ -

Rev. 04 - Page98 of 98 ©Petrofac Facilities Management Limited 2015
ApplicaDle ReglOns. Europe

Document No: BMS-AF-R-0015
Template Rev. 01


