Dynamic

‘ Positioning
“ Committee

Marine Technology Society

DYNAMIC POSITIONING CONFERENCE
October 11-12, 2016

OPERATIONS

Defining Expanded Sectors for DP-Assisted Offloading
Operations in Spread-Moored Platforms

Eduardo Tannuri
Petrobras



A,

PETROBRAS

TANQUE DE PROVAS NUMERICO

Defining Expanded Sectors for DP

Assisted Offloading Operations in
Spread Moored Platforms




1) Introduction
2) Objective
3) Methodology
4) Preliminary Risk Assessment
5) Downtime Analysis

6) Real Time simulations

7) Field Tests

8) Conclusion

Houston, TX, USA| October| 2016 MTS DP Conference 2




a,
{2 .
o Introduction

ploration activities in Brazil —

* FPSO platforms are important players
* 30 units in operation (against 16 semi-submersibles)
* 20 more to be installed until 2020

* Pre-salt fields
* Ultra deep Waters (~ 2,500 m)
* Remote locations (~ 300 km from the coast)
* Harsh environmental conditions

* DP assisted offloading
* DP-1 and DP-2 shuttle tankers
* Special attention due to FPSO fixed heading
* Sudden weather changes may be a threat to safety
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Surface Current
0,36m/s ; 193°

Campos Basin

7,7m/s ; 51°

Local-Sea

_’ Hs = 1,57m
Tp =6.32s
Peak Direction = 73°

Swell

Hs=1,41m

Tp =10.1s

Peak Direction = 141°

Difficulty for keeping position
aligned to the FPSO
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Santos Basin
Pre-salt

Surface Current
0,26m/s ; 235°

Wind
7,7m/s ; 72°
E

Local-Sea
Hs =1,64m

Tp =6.47s

Peak Direction = 96,7°
Swell

Hs=1,5m

Tp=9.8s

S Peak Direction = 141°

Even worse for the new
pre-salt oil fields

MTS DP Conference 5




PETROBRAS

TANQUE DE PROVAS NUMERICO

» Operating sectors
* Green, yellow and red zones to increase safety and avoid collisions

* Some operations are still interrupted affecting offloading uptime Q QUO
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Main objectives

* Evaluate the possibility of extending the operating sector from 60° to 75°~90° (starboard)
* Establish a minucious but sufficient methodolody to evaluate it

* Calculate offloading operations downtime — —
» Evaluate offloading operations risks 50° "o\  raos (owrot) =
M OESD2 (Bow Rot.)
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“Normal” Operation

Shuttle Tanker aligned to the FPSO Operation in the expanded sector

Questions
1) What is the aditional risk?
2) Is the dowtime decreased?
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— B

Preliminary Downtime Fast Time
Risk Static Dynamic
Analysis Analysis Simulations

Real Time
Simulations

Validation in full scale
operations
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Methodology

Frequency categories
Description | Characteristics Extremety B > £
xdoemal Remote | Notlkely | Probable | Frequen

* Qualitative risk assessment B e o gt
* Petrobras norm for industrial risk analysis

* Group of specialists: E {g:%“mxg-}w“ ==
* two DPST Captains R
e four naval engineers e
* two risk analysis consultants i- | e e P
* one TPN-USP specialist - e EEEE |

Preliminary Risk Assessment sheet

Name: Date: Rev.:

Operational Phase:

Causes Safeguards Consequences Freq. Sev. Risk Recommendations Freq. Sev. Risk Scenario
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2> Preliminary Risk Assessment

Conclusions

* The analysis identified that the operational sector must be smaller than 90° to avoid
interference between hull structures and the hawser.
L 5

*Additional risks:
* Risk of engine room flooding - detailed stabilty analysis

* Risk escape manoeuver
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Conclusions

- If a drive-off takes place the tanker could hit the platform’s stern and damage the hull causing
flooding in the engine room. In this case, the FPSO structural integrity could be endangered.

-Stability Software SSTAB was used to simulate damage on the engine room in several units of
the fleet. The analysis showed that this risk is actually very low.
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2> Preliminary Ris

k Assessment ol

Max. Bending

conCIUSiOnS . Engine room flooding simulation - Bending M

-Most part of the simulations showed no need of
concern. In some specific loading conditions and in ,
some specific platforms, though, the maximum bending
moments or shear forces may come close or slightly
exceed the envelope of admissible values.

Min. Bending

- An adequate contingency plan that takes into account
this possibility of engine room flooding and if it provides
procedures of cargo or ballast transfer to avoid
endangering the hull integrity, this risk can be
considered moderate.
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Conclusions

* New proposed sector
* Hatched green sector: under low thrusters demand only

70°
( Y
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% 4 /45
-

45°
~

RISER BOARD

The maximum angle was defined e »..
as 75~80° after the PRA. § ';%

MTS DP Conference
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Premlses
e Shuttle tanker: DP Class 2

278,0
LPP (m) 262,0
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70° 70°

Methodology R
*Static analysis e
* Input: ( ;
* Hindcast data: 17,537 environmental o s
conditions every 3h st— i i
* Hull’s coefficients o T 80
* Thrusters capacities (80% nominal power —
IMCA dynamic margin)
* Operating sector limits
* Acceptance criteria
* OQutput:
* Environmental loads on DPST
* Thrust allocation, if stationkeeping is possible

* Seasonal downtime
Houston, TX, USA| October| 2016 MTS DP Conference 20
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2 : . :
= Downtime Static Analysis  Ez=

Acceptance criteria
* Hs < 3.5m (contractual criterion)

» Wind speed < 40 knots (contractual criterion)

> o &

* Fx<22 kN (equivalent to a wind of 10 knots and waves of 1m Hs) — No stern forces...

* The thrust on the most demanded propeller must be less than 80% (dynamic margin of 20% as
suggested by IMCA, 2000)

*Shuttle’s roll amplitude is less than 6° (to guarantee comfort on board of the ST, according to
Capitains’ experience)

*The criteria 1 to 6 must be valid for the environmental conditions during the 36h operation time
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2> Downtime Static Analysis

Results (increasing green sector from 60° to 75°)

*Increasing the uptime of each individual station is beneficial enough
* if the weather changes during an offloading, the DPST may not need to

disconnect from one station and re-connect to the other

Houston, TX, USA| October| 2016

MTS DP Conference

Uptime - Offloading Station
Basin Bow [%] Stern [%] Both [%]
Original | Extended Original | Extended | Original Extended
Santos 549 65.5 534 66.6 82.7 86.7
Campos 7US 356 442 SUB
+9.8% +11.8% +3.5%
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Real Time Simulations

TPN-USP Simulation Center

Facilities & team
* TPN Offshore real time simulator;
*3-day simulation campaign
12 offloading operations simulated
*Team: Three experienced Captains, four naval engineers and
three TPN specialists
MTS DP Conference 26




Real Time Simulations
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TPN-USP Simulation Center 104
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Real Time Simulations

Caso [Navio Carreg. Aliviador Corrente Vento Mar Swell
1|Stavanger |Lastro (T=9m) W (266°) |0.74n6 |21 ndés [SSE (103°) |SSE (113°) [Tp=7.6s|Hs=3m - - -
2|stavanger [Lastro (T=9m) S(185°) |0.8né 20nds |SE (134°) |SE (133°) Tp=7.6s [Hs=3.3m |- - -
3|Stavanger |Full (T=16m) S(202°) |0.74n6 [15ndés [SSW (206°)|SSW (192°) [Tp=16s |Hs=3m - - -
4|Stavanger |Full (T=16m) S(202°) |0.74n6 [15nés [SSW (206°)|SSW (192°) [Tp=16s |Hs=3m - - -
5|Stavanger |Full (T=16m) SW (241°)|1né 10nds |[S(181°) S (196°) Tp=9s [Hs=1.8m |- - -
6|Stavanger |Full (T=16m) SW (241°)|1né 10ndés |S(181°) |S(196°) Tp=9s [Hs=1.8m |- - -
7|Stavanger |Interm. (T=11m) [S(190°) [1.2n6 20nds |SE (135°) |SE (135°) Tp=10s |[Hs=3.4m |- - -
8|Stavanger |Interm. (T=11m) [S(190°) [1.2n6 20nés |SE (135°) |SE (135°) Tp=10s |[Hs=3.4m |- - -
9|Stavanger |Interm. (T=11m) [S(190°) [1.2n6 20n6s |NE (45°) |NE (45°) Tp=7s |[Hs=1.5m |SE (135°) |Tp=10s|Hs=3m

10[Stavanger [Interm. (T=11m) |W (270°) |1.2n6 20nés |SE(135°) [SE (135°) Tp=10s |[Hs=3.0m |- - -
11[Stavanger [Interm.(T=11m) |W (270°) |1.2n6 20nés |SE(135°) [SE(135°) Tp=10s |[Hs=3.0m |- - -
12|Stavanger |[Full (T=16m) W (270°) [1.5n6 20nés |NE(45°) [NE(45°) Tp=7s |Hs=1.5m [SE (135°) [Tp=10s |Hs=2m

-Different loading conditions
-Approach and connection

-Heading change to reduce DP power
-Drive-off

Houston, TX, USA| October| 2016 MTS DP Conference 28
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Real Time Simulations

FPSO 210° Heading
Campos Basin

C t=1.2knot H H .
__________________ ‘jffe“ 1500 ° Simulation 7 :

-Cold Front condition
-Campos Basin

Wind 20knots
135°
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Phase 1 — DPST aligned with the FPSO
”””” ’ SN
Wind+Wave
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MTS DP Conference
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Real Time Simulations
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~ O~ Wind+Wave

Reduced Roll Angle (~29)

Stavanger: Roll

m WU o vwhuﬂuﬂunum pi M i “u“v”v“uﬁn ’WW” m

00 1200 1400 1600 1800 2000 2200
Tempo (s)
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Reduced DP Thrusters demand

Roll (deg)
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9.0683

9.0682

9.0681

9.0678

9.0676)

9.0675

9.0674

.....'......51.2‘0".. ...... -
Vx  =-02kn
Head.Aliv.= 89 deg
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PETROBRAS

FPSO 210° Heading
Campos Basin

Current=1.2knot
190°

Wind 20knots

MTS DP Conference
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Real Time Simulations
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Phase 3 — DPST in the extended sector

SO Wind+Wave

3
;IJ
Reduced DP Thrusters demand s 2 Arond Dall Anala (1 0)
| ﬂHAW(M s it Wnﬂ Ll Ww Wt ot
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Heading 090 — Phase 2.
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PETROBRAS

FPSO 210° Heading
Campos Basin

Current=1.2knot
. 190°

Wind 20knots
W \135°
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Real Time Simulations

FPSO 190° Heading

Santos Basin | Simulation 7 :
\ | -Cold Front condition
™ / ~ -Santos Basin

Current =0.74knot 266¢

=

Wind = 21knot 103°

\
N\ \

Wave Hs=3m Tp=7.6s 113° "

/

/
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Extended Sector

Tormpa (v
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T T
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PETROBRAS

FPSO 190° Heading
Santos Basin

NV

Current=0.74knot 266¢

—_—

Wind = 21knot 103°

\
P A \

Wave Hs=3m Tp=7.6 s 113°
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Drive-Off Simulations

Escape Maneuver — Thrusters and Propeller+rudder must be used to guarantee a
safe distance with the FPSO
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Drive-Off Simulations
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.1 kn
Head.Aliv.= 103 deg:
e e DP Consum,(%).= 21.%._|

35808

MTS DP Conference
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Drive-Off Simulations

/

Thrusters + Propeller/Rudder Only Propeller/Rudder
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It is recommended to keep
the bow of the DPST away
from the FPSO

bloqueada pelo FPSO
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Preliminary Conclusions

* Drive-off escape manoeuvers - successful
* Thrusters power demand - lower for extended sector Thrusters power demand

By S
T

e N T e D e i

Time (min)

Drive-off simulation
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Fiels Tests

Base distance Heading W il ""'b"'.--"l?...‘,., ]
109.8 0886 ' LZffuia” B o0
e L «  <The new offloading sector was programmed in
. the DP software of a real shuttle tanker.
] st )
ol . sWeather conditions were mild but it was possible
Y _~ to verify the automatic transition to bow-rotation,
e .. thatoccurred just fine. It was possible to notice

% s, .+ e " thatthrusters’ demand decreased, as expected.

*The updated DP console software will be adopted
for the actual and new tankers.

*Recent feedback from Kongsberg and DPST

Captains show that the new sectors and operation

SR s modes are being well accepted.
rﬁﬁ : .“;'.:.
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Conclusions
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ethodology

* Meticulous but enough to give confidence for field testing

Operating sector

* Initial proposal of 90° is discarded by now

* Sector may be extended to 75°

e Uptime gain —annual average
* Santos Basin: 10.6% (bow) ; 13,2% (stern) (more than 37days/year)
* Campos Basin: 9.1% (bow) ; 8.6% (stern) (more than 31days/year)
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Eduardo A. Tannuri
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ploration activities in Brazil —

* FPSO platforms are important players
* 30 units in operation (against 16 semi-submersibles)
* 20 more to be installed until 2020

* Pre-salt fields
* Ultra deep Waters (~ 2,500 m)
* Remote locations (~ 300 km from the coast)
* Harsh environmental conditions

* DP assisted offloading
* DP-1 and DP-2 shuttle tankers
* Special attention due to FPSO fixed heading
* Sudden weather changes may be a threat to safety
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Introductlon
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Surface Current
0,36m/s ; 193°

Campos Basin

7,7m/s ; 51°

Local-Sea

_’ Hs = 1,57m
Tp =6.32s
Peak Direction = 73°

Swell

Hs=1,41m

Tp =10.1s

Peak Direction = 141°

Difficulty for keeping position
aligned to the FPSO
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Santos Basin
Pre-salt

Surface Current
0,26m/s ; 235°

Wind
7,7m/s ; 72°
E

Local-Sea
Hs =1,64m

Tp =6.47s

Peak Direction = 96,7°
Swell

Hs=1,5m

Tp=9.8s

S Peak Direction = 141°

Even worse for the new
pre-salt oil fields
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» Operating sectors
* Green, yellow and red zones to increase safety and avoid collisions

* Some operations are still interrupted affecting offloading uptime Q QUO
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Main objectives

* Evaluate the possibility of extending the operating sector from 60° to 75°~90° (starboard)
* Establish a minucious but sufficient methodolody to evaluate it

* Calculate offloading operations downtime — —
» Evaluate offloading operations risks 50° "o\  raos (owrot) =
M OESD2 (Bow Rot.)
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“Normal” Operation

Shuttle Tanker aligned to the FPSO Operation in the expanded sector

Questions
1) What is the aditional risk?
2) Is the dowtime decreased?
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— B

Preliminary Downtime Fast Time
Risk Static Dynamic
Analysis Analysis Simulations

Real Time
Simulations

Validation in full scale
operations
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> Preliminary Risk Assessment i

TANQUE DE PROVAS NUMERICO

Methodology

Frequency categories
Description | Characteristics Extremety B > £
xdoemal Remote | Notlkely | Probable | Frequen

* Qualitative risk assessment B e o gt
* Petrobras norm for industrial risk analysis

* Group of specialists: E {g:%“mxg-}w“ ==
* two DPST Captains R
e four naval engineers e
* two risk analysis consultants i- | e e P
* one TPN-USP specialist - e EEEE |

Preliminary Risk Assessment sheet

Name: Date: Rev.:

Operational Phase:

Causes Safeguards Consequences Freq. Sev. Risk Recommendations Freq. Sev. Risk Scenario

Houston, TX, USA| October| 2016 MTS DP Conference 13
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2> Preliminary Risk Assessment

Conclusions

* The analysis identified that the operational sector must be smaller than 90° to avoid
interference between hull structures and the hawser.
L 5

*Additional risks:
* Risk of engine room flooding - detailed stabilty analysis

* Risk escape manoeuver

Houston, TX, USA| October| 2016 MTS DP Conference 14
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.2 Preliminary Risk Assessment

TANQUE DE PROVAS NUMERICO

Conclusions

- If a drive-off takes place the tanker could hit the platform’s stern and damage the hull causing
flooding in the engine room. In this case, the FPSO structural integrity could be endangered.

-Stability Software SSTAB was used to simulate damage on the engine room in several units of
the fleet. The analysis showed that this risk is actually very low.
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2> Preliminary Ris

k Assessment ol

Max. Bending

conCIUSiOnS . Engine room flooding simulation - Bending M

-Most part of the simulations showed no need of
concern. In some specific loading conditions and in ,
some specific platforms, though, the maximum bending
moments or shear forces may come close or slightly
exceed the envelope of admissible values.

Min. Bending

- An adequate contingency plan that takes into account
this possibility of engine room flooding and if it provides
procedures of cargo or ballast transfer to avoid
endangering the hull integrity, this risk can be
considered moderate.

Houston, TX, USA| October| 2016 MTS DP Conference 16




PETROBRAS

<> Preliminary Ris

TANQUE DE PROVAS NUMERICO

Conclusions

* New proposed sector
* Hatched green sector: under low thrusters demand only

70°
( Y
I y
7 -
% 4 /45
-

45°
~

RISER BOARD

The maximum angle was defined e »..
as 75~80° after the PRA. § ';%

MTS DP Conference

Houston, TX, USA| October| 2016

17



Introduction
2) Objective
3) Methodology _
4) Preliminary Risk Assessment
5) Downtime Analysis

6) Real Time simulations

7) Field Tests

8) Conclusion

Houston, TX, USA| October| 2016 MTS DP Conference 18




<> Downtlme Static Analysis

TANQUE DE PROVAS NUMERICO

Premlses
e Shuttle tanker: DP Class 2

278,0
LPP (m) 262,0

46,0

15,85 8,0

DI EE G ER GV A 170.000 80.000

[ | l I
| : _

|
|
18800kW | Suezmax DP 6600kW +Main Propeller | 2200kW
'1930kW ! | ! |
al | | | |
4 3 [IzzoOkw 2200kW [I
2
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<> Downtime reroeas

TANQUE DE PROVAS NUMERICO

70° 70°

Methodology R
*Static analysis e
* Input: ( ;
* Hindcast data: 17,537 environmental o s
conditions every 3h st— i i
* Hull’s coefficients o T 80
* Thrusters capacities (80% nominal power —
IMCA dynamic margin)
* Operating sector limits
* Acceptance criteria
* OQutput:
* Environmental loads on DPST
* Thrust allocation, if stationkeeping is possible

* Seasonal downtime
Houston, TX, USA| October| 2016 MTS DP Conference 20
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2 : . :
= Downtime Static Analysis  Ez=

Acceptance criteria
* Hs < 3.5m (contractual criterion)

» Wind speed < 40 knots (contractual criterion)

> o &

* Fx<22 kN (equivalent to a wind of 10 knots and waves of 1m Hs) — No stern forces...

* The thrust on the most demanded propeller must be less than 80% (dynamic margin of 20% as
suggested by IMCA, 2000)

*Shuttle’s roll amplitude is less than 6° (to guarantee comfort on board of the ST, according to
Capitains’ experience)

*The criteria 1 to 6 must be valid for the environmental conditions during the 36h operation time

Houston, TX, USA| October| 2016 MTS DP Conference 21



TANQUE DE PROVAS NUMERICO

2> Downtime Static Analysis

Results (increasing green sector from 60° to 75°)

*Increasing the uptime of each individual station is beneficial enough
* if the weather changes during an offloading, the DPST may not need to

disconnect from one station and re-connect to the other

Houston, TX, USA| October| 2016

MTS DP Conference

Uptime - Offloading Station
Basin Bow [%] Stern [%] Both [%]
Original | Extended Original | Extended | Original Extended
Santos 549 65.5 534 66.6 82.7 86.7
Campos 7US 356 442 SUB
+9.8% +11.8% +3.5%
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= Downtime Static Analysis  EzZ
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Real Time Simulations

TPN-USP Simulation Center

Facilities & team
* TPN Offshore real time simulator;
*3-day simulation campaign
12 offloading operations simulated
*Team: Three experienced Captains, four naval engineers and
three TPN specialists
MTS DP Conference 26




Real Time Simulations

TANQUE DE PROVAS NUMERICO

TPN-USP Simulation Center 104

el EEE = " 354 157~
< 07070 ; N : 043156070 - ; 0w et )
SET - 0.2 i @ || B N | —
07 = ¥ 88 ; 071 T
| 0.8wW m - Current ;mm
VARGAELE e pa .,I;_P ;.'._:",,_.- w _._.---'-""' = --";. ol T::g | - ;'::’
: S DARPS (Virtual)
| e 923 445 “‘| 5 o ]I*
:-’--_j..:. ; 33— s : . ?:___
’-V . . Mﬂ: - PRt W;:- -\::ﬁ;ﬂ.l'i tl::w- = & == (T '-- .
Kongsberg K-POS DP System = =

Technical Chart (Virtual)
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Real Time Simulations

Caso [Navio Carreg. Aliviador Corrente Vento Mar Swell
1|Stavanger |Lastro (T=9m) W (266°) |0.74n6 |21 ndés [SSE (103°) |SSE (113°) [Tp=7.6s|Hs=3m - - -
2|stavanger [Lastro (T=9m) S(185°) |0.8né 20nds |SE (134°) |SE (133°) Tp=7.6s [Hs=3.3m |- - -
3|Stavanger |Full (T=16m) S(202°) |0.74n6 [15ndés [SSW (206°)|SSW (192°) [Tp=16s |Hs=3m - - -
4|Stavanger |Full (T=16m) S(202°) |0.74n6 [15nés [SSW (206°)|SSW (192°) [Tp=16s |Hs=3m - - -
5|Stavanger |Full (T=16m) SW (241°)|1né 10nds |[S(181°) S (196°) Tp=9s [Hs=1.8m |- - -
6|Stavanger |Full (T=16m) SW (241°)|1né 10ndés |S(181°) |S(196°) Tp=9s [Hs=1.8m |- - -
7|Stavanger |Interm. (T=11m) [S(190°) [1.2n6 20nds |SE (135°) |SE (135°) Tp=10s |[Hs=3.4m |- - -
8|Stavanger |Interm. (T=11m) [S(190°) [1.2n6 20nés |SE (135°) |SE (135°) Tp=10s |[Hs=3.4m |- - -
9|Stavanger |Interm. (T=11m) [S(190°) [1.2n6 20n6s |NE (45°) |NE (45°) Tp=7s |[Hs=1.5m |SE (135°) |Tp=10s|Hs=3m

10[Stavanger [Interm. (T=11m) |W (270°) |1.2n6 20nés |SE(135°) [SE (135°) Tp=10s |[Hs=3.0m |- - -
11[Stavanger [Interm.(T=11m) |W (270°) |1.2n6 20nés |SE(135°) [SE(135°) Tp=10s |[Hs=3.0m |- - -
12|Stavanger |[Full (T=16m) W (270°) [1.5n6 20nés |NE(45°) [NE(45°) Tp=7s |Hs=1.5m [SE (135°) [Tp=10s |Hs=2m

-Different loading conditions
-Approach and connection

-Heading change to reduce DP power
-Drive-off

Houston, TX, USA| October| 2016 MTS DP Conference 28
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Real Time Simulations

FPSO 210° Heading
Campos Basin

C t=1.2knot H H .
__________________ ‘jffe“ 1500 ° Simulation 7 :

-Cold Front condition
-Campos Basin

Wind 20knots
135°
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Real Time Simulations

TANQUE DE PROVAS NUMERICO

Phase 1 — DPST aligned with the FPSO
”””” ’ SN
Wind+Wave

Targo ey
- -
T

High DP Thrusters demand - v | @rge Roll Angle (~89)
;;»jm/\/\(/ﬁ\/\%ﬂ/\/\llﬂlannm ANAAAAA
2 [VVVVILY \\V/\UHUI\U/UUW COVEIVUVVVYL

B .

MTS DP Conference
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Real Time Simulations

BRI - - i b o s i S S o S W e S S e e e 6 B A S S i S S S e S e S o S e s e ea e o .-.g.,.a_
Vx  =0.0kn :
Head Aliv.= 38 deg :
L | A STt SURTURSRSRRURURRUUNSPRRRRRNRRY SN SR OP Consum,(%).= 8:%. _|
9.0681
FPSO 210° Heading
Campos Basin Current=1.2knot
L e e T L L E 00 T 190°
L T T
L~ ] Wind 20knots
ve \ \135°
Hs=3,4m
B i chnntessmasumn ot an sitnm s stmabtn snins s smiitn st s mtnmustniinsoittmmn iR s st e Sk AT 2 A AR AN AR RSN A8 o 00 - Tp=10s
135°
BRI — -+ < R B e S i i i S Sy S S om0 S S e 5 —
90675 ; b e e e
o SEETRTONETENS (SRSt A A S s B S e P A o e i 2 A S 8 b A A S S —
9.0673 L ! L L
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PETROBRAS

™ .
~ O~ Wind+Wave

Reduced Roll Angle (~29)

Stavanger: Roll

m WU o vwhuﬂuﬂunum pi M i “u“v”v“uﬁn ’WW” m

00 1200 1400 1600 1800 2000 2200
Tempo (s)
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Reduced DP Thrusters demand

Roll (deg)

=R iN o
N o N




9.0683

9.0682

9.0681

9.0678

9.0676)

9.0675

9.0674

.....'......51.2‘0".. ...... -
Vx  =-02kn
Head.Aliv.= 89 deg

Houston, TX, USA| October| 2016

PETROBRAS

FPSO 210° Heading
Campos Basin

Current=1.2knot
190°

Wind 20knots

MTS DP Conference
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Real Time Simulations

TANQUE DE PROVAS NUMERICO

Phase 3 — DPST in the extended sector

SO Wind+Wave

3
;IJ
Reduced DP Thrusters demand s 2 Arond Dall Anala (1 0)
| ﬂHAW(M s it Wnﬂ Ll Ww Wt ot
0
- ¥ [ ! T
-12000 1200 1400 Terli;ooo(s) 1800 2000 2200
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PETROBRAS

90683 ---=29808--
Vx =03 kn ;
Head.Aliv.= 98 deg !

9.0682 ; A | BN OP Consum.(%).=.23.%_

9.0681

L R e e S e e = —
FPSO 210° Heading
Campos Basin

Current=1.2knot
190°

9.0679

....................................................................................................................... —

8.88ton

Wind 20knots

9 0676~~~

R S R N S

© : s
g
3
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Heading 090 — Phase 2.
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PETROBRAS

FPSO 210° Heading
Campos Basin

Current=1.2knot
. 190°

Wind 20knots
W \135°
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Real Time Simulations

FPSO 190° Heading

Santos Basin | Simulation 7 :
\ | -Cold Front condition
™ / ~ -Santos Basin

Current =0.74knot 266¢

=

Wind = 21knot 103°

\
N\ \

Wave Hs=3m Tp=7.6s 113° "

/

/
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Extended Sector

Tormpa (v
L] ] L]
T T
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9.0683

9.0682

9.0681

9.068

8.0679

9.0678

9.0677

9.0676

9.0675

9.0674

,,,,,,,,,,,,,, ‘,‘,A,..-,u’,A,A,,,,,A,a,.,,7
Vx =0.0kn i
Head.Aliv.= 156 deg !
DP Consum, (%)= 17 %._
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PETROBRAS

FPSO 190° Heading
Santos Basin

NV

Current=0.74knot 266¢

—_—

Wind = 21knot 103°

\
P A \

Wave Hs=3m Tp=7.6 s 113°
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Drive-Off Simulations

Escape Maneuver — Thrusters and Propeller+rudder must be used to guarantee a
safe distance with the FPSO

Houston, TX, USA| October| 2016 MTS DP Conference 40




Drive-Off Simulations

Houston, TX, USA| October| 2016

.1 kn
Head.Aliv.= 103 deg:
e e DP Consum,(%).= 21.%._|

35808

MTS DP Conference
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Drive-Off Simulations

/

Thrusters + Propeller/Rudder Only Propeller/Rudder
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PETROBRAS

It is recommended to keep
the bow of the DPST away
from the FPSO

bloqueada pelo FPSO



S
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TANQUE DE PROVAS NUMERICO

Preliminary Conclusions

* Drive-off escape manoeuvers - successful
* Thrusters power demand - lower for extended sector Thrusters power demand

By S
T

e N T e D e i

Time (min)

Drive-off simulation
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Fiels Tests

Base distance Heading W il ""'b"'.--"l?...‘,., ]
109.8 0886 ' LZffuia” B o0
e L «  <The new offloading sector was programmed in
. the DP software of a real shuttle tanker.
] st )
ol . sWeather conditions were mild but it was possible
Y _~ to verify the automatic transition to bow-rotation,
e .. thatoccurred just fine. It was possible to notice

% s, .+ e " thatthrusters’ demand decreased, as expected.

*The updated DP console software will be adopted
for the actual and new tankers.

*Recent feedback from Kongsberg and DPST

Captains show that the new sectors and operation

SR s modes are being well accepted.
rﬁﬁ : .“;'.:.
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Conclusions

TANQUE DE PROVAS NUMERICO

ethodology

* Meticulous but enough to give confidence for field testing

Operating sector

* Initial proposal of 90° is discarded by now

* Sector may be extended to 75°

e Uptime gain —annual average
* Santos Basin: 10.6% (bow) ; 13,2% (stern) (more than 37days/year)
* Campos Basin: 9.1% (bow) ; 8.6% (stern) (more than 31days/year)
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TANQUE DE PROVAS NUMERICO

duat@usp.br

Eduardo A. Tannuri
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