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Continued table
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Table 2 Evaluation of calibration results of site LBL array
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Table 4 Comparison of underwater jumper metrology technique

P20 0 H 7B AEAE — Pl el 2 Fh 4R U R AR e
LT RHEAR . IPRBEARYBR SR T —RIIHE,
A4 T BT RS B KR IR AT M AR g
i 475

AR T HC A ) 5 R LBL 75 27 ) 3 17 PR3
AR 7K R K AR, o X6 0 2 315 R DA B 4 40 8 44
ANBHUER X R 0 DX K 5T BT SRS R e R R
IRz v oA I R W R RO B TR, T
HEAT Z2 1 B T O 359 iy L AS 81 s ] R0 P 25 398 i
FEAG, AT DAZE SO/ N N A BREE S . WA, LBL JEB5 ]
DATISE R L BB e 55 22 S I R 4R RN IS 25 4 L O T
LS i 5L, 6 Ah, SR LBL 7 2% I & R ik
HUAF G B T REE 28 FH T R 45 4 4 2 3¢ L A
WM AN 5 B2 I AT B A B0 P 35 B S N B sl B DT
A AR ML B TR F R

BT FREGEA I, LBL A 2 I 5 3 fh =% 1
AR K Z 80 L ERERER L B R
ERAEM BN FHE ZHER . YR METHES
R/ H AN LR, B0 &  INS.SLAM f#EOotEHE
SRS AR AL B P K O R T Z A i AR
M2 AR BB . K B A Ik 45 R A S AR
W4,

i 77 12 e ]
Metrology methods Advantages Disadvantages
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LBL acoustic
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Diver taut wire

Digital taut wire
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1. Widely used and easy to understand;2. Not limited by
water depth;3. Results available in a timely manner;4.
Good redundancy; 5. Can perform multiple metrologies
from one deployment;6. ‘ Line of sight’” not necessary;
7. Positioning can be relative or absolute;8. Flexible;9.
Survey contractors have great experience in LBL acous-
tic;10. Equipment and personnel widely available
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1. Fast deployment time;2. Swift data processing;3. Di-
rect measurement;4. Few equipment required
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1. Fast deployment time; 2. Applicable in deep water u-
sing ROV ; 3. Swift data processing; 4. Direct measure-
ment
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1. Much time and equipment necessary and thorough
knowledge of speed of sound in water required; 2. Sub-
ject to subsea noise;3. Require access to hub or dimen-
sionally controlled observation point (OP)
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1. Require ‘line of sight”;2. Little or no redundancy;

3. Applicable only in relatively shallow water; 4. Read-
ings depend on the observational abilities of divers;

5. Only provides relative measurement of range and
bearing; 6. Require access to hub or dimensionally con-
trolled OP;7. One metrology at a time
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1. Require ‘line of sight”;2. Little or no redundancy;

3. Relative measurement only;4. Require access to hub
or dimensionally controlled OP;5. One metrology at a
time
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Photogrammetry
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Inertial Navigation
System (INS)
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Simultaneous Localisati-
on and Mapping
(SLAM)
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Laser scanning
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1. Multiple metrologies from one measurement; 2. Lots
of information; 3. Positioning can be relative or abso-
lute;4. Do not require access to hub
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1. Fast deployment and survey time; 2. Easy metrology
calculation as hub or observation point co-ordinates are
resolved directly by the INS; 3. Positioning can be rela-
tive or absolute;4. Not equipment intensive

1. PR R I A D 2, B BB A R SR A
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1. Fast deployment and survey time;2. Existing INS e-
quipment may be mobilised onto the ROV
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1. Fast deployment and survey time;2. Does not require
access to hub; 3. Much additional information on other
seabed assets can be gathered at the same time
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1. Measurement is indirect and depends on computer
processing; 2. Requires significant post-processing time;
3. Equipment and computer intensive; 4. Control points
require prior installation and dimensional control;5. Re-
quirement for good visibility; 6. Specialist personnel re-
quired
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1. Subject to cumulative error over time-INS drift;

2. Thorough data QA/QC not always possible due to
"black box" nature of INS (raw data may not be availa-
ble) ; 3. Accuracy degrades with spool length; 4. Tech-
nology is controlled and export license is required;

5. Measurement is indirect and depends on computer
processing; 6. Require access to hub or dimensionally
controlled OP

1. Bl A B3 20 F R 2 3 sl 75 2k 0
LINTS

1. Specialist personnel required for processing; 2. Tech-
nology is controlled and export license is required
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1. Specialist personnel required;2. Requirement for good
visibility ;3. Limited range of underwater laser;4. Meas-
urement error increases with spool length; 5. Requires
significant post-processing time; 6. Hub angles may be
difficult to measure directly without additional scanning
locations
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Deep - water Jumper Installation Measurement Based on Long
Baseline Acoustic Positioning System

LI Xuecheng'?*,DU Mengdi** ,ZHANG Jianxing”"®,LUAN Zhendong®*"’

(1. China Offshore Fugro Geosolutions (Shenzhen) Co. , Ltd. , Shenzhen, Guangdong, 518067, China; 2. Guangdong Offshore Oil
and Gas Facility Inspection Engineering Technology Research Center,Shenzhen, Guangdong,518067,China;3. Key Laboratory of
Marine Geology and Environment, Institute of Oceanology.CAS, Institute of Oceanology,Chinese Academy of Sciences.Qingdao,
Shandong, 266071, China;4. University of Chinese Academy of Sciences,Beijing,100049,China;5. Center for Ocean Mega-Science,
Chinese Academy of Sciences,Qingdao.Shandong,266071,China)

Abstract : In order to solve the installation problem of deep-water jumper,it is necessary to accurately measure
the relative relationship between hubs of different submarine facilities. In this study, taking Lingshui deep-
water oil and gas field development project in South China Sea as an example, the accuracy of deep-water
jumper metrology based Long Baseline (LLBL) finally meets the requirements of engineering construction by
optimizing the operation process,taking precision control measures,and overcoming the technical difficulties
in the measurement process. The research shows that the LBL acoustic measurement technology is conven-
ient and effective,and the quality is controllable in the process of deep-water jumper connection operation.
The successful application of this technology has certain reference significance for the construction,operation
and maintenance of deep-water oil and gas fields.

Key words:long baseline acoustic positioning system;array;jumper; measurement;deep-water; ROV
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