Underwater Circular Curve Implementation
for Offshore Pipe-line Installation

Case Study: South.Rars.Phase 12 Pipeline Snake-lay
Operation (5378)
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What is Offshore Pipe-Laying?

A three minutes

6/3/2011 Kito Enterprises

FIG Working Week 2011
Bridging the Gap between Cultures
Marrakech, Morocco, 18-22 May 2011



What Surveyors do in this
industry?

Pre-Engineering Survey
Pre-Lay Survey
Positioning services on Lay-barge during lay

Post Survey N - ,f,

As-Built Survey . e L o=
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Pipe-line Routes

Routes are designed based
on:
*Topography of the
seabed
*Seabed Hazards and
debris :
*Seabed layers and SOM™" [| 3
characteristics =
*Type of materials which i
is going to be transferred||&
by pipeline
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Definitions

LINE-UP STATION

MUDLINE
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What Surveyors Provide on Lay
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Curve Implementation
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NELGREL

e High temperature
material transfer

— It may buckle the
pipe longitudinally
due to expansion

— Wet buckle may
happen during the
commissioning

Radius

e

Qutline of Snaked Pipelay
Configuration to approx.

Offset from Route Centreline (m)

1 2
Distance Along Route Centreline (km)
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Online Curve Radius Monitoring

e |Least Square
e Tangent offset

Pipeline target

Array
ROV Touchdown 1 —— \\‘\ Wellhead
” S ] 0 ~ ]
— — — = == 412_‘-“
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Least Square Method

Feasibility Study

R= X2+ Y2~ f

The observation equation and solution is
as below:

AX =L+V
X = (ATA)ATL
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Least Square Method

Comparison of two survey

Comparison of two sets of as-built survey with least square method
ROV fixes - First Try ROV fixes - Second Try [ Least Squar Result - First Try | [ LeastsguarResult-secondTry |
Easting Northing Bias Easting Northing
638860.95 295105429 | -0.19 638860.95 2951054.29 Center of Radius Center of Radius
Curve Curve
638858.81 2951046.17 -0.99 638859.81 2951046.17 0.00 E [ 636728 (1192_913) E | e37s122 (3553521)
638858.89 2951036.25 | 0.08 638858.89 295103625 | -0.08 N | 2ssues N | 2ssu2e
638857.30 295102533 | o1 638857.30 295102533 | oa1
638854.95 295101642 | 0.99 638855.95 29510642 | 0.00 Deviation Deviation
638854.83 295100661 | 0.29 63885483 295100661 | 0.29 Center Radius Center Radius
638852.15 295099663 | 0.10 638855.15 295099663 | 016 €| 3020: - E | siawe oS
638851.92 2950986.73 | 0.42 638852.92 295098673 | 141 N | -ssases : N | es.aem -
638049.88 2950975.95 | 0.10 636849.88 295097495 | o021
638808.17 2950366.08_ | 0.07 63884.17 2950967.08 | 095
638847.58 295095702 | 113 638848.58 295095812 | 201
638844.17 295094731 | 047 638843.17 295094731 | 146
638842.62 295093738 | 0.07 638842.62 295093738 | 0.07
638800.92 2950827.56_| 0.12 638340.92 295092756 | 02
638838.48 295091758 | 030 638838.48 295091758 | -0.30
638836.67 2950507.93 | 0.08 638336.67 295090793 | -0.04
638834.41 2950898.00 | -0.14 63883441 295085800 | 04
638832.60 2950888.27 | 0.29 638832.60 295088627 | 051
638829.98 2950878.47 | -0.10 638829.98 295087847 | 010
638827.58 2950868.68 | -0.16 638827.58 295086868 | -0.16
638027.55 2950867.50 | 0.03 638827.55 295086790 | 0.03
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Tangent Offset

Circular Curve Layout by Tangent Offset

(TD) and tangent offset (TO) can be calculated as below:
TD=ccosé

TO=csind

Where § angle (D/2 in figure) or deflection angle can be caleulated by:

&=
2R

And chord (¢) formula is:

€= 2Rsind
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Tangent Offset

Circular Curve Stationing and Staking

Staking in the underwater operation is
not going to be a real wooden or metal
stakes which are stubbed on the sea
bottom.

The virtual staking will be done in
online survey software and the
positioning of the stakes will be fixed
by “Go Go” method using DGPS and
USBL.
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Tangent Offset

Implementation in Operational mode

by KPs and the related parameters will be
calculated

in pre-designed stakes as the laying is going
on.

ROV fixes (Easting and Northing) will be entered into the related
and the real tangent offset and biases will be
calculated

on line via radio signals to the pipe-
layer barge for DP operators’ action.

The next additional will be done based on the
survey data to either port side or starboard side.

The will be calculated as it is being
expanded by more pulls based on tangent offsets. It helps to control
the curve to stay in the corridor and given tolerances.
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Tangent Offset

Results

Curve No. Radius Centre

1243.031 637623.594 E, 2951172.399 N

1308.170 639482.536 E, 2948034.657 N

1549.602 636289.238 E, 2946671455 N
1312.937 639179.627 E,2943153.238 N
1474933 633015.246 E, 2944443 838 N
1284.163 633217.092 E, 2941276.737 N
1385.203 633111.248 E, 2940141265 N

Gloa|lu|sa|ww]|~
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Conclusion

e LS method Does work for the curves which
has implemented in order to find the radius of
the curve —

e TO is the best.gption to monitor the radius of
curve during implementation of curve

e Once the pipeline was laid on the pre-
designed route an As-Built survey could be
done and the radius can be calculated by LS
method
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Thanks for your attention.

—

Any Question?
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