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INTRODUCTION

« Offloading is the solution for export oll
from FPSOs

« Shortage of conventional ships tankers
« Option to use ATB for offloading

« Comparison between the dynamic
behavior of an ATB and a ship In
offloading
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ABOUT ATB

* Developed in the 70’s for rivers and
lakes transport

 Unmanned barge connected by pins
to a tug
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METHODOLOGY

Time domain multi-body simulations (Dynasim)
3 hours run

Tandem tug in shuttle represented by 0O, 10tf, 20tf

It were observed:

— Force on hawser — maximum allowed: 100tf
— Position of shuttle in the green zone
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FPSO MAIN CHARACTERISTICS

SUEZMAX hull FPSO

Traditional production plant
Turret moored — 3x3 arrangement
Loaded and Ballast

Current and Wind coefficients from OCIMF and API 25K

Wave forces from diffraction analysis from WAMIT

150m Nylon Hawser I

with 6180 MBL || —Ah—
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ATB/SHIP MAIN CHARACTERISTICS

 ATB: Considered as 1 rigid body

 SHIP: PANAMAX hull

e Current and wind coefficients from OCIMF
 Wave forces from diffraction analysis from WAMIT
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ATB/SHIP MAIN CHARACTERISTICS

SHIP CHARACTERISTICS

FULL DRAFT \ LIGHT DRAFT
I _

JLoa (m) 185,9
|Lbp (M) 170,86
[Bwi (m) 27,43
[H m) 17.00
ITotaI Cargo Capacity (bbls) C_291.972,00 D>
T (M) 12,40 6,00
) 48.653,00 22.118,27
ATB CHARACTERISTICS
FULL DRAFT \ LIGHT DRAFT
JLoa (m) 207,94
[Lbp (m) 203,83
[BwI (m) 32,16
H (m) 16,15
|Cargo Capacity (bbls) C_330.000,00 D
T (M) 10,67 6,20
t) 55.140,79 32.617,81
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ENVIRONMENTAL CONDITIONS

« Based on the offloading requirements of PETROBRAS
and 10y winter storm for GoM




TEST PLAN

« 3 different tug forces x 2 loadings conditions x 2 shuttles

TESTS PLAN
FPSO SHUTTLE | Env. Cond.
BATERY LOADING LOADING Number External Force (ton) ATB Test# | SHIP Test #

1 0 1.1 1.4
FULL (100%)| BALLAST 2 0 1.2 1.5
1 — No propeller or 3 0 1.3 1.6
external force 1 0 1.7 1.10
B'?E‘Q)ST LOADED 2 0 1.8 1.11
3 0 1.9 1.12
1 10 2.1 2.4
FULL (100%)| BALLAST 2 10 2.2 2.5
2 — 10t of external 3 10 2.3 2.6
force 1 10 2.7 2.10
BALLAST LOADED 2 10 2.8 2.11

(47%)
3 10 2.9 2.12
1 20 3.1 3.4
FULL (100%)| BALLAST 2 20 3.2 3.5
3 — 20t of external 3 20 3.3 3.6
force 1 20 3.7 3.10
el RS LOADED 2 20 3.8 3.11

(47%)
3 20 3.9 312




RESULTS

 The yellow zone was not achieved

RESULTS SUMMARY ~——~
Force ratio
Test# Fmax hawser (tf) Fm/ean hawser (% I (max/mean)
ATB SHIP ATB SHIP ATB SHIP ATB SHIP
1.1 1.4 34,6 33,8 16,7 16,8 2,1 2,0
1.2 15 63,6 62,5 15,1 21,2 4,2 3,0
1.3 1.6 51,0 63,9 16,5 22,6 \ 31 2,8
1.7 110 L 26— 22,8 22,2 \ 18 1,6
1.8 1.11C ] 49,8 80,9 _ 12,6 15,4 3,9 5,2
1.9 1.12 44,7 55,5 11,6 14,2 3,8 3,9
2.1 2.4 47,7 50,8 26,6 26,8 1,8 1,9
2.2 2.5 77,1 71,5 22,3 25,1 3,5 2,8
2.3 2.6 65,1 82,7 22,6 25,5 2,9 3,2
2.7 210 _p—s8——3-1 | 310 30,9 1,7 1,5
2.8 211 ] 712 87,6 | 22,4 25,1 3,2 3,5
2.9 2.12 60,0 65,3 21,5 24,2 | 2,8 2,7
3.1 3.4 58,3 598 \| 367 36,8 | 16 1,6
3.2 3.5 79,0 97,1 32,0 34,8 | 25 2,8
3.3 3.6 84,9 86,9 32,0 35,4 2,7 2,5
3.7 3.10 64,8 56,0 40,0 40,2 1,6 1,4
3.8 3.11 84,5 87,7 |\ 324 35,2 2,6 2,5
3.9 3.12 73,3 780 | \315 351 /0 23 2,2

N\ /



RESULTS

Tug force = 10tf High waves Tug force = 10tf High waves
Loaded ATB Ballasted FPSO Loaded SHIP Ballasted FPSO



RESULTS

Tug force = 10tf High current Tug force = 10tf High current
Loaded ATB Ballasted FPSO Loaded SHIP Ballasted FPSO



CONCLUSIONS

« Some differences/similarities between the vessels shall be
highlighted:

The ATB length is higher due to the presence of the tug,
comparing only the barge and the ship, similar values are found,;

The beam of the ATB is a little higher, but the draft in full condition
Is smaller;

The SHIP superstructure is always exposed to the wind. In the
ATB, the superstructure is in the tug, and the barge acts like a
shield, reducing the area exposed, especially in the ballast dratft.
Thus, the wind force in the ATB is a little slower than the SHIP;

For both vessels, the same mathematical models were applied in
the calculation of wave, wind and current forces, and the drag
coefficients were assumed from VLCC vessels (OCIMF). Thus,
this may induce similar results that can be changed if each vessel
specific coefficient were applied



CONCLUSIONS

e Both vessels had acceptable results in ke_eﬂing the
ﬁosmon of the shuttle in the green zone with adequate
awser forces:

 The mean hawser forces were very similar for both
vessels;

* In some conditions, the maximum hawser force presented
significant differences between both vessels, beln%
sometimes higher the ATB, sometimes the SHIP. As the
analyses were carried out in a dynamic simulator, the hull
differences and the random characteristics may have
iInduced different peaks in the motions, inducing the
different forces.



