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It’s my great pleasure to welcome you to the first edition
of Cross Section for 2013 and I’m especially pleased to
present its exciting new style. A closer look will reveal
that it’s not just the appearance that’s changed – we’ve
introduced more variety to the pages too.
Results of our reader survey last summer have helped to
define the new-look Cross Section so that it now includes
more news and in-depth sections as well as shorter articles.
Together with favourites like the global project reports, these
articles tell you even more about Fugro and our extensive
worldwide capabilities. A new ‘Opinion’ feature will focus
on topical issues, analysing trends and commenting on key
industry developments to round off occasional editions of
Cross Section.
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In this issue you can read about some of Fugro’s new systems
and services - including the innovative WaveWalker walking
jack-up barge - and take a comprehensive look at one of
Fugro’s key areas of business: Metocean Services. Grateful
thanks are due to the contributors, whose enthusiasm and
pride in their work have led them to compose detailed
accounts of some fascinating projects.

D ABBREVIATIONS

Debra Barker - Editor
crosssection@fugro.com
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About Cross Section

On the cover

We are pleased to publish Cross Section Magazine for customers and other
readers worldwide. Most of the articles are written by Fugro personnel who
are, or have been, closely involved with the technology or project described;
we invite you to contact them for further information using the email address
included with the relevant article.

The development of Arctic
oil and gas reserves faces
numerous challenges and
one of the more difficult
aspects is ice management.
Sea ice presents significant
risk both to human safety
and physical structures.
Fugro’s innovative airborne
solution, GeoSAR, provides
ice characterisation as well as capabilities
for ice thickness measurement.
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Sign-up online to receive email alerts when new issues of Cross
Section are published. You can also view previous issues in our online
archive or download PDF copies: www.crosssection-online.com
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We welcome your feedback on any aspect of the magazine or website
and encourage you to send us your comments by email:
crosssection@fugro.com
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WHAT’S NEW?
WAVEWALKER

BRAZIL

NO ORDINARY JACK-UP

The naming ceremony, which took place in
September 2012, was performed by Sonja
Jonkman, wife of André Jonkman, Chief
Financial Officer and Member of the Board
of Management, Fugro NV. 

Innovative WaveWalker boosts productivity

Representing a new wave in walking jack-up
innovation, WaveWalker 1 has been designed to
move and operate in rough seas and surf zones,
on beaches and other intertidal locations.
The innovative, large jack-up platform is
the product of a joint venture between
Fugro and Van Oord. It can be operated in
conventional 4-legged mode or as an 8-legged,
self-contained walking jack-up platform. In
addition to operating safely whilst elevated,
its bi-directional movement allows it to move
and relocate without floating. Overall bidirectional walking speeds of up to 40 metres
per hour provide a significant advantage.
Over a comparable distance WaveWalker 1
can move in a fraction of the time taken by a
conventional tide-dependent jack-up and is
less likely to suffer weather downtime.
Fugro has tested the walking jack-up concept
over a period of 14 years. Development of
this concept has given WaveWalker 1 the
ability to considerably boost productivity in
numerous traditional jack-up operations, such
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as geotechnical site investigation, drilling,
trenching, pipeline and cable laying, blasting
and other marine and underwater work.
WaveWalker 1 was designed with a specific role
in mind – drilling and blasting works to deepen
the North East Brazilian Suape Outer Channel
on a contract awarded to Van Oord in 2011. The
deepening of the channel involves the removal
of some 5 million cubic metres of material, of
which approximately 1 million cubic metres
is rock. Some of the rock requires drilling and
blasting and this is where WaveWalker 1 excels,
walking through the water on her eight long
legs and undertaking these works from her
stable platform.
email > llugg@seacore.com

Wavewalker BV is a 50/50 joint venture
company, established for the design,
construction and operation of WaveWalker.
Further information is available on the dedicated
website: www.wavewalkerbv.com

Timeline
June 2011
Design commenced
April 2012
Keel laid
September 2012
Naming ceremony at
Neptune Shipyard,
Hardinxveld-Giessendam,
The Netherlands
December 2012
Arrival in Brazil
January 2013
Drilling and blasting works
at Suape Outer Channel,
NE Brazil

Ke y F e
WaveWalker 1

“WaveWalker 1 is a
testament to the joint effort
of both companies, and
one of which we are all
justifiably proud. We are
looking forward to very
positive results from Brazil,
as well as starting work
on future vessels of the
same type for a range of
activities.”
Les Lugg,
Director, Fugro Seacore
and Manager, Wavewalker BV

atures

Hull Dimensions

32m x 32m x 4.5m

Max. Displacement

2400t (includes payload)

Payload (8 leg walking mode)

400t

Payload (4 leg conventional jack-up)

850t

Deck Load

8t/m²

No. of Legs

8 (1.80m diameter x 40m long)

Jacking System

FSCL Gripper System

Moon Pool

17m x 9m (covered if required)

Craneage
Lagendijk LWC900 Offshore Wire Crane
Lagendijk LKB 13.0/20.0-10.0 Knuckle Boom Crane

100t @ 6m operating radius
10t @ 4m operating radius

Accommodation (Optional)

24 POB

Classification

Germanischer Lloyd
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WHAT’S NEW?

PCPT SERVICES

NEW ZEALAND

NEW INCLINOCAM

STATE-OF-THE-ART
EQUIPMENT AT NEW

®

Improving monopile installation

As offshore wind turbines continue to
increase in size, the construction of offshore
wind farms encounters different challenges.
Fugro’s new InclinoCam® provides the
solution to one of these challenges by
supporting smart, safe monopile installations.
Monopiles are enormous tubes (typically
weighing 850 tonnes and measuring
6.5 metres in diameter and 70 metres long)
which are driven into the seafloor using
a hydraulic hammer, a process which can
take several hours. A key requirement of
pile installation is verticality and accurate
measurement plays an essential part in
this process. Traditionally the verticality - or
inclination - is measured by pausing the piling
operation and measuring with hand-held
inclinometers. Not only does this method have
HSE disadvantages but it causes delays in the
piling operations and provides no real-time
information on pile verticality for the crane
and hammer operators during hammering.
Furthermore, due to irregularity of the
outside pile surface, the manual inclination
measurements do not always result in an
accurate representation of the inclination of
the entire pile.

InclinoCam® is Fugro’s new inclination
monitoring service, which enables real-time
continuous verticality monitoring. The principle
is based on intelligent visual object recognition
of pile outlines combined with vessel motion
compensation. Two boxes, each containing
a high-resolution camera pointed at the
pile, are placed at roughly 90 degree angles
to each other. Each camera is connected to
an IMU to account for vessel dynamics. The
camera images and IMU data are accurately
time stamped and synchronised using Fugro’s
StarPort technology. All information is received
in Fugro’s comprehensive Starfix.NG navigation
suite and the results are visualised online
through a simple and intuitive interface. This
includes a live stream of the captured videos
with an overlay of the estimated monopile
inclination, a conservative accuracy of
0.1 degree RMS.
During offshore trials for verification of the
InclinoCam® system, operation of the software
was effortless and accurate inclination results
were produced in real-time while hammering.
Readings from the trial were compared against
the results of the conventional method.

Variation in directional impact of the hammer
was applied using the real-time monitoring
results and installation specifications were
met efficiently. Compared with traditional
monitoring techniques, which cannot monitor
corrections during hammering, the InclinoCam®
offers clear advantages including increased
efficiency and reduced risk in meeting
installation tolerances. The system is compact,
pre-calibrated and easy to deploy.

Fe a t u r e s &

Benef its

 Real-time inclination measurement 		
of monopile, with standard deviation 		
and inclination value measured and 		
output continuously
 Saves time and reduces HSE risk: no 		
requirement for manual inclinometer
measurement or attachment of
equipment to the pile

 C
 onservative accuracy of
0.1 degree RMS achievable
with current configuration

CHRISTCHURCH
BASE

 R
 eal-time inclination direction of the
monopile: easy-to-follow ‘bubble’
style indicator with scalable accuracy;
time series graph on screen tracking
inclination trend

email > fsbvinfo@fugro.com

Following New Zealand’s devastating
earthquakes of 2010 and 2011, the
rebuilding of Christchurch continues.
Providing specialist services to assist in the
recovery plan, Fugro’s new office in the city
offers Piezocone Penetration Testing (PCPT)
using a dedicated, purpose-built 20-tonne
truck. The new base has state-of-the-art
equipment and experienced personnel
working to rigorous QHSE standards.
Two boxes, each containing a high-resolution
camera pointed at the pile, are placed at roughly
90 degree angles to each other. 

Screen shot of piling operations. InclinoCam® allows for real-time verticality measurement
through visual object recognition of pile outlines. 

Fugro has more than 50 years’ experience of
PCPTs in varying ground conditions all over
the world and in November 2012 successfully
performed its first PCPT project in Christchurch.
SPECIALIST EQUIPMENT
The 20-tonne truck uses its own weight to push
a 15cm² piezocone into the ground, typically
to depths of approximately 20 metres. It is
capable of penetrating the dense gravel layers
typical of the sub-surface geology of the
Canterbury Plains.
RECENT PROJECTS
 Open fields - newly proposed developments
 
Embankments constructed in wetlands back-analysis of construction
 
Christchurch’s Central Business District redevelopment of small spaces
email > s.faulkner@fugro-geotech.co.nz
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WHAT’S NEW?

TECHNOLOGY, TOOLS
AND TECHNIQUES

COASTAL MANAGEMENT

NORWAY

COMPACT AIR DIVING SYSTEM
When clients identified a need for a more
compact air diving system than is currently
available, Fugro initiated a programme to
develop and produce a solution.

production, and successfully incorporated
new technological advances in materials
and procedures.

Limited physical space onboard offshore
facilities such as FPSOs and rigs means that a
system with a smaller footprint offers distinct
operational advantages. A smaller system is
also easier to relocate during operations and
can increase the productivity of the diving team.

The first systems were expected to be
operational in the second quarter of 2013.
Fugro is confident that clients will quickly
realise the technical and commercial
advantages of the new equipment and benefit
from reduced operational costs and increased
functionality.

Fugro undertook all stages of development
in-house, including design, manufacture and

email > m.scholtes@fugro-br.com

Fugro’s new compact diving system offers clients multiple
advantages in the highly competitive air diving market

COMBINING
SURVEY AND GIS
for coastal management

 Reduction in footprint of more than 26% - from 98m² to 72m²
 Significantly shorter mobilisation time - just one day instead of three!
 Modular system with modules supplied ready to be installed and interconnected
 Fewer lifts required during relocation
 Equipment up and running sooner
 Increased productivity

Norway has one of the longest and
most complex coastline morphologies
in the world, typically characterised by
fjords and islands. The national agency
responsible for coastal management,
maritime safety and communication
along this coastline is Kystverket also known as the Norwegian Coastal
Administration (NCA).
Fugro has been working with the NCA to assist
it in meeting new standards following the
introduction of the Nautisk Fagsystem (NFS),
a GIS based nautical platform to support tasks
such as maintaining lighthouses and buoys,
issuing navigational warnings and improving
shipping lanes. Launched in March 2012, the
NFS solution introduces digital communication
with the NCA vessels undertaking surveys
at sea, integrating with both their asset
management system and the Norwegian
Hydrographic Authority.
Fugro’s task was to equip NCA’s vessels with
survey equipment and software and to provide
instruction, support and training. The survey
software is interfaced to the ArcGIS software
based application and databases delivered by

Norwegian distributor of ArcGIS, Geodata AS.
Vessel equipment includes heading and motion
sensors and depth sensors as well as Fugro’s
G2 GNSS satellite positioning system.
To date, three vessels have been equipped
to the new standards. One of the vessels,
Villungen, also has a Sonic 2024 MBES for
seabed mapping and accurate placement of
navigation buoys. This ten metre-long vessel
often sails in shallow areas, so to protect the
echosounder in the event of grounding, a
recessed compartment was created for it in the
hull, close to the keel. For survey operations
the multibeam echosounder is lowered into
position using a hydraulic handle.

The Villungen
and her recessed
compartment
to protect the
echosounder. 
Maintenance of a spar buoy onboard MS Villa. 

Mapping, positioning and maintenance tasks
have become more productive as a result
of the NFS solution. Locating and editing
information regarding shipping lanes and aids
to navigation, together with faster transmission
of nautical data is in turn enhancing maritime
safety. The technology is to be extended to all
of NCA’s vessels to the benefit of even more
seafarers along the Norwegian coast.

email > r.lie@fugro.no
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PROJECT REPORT
CONSTRUCTION
LONDON, UK

THE

SHARD
From the ground up

Fugro’s expertise has played a part in the construction of The Shard, London’s latest
iconic landmark and, at 310 metres, Western Europe’s tallest building.

Below ground level, Fugro carried out ground
penetrating radar (GPR) to identify potential
voids behind the secant piled walls. The radar
data helped to target exploratory coring, also
undertaken by Fugro, to corroborate findings
and pinpoint areas for effective treatment.
Following water prevention treatment, more
GPR surveys were carried out to check grouting
integrity and to confirm that residual moisture
had been eliminated as a final reassurance of
basement performance.
The focus on build quality and precision
continued above ground, with the project team
relying on GPR data to verify dimensional
detail as the post-tensioned concrete floors
of the tower went up. Fugro carried out scans
of selected floors where a combination of
complex construction detail and proximity
of essential service openings to known
post-tensioned tendons made it worthwhile
scanning to check the exact tendon position
before coring.

A site specific construction weather forecast
service from Fugro provided Mace with a
detailed three-day forecast. This was delivered
daily together with the outlook for four days
ahead, giving accurate guidance for the
planning of weather dependent work. Safe and
efficient day-to-day operations, including crane
lifting and exterior glass works, benefited from
information such as wind speeds at a range
of heights, temperatures, precipitation and
lightning risk. A probabilistic forecast enabled
preparation for specific longer term weather
dependent works.
Fugro’s survey teams provided results on
the spot to facilitate construction progress,
following up with reports and drawings. This
subsurface check avoided snags and helped
to keep the building programme on track. The
structure was completed in 38 months, on
budget and on schedule.
The Shard will provide a mix of building
use that is unique in a European high rise
context. It comprises offices, a 5 star hotel,
public viewing galleries, bars, restaurants and
exclusive residences, totalling over 80,000
square metres.
email > s.brightwell@fugro-aperio.com

Photo courtesy of George Rex Photography

Initial ground investigations enabled
foundation design and construction at the
complex and congested site and these were
followed by further surveys to support the
exacting construction quality of The Shard’s
95-storey superstructure. Principal contractor,
Mace, was rigorous in assuring the precision
of The Shard’s sleek architecture and called
on Fugro structural experts to survey and to
confirm technical aspects of critical elements
as this ‘vertical city’ took shape.

“Although the client recorded all
tendon positions as the floors
were cast, they also commissioned
high resolution scanning to
double-check tendon locations
where holes were required. This
provided full confidence that no
tendons would be threatened,
benefiting construction quality
and safety.”
Simon Brightwell, Director, Fugro Aperio

“Our weather forecasters were also
available to the project team by phone.
This round-the-clock service supported
the detailed information in our daily
email forecasts.”
Trevor Pitt, Forecast Manager, Fugro GEOS
Photo courtesy of Mace
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PROJECT REPORT

TECHNOLOGY, TOOLS
AND TECHNIQUES

SUPPORTING
DISASTER RECOVERY
OPERATIONS

HOW STRAIGHT
IS STRAIGHT?

DTM indicating pipeline movement.
Green line: Interpreted Top of Pipe
(TOP) during an earlier survey.
Red line: TOP after longitudinal
pipeline buckling. 

Pipeline out-of-straightness accurately determined
Fugro is using the latest subsea technology
to provide deepwater oilfield operators
with accurate information on the ‘out-ofstraightness’ of their pipelines.
Any subsea pipeline which operates at
temperatures and pressures higher than the
local seawater conditions will expand and this
can result in lateral and vertical buckling and
potential damage to the pipeline. To determine
any significant pipeline deflections accurately,
the quality of three dimensional positioning of
ROVs used for pipeline surveys is crucial. The
shift by operators into ultra deep water requires
more advanced surveying techniques for such
surveys, known as Out-of-Straightness (OOS)
surveys, than those used in shallower waters.
SURVEY REQUIREMENTS
An OOS survey consists of good quality,
continuous video recordings and
determination of the as-found position
typically from dual head MBES and/or
pipetracker data. A high degree of positioning
accuracy and precision is required. Survey
results are compared to benchmark surveys
to establish any change in the position of the
pipeline due to pipeline buckling, change in
buckle mode, change of pipeline expansion
at In-Line Tee/Flowline Terminal Assembly
(or any other cause). Data also include the
height of the top of pipe relative to adjacent
seabed to allow an assessment of the flowline
embedment. All surveys must be carried out
with a high degree of positioning repeatability
so that any observed change can be quantified
and used for year-to-year comparisons and
engineering assessments.

DATA ACQUISITION,
PROCESSING AND PRESENTATION
The ROV used for an OOS survey may fly over
the pipeline or use a wheeled undercarriage
that maintains contact with the pipeline
throughout. Recent surveys conducted by
Fugro have included dual head MBES, bathy/
alti-sensors, real-time sound velocity, fibre
multiplexers, long baseline (LBL) positioning,
Doppler Velocity Logs and IMUs, all mounted
on a work class ROV. The tightly coupled
integration of all data from the positioning
sensors is monitored and subjected to quality
control in real-time using Fugro’s proprietary
Starfix.FineTrack software. The result is an
optimal solution for the ROV position in terms
of precision and accuracy, with an optimal
update rate.
Acquired raw positioning data is postprocessed in a recently developed offline
tool in Starfix.FineTrack; this dedicated tool
has increased precision and reliability of the
ROV track significantly. Combined with the
MBES-gathered data, a 3D view of the pipeline
track before and after any expected buckling
can be presented. Also, a comparison between
proposed and as-laid pipeline positions can be
given, focusing on the differences between the
two. Depending on the instrumentation used,
the resulting accuracies of pipeline positions
can be within a decimetre horizontally.
Besides the position information, the footage
of up to four high definition video cameras
can be stored in MPEG-2 or H.264 format.
Combined with the pipeline events acquired
in real-time, this video data is presented in
Fugro’s multimedia application, Starfix.Review.
email > w.brink@fugro.com

Officials and first responders quickly
sought updated geospatial data to verify
and assess storm damage. With more than
a decade of experience providing emergency
response mapping, Fugro was contacted on
9th November to provide LiDAR mapping
over the entire 200 kilometre stretch of the
Connecticut coastline.

The final bare earth digital elevation model,
with a 12.5 centimetre vertical accuracy, was
delivered in mid-December.
The data are used to visually evaluate, denote
and quantify hurricane damaged areas from
those free of damage. Analysis of the data
quantifies degree of damage as ‘heavy’,
‘moderate’ or ‘light’ and is also used in change
detection studies and remediation. The cost of
storm damage throughout the affected area
continues to rise and is now reaching tens of
billions of US dollars.
email > lhunter@fugro.com

Over the following days Fugro acquired the data
during low tide windows and optimal weather
conditions. The initial data products were
delivered within 48 hours of
completing acquisition.
Dual-head MBES is used to generate a detailed DTM. 
Image by Robert Simmon
NASA Earth Observatory

Did you know?
OUT-OF-STRAIGHTNESS
SURVEYS DETECT PIPELINE
DEFLECTIONS SUCH AS
 Lateral buckling - 		

horizontal displacement of
the flowline across its axis

 Vertical upheaval buckling -

vertical displacement 		
of the flowline

 Thermal expansion - 		

longitudinal movement due
to temperature change and
pipeline walking
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Hurricane Sandy made landfall along the
coast of Atlantic City, New Jersey, USA on
29th October, 2012. It began as a tropical
wave near the Caribbean and quickly gained
momentum as a category 2 hurricane. From
Jamaica it moved to Haiti and then across the
eastern seaboard from Florida to Maine and
then west to the Appalachian Mountains.

“It is now proven that by
using the latest inertial
technologies, Fugro
enables us to determine
extremely small pipeline
deflections. This is truly
best-in-class multibeam
imaging!”
Patrick Matthews
Survey Manager, Oceaneering
International Inc

FUGRO HELPS TITAN-MICOPERI
RAISE THE COSTA CONCORDIA

Fugro has been awarded a large contract by
the Titan-Micoperi consortium to contribute
to the recovery of the Costa Concordia, the
Italian cruise liner that sank just off the coast
of Italy in January 2012. Fugro is drilling the
offshore foundations for six platforms, onto
which the Costa Concordia will be rolled
upright (par-buckled) before being re-floated
and taken away.

Image courtesy of The Parbuckling Project partners Costa
Crociere, Titan Micoperi & Università La Sapienza, Rome.

Raising the liner from two giant rock
outcrops in the sea has been described
as one of the toughest marine recovery
operations in modern history.
Up-to-date information about the recovery
project can be found online at:
http://theparbucklingproject.com
email > info@seacore.comm
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PROJECT REPORT
ICE MAPPING

ALASKA

REDUCING RISK
IN THE ARCTIC

Fugro’s GeoSAR provides an innovative
solution to the challenge of mapping Arctic ice

Ice management remains one
of the more challenging aspects
of developing Arctic oil and gas
reserves, where sea ice presents
risk to both human safety and
physical structures. Working with
the University of Alaska Fairbanks
in April 2012, Fugro provided an
innovative solution, showing both
ice characterisation and capabilities
for ice thickness measurement
(surface to bottom) over sea ice.
The Arctic presents one of the most
challenging environments on Earth with fierce
weather conditions, darkness for half of the
year and millions of square kilometres of
Arctic Ocean covered by constantly moving
sea ice. Satellite images have provided a
good two-dimensional overview, showing
change on an annual basis and mapping
ice extent, but a true large-scale, threedimensional mapping capability of sea ice
has remained elusive. With ever-increasing
needs for resource development, navigation
and monitoring of this extreme environment,
a solution for wide-area sea ice mapping, to
include thickness measurements as well as
ice characterisation, is needed more than ever.

14 I CROSS SECTION 23 I MAY 2013

Traditional methods for ice thickness
measurement include drilling holes in the ice,
dragging electromagnetic and radar sensors on
sleds or using AUVs equipped with upwardlooking sonar systems. These methods seem
simple, but do not work on the massive scale
required for conducting safe ice management
operations or providing large-area datasets for
climate change analysis.
HIGH QUALITY DIGITAL ELEVATION MODELS
Fugro’s solution was GeoSAR, an airborne
dual-band, dual-sided radar mapping system.
It was developed as a joint effort of NASA’s Jet
Propulsion Laboratory and Fugro and has been
used extensively to map areas of rugged terrain
and dense tree canopy. In such locations
its unique configuration of interferometric
radar collects information about surface
features (X-band) and penetrates thick foliage
for near bare earth (P-band). Flown on a
Gulfstream-II jet aircraft, GeoSAR maps swaths
simultaneously on both sides of the aircraft
to generate high quality digital elevation
models and imagery. Data collected in 2010
over glacial ice in Alaska under the Statewide
Digital Mapping Initiative (as reported in Cross
Section Issue 17, May 2011) showed definitive
ice penetration with P-band radar through
a function of frequency (wavelength) and
polarisation.

GeoSAR data collected over West
Fork Glacier, Alaska. GeoSAR’s unique
configuration of interferometric radar
collects information about surface
features (X-band) while P-band
penetrates ice/snow. 

The data from the application of Fugro's
ice thickness mapping system (patent
pending) show extremely promising results;
with 2013 marking the first year of a fullyfunded programme, results will continue to
be realised. GeoSAR is expected to reduce
uncertainty in the prediction of ice-loads in
areas of prevailing ice with timely, accurate
information about ice thickness, structure,
extent, ridges and load, as well as modelling of
sea ice for better forecasting of ice drift. Fugro
expects to combine the ice thickness mapping
information with existing oceanographic
and ice monitoring capabilities to provide a
complete solution for oil and gas exploration
and development operations in the Arctic
Ocean, as well as to support increasing vessel
freight traffic associated with the expanding
Northwest Passage transit lanes.
BEYOND THE ARCTIC
Future applications are being developed
for measuring thickness in both Alpine and
Continental glaciers in support of climate
change studies, permafrost measurements
in Arctic tundra and evaluation of frozen
ponds and lakes in the Alaska and Canadian
tundra in support of oil and gas development
programmes.
email > ctyra@fugro.com

X-band = surface return

P-band = surface penetration

Fugro expects to combine the ice
thickness mapping information
with existing oceanographic and ice
monitoring capabilities to provide
a complete solution for oil and gas
exploration and development operations
in the Arctic Ocean.

TECHNOLOGY, TOOLS
AND TECHNIQUES

GEOHAZARD
CORE LOGGING

Example of 1.00 metre
core section. 

An essential tool in the geohazard assessment of a development area

With the increasing interest in deepwater oil and gas production, it is essential for offshore operators to
identify potential geohazards within these development areas. Deep sea geological processes that may
pose a direct threat to seafloor infrastructure, or could otherwise impact or constrain its layout, are termed
‘geohazards’ and include events such as turbidity currents, debris flows and seafloor landslides.
GEOHAZARD ASSESSMENT
The geohazard assessment process can not
only predict geological processes that may
pose a significant threat to a development
area, but can also put them into a spatial and
temporal context by determining the location
of the geohazard feature, the potential
magnitude of associated hazardous events
and their frequency.
Essential to geohazard assessment studies is
the acquisition of multiple data types and the
traditional approach has been to obtain high
resolution geophysical datasets and standard
geotechnical sampling suites. However, relying
upon integrated geophysical and traditional
geotechnical datasets may overestimate
mass movement event magnitude and cause
discrepancies between event frequencies.
For example, a stack of multiple discrete
mass movements may appear as a single
seismostratigraphic unit on the geophysical
data and where sediment cores are sub-sampled
for geotechnical testing, significant sections
of the stratigraphic record, which can equate
to the removal of an entire event deposit, can
be removed; this may ultimately cause
the event to be missed. Such a lack of
appropriate data can add uncertainty to
the overall geohazard assessment for
the development.
BENEFITS OF GEOHAZARD
CORE LOGGING
Fugro operates a bespoke geohazard
core logging facility and its team of
engineering geologists has expertise
in various associated disciplines
including those of sedimentology,
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stratigraphy and geophysical and geotechnical
data interpretation. The purpose of detailed
geohazard core logging is to classify the soil
conditions and investigate the sedimentological
evidence for the geohazards identified from
the site specific geophysical data; furthermore
it provides the stratigraphic framework for
the proposed geological testing schedule. The
geophysical data often provide a means to
understand the geohazards in a spatial context;
however the spatial controls do not provide
enough confidence in refining the identified
geohazard or geohazards risk that may
be present.

This detailed recording of features provides
the evidence of past geohazard events, an
indication of past depositional environments
and inferences of any processes responsible for
post-depositional features. For example, sharp
basal contacts seen at the base of laminations
or bedding contacts may indicate a period of
erosion. Disturbed, deformed and/or contorted
bedding features are often indicative of
sediment that has been remobilised (e.g. large
scale deformation during a subsea landslide).
A varied mixture of clasts of different sediment
type may implicate mass movement processes
such as debris flows.

Detailed geohazard core logging allows the
visual identification, on a millimetre-scale,
of features such as grain-size trends,
laminations, shell fragments and organic
material, clasts (i.e. fragments of rock or
weakly consolidated sediment) and mixed
material, bed boundary types and diagenetic
features (related to processes that have
happened since deposition).

The identified geological processes can then
be placed into a temporal context by using
age dating techniques. The evidence of past
geohazard occurrence obtained through the
detailed geohazard core logging, combined
with a detailed geological testing programme,
can allow prediction of the possibility that
the processes involved in the past geohazard
events could operate in the present day.

DATING THE GEOHAZARDS
A geological testing programme is best
achieved through combining age dating
techniques (radiometric and biostratigraphic).
The detailed geohazard core logging process
enables the selection of suitable material for
testing which is targeted to provide specific
information on the geological history of the
site. A successfully targeted geological testing
programme allows for further interpretation
and risk evaluation of the identified geohazards
with particular focus on event timing and
frequency, sediment accumulation rates
through time and the correlation of data with
potential conditioning factors based on the
client’s needs.
In particular the assessment can define
geohazards that require further assessment
and/or mitigation. The results of the core
logging provide additional information about
the specific geohazard processes of the past.
The likelihood for occurrence is assessed by the
age dating (i.e. timing and frequency of events)
and, when integrated with the available
geophysical and geotechnical data, a full
understanding of the potential implications
for the proposed development is provided.
email> m.clare@fugro.co.uk,
b.jordan@fugro.co.uk

Geohazard core logging
in Fugro’s Wallingford, UK
laboratory. 

 Conceptual block
diagram illustrating the
relationship between
geohazard processes and
their potential to impact
seafloor developments.
(Modified from original
image - Clare, M. and
Thomas, S., 2011).

INTEGRATED OUTCOME
A credible geohazard assessment
can determine
 Nature and type of geohazard(s)
 Distribution and extent
 Temporal framework for occurrence
and activity
 Identification of conditioning factors

OUR BUSINESS

METOCEAN SOLUTIONS
Keeping one step ahead of the elements

The provision of high quality regional metocean
data is the important first step in offshore projects,
renewable energy developments and coastal
engineering. With over 30 years’ experience,
Fugro is the world’s leading supplier of metocean
services and systems, providing solutions to reduce
uncertainty in engineering specifications and
enhancing safety and operational efficiency.

Did you know?
Fugro owns the world’s largest commercial
inventory of oceanographic equipment.

Metocean measurement services (including
currents, waves, water levels, wind, pressure
and air temperature) are a key part of Fugro’s
cost-effective, high quality and technically
advanced solutions. Collected data can
help to derive operational and extreme
criteria and characterise complex metocean
phenomena. From challenging deep water
locations to shallow water and coastal
locations, Fugro’s metocean expertise can be
applied in any worldwide region.
For real-time metocean monitoring and
information, Fugro designs, delivers and
installs offshore systems to monitor the
impact of environmental conditions on
operations and assets such as SBMs, FPSOs,
platforms and helidecks. Robust, reliable
systems combine flexible displays, data
management software and state-of-theart sensors. Structural monitoring systems
measure dynamic responses of fixed and
floating structures, vessels, risers and
wellheads with solutions available for rental
or purchase. These services support design
verification, help to identify fatigue and
provide long-term integrity assurance, thus
reducing risk to safety critical infrastructure.
In offshore and coastal environments, as well
as at onshore construction sites, advance
knowledge of meteorological conditions leads
to safer, more efficient operations as well
as potential cost savings. Fugro’s accurate
weather forecasting services are available
round-the-clock for any global location

and can be tailored to include site-specific
warnings of squalls, waves, swell, dust storms,
lightning and cyclones.
Fugro’s metocean consultancy services
are delivered by a team of experienced
oceanographers and meteorologists. Their
global knowledge helps to enhance the
value of metocean data to derive specific
engineering criteria and expert interpretation.
From desktop feasibility studies through
to ‘basis of design’, expertise is applied in
engineering applications, data analysis and
numerical modelling. These skills extend to
oil spill contingency and response modelling
as well as detailed metocean process analysis
(often through joint industry projects).
Fugro’s online data delivery system - Metis uses a web browser to provide simple access
to data in a single web display. Built on GIS
technology, it displays data from sources
such as real-time measurement instruments,
models, forecasts or satellites. Secure,
password-protected access is available from
any location worldwide without the need for
additional software.
Detailed information about Fugro’s metocean
services can be found online.
Use your smartphone to scan the code.

Some interesting contracts
 S upporting a seabed water
temperature monitoring system for
Qatar Shell. Round-the-clock support
and maintenance of the metocean
monitoring system at the Pearl GTL
project in Ras Laffan, Qatar. The system
provides real-time information to help
minimise flow assurance problems in
pipelines which link the two offshore
platforms with the onshore plant.
 A
 metocean measurement programme
in Greenland for Cairn Energy PLC to
assist in the successful completion of
future drilling campaigns. The data
were required for establishing metocean
conditions during summer and
determining whether the temperature
structure within the water column would
affect acoustic positioning systems.
 P rovision of metocean services and
weather forecasting to Petrobras
America Inc for the Cascade and Chinook
ultra-deepwater fields in the Gulf of
Mexico. The BW Pioneer, operating in
these fields, is the first FPSO in the GoM
and the metocean data, including wave,
wind and current information, support
safe and efficient offshore operations.

email > uk@geos.com
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