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Towards safer and more efficient acoustic DP reference systems
7 pillars of DP applied to an acoustic PME
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INS — enables efficiency savings

1 second or
faster update to
the DP
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Loose coupling:

« The INS is inserted between the GNSS or acoustic positioning system and the DP control system in order to reduce
noise, increase update rate and bridge brief gaps in positioning. The performance depends on the GNSS or
acoustic system’s ability to compute both a position and reliable quality metrics for use in weighting by the INS and
is influenced by the quality of the GNSS or Acoustic positions.

Tight coupling

« Tight coupling is a term used to describe systems where the INS has full access to the raw GNSS or acoustic
observations and the associated low level quality metrics in their native format and with effectively perfect timing.
The solutions provided by use of tight coupling is less influenced by degradation of GNSSs or Acoustics as it is not
dependent on a standalone position.



Ranger 2: Reducing the operational cost of acoustic reference systems
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“tightly coupled” integration is key

Lodestar Acoustically Aided INS - ARINS Dynamic
Positioning
IMU: AINS: Aided INS System

Inertial Measurement Unit
INS: Inertial Navigation System
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Fault Resistance of tight coupling SORRE IR BERTE
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Integrity Monitoring SOUND IN DEPTH

« Conservative error estimates to ensure Integrity

* Internal integrity monitoring due to independent
heading, pitch, roll measurements

0.202 0.395 . . .
* Sensor bias estimates checked against

0.714 £ 0385

159.559 + 0.118 thresholds in real time

* Integrity warnings can be passed to DP system
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What is integrity?

Integrity — how Integrity — Is the
healthy is the measurement as

sensor system good as it says it
providing the is?
position.

System Unavailable

System Unavailable

Alarm Limit

Integrity - can it be o
relied upon to DP Information
off (would you
allow your son or
daughter to dive
with it as a PRS)

Hazardously
Misleading
Information

Integrity -
the state of being
whole, entire, or

undiminished

Misleading
Information

Estimated Error

Actual Error Alarm Limit
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INS — enables efficiency savings

= .l.Naleousﬂ?Hoaa 210,

>
C
—t
o
>
o
=
<

JuUapuadapul
R UEYE NG
uo11e39433S
9JueJa|o] 3jne4
90UPe1SISaY }|ned
ysnoJy3 sapiy 3 ned




Towards safer and more efficient acoustic DP reference systems Sonardyne

Low maintenance seabed transponders
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798

M 6s update rate

M 12s update rate
with DP-INS

YearlLife

il INIWAOTYI 0 y5a aag

Standard Maxi Mega
Battery Type

ROV can carry more Up to 2 years

continuous

transponders (Mega is 50%
operational use

lighter as float and clump
weight not needed)
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Accurate and Calibration free

* Any vessel with a Sonardyne INS
also has an integrated gyro and
MRU

‘ * Also available as a standalone
) (D) _ sensor 0.1 - 0.4° secant latitude
= e heading accuracy

RS4B5 |

;‘" ] S e | | * Available for use in place of or
: y backing up DP Gyro’s and MRUs

* More precise than vessel sensors

* Remote heave can replace some
of the numerous remote heave
requirements where redundancy
allows.
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Accurate and Calibration free

1. Logged AHRS data e-mailed
to Sonardyne support

2. Sensor biases calculated

3. New calibration parameters
sent back to vessel and Sonardyne

applied by ships crew Remote Support
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Cable-free monitoring SOUND IN DEPTH

A highly accurate,
way to measure the
differential angle
of a marine riser,
BOP assembly and
vessel’s relative

position

5 ST,
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Cable-free monitoring SOUND IN DEPTH

 Provided as standard in Marksman software 1 41 ° 3260°

Differential Angle ' Course to Steer

* Monitoring and display of the relative attitude of the
riser and BOP during drilling operations

* Requires a pair of Inclinometer transponders attached
to Riser and BOP

» Data collection by pulse position or wideband
telemetry, typically slow up date ie 15-30min

« Recommends course to steer to reduce differential
angle

 Warnings and alarms are raised when thresholds are
crossed.

Time since update BQOP : 3s
Riser : 36s

* Simple to set-up calibrate and operate

Configure...
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Extend the life or risers

* Real-time displays of riser profile
oLy

e Inclination, current speed and direction and : - : _ R R
temperature

e Measurement taken either on demand or
automatically at predefined intervals

» Data displayed in topside software

*  Supports third party sensor options such as
strain gauges and accelerometers

« New “SMART” versions can measure vortex
induced vibration

OCEANEERING

Images courtesy of GE Research and RPSEA
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GE Research Riser Lifecycle Monitoring System

(Tg
* Reduce inspection and maintenance costs by moving
towards predictive maintenance
* Increase operating windows in marginal environmental <
conditions
» Easy to retrofit (no cables) with no impact on riser »
@]
deployment time or reliability % .
w
* ROV mountable instruments
» Can be integrated with DP or segregated depending on o
operational requirements
N/
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in the Gulf Mexico
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Detailed survey operations

e High accuracy survey work can be supported by the USBL
system already installed on a vessel.

e Seabed transponders can be shared between vessel and
ROV (operation at the same time in a multi-user mode if
possible)

* Surveyors can have independent work stations with
systems configured independently of the DP.

* Inthis example a 3D laser point cloud of a manifold was
surveyed. A 30cm diameter flange was measured to
horizontal 1.7mm accuracy with orientation to better than
0.3 degrees.
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Key Points

FIRST Make sure the vessels PRS are robust and
mitigate against faults - avoid a low integrity
system.

THEN Consider the efficiency savings such a
system offers:

Long life transponders for “life of field”
deployment

AHRS sensors can be re-calibrated offshore

The “acoustic window” for Survey, ROV or
monitoring
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