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Building market share in corridor mapping, strengthening
geospatial activities and increasing its presence in Africa:
recent acquisitions by Fugro include specialists in rail data
mapping and electricity distribution as well as companies
active in the mining industry and geotechnical engineering.
RailData, Roames, Earth Resources and Geofor have joined
Advanced Geomechanics as new additions to the Fugro Group.

15

Advanced Geomechanics’ specialist capabilities have been
described as ‘a powerhouse of geotechnical design expertise.’ On
page 18 you can read how Fugro’s expanded range of geoscience
solutions is unlocking valuable survey data.
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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.

Deep within France’s Cosquer
Cave, whose entrance is
below sea level, Fugro’s
unique team of individuals,
with skills that included
diving, surveying and
speleology, performed laser
scanning of its Palaeolithic
paintings. The highly
accurate 3D models
provided a detailed
reconstruction of the
cave that allowed scientists to
continue their research without
having to put on a wetsuit!
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When another of Fugro’s specialist vessels, Fugro Helmert,
completed her maiden survey in polar bear territory it was
thought to have been one of the most northerly locations for
a cable route survey. Despite complex seabed characteristics,
ice risk and acclimatisation to continuous daylight the crew
completed the marine work in less than six weeks.
For these and other Fugro stories from around the world,
please enjoy delving into the pages that follow.
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With the recent announcement that Australia has awarded Fugro
the contract to conduct a seafloor search for missing Malaysia
Airlines flight MH370, Fugro Discovery is set to join Fugro
Equator in the southern Indian Ocean. Since June, survey vessel
Fugro Equator has been collecting bathymetry data to help build
seafloor maps that are crucial to deep sea underwater operations
in the 60,000km² search zone.

CONTENTS

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

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
COPYRIGHT
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Fugro provides the people, equipment, expertise and technology that support the exploration,
development, production and transportation of the world’s natural resources. Clients are provided
with the technical data and information required to design, construct and maintain structures and
infrastructure in a safe, reliable and efficient manner.
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CORPORATE SOCIAL
RESPONSIBILITY

SCHOLARSHIPS
FOR SIX
STUDENTS
IN NIGERIA

WHAT’S NEW?

MULTIPLE
SATELLITE SOLUTIONS

Fugro has awarded scholarships,
each worth N250,000, to six
students from the University
of Lagos in recognition of
their outstanding academic
performance. The students are
from the Department of Surveying
and Geo-Informatics which
comprises 800 undergraduates
and 200 post-graduates.

In depths of around 5,000 metres,
bathymetric mapping has already
revealed details of previously unknown
features on the seafloor. 

SUPPORTING THE SEARCH
FOR MALAYSIA AIRLINES
FLIGHT MH370

Addressing the awardees at the
presentation ceremony, Deputy ViceChancellor Academic and Research Prof.
Babajide Alo, who represented the ViceChancellor Prof. Rahmon Bello, expressed
appreciation to Fugro for its kind gesture.
At the ceremony, also witnessed by other
principal officers of the institution, Professor
Goodwill Ofunne, Managing Director of
Fugro Nigeria, called for further synergy with
the University by working with scholars in
the Department of Surveying and GeoInformatics in the Faculty of Engineering.
Fugro’s wider academic collaboration in
Nigeria includes lectures to postgraduate
students at the Institute of Petroleum
Studies, University of Port Harcourt,
endowment of the professional chair
in geotechnics, geophysics, survey and
environmental management science and the
award of an annual prize of $1,500 for Civil
and Environmental Engineering students.
email > goodwill.ofunne@fugronigeria.com

KOMPSAT imagery over
Beirut Stadium. 

Fugro has signed an official satellite reseller
agreement with Europe’s number one
defence and space enterprise. The agreement
with Airbus Defence & Space covers over
20 countries in Africa and complements its
existing agreement for the Middle East. In a
separate contract, Fugro has also secured a
reseller agreement with Satrec Initiative in
South Korea, the exclusive worldwide reseller
of KOMPSAT imagery products.
The agreements strengthen Fugro’s position
as a major distributor of satellite imagery and
satellite mapping solutions in support of land
management, infrastructure planning, natural
resources exploration and development, civil
engineering and environmental monitoring.

email > n.ohagan@fugro.com
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DEEPWATER
SEARCH
INDIAN OCEAN

Fugro has been awarded a contract to conduct
a search of the southern Indian Ocean seafloor
for missing Malaysia Airlines flight MH370.
Expert teams onboard two specialist survey
vessels, the Fugro Equator and the Fugro
Discovery, will use side scan sonar, multibeam
echosounders and video camera equipment
in the search, which is being led by the
Australian Transport Safety Bureau (ATSB).
The deepwater search of the 60,000 square
kilometre area is expected to take up to 12
months. The search zone, identified by an
expert satellite working group in June, is
located along the seventh arc – a thin but
long line that includes all possible points
where the last known communication between
the aircraft and a communications satellite
could have taken place. The aim is to locate
the aircraft and any evidence, such as debris
and flight recorders, to assist the Malaysian
investigation team on the disappearance of the
Boeing 777 aircraft.

Prior to the commencement of the deepwater
search, crucial knowledge of the relatively
uncharted area is being built using data from
a bathymetric survey of the search zone.
Under an earlier ATSB contract, Fugro has been
acquiring seabed data using the Fugro Equator
and its state-of-the art multibeam echosounder
equipment. Since beginning the survey in June,
Fugro has sent data at regular intervals to the
ATSB and Geoscience Australia for analysis and
processing. The maps will identify significant
features on the seafloor and support a safe and
effective deepwater search. By 30th July over
43,000 square kilometres had been sounded by
Fugro Equator.

Fugro Discovery joins Fugro Equator
in the Indian Ocean search zone. 

Fugro Discovery is scheduled to commence
the deepwater search in September with Fugro
Equator joining the search operations when the
bathymetry work is complete (expected to be
mid-September).
email > r.luijnenburg@fugro.com
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WHAT’S NEW?

TECHNOLOGY, TOOLS
AND TECHNIQUES

STARPULSE -PRO
®

NEW sub-bottom profiler system
offers superior performance
Adopting an alternative approach in the
design of tuneable sub-bottom profilers,
Fugro has led a joint project with EdgeTech
Inc to develop a new sub-bottom profiler
system with superior performance.
StarPulse®-PRO has been designed to
overcome some of the problems typically
associated with the acquisition of sub-bottom
profiler data. Such problems include loss of
high frequency energy due to the earth filter;
poor acoustic impedance contrast across
boundaries; lack of low frequency energy from
the transmitter; and poor signal-to-noise ratio
from environmental and towing conditions.
With the prototype undergoing final sea
trials in 2014, the new system is expected to
bring benefits to high resolution engineering

studies and pipeline or cable route surveys in
environments where conventional systems
do not provide the required penetration and
resolution (for example where there are glacial
sediments, compacted till or coarse, dense
sand and gravel).

Fugro has developed
interpretation methods
that help innovative oil
companies maximise
exploration success in
deep water. This specialist
area of consultancy has
achieved worldwide
recognition.
Seeps natural infrastructure. 
Courtesy NOAA and University of New Hampshire Center for Coastal & Ocean Mapping

Among the design components that
differentiate StarPulse®-PRO from traditional
systems are the transmitter, the receiver and
the pulse signature.

NATURAL HYDROCARBON
SEEP EXPLORATION

The initial system is designed as a towed
configuration although plans include the
transfer of the technology to AUV and hullmount installations.
email > a.ogilvie@fugro.com

Improving exploration success in deepwater frontiers

Key Features


Wide signal bandwidth producing high temporal resolution



Low frequencies for enhanced penetration



Full motion compensation to remove motion artefacts from data



High sensitivity PVDF hydrophone planar array to reduce environmental
and towing noise for improved signal-to-noise ratio



StarPulse®-QI, Fugro's special pulse library enabling the selection
of optimum pulse files

Just as oil seeps on land have led to the
discovery of oil, seeps in the marine
environment can lead to similar discoveries.
Fugro’s seeps consulting group has developed
offshore interpretation methods that help
innovative oil companies maximise their
exploration success in deep water. Pioneering
the use of MBES programmes to reduce
ambiguity in geochemistry campaigns, Fugro
has developed worldwide recognition in this
specialist area of consultancy.

Did you know?
Fugro has supported clients
in their “smart” seeps
campaigns off Madagascar,
Mozambique, Kenya, New
Zealand, Uruguay, Guyana,
Colombia, Nova Scotia, the
Gulf of Mexico and Brazil.
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DEEPWATER EXPLORATION
Since at least the 1970s it had been noted that
natural gas seeps were present on the ocean
floor. Diving in submersibles to document
them, geoscientists observed relatively small
streams of bubbles. More recent use of MBES
technology for imaging revealed plumes that
appeared to be much more intense than those
that had originally been documented; in fact
they were not. A small stream of bubbles with
a certain intensity will produce what appears
to be a vigorous plume in the MBES water
column imagery.
With market forces driving the need to reduce
the costs of deepwater exploration, Fugro
provides essential technology and services to
support decisions over where to acquire the
expensive, but vital, 3D seismic data that is
needed to drill a well. Fugro’s fleet of stateof-the-art vessels, equipped with the latest

MBES technology, ROV and AUV equipment
and precision seabed sampling capability
enables the delivery of high quality data for
geochemical analysis. Its seeps consulting
group helps to locate natural seepage that
can prove thermogenic charge at oil and gas
prospects and their onboard consultants can
guide the success of the survey.
FUTURE DEVELOPMENTS
“We anticipate a number of developments
arising from our ability to monitor deepwater
developments for infrastructure leaks
and foundation changes at a lower cost,”
comments Dan McConnell, Marine Geologist

seafloor
mud mounds
bright
amplitudes

reservoir
interval

SALT

“There is also a potential demand for deeper
geochemical samples to prove hydrocarbon
charge to basins. It would be possible to
acquire these samples, along with key
geotechnical data for early geotechnical
engineering, with jumbo piston cores,”
he suggests.
email > dmcconnell@fugro.com

CROSS-SECTION EXTRACTED FROM A
3D SEISMIC SURVEY IN THE MARCO
POLO AREA, GULF OF MEXICO

Discovery Well

faults extending from
the reservoir interval
to near the seafloor

and Business Delivery Team Director at
Fugro. “Because of this, environmental
monitoring could realistically be incorporated
into the industry’s regular maintenance and
environmental stewardship programmes.

Faults extend up from the reservoir
interval to near the seafloor. Shallow
bright amplitudes and seafloor
mounding suggest the potential for
hydrocarbon seepage.
Together these data establish a
link between subsurface reservoirs,
migration pathways and seafloor
seeps, that was confirmed through
targeted geochemistry. 

Dembicki and Samuels 2007, OTC 18556
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PROJECT REPORT

3D LASER
SCANNING

THE CAVE
UNDER THE SEA

FRANCE

Highly accurate 3D models of prehistoric wonders

The Cosquer Cave, whose only entrance lies
37 metres below sea level, is located in the
Urgonian limestones of Cap Morgiou near
Marseille, France. Although the cave was
discovered in 1985 by professional diver,
Henri Cosquer, the existence of its Palaeolithic
paintings and engravings, dating from 27,000
to 18,500 BC, was not revealed until 1991.
Despite the gradual deterioration of the
paintings due to rising sea levels, the Cosquer
Cave is one of only a few in the world to contain
so many animal figures: a total of 177 animal
paintings and engravings. The depictions
represent eleven different species of animals
– including horses, bison, aurochs, ibex, deer,
felines, seals, penguins and jellyfish – which is
considered unusual in Upper Palaeolithic art.
In comparison, the world-renowned sites of
Chauvet and Lascaux each contain fourteen and
nine species respectively. Other depictions that
have been discovered in Cosquer Cave include
a human with a seal's head, hand stencils and
various geometric signs.
With two-thirds of the cave already under water,
rising sea levels are threatening to claim even
more of its paintings and engravings. Some
of the most beautiful parts of the monument,
such as the ‘horses’ panel (see picture, right),

are in immediate danger. In order to record
this artistic treasure before its inevitable
disappearance, the French Ministry of Culture
and Communication decided to perform a
highly accurate and dense 3D survey of the
sections of the cave that remain above water.
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email > b.chazaly@fugro.com

As part of a scientific team, Fugro used its
expertise in 3D laser scanning to successfully
carry out the survey of the cave. The extreme
conditions demanded a unique approach so the
3D laser scan was performed with an accuracy
of two millimetres, with high-resolution digital
imagery, to develop a sub-millimetre textured
3D model of this wonderful
and authentic account of
ancient life. The result
provides a detailed

Sub-millimetre
textured 3D mesh of
the horses panel. 

“To take up this challenge, we assembled a team of experienced individuals
that possessed a unique combination of skills in surveying, diving and
speleology – and of course sensitivity to art and cultural heritage.”
Bertrand Chazaly, Fugro Geoid SAS

SHELL PLANS PHILIPPINES
LNG IMPORT TERMINAL
With plans in place to develop a
regasification terminal for LNG in the
Philippines, Shell Projects & Technology
appointed Fugro as main contractor for a
comprehensive site investigation. The project
work, which also included a laboratory
testing programme, was completed at Shell’s
LNG terminal in Batangas City between
March 2013 and January 2014.

reconstruction of the cave so accurate that it
allows scientists to continue their research on
the paintings and engravings using the virtual
3D models, without having to put on a wetsuit!

To support Shell’s development plans for the
first LNG import terminal in the Philippines,
Fugro undertook a programme of onshore
geotechnical, geophysical and topographic
surveys as well as nearshore geophysical
surveys. Drawing on its global resources, it
mobilised specialist staff and equipment
from its bases in the UK, France, Hong
Kong, Singapore and Vietnam.

The gallery slopes up for about 360
feet under water before reaching a
huge chamber where many prehistoric
paintings and engravings are preserved
on the walls. This is the only painted
cave in the world with an entrance below
present-day sea level where cave art has
been preserved from the flooding that
occurred when the seas rose after the
end of the last glaciation. 

Surface magnetometry and magnetometer CPT
probing ensured the forty-hectare site was free
of UXO prior to the commencement of ground
investigations. Geophysical and geotechnical
surveys were undertaken and soil and rock
samples were then tested at Fugro’s laboratory
in Singapore.
With an FSRU (Floating Storage and Regasification Unit) identified as Shell’s preferred
development, Fugro’s workscope included a
programme of nearshore geophysical surveys
for the proposed jetty and pipeline route and

also in the inter-tidal zone. Multibeam echo
sounding, sparker sub-bottom profiling, side
scan sonar surveys and marine magnetometer
surveys were carried out in water depths of up
to 25 metres.
A topographic survey of the onshore site and
the inter-tidal zone produced site benchmarks
and control points for the future works which
were tied in to WGS (World Geodetic System)
and national survey grids.
email > jjames@fugro.com

Photo reproduction authorised by French Ministry
of Culture and Communication/Immadras

GEOTECHNICAL SURVEYS INCLUDED:


Electrical resistivity tomography



Seismic refraction tomography/MASW



Electromagnetic conductivity
and magnetometry



34 CPTs to depths of 40 metres



In situ seismic soundings at
1 metre intervals



29 drillholes, with associated undisturbed
sampling and in situ soil testing, sunk
by rotary drilling techniques to depths of
70 metres

Carrying out seismic and magnetometer CPTs. 
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PROJECT REPORT
CABLE ROUTE
SURVEY

SVALBARD

FROM SHIPYARD
TO THE ARCTIC

WORKING IN POLAR BEAR TERRITORY
Fieldwork around the islands of
Svalbard is accompanied by a keen
awareness of the danger posed by
polar bears, particularly on land and
in nearshore zones. In 2011 a polar
bear attacked a party of schoolchildren
camping 40 kilometres from
Longyearbyen; one British teenager
was killed and four others were
wounded, two of them seriously.

Icy waters for Fugro Helmert’s maiden survey

Research establishment in Ny-Ålesund. 

Prior to starting the marine offshore work,
Fugro had completed topographic landing
site surveys and a sub-bottom profiler inshore
survey, using a 3D laser scanner in addition
to traditional land survey methods. The data
provided the basis for precise and very high
resolution digital terrain models and maps.
Fugro Helmert’s crew carried out multibeam
bathymetry, side scan sonar imagery, subbottom profiling and marine magnetics
simultaneously, followed by seabed
sampling and gravity coring. The routes
featured complex seabed characteristics
with steep slopes and gradients. A marine
magnetometer was towed together with
the side scan sonar, primarily to identify
archaeological artefacts (a Norwegian
government and archaeology representative
was on board for this purpose). The marine
work in this challenging Arctic environment
was completed in less than six weeks during
August and September 2013.

When Fugro was contracted to survey
cable routes between Svalbard’s main
settlement, Longyearbyen, and the research
establishments in Ny-Ålesund, Norway,
its newly launched coastal survey vessel
was the ideal choice for the work. With her
acceptance trials completed in the German
Bight Fugro Helmert steamed to the survey
site, providing the perfect opportunity for
calibrations and system tests of her state-ofthe-art survey equipment and for the marine
and survey teams to familiarise themselves
with the new vessel.
10 I CROSS SECTION 27 I AUGUST 2014

ARCTIC COMMUNICATIONS
Under the contract awarded by Global Marine
Systems Ltd. (GMSL), the cable route surveys
were carried out along two shallow water
routes, each about 250 kilometres in length.
Situated between approximately 78° and
79° North, this is thought to be one of the
most northerly locations in the world for a
commercial cable route survey.
At the Arctic research stations in Ny-Ålesund,
which are operated by overseas agencies from
different countries, all communication and

data traffic currently depends on high cost
broadband satellite links. The new fibre optic
cable system, known as NYAAL, will support
increased communication and data transfer
demands and new radio telescopes for ultraprecise geodetic measurements. The NYAAL
fibre optic cable system will be connected
to the existing cable link from Longyearbyen
to the Norwegian mainland with installation
planned during 2014.

SENSITIVE ENVIRONMENT
The Arctic is characterised by rapid changes
of weather, sea state and ice conditions,
necessitating precise planning of operations.
Although the survey areas were mostly free
of ice, there was always a risk of drifting ice
fields, ice flows and icebergs from nearby
calving glaciers. Ice originating from glaciers
is much harder and compact than sea ice and
can easily cause damage to a vessel.
Svalbard, the islands and the surrounding
seas are richly populated by wildlife;
Arctic plants are very slow growing and
highly vulnerable to damage. High priority
was therefore placed on minimising

environmental impact whilst retaining a focus
on health and safety aspects of the operations.
Living and working in continuous daylight over
the summer months required acclimatisation
by the team members, especially as the
optimum weather conditions were often shortly
after midnight. Careful planning helped the
team to cope with the remoteness, lack of
infrastructure and complex logistics.
email > pfeiffer@fosae.de

"The successful
completion of the
NYAAL cable route
survey enabled Fugro
Helmert to demonstrate
her capabilities as a
modern nearshore
and coastal survey
vessel. Subsequent
projects have included
bathymetry in the
Norwegian Sea and a
longer work assignment
in the Red Sea".
Klaus Pfeiffer
Project Manager, Fugro OSAE

As well as carrying mandatory flare
guns and a loaded rifle, the land
survey team was accompanied by a
professional polar bear guard for its
work in the Ny-Ålesund area. Whilst
there were no sightings of polar bears
during the onshore work, all were aware
of the potential threat, particularly as
fresh bear tracks were found nearby. At
the Ny-Ålesund landing site a female
with cub was sighted by researchers
on a small island less than a kilometre
from the settlement.

The land survey team was
accompanied by a professional
polar bear guard. 

PROJECT REPORT

TECHNOLOGY, TOOLS
AND TECHNIQUES
PORT
INSPECTIONS

SAN DIEGO

Did you know?
The National City Marine
Terminal in the Port of
San Diego handles up to
500,000 vehicles each year.

Remote sensing techniques enhance diver-based activities

The Port of San Diego’s National City
Marine Terminal is a facility of critical
importance. As the primary port of entry
for numerous automobile manufacturers,
the terminal handles up to 500,000
vehicles annually, along with breakbulk, heavy equipment and major cargo.
Keeping the facility in safe operating
condition mandates recurrent underwater
marine inspections to identify structural
deterioration or damage.
Inspections are traditionally performed by
engineer divers and require both visual and
physical examination. The hazards associated
with these surveys are numerous and include
low visibility, debris, abrasive or jagged
objects, contaminated water, currents and
waves. In 2012 and 2013, Fugro's vesselbased remote sensing surveys helped limit
these risks, allowing engineers to specifically
target dive activities and reduce the surveyrelated efforts for inspection.
ABOVE AND BELOW THE WATERLINE
The marine inspections included assessment
of the concrete piles and rock/dike
revetment underneath the marginal wharf.
Fugro mobilised a small vessel fitted with
remote sensing technologies. A multibeam
12 I CROSS SECTION 27 I AUGUST 2014

echosounder was used to map the underwater
environment at high tide; the sensor was
rotated to capture maximum data under the
wharf. To map surface features and terrain, a
mobile laser scanning system was deployed
at low tide, acquiring data twice at different
horizontal angles to maximise coverage
between and behind the piles.
DETAILED ASSESSMENT
After initial data processing and integration,
Fugro analysts classified the combined data
point cloud to differentiate the ground surface

Survey data showing sheet pile
wall and bulkhead wall, piles
removed from data. 

– including revetment, rock dike and sea wall –
from the piles and wharf structure. Irrelevant
features, such as vehicles on the dock,
were deleted.
This process enhanced evaluation, allowing
the revetment and rock dike to be reviewed
without the presence of the piles. It also
enabled creation of a digital terrain model
for comparison against the design grade, as
well as previous surveys. In some locations,
the data clearly showed where erosion had
exposed the concrete sandbag.

Photo courtesy of Moffatt & Nichol

IMPROVING WATERFRONT
FACILITIES INSPECTIONS

National City Marine Terminal,
looking east, with car carrier at
berth 24-5. 

A COMPLEMENTARY SERVICE
Data were delivered in a GIS/CAD-ready
format for use in condition assessment
and change detection. In addition to
decreasing health and safety risks for
divers, the remote sensing programme
helped improve the inspection quality
and will allow engineers to detect and
track changes empirically over time.

UNDER PRESSURE

Monitoring the evolution of radial stress
with Fugro’s innovative tool

Working at France’s experimental
underground laboratory, near the northeastern village of Bure, has presented
opportunities to meet several challenges
over a number of years. One such challenge
recently led Fugro to design an innovative
tool to monitor the evolution of radial stress
applied around a borehole casing as a result
of the convergence of the surrounding rock.
French national radioactive waste management
agency, Andra, is studying the feasibility of
disposing high-level radioactive waste (HLW)
in the deep geological repositories of the
underground laboratory. Built 500 metres below
the ground, the host formation consists of a
claystone (Callovo-Oxfordian argillaceous rock).
The HLW cells consist of horizontal microtunnels, at least 80 metres long with a
diameter of almost 0.7 metre. They are lined
with a non-alloy steel casing to permit retrieval
of the waste packages if necessary (French law
requires that storage is reversible for at least
100 years).
In situ experiments enabled analysis of the
mechanisms involved in the casing/rock
interface evolution and their influence on the
mechanical behaviour of the casing. To monitor
the evolution of the radial stress applied around

a borehole casing due to the convergence of the
surrounding rock, Fugro designed an innovative
tool. Three tactile pressure sensors were
wrapped around the tubing at three different
depths in a 10 metre-long borehole.
This innovative equipment based upon the
tactile pressure sensor has led to highly
accurate monitoring of the convergence of a
cased borehole and the induced mechanical
load. Successful results led to the installation of
sensors in a second borehole.
email > s.pepa@fugro.com
OTHER POTENTIAL APPLICATIONS FOR
THIS INNOVATIVE NEW TECHNOLOGY:


Flat-jack testing –
to determine in situ stress levels
at a given point of a structure



Pipeline monitoring –
to measure the influence of the 		
above-ground activity



Tunnel boring machine –
to perform load surveys on
concrete segments



Seismic activity –
to explore effects on
building structures

email > tmitchell@fugro.com

Layout of the underground
repository. 
Location of the strain gauges
and displacement sensors
inside the tubing. 

LVDT
Horizontal

Strain
gauges

LVDT Vertical
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TECHNOLOGY, TOOLS
AND TECHNIQUES

LAB
EXPANSION

UK

SPECIALISED TESTING

Offshore wind drives increase in capacity for high tech soil tests
Following an investment of over £1 million, Fugro’s soils testing laboratory in
Wallingford, UK has expanded its output capability by 50 per cent.
Rapid growth in the renewables industry in
northwest Europe was the primary reason for
the expansion which has included increases in
floor space and advanced testing equipment
as well as the number of laboratory
technicians. It is also expected to significantly
reduce client delivery time.
A typical offshore wind farm development
comprises a number of turbines, associated
cables and sub-stations. Soil samples are
required for analysis of seabed conditions for
strength and consistency in order to design the
most efficient foundations. The forces acting
on the structures are highly dynamic and
the laboratory expansion accommodates an
increase in the capacity for these high tech tests
to assess the soil strength under dynamic loads.

STAYING POWER

Fugro’s innovative solution in situ for 20 years
An innovative oceanographic buoy and
mooring configuration have been developed
and delivered by Fugro, achieving a technical
first in oceanographic monitoring in support
of shuttle-tanker operations at an FPSO.
The project required a real-time oceanographic
buoy capable of full integration with the
existing Metocean Data Monitoring System
(MDMS) on board the FPSO. The buoy and
mooring were required to be in situ for twenty
years, so Fugro’s solution had to combine high
reliability with low maintenance requirements,
reducing the need for specialist vessel
operations in the years ahead and aiding longterm cost-efficiency.
Having supplied and installed the FPSO’s
MDMS in 2011, Fugro was well placed to
ensure smooth integration of the new buoy
with the existing system. A further requirement
of the project was for third-party systems
to receive the oceanographic data from
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the integrated system. Working to a tight
timeframe, Fugro designed a system which
called upon its experience and expertise in
subsea ROVs, engineering and geotechnics.
THE SOLUTION INCORPORATED THREE
ESSENTIAL FEATURES:
 A tight watch circle to prevent the
buoy from interfering with operations,
irrespective of waves and currents, 		
even in a congested field
 Large tensions to maintain the 		
buoy’s position above a water column
approximately 1,300m deep
 Substantial buoyancy and
heavy-duty equipment capable of 		
withstanding the increased working 		
load and 20 year operating life
email > m.quinnell@geos.com

“By drawing upon specialist
knowledge and skills
within the Fugro Group, as
well as our long-standing
relationships with key
suppliers, we have developed
an innovative, bespoke
solution that raises the
bar in the provision of realtime, integrated metocean
monitoring to support
offshore shuttle-tanker
operations.”
Michael Quinnell, Offshore Systems
Manager, Fugro GEOS

Offshore samples often require special test
procedures, even for some of the most routine
test methods. Whilst the un-drained shear
strength of the soil is important, the effect of

water currents on structures and wave loading,
especially during severe storms, can impose
significant cyclic lateral loads. The effect of
these needs to be assessed in the laboratory,
as these loads can cause a loss of soil strength
over time, or in extreme cases can cause the
soil to liquefy. The often-preferred ‘monopile’
foundation solution also requires soil stiffness
at small strain to be understood. This requires
highly specialist testing – a typical triaxial
sample can have up to eleven additional
sensors attached beyond the normal BS1377
test set-up.

In the last ten years Fugro has been extremely
active in soil investigations for offshore wind
farm development in northwest Europe and
more recently in United States waters. Over 50
preliminary geotechnical investigations and
more than 25 detailed investigations have been
performed, many in accordance with German
BSH regulations. In the offshore oil and gas
sector Fugro’s soil investigation expertise has
been applied in waters off every continent in
the world, including ultra-deep water sites.
The official opening of the laboratory extension
was performed by the Mayor of Wallingford; the
Wallingford Constituency MP and Minister for
Culture, Communications and Creative Industries,
Ed Vaizey, also visited the new facilities.
email > t.hodgson@fugro.com

nt
New Equipme


12 computer controlled stress
path triaxial systems



4 cyclic simple shear systems



4 cyclic triaxial systems



10 high pressure incremental
oedometer systems



2 resonant column systems

Did you know?
Fugro’s soil testing
laboratory in Wallingford,
UK is the largest of its kind
in Western Europe.
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PROJECT REPORT
SATURATION
DIVING

HIGH TECH DATA COLLECTION
FOR HIGHWAY AUTHORITIES
When state highway authorities
in two US jurisdictions needed
subsurface pavement construction
information recently, Fugro
deployed its specialised ARAN data
collection vehicles to survey their
road networks.
The Louisiana Department of Transportation
and Development needed to make a case for
federal funding to repair highway damage
caused by Hurricane Katrina whilst in Virginia,
the Department of Transportation had a
requirement for more accurate information
for its Pavement Management System (PMS).
Here variances in recent load-bearing tests
had raised questions about the reliability of
existing data.
Much of North America’s road network is
decades old. Highways have been widened,
connected and resurfaced repeatedly and
construction and repair records are often
unavailable. Compared to coring, Ground

ARAN vehicle operators collected
pavement data for Louisiana and Virginia
state highway authorities. 

BRAZIL

Penetrating Radar (GPR) offers a more costeffective, non-destructive and non-disruptive
method of data collection.
For both government departments Fugro’s
ARAN vehicles collected pavement data and
conducted the pavement management survey
in a single pass. All engineered layers of
pavement were scanned – up to 40 inches (1
metre) deep – and sample rates of up to one
scan per 20 inches (0.5 metre) at 50 miles
(80 kilometres) per hour were achieved. Data
were delivered in PMS-compatible formats
for use with client systems and reports
provided details of layer thickness values
within construction segments. The survey also
enabled Fugro to direct the requirement for
and the location of core samples.

“The road itself is a state highway
authority’s single most valuable
asset. GPR analysis is the best way
to understand what that resource
is really worth.”
Allan Venema,
Commercial Director, Fugro Roadware
email > avenema@fugro.com

TECHNOLOGY, TOOLS
AND TECHNIQUES

DEEP DIVING IN
BRAZIL’S CAMPOS BASIN

Did you know?
Fugro has saturation
teams of 14 to 18
operating in water depths
up to 300 metres. Three
simultaneous operations
were recently conducted
onboard specialised diving
support vessels.

Saturation system mounted on
a diving vessel. 

The Campos Basin, offshore Rio de Janeiro
state, is the centre of Brazil’s thriving
deepwater oil and gas industry and produces
approximately 80% of Brazil’s oil. Here water
depths range from 80 to 3,000 metres and
in order to help maintain pipelines, subsea
structures and offshore rigs, divers are
required to operate at depths down to
300 metres.
In the very early stages of commercial diving,
it was believed that no human being could
safely dive deeper than 100 metres. The
narcotic effect of the nitrogen content in
air at increased partial pressure can lead
to impaired reactions and confusion – a
condition known as nitrogen narcosis. Safe
diving operations below the 100 metre depth
limit resulted from new technologies, the
introduction of a helium/oxygen breathing
gas and new procedures.
Replacing a technique known as ‘bounce
diving’ – used by divers installing the
foundations of the 8 mile-long Rio-Niteroi
bridge – saturation diving came to Brazil in
the late 1970s with the expanding offshore
oil and gas exploration industry. This method
of diving allowed longer bottom time and
was increasingly in demand when Petrobras
made oil discoveries in the deepwater
Campos Basin.

SATURATION SYSTEM
The term ‘saturation diving’ refers to the fact
that the divers’ tissues absorb the maximum
amount of inert gas possible, i.e. they become
saturated. They are kept under pressure in a
deep diving system (or saturation system)
mounted on a diving vessel. A diving bell
(submersible decompression chamber) is mated
to the saturation system, allowing the divers to
‘transfer under pressure’; they are lowered to
the underwater job site in the diving bell. The
divers work in teams of two or three, with one
diver always remaining in the bell to act as a
rescue diver in case of difficulty.

Divers transfer to the saturation chamber when
they return to the surface in the diving bell. 

The diving bell is connected to the surface by
an umbilical which supplies breathing gases,
hot water heating, lights and communications;
it also sends real-time video of the diving
operations to the diving supervisor at the
surface. The bell is deployed for a maximum
of eight hours before the divers are returned
to the surface, sealed in the bell at the storage
depth and pressure. They ‘transfer under
pressure’ to the saturation system for a rest
period whilst underwater operations are
resumed by another team of divers. Following
saturation, decompression can be a lengthy
process – typically taking up to 11 days in the
Campos Basin. The pressure is reduced gradually,
following well-defined decompression tables,
and the breathing mixture is changed until the
divers reach the surface to breathe normal air.
NOT FOR EVERY DIVER
Saturation divers are selected on the basis
of temperament, discipline, attitude and
experience. Spending up to 28 days sealed in a
saturation system chamber with other divers is
certainly not for everyone! Most divers in Brazil
are between 30 and 60 years old and have been
trained at the navy school in Rio de Janeiro.
Their diving career usually begins as a shallow
(air) diver where they acquire the right skills and
experience before progressing to deep diving.
email > rogerio.carvalho@fugro-br.com
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OUR BUSINESS

INTEGRATED GEOSCIENCE
The foundation for successful engineering
Fugro acquired Advanced
Geomechanics at the end of 2013
in a strategic move to develop its
geoconsultancy services and provide
fully integrated solutions, from data
acquisition and processing through to
analysis and advice.

“Advanced Geomechanics’
reputation as a powerhouse
of geotechnical design
expertise was clear from
the outset. What quickly
became evident was the
talent of their integrated
geoscience team and their
unique knowledge of local
conditions. This expertise
is especially significant to
future developments in the
Timor Sea and Australia’s
North West Shelf, including
the Browse Basin.”
Peter Burger, Managing Director,
Advanced Geomechanics

Fugro’s global network of geoconsulting
specialists prides itself on its unparalleled range
of premium geoscience solutions. An integrated,
multidisciplinary approach to data acquired
offshore is a primary focus of the group.
The traditional approach, which separates
elements of a project – such as geotechnical
site investigations, geophysical surveys and
their interpretations – into discrete work
packages, risks overlooking the intrinsic value
of integrating these elements. Fugro has
championed the benefits of data integration
in offshore development projects during the
planning and design phases and applies its
specialist geological, geomorphological and
geotechnical knowledge to produce a coherent
and intuitive ground model hosted using tools
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The right approach to survey design provides
a foundation on which integration can be
performed in engineering planning and design;
also a greater understanding of seabed and
sub-seabed conditions.

The co-location of good quality data can provide
great opportunities to combine and integrate
data and understand a range of processes which
may be active in a particular area. 

Geotechnical design expertise from
the team in Perth, Australia. 

such as GIS. As new information emerges
throughout the operational life of the project,
the model is further refined and developed to
enhance the understanding of the geology.
Fugro provides these integrated interpretive
geoscience and geohazard analysis studies,
site investigation and survey support as well
as engineering and development design
and planning consultancy. Its expertise has
been enriched with experience gained from
completed projects, especially those in the
calcareous soils that pose unique challenges
to the global offshore industry. Collaboration
and interaction with academic institutions
across the globe has steadily reinforced
Fugro’s capabilities.
Calcareous soils pose
unique challenges. 

DATA ACQUISITION –
THE CORNERSTONE OF DETAILED
MULTIDISCIPLINARY INTEGRATION
Acquiring sufficient and suitable
multidisciplinary data, particularly over the life
of a development project, requires significant
investment, both financially and in terms of
time. It is also a complex undertaking but
unlocking additional value and information
within acquired data through integration
can significantly enhance the safety of
infrastructure over its lifespan.

DATA INTEGRATION EXAMPLE
Where side scan sonar data has been
registered onto a bathymetric dataset
with sub-bottom profiler data forming
a curtain underneath.
From this model, seabed reflectivity
(sediment type/variation), seabed
depth and the underlying geological
structure can be derived in a single
view and correlations between features
at the seabed and the underlying
geological structure can be found. The
addition of a range of geotechnical
and even paleontological information
adds quantification and analysis to the
ground model which can also easily be
represented graphically.

The integration of geotechnical, geophysical,
meteorological, oceanographic, paleontological,
sedimentological and seismological data can
reveal otherwise hidden information, facilitating
the production of a valuable multi-faceted data
ground model. The model can be constructed
and interpreted to provide an interactive way
of interrogating and visualising the correlations
or disagreements (each perfectly valid and
valuable) between multidisciplinary datasets
to assist planning and designing seafloor
infrastructure or assessing risk.
A further dimension can be added by
comparing previous datasets, i.e. adding time
or 4D perspectives to the data. A 4D approach
can help to quantify the rate of movement
or development of a surface or subsurface
feature and even provide information about the
hydrodynamic regime in a localised area.
If a feature is related to localised stress in the
crust, or is situated on the top of an escarpment
or shelf break, information on the local or
regional seismicity is essential in determining
the risk of sediment or slope instability, or
seismic risk to the planned infrastructure.
This type of study will contribute to a broader
seismic source model and Probabilistic Seismic

Hazard Assessment (PSHA) which will address
the potential risk of seismic activity and its
potential effects on a development.
THE BIG PICTURE – USING ALL AVAILABLE
INFORMATION TO UNDERSTAND THE
GEOLOGICAL CONTEXT
With opportunities to acquire a vast range
of data the adequate design of a survey
is critical. It is essential to consider all
information requirements for a project,
addressing short-term and long-term
objectives in order to optimise and futureproof the data acquisition programme.
Data acquisition should reflect the
engineering needs and consider the
appropriate interpretations and analyses
required for optimal engineering design
and field layout geometries.
An additional consideration is the way data
is acquired, standardising the geodesy
and spatial relationships to achieve data
integration. Quality control will ensure that
the data resolves the information needed,
particularly with respect to geohazards. The
consequences of poor data quality can echo
throughout the lifetime of a project, as data
is continually revisited.

INTEGRATION – THE FOUNDATION FOR
SUCCESSFUL ENGINEERING
The success of a survey, and acquiring
appropriate data types with sufficient quality,
can be influenced by human, environmental,
mechanical and technical elements. When all
elements are executed correctly, the results
can optimise information for design and
engineering solutions.
Fugro lays a solid foundation from which
integrated models can be derived and
successful projects completed. With a team of
geoconsulting specialists, its capabilities and
expertise provide premium advice and solutions
across the globe.

“Our team is like a special forces
unit that goes in to get a reliable
and accessible portrayal of the
seabed before the army of design
engineers comes in!”
Dr Ian Finnie, Integrated Geosciences Manager,
Advanced Geomechanics
email > i.finnie@fugro.com
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