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Presentation
Fugro Seafloor Surveys Inc. (

FSSI
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FSSI Dr. Don Hussong)

« Geophysical Survey Sensors
 Positioning Aid System

« Height & Depth Sensors

« Motion and Heading Monitoring
« Temperature & Velocity Sensors
o Safety & Supporting Features

Into one of these Remotely Operating Platforms

www.fugro.com 09/1/29
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FSSI Dr. Don Hussong

Opinion Sharing

Compare and Contrast the 3 survey platforms:

o Data Quality:
— Positioning issues: accuracy & reliability
— Course precision & Altitude control: consistency, continuity
— In-water dynamic stability: integrity, timing & synchronization
— Noise level

o Efficiency:
— Time & Cost

» Flexibility / other Advantages:
— Value Added Capability

www.fugro.com 09/1/29

26



FSSI Dr. Don Hussong)

Data - Primary Geophysical Data Sets (common on all platforms):

Side Scan Sonar
Shallow Sub-bottom Profiler

Multibeam Echo Sounder

www.fugro.com 09/1/29
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AUV or ROV Survey
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Survey Efficiency: Time comparison

(in 1,000m water)

ROV Deep-tow AUV
Survey Speed 0.5-1 knots 3-4 knots 3-4 knots
Line Turning 15-20 minutes 2 hours 15 minutes

(independence of WD)

Maintenance *
(duration / period)

2 hour / 24 hours
(on average)

2 hour / 96 hours
(on average)

3-6 hours / 36 hours

(on average)

Dive (deploy) &
Surface (recovery)

2 hour (1,000m)
for each 24 hour

2 hour (1,000m)
For each 96 hours

2 hours (1,000m)
For each 36 hours

Survey line km per
day

10-25 km

35-80 km

60-110 km

www.fugro.com
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M ADRI D, Spain,
Nov. 19, 2002 — A
damaged tanker
carrying more than 20
million gallons of fuel
oil broke in two off
northwest Spain and
sank today, threatening
an environmental
disaster.

www.fugro.com 09/1/29
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FSSI Dr. Don Hussong) 11

Example ROV Project: Prestige Wreckage Site Survey

To Facilitate Salvage and Engineering Planning,
A series of challenging survey services were needed

— Gather precision bathymetric data

— Shallow seismic survey

— Precise positioning data (0.5m required)
— Determine attitude of hull sections

— Close visual inspection of hull

— Frame and stringer detection

— Geotechnical sampling

— Oil sampling

www.fugro.com 09/1/29
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Sub-meter Positioning:

« USBL & LBL integrated with
DVL and INS

e Other positioning aid system
* Integrated navigation packages

Geophysical Survey:

» High precision echo sounder
* Multibeam echo sounder

e Chirp sub-bottom profiler

Twin Work Class
ROV Operating
to 3850m

Visual inspection & Tests: _
. Digital Video Geotechnical Survey:

« PCPT (12 m penetration)
e Sediment sampling

 Laser Registered camera
* Cygnus,Ultrasonic

www.fugro.com 09/1/29 36



Record achieved:

Detailed Work class ROV Survey
and intervention at 3,850 metres

Twin Work Class ROV Operation
at 3850m

Deepest ROV-based Multibeam
Survey

Deepest ROV-based CPT

MCPT data collected on up to 28°
slope, immediately next to the
wreck itself

Positioning & repeatability
accuracies around 0.5m (relative)
at 3,800m

Deepest ROV deployed Hull
Thickness Measurement

www.fugro.com 09/1/29
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FSSI Dr. Don Hussong)

Example Deep-tow survey spread: multi-purpose

Fugro mobilised a dedicated geophysical
survey vessel with all the required
survey system,

And a team of specialists to make it a
continuous success.

www.fugro.com 09/1/29
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Example AUV Project :High Precision Engineering Survey
Chevron Indonesia Gendalo deep sea engineering survey:
« Approximately 20 non-linear pipeline routes; km to tens of km long
» Seabed topographically extremely challenging
e 2,300m — 150m water depths
o Up to 45=seabed slope

Fugro’s Echo Surveyor

Successfully completed in
less than 2 weeks

Deep-tow survey.... not very likely

ROV base; technically an alternative option.
Practically, months of work

www.fugro.com 09/1/29
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FSSI Dr. Don Hussong) 7

Added Advantages of AUV

AUV has the ability to conduct surveys that
would be very difficult,
and impossible with conventional survey approach

www.fugro.com 09/1/29 40
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AUV Advantageous: None-linear Survey Pattern

09/1/29
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FSSI Dr. Don Hussong) 19

AUV Advantageous: Micro 3D Survey

www.fugro.com

09/1/29

1200m depth

SBP data
stored in
SEG-Y, and
processed as
3D seismic.

Normal HR-
3D resolution
is 2-3
meters, but
SBP data
gives 0.5
meter
resolution
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Fugro

DTAGS

Wide area bathymetry — vessel surfaced based MBES (Sys 09, EM12, or
EM 302)

Medium area sonar SSS, SBP (Sys100)
Small area sonar SSS SBP MBES (AUV)
Small area seabed inspection — ROV, video, surface sampling

Geochemical surveys (plume detection)
Gradiometer surveys (map vent anomalies)
Electromagnetic survey (quantities of sediments)
Coring (qualities of sediments)

AUV

EM

www.fugro.com

Mr. Kim Aitken — Fugro Singapore

09/1/29 47



Dr. Grant Blackinton FSSI

1.
high accuracy positioning
2. USBL
DTAGS RSCS
2. gradient instrument

www.fugro.com 09/1/29
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Electromagnetic Profiling (1)

Peter Kowalczyk First Break Vol. 26. Nov. 2008
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Electromagnetic Profiling ( )

Peter Kowalczyk First Break Vol. 26. Nov. 2008
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Electromagnetic Profiling ( )

Peter Kowalczyk First Break Vol. 26. Nov. 2008
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Electromagnetic Profiling ( )

Peter Kowalczyk First Break Vol. 26. Nov. 2008
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AUV

www.fugro.com

S500Hz

(DTAGS)
S
1KHz
(DTAGS)
(SBP )

10kHz
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™ i DTAGS (Deep Towed Acoustics/Geophysics System)

tail
swivel
N #48
_:[o-go::ro-o-f ,-(—o-o-c:_.l‘ i.;;‘_ — #47

source #1 #24 #25 #26 #27 #16

— 709m [

— 136.5 m —
Marine Vivroseis(Piezoelectronic)

250 Hz - 650Hz ( 200Hz - 2Kz)

www.fugro.com 09/1/29
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D DTAGS

DTAGS

3D

D96-D Stack
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( ) KDD Pacific Link)
RSCS (Realtime Seismic Cable System)

RSCS

233Ccm

| o dia.22cm (
:50m x 18 units = 850m 150kg

www.fugro.com 09/1/29 58



RSCS PP PSTM

RSCS

RSCS PSTM
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BSR

Marine 3D PSTM

PSTM)

3D

(2008))
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PS

www.fugro.com

RSCS PS PSTM
PS

BSR

(
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PSTM

PP

PP

PP Velocity Analysis

BSR

(2008))
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(OBC)

OBC(Ocean Bottom Cable)

PS
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