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• Downtime Estimation

Comparison DP x non-DP 
offloading

Analysis of 
Environmental 

Conditions

Generation of a 
set of conditions

Simulation 
(Time Domain)

Verification of 
safety criteria

Downtime

Uptime

Cu rre nt (m/s)

méd io N NE E S E S S W W NW TOTA L TOT AL ac um. (%)

0 0. 1 0 .0 5 1 9 2 3 2 9 36 47 41 17 14 226 2 .7 1%

0 .1 0. 2 0 .1 5 2 1 1 9 4 0 88 1 23 70 40 24 425 7 .8 1%

0 .2 0. 3 0 .2 5 6 7 2 1 7 0 1 04 2 40 1 41 39 12 694 16 .1 3%

0 .3 0. 4 0 .3 5 1 2 1 8 7 8 1 21 4 17 2 10 41 17 914 27 .1 0%

0 .4 0. 5 0 .4 5 1 4 2 9 9 9 1 28 7 74 2 41 22 12 131 9 42 .9 2%

0 .5 0. 6 0 .5 5 1 3 3 6 9 7 1 22 9 55 2 46 27 9 150 5 60 .9 7%

0 .6 0. 7 0 .6 5 2 8 3 9 5 8 1 02 8 55 2 51 25 8 136 6 77 .3 5%

0 .7 0. 8 0 .7 5 3 4 8 4 5 76 5 19 1 57 19 5 872 87 .8 1%

0 .8 0. 9 0 .8 5 8 3 3 1 3 64 2 58 59 20 12 467 93 .4 1%

0 .9 1 0 .9 5 0 1 1 1 72 1 37 12 24 14 271 96 .6 7%

1 1. 1 1 .0 5 0 5 0 26 1 30 2 6 3 172 98 .7 3%

1 .1 1. 2 1 .1 5 0 0 0 8 67 0 0 0 75 99 .6 3%

1 .2 1. 3 1 .2 5 0 0 0 2 22 0 0 0 24 99 .9 2%

1 .3 1. 4 1 .3 5 0 0 0 2 2 0 0 0 4 99 .9 6%

1 .4 1. 5 1 .4 5 0 0 0 0 3 0 0 0 3 100 .0 0%

1 .5 1. 6 1 .5 5 0 0 0 0 0 0 0 0 0 100 .0 0%
1 .6 1. 7 1 .6 5 0 0 0 0 0 0 0 0 0 100 .0 0%

1 .7 1. 8 1 .7 5 0 0 0 0 0 0 0 0 0 100 .0 0%

1 .8 1. 9 1 .8 5 0 0 0 0 0 0 0 0 0 100 .0 0%

1 .9 2 1 .9 5 0 0 0 0 0 0 0 0 0 100 .0 0%

TOT AL 18 5 28 2 53 0 9 51 45 49 14 30 280 130 833 7

méd io m/ s 0 .3 6 0 .5 4 0 .4 4 0. 52 0. 58 0. 50 0. 47 0. 46 0. 54

% to ta l 2 .2 % 3. 4% 6. 4% 1 1. 4% 54. 6% 17. 2% 3. 4% 1 .6 % 100 .0 % val or médi o

% >0. 7m/ s 0 .1 % 1. 2% 0. 7% 3. 0% 13. 6% 2. 8% 0. 8% 0 .4 % 22 .6 % 0. 45

% <0. 7m/ s 2 .1 % 2. 2% 5. 6% 8. 4% 40. 9% 14. 4% 2. 5% 1 .2 % 77 .4 % 0. 86

f aix a

U< 0, 7m/ s

U>0 ,7 m/s



• Downtime Estimation

Comparison DP x non-DP 
offloading

FPSO DPST Non-DPST

Downtime 

%

Downtime 

days/year

Downtime % Downtim

e 

days/year

Turret 1.8 to 2.4 7 to 9 2.4 to 3.0 9 to 11

Spread 

Moored

4.4 to 12.1 16 to 44 18.5 to 26.3 67 to 95



– Introduction

– Petrobras Operational Guideline

– Full Scale Measurements

–Comparison DP x non-DP offloading

–Model Scale Tests

–Hydro/Aerodynamic Interaction 
FPSO/ST

–Conclusions

–Acknowledgments

Topics



Model Scale Tests

• DPBR – National capacitation for DP 
tests
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Interaction

Offloading of SMS FPSO: Situations when shuttle is kept close 
to the borders of operational zone are not uncommon. 

In this situations, significant wake 

effects may influence the 

environmental forces on the shuttle

•Offloading Operations: Safety criterion demands operation performed by 
shuttle tankers assisted by Dynamic Positioning (DP) system.

DP design must take such effect into 

account



–Current

Interaction
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Heuristic Model

DP calculation

30º

Not considering current wake effect may result up 

to 5,3% of DP power under-estimation !!!



–Wave
Shadow effect computed by potential WAMIT 

Interaction
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–Wind

Interaction

CFD model (FPSO only)
Experimental or 
CFD Validation

Heuristic Model 
(still working)

DP calculation
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