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UT

The magazine of the Society
for Underwater Technology

to the inaugural edition of
UT2, the magazine of the
Society for Underwater Technology. Its focus is to
promote the activities of SUT members while investigating the latest technology that may be of interest to
the underwater professional.

Welcome

This dynamic quarterly publication will feature stories
ranging from offshore engineering, marine renewables, subsea engineering
and structures, to ocean
resources, diving and
manned submersibles,
mariculture, underwater
tourism, underwater
science and robotics. It
is designed to complement its sister publication
Underwater Technology,
which will continue to be
the premier authoritative
peer-reviewed journal.
UT2 will examine new
technological developments while also covering application stories
of existing systems. It will be a technology transfer
conduit, a platform to communicate research ideas,
a channel between like-minded underwater technologists on a world stage. It will discuss contemporary
industry issues, such the need to address potential
skills shortages, university and institutional research,
ultra-deepwater matters etc.
The weight of articles will broadly reflect the diversity
of disciplines prevalent within the SUT. We will shortly
publish a forthcoming features list, which will better
represent the Special Interest Groups that form the
loci of the Society’s activities. These feature topics
will also tie in with themes of various conferences and

exhibitions around the world which the Society attends.
An important part of UT2 will be a section governing
the activities of the various SUT branches – both
social and technical meetings.
A keynote of the Society is the calibre of its members.
It is intended therefore to have a recruitment section,
where members can either display their business
cards or where companies wishing to recruit can provide details of employment
opportunities.
It is also intended that a
section of smaller, low-cost
adverts featuring website
home pages will enable
smaller companies to promote themselves and their
contact details.
While UT2 will go out to
all SUT members and be
distributed at global functions, work is also underway to extend the circulation to include qualified
non-members. If you have
a work colleague or client who you think would benefit from receiving UT2, please send contact details
and affiliation, and we will do the rest.
We intend to set up a website which will contain
information about the magazine, selection of previous
issues, features lists, events calendar, recruitment
section and a directory of companies involved in the
subsea sector.
UT2 is a resource for SUT members. It is still at a
developmental stage so if you wish to add your
comments or influence its growth, please get in touch
with me or the SUT head office.

John Howes
Editor, UT2
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Underwater Technology News

Subsea Video
The majority of subsea video is typically carried out by cameras mounted
on ROVs. Illuminated by powerful
lights, the subject image is received
by a camera, with the signal then being transmitted to the surface via an
umbilical. The operator then records
the signal digitally to disc or onto
video tape.
This is ideal for applications such as
subsea inspection or tracking as long
as there is an ROV and umbilical,
but there are some instances when
a company might like to video where
this facility is not available or, alternatively, where an ROV and its umbilical
might get in the way of the operation.
This prompted Tritech to develop its
SeaCorder. This autonomous deep

sea video recording system has been
specifically designed to provide a
compact and robust unit for capturing
subsea video data.
‘The SeaCorder has a variety of
applications in the oceanographic,
academic, military and oil and gas
markets,’ said Tritech’s Managing
Director Richard Marsh. ‘It will also be
used for structural surveillance and
fishery research. Its first job is deep
sea fish net monitoring.’
‘It will be used to record fish movements over a period of time. SeaCorder will be deployed in trawlnets and
recovered at the end of the mission.
Alternatively, it may be programmed
to operate in timed sequences over
a long duration and subsequently

retrieved for analysis. The unit is
depth-rated to 2000m.
‘The military has also expressed interest in the camera for surveillance operations, although they have declined
to disclose the specific applications.’
SeaCorder is extremely rugged and
is designed to be deployed in hazardous environments which would not be
suitable for ROVs or AUVs. The camera, battery and recording units are
encased within an anti-shock stainless
steel space frame.
SeaCorder combines an MP4 digital
video recorder and 30Gb hard drive for
up to 30h of high quality colour video
data collection. The battery pack is able
to power the system for up to ten hours.
‘The unit is fitted with the Tritech
MD4000 high resolution colour
camera, which is designed for closeup inspection work,’ Richard Marsh
said. ‘It features an integrated array
of white LEDs which provide uniform
illumination across the viewing area.
A feedback loop automatically adjusts
the lighting level to provide optimum
picture quality, regardless of the reflectivity of the work surface.’
The lighting of the subject profoundly
affects the quality of video images. The
SeaCorder incorporates Dynamic Light
Control (DLC) which makes the system
particularly suitable for autonomous
subsea operation as it automatically
adjusts the lighting level to suit the
environment and optimise the picture
quality.

Deepwater ROV
Hemire, the Korea Ocean Research
and Development Institute’s (KORDI)
ROV, is travelling to the Pacific Ocean
to carry out underwater research
and seabed mapping. It can explore
depths to 6kms.
Equipped with a pair of robotic arms,
it will be able to scan wide swaths of
the ocean floor in search of minerals
or repair damaged underwater optical cables.

6
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Hemire is 3.3m long, 1.8m wide and
2.2m tall. It weighs 3.2t and travels at 1.5kts (about 10.8km/h).
Hemire will make Korea the
fourth country after the United States, France and Japan to retain a submersible
ROV able to work as deep
as 6kms. KORDI has also
developed an autonomous battery-powered underwater vehicle.

Underwater Technology News

Captain C
The latest chapter of the
Captain story unfolded recently,
when Captain C came on
stream. Initial production from
A1, the first of the two Captain
C wells, was 8000b/d day with
zero water. Peak production
from Area C is anticipated to be
15 000b/d, averaging 9000b/d
over the first year.
Area C comprises two
reservoirs in the eastern part
of the field through two subsea
wells tied back to the Area B
manifold via a ‘mini manifold’.
Both wells are horizontal, drilled
from the drilling centre located
2.9km east of the manifold and
utilise hydraulic submersible
pumps. All produced fluids are
routed to the Captain BLP (bridge
linked platform) for processing

The Captain manifold

via the subsea manifold.
The architecture of the field
allows for future expansion,
with a spare connection at the

drill centre for a possible future
well and a tie-in skid adjacent to
the manifold to accommodate
possible additional wells or a
satellite tie-in.
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Quantum Mechanics
The Aberdeen-based offshore contractor TS Marine
has selected SMD Hydrovision (SMDH) for the supply
of two 150hp, 3000m Quantum construction class
ROV systems and associated equipment.
The Quantums 005 and 006 will incorporate SMDHdesigned DVECS distributed control and the latest
Curvetech propulsion components. The spreads will
be equipped with SMDH standard tether management systems (TMS) which offer up to 900m of tether
capacity and innovations for extended tether life.
The vehicles will be configured for deepwater operation and handled using SMDH designed and manufactured A-frame and winch packages.

University Challenge
A pan-European competition to
develop an autonomous underwater
vehicle capable of completing a series
of submarine missions was won by a
team of students from the Spanish
University of Girona. The university
beat other European universities
including Glasgow, Southampton,
Bremen and Heriot-Watt at the event.
The competition was modelled on
an autonomous underwater vehicle
competition in the US which has been
running successfully for eight years.
The challenge, sponsored by the
Ministry of Defence’s (MOD) Research
Acquisition Organisation (RAO) and
the Defence Science and Technology
Laboratory (Dstl), was to design and
build an underwater vehicle that was
capable of independently carrying
out specified in-water ‘missions’ in
front of a panel of judges. Points were
awarded for performance, innovation, craftsmanship, efficiency and
economy.
Although the University of Girona won
first place, prizes were awarded to
all of the seven university teams that
took part. The University of Leicester,
for example, took the award for ‘most
innovative use of an everyday object’,
having used a fruit-bowl as a key component for their vehicle. The University
of Bath was named as the team that
‘persevered the most to overcome the
challenge’, having re-built its vehicle
almost from scratch on each day of
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The winning AUV from the University of Girona

the event. The teams’ vehicles were
tested with four different missions
that they needed to complete autonomously:
•
•
•
•

To navigate the vehicles through
a validation gate one metre
below the surface
To locate and drop a marker onto
a circular target marked with a
flashing light
To locate an acoustically and optically reflective mid-water target,
and contact it with the AUV
To surface the AUV within a designated surfacing zone, marked
with an active acoustic device

R e s u l t s Ta b l e
1 University of Girona
2 Heriot-Watt University
3 Southampton University

Fastest vehicle:
International University
of Bremen

The most challenging
approach:
University of Glasgow

Crest of a Wave
The industry body Subsea UK has
recently unveiled a new study which
shows that the UK subsea sector is
now worth £3.35 billion, up 23.6% on
last year’s figures. It is estimated that
by 2007, the UK subsea market will be
worth £5.1 billion.
In light of this, Subsea UK is renewing
its call for the industry and government
to create a global centre of subsea
excellence in the UK to develop new
skills and technologies. With the highest concentration of subsea companies, Aberdeen is the logical place for
this centre.
‘The subsea oil and gas sector is now
one of the fastest growing sectors of
the UK economy,’ said Subsea UK
chief executive, David Pridden. ‘The
UK subsea sector grows at almost 25%
year on year. To meet global demand,
the UK subsea sector immediately
needs 1000 people.’
This comprehensive review of the
subsea market to measure the change
in activity from 2004 to 2005, was
carried out by global management
consultants Arthur D Little.
Its findings reveal that the UK’s oil and
gas subsea sector is now worth £3.35
billion. This compares to last year’s
study when the UK market was valued
at £2.7 billion and implies a market
growth rate of some 23.6%, a growth
rate substantially higher than the
5–10% predicted in the last study.
‘Assuming continued growth at this
rate, the UK market will be worth £4.1
billion in 2006 and £5.1 billion in
2007,’ added Pridden. ‘I do not believe
there is any other UK industry sector
growing this fast.’
The initial study found that some 800
companies were involved in the UK
subsea industry and that it was the
largest in the world with sales gener-

ated by UK subsea companies being
well over half the global market.
According to Pridden, ‘Subsea companies are adapting to higher than
expected activity levels. The companies surveyed envisage that growth
will continue at around this level and
escalate in the following year.’
Interviews undertaken for this review
with the main players in the industry
suggest that employment in the sector
in 2006 will have grown to almost
30 000. Half of the £3.35 billion in
sales was derived from exports of
products and services, underlining the
high international focus of this sector.
‘Export levels have risen by over 20%
due to increased international activity,
particularly in West Africa, and are
expected to increase at a faster rate
than the UK subsea market. This
demonstrates the truly international
potential of this sector and underlines
the need for nationwide recognition of
the sector so that it can maintain its
global dominance,’ said Pridden.
The study also showed that costs of
service provision are rising sharply

due to the unmet demand for engineers, the lack of suitably qualified
professionals and the increasing
costs of raw materials such as stainless steel, alloys, copper and plastics.

Underwater Technology News

A REPORT SAYS THE SUBSEA INDUSTRY IS CURRENTLY ON THE

‘Extracting the remaining world’s reserves will increasingly fall to the subsea industry — already almost 40%
of UKCS oil production comes from
subsea wells,’ Pridden concluded.
‘The UK sector can only grow at the
same rate as demand for its services
and technology if key stakeholders
such as government, education and
financial institutions understand and
support it.’
‘We face two fundamental challenges:
those of people and technology. The
global prize can only be won if we
meet the demand for suitably qualified professionals and engineers and
become faster at commercialising
new technology. To do this we must
create a global centre of subsea
excellence in the UK focusing on developing new skills and new technologies. The industry and government
must work together to achieve this
before the window of opportunity
closes.’

RECRUITING?
This magazine will be read by hundreds
and thousands of subsea professionals,
just like you.
To place an advert in the forthcoming
recruiting section, please telephone

+44 (0) 1480 370007
UT2 October 2006
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ALIS TAR 3000
IN US TRIALS
Following a series of
demonstrations which were conducted offshore Toulon, France, in
December 2005 and again in March
2006, ECA has recently successfully completed ten-day deepwater
trials of its Alistar 3000 in the Gulf
of Mexico for BP America Production
Company. This trial was carried out
as part of the BP Exploration field
trial programme.
Alistar 3000 is an autonomous
underwater vehicle (AUV) able to
carry out pre-programmed inspection missions in deep water without
physical link to the surface. The
deepwater trials took place with the
local support of ECA’s partner in the
USA, Harvey-Lynch Inc. The vehicle
was launched from an Oceaneering
vessel hired by BP.
Alistar 3000 executed numerous
missions at 4450ft on a 9in by 13in
pipe-in-pipe flowline around BP’s
King field. This confirmed the vehicle’s capabilities for
•

accurate repositioning close
to seabed after the descent
phase

•

keeping an acoustic
supervision from the surface
throughout the mission

•

validating a sophisticated
mission management system

•

finding and ‘locking’ onto a
pipeline after a searching
phase

•

tracking and closely following a
pipeline between 1m and 2m
above the pipe enabling recording of high quality video images
of the pipeline

•

•
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detecting and carrying out
close inspection of an anomaly
using dedicated patterns
safely being recovered to the
surface
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Alistar 3000 being launched at the start of field trials for BP

Fugro Acquires Rovtech
Fugro has reached agreement with
Rovtech to acquire the company
for £34.5 million (approximately
€51 million).
Aberdeen-headquartered
Rovtech provides ROV services
to the oil and gas industry, and
specialises in the IRM (inspection, repair and maintenance)
and rig support sector.
It currently operates 34 ROVs in
the North Sea, the Caspian Sea
and in South East Asia. Rovtech’s
revenues show strong growth and
amount to approximately €35 million per annum. The company has
120 employees.

Fugro expects its global network,
in combination with Rovtech’s rig
support and IRM business, will
lead to substantial synergies and
will enable Fugro to strengthen
its ROV business in support of
offshore construction, drilling and
underwater engineering.
Combined with Rovtech, Fugro
will operate some 100 ROVs in Europe, Middle East, Asia and South
America.
Rovtech will be renamed FugroRovtech Limited and will be integrated in Fugro’s Survey Division.
Rovtech’s management will continue to work at Fugro-Rovtech.

UT2 October 2006
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ROV Market Report

Rod Westwood and Paul Newman of energy analysts Douglas-Westwood forecast continued growth in the global
ROV business in its soon to be published World ROV Report 2006-2010

ROV MARKET REPORT

Global ROV

MarketOutlook
T

he last 50 years have seen
some dramatic and rather rapid
changes in ROV technology. After
the first tethered ROV system was
built in 1953 by Dimitri Rebikoff, the
US Navy invested millions of dollars
into the design of remote systems,
primarily built to perform deep-sea
rescue operations and recover lost
ordnance from the sea floor. The
CURV (cable-controlled underwater
recovery vehicle) system gained
prominence after the successful recovery of an atomic bomb in 850m
of water off the coast of Spain, following an aircraft accident in 1966.
However, the majority of growth in
the ROV industry came from its evolution into the commercial arena
following the rapid development of
the offshore oil and gas industry
of the 1970s and ’80s, the latter
end of which introduced offshore
developments too deep for human
divers.
The 1970s
At this stage, divers and manned
submersibles were very much in
the limelight and ROV growth and
capability was slow, until the US
Navy’s CURV III system once again
took centre stage. In 1973, the
3000m-rated unit was sent on an
emergency recovery mission near
Cork, Ireland, to aid the Pisces III
manned semi-submersible, attaching a recovery device to the vessel
and saving both lives onboard.
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ROV Definitions and Activities
Remotely operated vehicles (ROV)
are electrically powered and controlled via an umbilical, manoeuvring themselves in response to
human commands with either
hydraulically or electrically driven
thrusters.
ROVs are roughly classified by
the nature of task they do. ROVs
are found on offshore platforms,
support vessels, scientific sampling, in nuclear power plants, in
reservoirs and salvage projects,
and even submarine rescue
situations. ROV have the ability
to ‘hover’ and stay on location to
perform a task.
The range of tasks carried out by
the offshore industry that require
the use of ROVs can be defined by
considering the lifecycle of an oil
and gas field — exploration drilling
(seabed inspection, valve operation, riser inspection, BOP hydraulics operation etc), field development and production (platform
and pipeline inspection, subsea
hardware installation, infrastructure repair and maintenance) and
decommissioning.
Work-Class ROVs are equipped
with manipulators and may be

capable of having a variety of tools
available (cutting disks, saws etc)
via a removable ‘tool-skid’ to suit
the particular job. Some ROVs are
classed as heavy duty (HD) due
to increased payload and power
availability, while others form a
‘survey and inspection’ class. The
personnel operating and maintaining work-class ROVs must be
highly trained as the technology
involved increases in capability
and complexity.
Eyeball Class ROVs are normally

all-electric powered and have no
manipulators or payload capacity,
but are used solely for inspection duties. Eyeball systems are
smaller, cheaper and simpler than
the larger work-class systems,
but are widely used in situations
other than the offshore industry.
They perform inspection tasks
inside the cooling systems of nuclear power stations, investigate
problems inside reservoirs and
large tanks, and can be fitted with
other sensors appropriate to the
situation if required. Some eyeball
ROVs are mounted on large workclass systems that they use as
a local base, and for which they
provide extra viewing capability
during complex operations.

The 1980s
In 1980, a Scorpio ROV was used in
support of BP’s drilling operations,
offering observation and some manipulative capability at a fraction of
the cost of using divers. The ROV and
its support system was also a fraction
of the weight of a saturation diving
system and had a smaller personnel
requirement.
With such large cost savings, drill support became the most important ROV
application and resulted in a boom
in the ROV market. In the four years
between 1980 and 1984, numbers
of ROVs working on drill support went
from one to 103. Many ROVs were
made between this period, but demand was greatly exceeding supply, to
the point that companies were buying
options on future vehicle deliveries.
However, due to falling oil prices in
first half of the 1980s, worldwide
drilling declined and, by 1983, the
first ROV boom was over. At this time,
around 250 ROVs were operating
worldwide, generating annual operator revenues of over $100 million.
Facing reduced orders and intense
competition from a new generation
of low overhead manufacturers, the
US defence manufacturers of ROVs
such as Ametek and Hydro Products
withdrew from the market.

The 1990s
The oil industry took several years to
adjust to the new regime of low oil
prices, but the oil and gas companies began to reduce their costs and
offshore activity slowly increased. By
1990, the major North Sea fields had
been developed and smaller fields
in deeper waters became of growing
importance — and with them, the use
of subsea production. This provided
an incentive for specially developed

or modified ROVs to carry out all the
work previously done by divers. In
water depths of 150m, ROV intervention was proving to cost one third that
of using divers.
By 1995, 25% of offshore oil and gas
discoveries were in depths exceeding 300m, which was considered the
acceptable limit for the effective commercial use of divers. Therefore, in
many of the new deepwater frontiers
such as West of Shetlands, Gulf of
Mexico, offshore Brazil and offshore
West Africa, the ROV now offered the
only viable underwater intervention
system. The lower costs of the ROV
were in many cases an essential
factor in the economic viability of
deepwater fields. In the late ’70searly ’80s, ROVs were in regular use
in the offshore industry, but for many
reasons had proved unreliable. By the
end of the 1990s however, they had
become much more reliable and a
great deal had been learnt about tooling and operational interfaces.

The 2000s
The major market change in the late
1990s and early 2000s was the
growth and collapse of the submarine
cable market.
The evolution of the bottom-crawling vehicle came about through the
growth in trans-ocean submarine
telecommunications cables and the
exponential growth in internet traffic.
The large investment in these systems
means that it is imperative for the
submarine lines to be protected from
fishing and anchor damage by burial.
Large heavy seabed surface-towed
ploughs were used for primary trenching and underwater vehicles were fitted
with sophisticated jetting equipment.
The first cable trenching ROV equipped
with tracks and variable buoyancy was
built by UK firm Slingsby Engineering
(now Perry) in 1981 and was so successful, that it underwent an extensive
refit in 1998. Many of the cable burial
vehicles are, however, adaptations of
commercial counterparts operating
in the oil and gas sector. Due to the
large capital investment in cable burial
vehicles and the need for dedicated
surface support systems, nearly all
of these vehicle/plough systems are
purpose-built for, and operated by, the
telecommunications industry.

In the late 1990s, large numbers of
vehicles were targeted for this activity, both newbuilds and ROVs that
became available as a result of the
1998 fall in oil prices. Then the stock
market collapse of the technology
sector in 2002 caused a virtual halt
in new cable installations. The overall
result was that the cable sector ROVs
were also released into the market,
leading to a major fall in new builds
in the early 2000s.

ROV Market Report

In 1977, the ROV Consub 2 (built by
British Aerospace and operated by
SubSea Surveys — co-founded by
Douglas-Westwood managing director
John Westwood) went into operation
in the North Sea working on pipeline
inspection and seabed survey. Day
rates were half those of the manned
submersible spread and eventually
24h operations were achieved. This
resulted in the large ROV becoming
the accepted method for pipeline
inspection.

The World ROV Market
2001–2010
Drivers
The global market for ROVs is driven
by a multitude of factors, many of
which apply to other on and offshore
oil and gas markets.

Continuing growth in energy
demand
All offshore activity is driven by the
continued growth in the world’s
demand for hydrocarbons (predominantly oil and gas). Global energy
consumption has more than tripled
in the last 50 years, driven primarily by demand growth in developing
countries — particularly China over the
last decade. Over the period 20002004, China’s energy demand grew
by 31.4%.

Oil prices driving drilling
activity
Over the past 30 years there has
been a strong correlation between
the oil prices and the level of offshore drilling activity. Despite present
oil prices maintained in excess of
$60/bbl, studies have shown that
offshore field development prospects
are still being tested against $20-$30
oil prices.
This cautious outlook means that if
oil prices were to suddenly fall to $25,
there would be little impact on the
levels of new offshore field development activity.

Oil supply
It is expected to see a sustained
increase in oil prices as supplies tighten
in the run-up to the peak production
year — now forecast by many to occur
sometime before the middle of the next
decade. This will impact deepwater developments to the extent that they will
UT2 October 2006
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Figure 1: The World ROV Operations Market 2001-2010 (Oil & Gas)
Source: Douglas-Westwood

become more economically viable as
the oil price rises — the move to deepwater heralds growth in the ROV business. Developments that were marginal
at $20/bbl will undoubtedly be more
vigorously pursued in an environment
where the long-term expectations of oil
price are $50/bbl and upwards.

Around 16 740 wells were drilled over
the last five years with a slight dip in
2003 followed by a rise up to 2005,
associated with rising oil prices. The
forecast for the next five years is of
a slight increase at around 18 055
wells. Consistently high levels of drilling activity ensure a healthy future for
the ROV industry.

Increasing supply from offshore

As onshore supplies diminish, the
push offshore becomes a requirement
to sustain the increasing levels of demand for oil and gas. Around 34% of
world production came from offshore
in 2003, a figure which will increase as
production from deepwater fields becomes necessary. Clearly, an increase
in offshore activity has a direct impact
on the demand for ROV systems.

Offshore capex growth
Global offshore capex is forecast to
grow substantially from $92 billion in
2005 to peak at $120 billion in 2010.
This represents almost a doubling
over the ten-year period. Increased
offshore expenditure, especially on
subsea equipment, will strengthen the
ROV market — a necessary technology
on subsea developments. Offshore
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Figure 2: Global Deepwater Capex 2001-2010
Source: The World Deepwater Forecast 2006-2010 (Douglas-Westwood)
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construction activity is
another major driver
of ROV demand and
increasing numbers
of construction vessels are coming into
the market. These
newbuilds tend to disproportionately boost
ROV demand as they
are mainly focused at
the deepwater end of
the market for which
work-class ROVs are
essential.

Numbers of both
jackup drilling rigs
and, more significantly, deepwater drilling
vessels are forecast
to increase to 2010 — the latter of
which is expected to grow by almost
60% over the next five years. However,
a lack of construction capacity will
mean a shortfall in rig availability;
increasing day rates for vessels and
therefore ROV systems.

Industry push to deepwater

Deepwater production will almost
double over the next five years. Capex
is expected to reach over $22 billion
by the end of the period. The increase
in deepwater production is perhaps
the biggest driver of the ROV industry,
as water depths become beyond the
boundaries of human divers.
The world market for operations
of ROV systems involved in oil and
gas production will
reach $1,459 million
by 2010 more than
double the 2001
value. All areas will
see growth, but in
particular, Africa will
Africa
see a large increase
Asia
E Europe/FSU
in demand for ROV
Latin America
systems (a growth of
Middle East
40% over the next
North America
five years). This is the
Western Europe
result of two main
factors: the substantial increase in West
African deepwater
activity and the push
to inspect and repair
the region’s ageing
offshore platforms
and associated infrastructure.

ROV DESIGN

Compact Work ROV
W

hen Statoil considered its
present and future subsea
system requirements, the
operator realised that it was likely to
need an ROV with a smaller footprint
to accomplish many of the tasks it
was likely to confront.
The ROV, however,
would need the same
power requirements as
existing larger ROVs.
This prompted ROV
manufacturer Kystdesign to essentially
redesign its successful
‘Installer’ ROV to fit
into a more compact
space. The result was
the ‘Supporter’.

work class intervention vehicles, this
would effectively mean changing the
entire architecture of the unit.
The vehicle had to be rated to work
at water depths of up to 2000m.

‘The innovative ROV
is a powerful and versatile vehicle, able to
access templates and
subsea systems in accordance with Statoil’s
operational demands,’
said Pål Eide, Managing Director of Kystdesign. The Supporter ROV
‘So far this year, three
Supporter ROVs have already been
Because of the smaller size but propordelivered to DeepOcean. These are full
tionally greater weight, however, it was
workclass ROVs, abundantly able to out
necessary to use a different buoyancy
to carry out a range of IMR duties. They
system. This was more expensive,
are also equipped with the necessary
but that meant that the designers
electronics to carry out general survey
could incorporate a greater amount
work.’
of necessary equipment so that the
eventual performance was not prejuThe first task that the designers had
diced. The buoyancy is provided by a
to contend with was to satisfy the new
single syntactic foam block, with extra
dimensional requirements (2.5m by
blocks — or indeed ballast — available
1.7m by 1.65m) set by Statoil. This
depending on the application.
was notably smaller than the dimensions of the ‘Installer’.
The ROV is enclosed in a lightweight,
high-strength aluminium alloy frame
Electrical ROVs are traditionally
with stainless steel fasteners, which
smaller and might fit more easily into
gives the ROV a weight (in air) of
this footprint, however, if Kystdesign
2450kg. It has a 3000kg throughwished to continue with using a
frame lift capacity, although the main
hydraulic system as the basis for its
frame certified by DNV to a single

ROV Technology

Kystdesign has developed new hydraulic ROV to fit within the small design footprint demanded by Statoil

weight lift of 6000kg.
‘The internal architecture and the
hydraulic components have been completely designed in-house, which means
we have been able to make the unit as
rational, maintenance-friendly and compact as possible,’ said Eide.
‘It has a payload of 220kg at
vehicle front when it is fitted
with manipulators, tool basket and skid. The underwater tools and manipulators
include a 5-function grabber
and a 7-function Schilling
Titan III manipulator.
‘The designers have also
included 20 bi-directional
proportionally controlled
hydraulic channels for additional tooling, of which four
are 75 l/min pressure and
flow controllable.’
To enable inspection
duties, there are eight
cameras illuminated by ten
250W dimmable lights.
The system is capable of handling
an additional 18 survey sensors
simultaneously. The instrumentation
includes an array of devices, including
navigation/tracking, north-seeking gyro
and obstacle avoidance sonar.
‘One minor victim of the demands
for size reduction, when compared
with the Installer, has possibly been
the propulsion,’ said Eide, ‘but that is
quite understandable under the circumstances. In many ways, it shows
how good the design is, that not more
things have been compromised. The
vehicle includes three 300mm vertical thrusters and four 300mm vectorised horizontal thrusters, which give
it a horizontal bollard pull of 520kg
and a speed of 3.5kts, however this
is still more than adequate to control
the vehicle.’
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‘Demand is growing for electric work-class ROVs partly because of better economics,’ says Chris Tarmey
of Seaeye

ROV TECHNOLOGY

Electric Saver
D

riving the demand for electric
work-class vehicles is the
recognition by service companies and defence organisations of
the wide range of operations that can
be conducted using these vehicles.
Wherever a suitably equipped electric
work-class ROV can be used instead
of an hydraulic system, the operator benefits from significantly lower
costs of ownership. It is likely to weigh
less than a quarter of its hydraulic
equivalent, take less deck space and
need fewer crew. Add to this the ease
of mobilisation, maintenance and
repair of electric ROVs, and it can be
seen why their use in drill support,
IRM and survey operations — and in
the defence world, for missions such
as torpedo recovery and submarine
rescue — is increasing.
Gone is the old notion that an electric
ROV is only able to undertake 90% of
the tasks that can be performed by
hydraulic systems, as operators see
that electric ROVs can perform all
the tasks required in an expanding
range of operational roles. Vehicles
can now be targeted to perform all
that is expected of them, thereby
bringing greater precision to the role
of ROV operational management. The
growing demand has accelerated as
new ROV operators join the market.
These newcomers are unfettered
by the history of ROV development,
where an untidy overlap occurred in
the perceived roles of electric and
hydraulic work-class ROVs. These new
operators see clearly the role of each
system and simple seek out the right
vehicle for the tasks needed.
The historical issue stems from the
early drive to replace divers with ROVs
at a time when electric ROVs were
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Brushless DC thruster

thruster performance and reliability
has now reached a point where BAE
Systems chose Seaeye thrusters for
their Talisman autonomous vehicle
which uses stealth technology and
operates offshore for 24h in strong
currents. They are also widely used
in manned submersibles and one
atmosphere diving suits.)

It was only when Seaeye introduced
the first successful, reliable brushless
DC thruster in the late ’80s, that the
electric ROV became fully accepted.
This revolutionary design was more
reliable than previous brushed DC
thrusters and provided far superior
power density than equivalent AC
thrusters. It also introduced the significant advantage of drive electronics
with velocity feedback for precise and
rapid control in all directions. (Indeed,

The first ROVs to use this new technology were observation and inspection
vehicles. Other systems soon followed
with ever greater capabilities, including the ability to carry pipe tracking
systems and a full survey suite. The
range of roles now possible for an
electric work-class vehicle has grown
until this system challenges hydraulic
vehicles in many important operational areas from drill support, IRM,

notoriously unreliable. This resulted
in a greater on emphasis in the use of
hydraulic ROVs of increasing horsepower to get the work done. Today, a
typical hydraulic work class ROV can
weigh over 4t with 125 or more shaft
horsepower.

A Cougar in Survey mode

The incentive for ROV operators to
switch to electric is strong. For a start,
the cost of ownership is much lower
than for hydraulic vehicles. At ½ to 1t,
they weigh less than a quarter of an
hydraulic equivalent and take up less
deck space. The deck area needed for
a Panther Plus, for instance, is 63m2
compared with 150m2 for a typical
hydraulic system.
Having less mass and smaller
diameter umbilicals, electric ROVs
generally require smaller launch and
recovery systems and can be installed
on smaller vessels. These lighter
systems also require a smaller crew
and benefit from shorter mobilisation
times — typically 12h compared with
40h for a large hydraulic ROV.
They have smaller surface control
equipment and transformers and
so only need a control container
that is half the size of that used for
an hydraulic vehicle. The ‘plug-andgo’ simplicity of the electric vehicle
makes them easier to operate.
Rovtech was quick to see the advantages, and the potential, of the
small electric work-class ROV. It has
enabled the company to penetrate
deep into market niches previously
the domain of hydraulic work-class vehicles. It has backed its commitment
to the concept by building up a fleet of
seven Panther Plus electric work-class
ROVs.

undaunted in their search for ever
more tasks that might be undertaken
by their electric ROV, sees powerful
vehicles like the Panther Plus taking
on an increasing range of tasks.

of up to 400m and operate from the
cable-laying vessel using a launch and
recovery ‘A’ frame and winch built by
Noordhoek, and a tether management
system supplied by Seaeye.

For example, hot stab connection and
disconnection is now routinely carried
out, along with dual point docking
and free flying stab-plate connection. The ROV can cut wire rope and
soft line up to 1½in (38mm). It can
carry out visual operations with video
status; perform pre and post drilling
site survey; and undertake guidance
and orientation for BOP and riser
connection, depth and orientation of
wellhead and BOP stack. It can clean
wellhead and bulls eyes, and change
out AX wellhead gaskets.

Away from the oil and gas industry,
electric work-class ROVs continue
to carve a role in the defence world.
The Russian Navy is using a Panther
Plus as part of a rapid response, air
transportable rescue system that
will fly the vehicle directly to stricken
submariners, whilst the French Navy
is using a Panther Plus in torpedo
recovery operations.

Structure inspection is a rôle commonly undertaken by an electric
vehicle that has expanded from visual
inspection, wall thickness measurement and CP readings, to operating
torque tools, performing FMD work
and carrying out water-jet cleaning.
It is also ideally suited to assist in
cable-laying operations. Subsea
contractor Noordhoek, for instance,
recently expanded its fleet with two
Panther Plus ROVs. Although one is
used for touch-down monitoring, the
other is in support of a cable-laying
project between Norway and the Netherlands. There, it will work in depths

ROV Technology

survey and some construction tasks.

In the search for increased performance and capability, larger electric
ROVs will emerge along with vehicles
that can go to ever greater depths,
particularly as the search for oil and
gas goes deeper. Thrusters will be
even more powerful, with a 50%
increase in power already on the
horizon.
But whatever happens, the priority will
continue to focus on maintaining the
power to weight ratio of their systems
to maintain a lead in ease of operation and handling in the strongest currents. This will place greater emphasis
on tooling manufacturers to come up
with designs that have the same performance as those used in hydraulic
vehicles, but are light enough to suit
the electric work-class ROV.

The appeal to Rovtech of this vehicle
is its proven performance and range
of features. It comes rated to 1000m,
is driven by 10 brushless thrusters
for fingertip control, has two hydraulic
manipulators, a 12-function hydraulic
solenoid pack, a pan and tilt camera,
four simultaneous video channels
and can have a range of options fitted
— including survey suites, tracking
systems and other specialist equipment.
Rovtech constantly seeks to expand
the potential of the electric system
with inventive solutions to tasks that
previously were only considered possible by using a 100hp electro-hydraulic
work class ROV.
This willingness for operators to be

Cougar with disc cutter, manipulator water jet and piggy back AX ring tool skid
cutter
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At the rock face of mid-oceanic geology

ROV TECHNOLOGY

Smoking
may
damage
your
health
At 407°C, the water from the
hydrothermal vent is no longer
a fluid

I

n mid-2006, the Quest 5 ROV from
Schilling Robotics played an instrumental rôle in a major multinational
research deep sea project investigating seafloor spreading. A highlight of
the project was a special thermometer
probe held by the ROV, which measured an astounding 407°C in the deep
sea.

The work was carried out as part of
Meteor Cruise 68 project, along the
Mid-Atlantic ridge at 5deg south. At
the study area, the African and South
American plates diverge at a rate of
about 4cm/yr. Magma therefore lies
very close to the ocean floor and
heats the sea water, which circulates
through cracks in the sea bed. A common geomorphological feature of this
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spreading ridge are hydrothermal
vents, more colloquially known as
black smokers. The previous record
temperatures around hydrothermal
vents was in the Pacific, with temperatures of 402°C being measured.
‘This increase of the record by 5°C is
significant, as 407°C at 3000m water
depth marks the critical temperature
at which water is no longer a fluid but
reaches the state of critical vapour,’
said cruise leader Andrea Koschinsky
from the International University of
Bremen. ‘In this state, water has different chemical and physical properties, meaning that it leaches materials
differently from the surrounding bedrock. The resulting super-hot solutions
spewing from the black smoker are

markedly different because of this.’
These conditions are very severe and
demonstrate the ruggedness of the
Quest 5 ROV as an all-round workhorse. The Quest 5 system is rated to
work in 4000m water depths. It is 2.9m
in length and has a width and height
of 1.7m. It weighs 2450kg. It moves by
the use of seven 11kW DC electric ring
thrusters (4 horizontal, 3 vertical) which
give it a forward bollard pull of 544kgf.
It has a 250kg payload capacity.

Seafloor

The ambient temperature at the sea
floor in this depth is around 2-3°C. All
devices working there need to withstand both enormous pressures and
the aggressive salt water. Hot vents at

The design of the temperature probe
itself was a major feat of engineering.
‘If a device is supposed to work
in these conditions, it needs to be
extremely tough,’ said Hans-Hermann Gennerich of the University of
Bremen. ‘The thermometer has to be
very thin in order to transmit the heat
easily, so the final measurement can
be arrived at quickly. It also has to be
mechanically stable and fabricated
from materials able to withstand the

rigorous demands put on it. Tubes
made from titanium, for example,
could withstand pressure, acid and
heat, but would be too soft. The inside
of the hollow probe would have the
same pressure as at the surface.
Outside however, the water would
push down at around 300 kg/cm2
– about the same as if a truck drove
over it. The thin part of the probe that
is pushed into the fluid, therefore, is
made from a special steel. This is
necessary because a lot of the addi-

tives that harden steel make it more
susceptible to corrosion by salt and
acids, and the corrosiveness is aggravated by the extreme heat.

ROV Technology

The black heat of technology

Another factor was isolating the
electrical cables. Even Teflon, which
normally serves well, evaporates at
270oC. Therefore, a thin meshwork
from glass fibres were used. Soldered connections likewise do not
work, because the tin-solder would
just melt.

Measuring inside the black smoker (Pic: Marum)

the black smokers exacerbate the problem — they emit extremely hot, acidic
flumes out of their metre-high stacks.
‘The temperature profile is particularly
interesting,’ said senior field service
engineer Greg Engemann at Schilling
Robotics. ‘Seawater is a very effective
coolant, so the temperature drops from
407°C to the ambient 3°C in a remarkably short distance. This allows the
ROV to get much nearer to the smoker
than one might think.’

The Quest recovery (Pic: Marum)

An important part of the work programme required of the ROV was
putting a titanium sampling tube, or
thermometer, into the hydrothermal
vent using its two manipulators, the
Orion 7PE and the RigMaster, to hold
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Launching the Quest ROV (Pic: Marum)
the devices. The seafloor around the
vents was undulating and precipitous,
so the ROV had to continually hover.
This however was assisted by the automatic ‘StationKeep’ system — a kind of
three dimensional subsea dynamic positioning to keep it in a stable attitude.
‘One thing that was quite surprising was the currents at those ocean
depths,’ continued Greg Engemann.
‘In one operation, it was necessary to
insert a sampling tube into the smoker
for up to 45mins. If this was even temporarily moved, it would essentially
dilute the reading with sea water and
affect the veracity of the results.’
‘Even though the smoker was approached from one side, we found that
more than once, the plume of “smoke”
moved 90deg because of the current,
occluding camera visibility and requiring the ROV to move away.’
‘Abe’: Wood’s Hole Oceanographic Institution’s versatile deep sea vehicle

The Extreme Team
The Meteor expedition M68/1 was
carried out from 27 April to 2 June
2006 to explore the correlation between volcanism, water circulation
inside and above the seafloor and
hydrothermal vent organism communities. In addition to the super-hot
vent, it also discovered other, to date
uncharted. hot deep-sea wells.
This work was facilitated by combining the abilities of the autonomous
deep-sea vehicle ABE, which was
specially developed by Woods Hole
Oceanographic Institution for locat-
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ing hot vents, along with the Marum’s
Quest ROV at the International University of Bremen.

Let’s give the Quest a big hand

Participants in the Meteor Cruise
68/1 were from the Marum, the universities of Bremen, Hamburg, Kiel,
Munster and Otago (New Zealand),
the IUB, the Leibniz Institute of Marine Sciences, the Max-Planck Institute for Marine Biology in Bremen,
the National Oceanographic Institution in Great Britain and the Woods
Hole Oceanographic Institution in
the USA.
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To meet a client’s needs, SMD Hydrovision redesigned its Quark ROV

ROV TECHNOLOGY

The Quark that thinks
it’s a Quasar
S

MD Hydrovision (SMDH)
manufactures three ROVs in
its Q-series: the Quark, Quasar
and Quantum. When expanding ROV
operators Hallin Marine wished to
marginally increase the specifications
of the two new Quarks it had ordered
to something approaching the larger
Quasar — essentially making a new
ROV — the manufacturer had to
decide what it should be called.

The typical Quark has a very small
footprint of 1.3m by 1.3m and 2m
in length. It is normally used for drill
support applications and therefore
only requires modest power requirements of 55 or 75hp. It has a 150kg
payload and cannot accommodate
auxiliary tooling. Conversely, the
larger traditional Quasar
WROV is bigger,

Should it be a Quark? Should
it be a Quasar? Should it
be called something new?
In the dictionary, there
were still some good
‘Q’s left like Quartz
and Quicksilver before
being stuck with less
dynamic names like
Quirky, Queasy or
Queer.
In a decision redolent
of the ROV design
itself however, SMDH
decided to keep it
uncomplicated. They
have simply called it
the ‘Quasar Compact’.
The name reflects
The Quark ROV
the adaptability of the
SMDH designers in meeting client
measuring 1.7m by 1.7m and has a
requirements yet still gives an idea of
length of 2.4m. The user can select
100 or 125hp versions and it can carry
ROVs capability. The new ROV affords
a payload of 250kg.
a high power and tooling compatibility
while keeping the design within a much
The vehicle that Hallin Marine sought
smaller footprint.
however, fell somewhere in between
the two designs. Ready for a chal‘The full contract for Hallin was for
four complete work-class ROVs
lenge, however, the SMDH engineers
settled on a 1.4 by 1.5m by 2m frame
— two Quark compact drill support
and then set about fulfilling Hallin’s
ROVs and two Quantum construction
class ROVs with options for further
requirements.
systems,’ said Work ROV /Curvetech Sales Manager Mark Collins.
Quasar Compact
The Quasar Compact has 75kW
‘All the ROVs are able to operate in
(100hp) hydraulic power as standard.
sea state 6 and are rated for work at
Although weighing around 1900kg in
2000m.’
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air, the ROV is neutrally buoyant in
water. It is designed for work in -10°C
to +45°C. All vehicles in the range use
the same technology of Curvetech
components which are scalable to
increase the versatility of the ROV.
These are all developed in-house by
SMDH.
Propulsion is by means of four
300mm horizontal and a pair of vertical hydraulic thrusters. There is a
7-station thruster control
manifold and a 12
station bi-directional hydraulic
control manifold.
Telemetry is carried out by 16 data
channels plus eight
video channels via
single mode fibre.
It has a forward/
aft bollard pull of
670kgf, a 645kgf
lateral bollard pull
and a 460kgf vertical bollard pull.
The thrusters give
it a forward speed
of 3.5kts, a lateral speed
of 2.5kts and a vertical speed of
2.5kts. The vehicle has a payload of
160kg with manipulators fitted.
The Quasar Compact uses a Schilling Robotics Orion 7P manipulator
and a Schilling Robotics Rigmaster Grabber. In order to view the
operation, there is a collection of
colour zoom, black-and-white and
low light cameras suplied by Tritech.
There are up to six 250W lamps
to illuminate the subject. There
is also a Tritech Super Seaking
DFS sonar, a Tritech Seaking 701
bathymetric system and a Novatech
ST400 strobe emergency flasher as
standard.

The tether management system
(TMS) has a capacity of 250m of
neutral, or 500m of heavy tether, with
8.5kW (11.4 shaft horsepower) as
standard. The TMS is 1.6m in diameter and 2m high. It weighs 2500kg in

air or 2000kg in seawater.
The telemetry system is based on
six data channels and three video
channels. It uses a Paroscientific
Digiquartz depth measurement sensor. There are also two monochrome
cameras and a pair of 250W lamps.
Launching the ROV is by means of a
hydraulically powered ‘A’ frame with
umbilical sheave, damped snubber
and rotating frame. It has a 7000kg
safe working load. It measures 5.6m

in length, 2.7m in width and 8m high
when erected. It has a 4.3m deployed
reach and a nominal weight of 10
000kg.
The pilot and co-pilot control the ROV
from a A60, 4.839m (16ft) control
container, ISO rated for Class 1 Division 2 (Zone II) operations. This has
an ergonomic control desk panel with
video wall Integrated into the cabin is
a power room to house high voltage
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The ROV comes with a tether management system, control container,
an A-frame assembly, umbilical winch
with integrated hydraulic power unit
and a workshop/spares container.

Quantum Leap
The Quantum construction class ROV
system stands as SMD Hydrovision’s
flagship work vehicle, combining high
performance with a rugged construction and powerful tooling capability. It
is designed for such tasks as subsea
construction/intervention, well/drill
support, dredging/cleaning operations,
seabed survey, power tool deployment and object recovery. It has been
adopted by the oil and gas, military,
scientific and environmental industries. Already this year, Quantum ROV
systems have been delivered to European Contract Hire and Hallin Marine
with further orders from TS Marine.
The Quantum is 3.35m in length, 1.8m
wide and has a height of 2.12m. It
weighs 3560kg. It has over 800kgf
forward bollard pull and has a 350kg
payload with manipulators fitted.
The frame is constructed from 6082
T6 aluminium alloy. It is non-coated
and anode protected, which permits
additional equipment to be bolted on
without corrosion. There is a central
lift core frame to provide the through
frame lift capacity and the base is
designed for mounting tooling skids
for carrying equipment.
The vehicle is equipped with moulded
syntactic foam buoyancy, positioned
on the top of the ROV. The foam is
rated to the operational depth required
and provides enough lift to support the
ROV and payload in water. Additional
buoyancy can be added if required to
increase payload further.
The Quantum hydraulic system uses
the latest generation Curvetech
hydraulic components. For hydraulic
power, the Quantum is equipped
with a Curvetech 125, 150 or 200hp,
3000V, 4 pole, prime mover motor
with Rexroth ‘flow on demand’ pump.
The unit incorporates a temperature
sensor which monitors actual winding
temperature and not oil temperature

SMDH’s Quantum ROV
for a more accurate reading. The
power conductors interface with
the unit via a Burton connector. A
secondary auxiliary pump is mounted
on the opposite end of the power
pack to isolate propulsion and tooling
circuits.

‘The four Curvetech HTE 380 thrusters
are ideally suited for high performance
applications,’ said WROV/Curvetech
Sales Manager Mark Collins. ‘They
have a blade diameter of 380mm and
use high efficiency bent axis Rexroth
motors.’

It has seven hydraulic Curvetech
thrusters as standard, with four units
vectored at 45deg in each corner to
provide lateral propulsion and three
(four optional) units mounted vertically
within the buoyancy.

The units require a flow of approximately 45 litres/min at 220 bar system
pressure to produce approximately
350kgf of thrust each. When four
thrusters are mounted in a 45deg
vectored configuration, the total available thrust (when taking into account
losses) is approximately 890kg. The
vertical thrusters are the same as used
on the horizontals. Three units are
employed to allow the ROV to tilt, carry
large payloads and quickly ascend/descend to/from operating depths.

It uses the latest generation thrusters
from the new HTE range. These are
based on the successful HT thrusters,
but enhanced by making them lighter
and more efficient with combined
bearing housing/pedestal.

UT2 October 2006

23

Autonomous Vehicles

Kongsberg has developed a ultra-deepwater AUV to extend the depth range of its HUGIN family

AUV TECHNOLOGY

Deep, Deeper, Deepest

The Hugin AUV. A new version of the vehicle has been developed, rated at being able to work in 4500m of water

K

ongsberg is entering the final
development stages of its nextgeneration HUGIN autonomous
underwater vehicle (AUV). For the
first time, a version of this advanced
family of vehicles will be able operate
at 4500m water depths. At present,
this deepwater vehicle is under final
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assembly and testing, ready for an
October 2006 launch.
‘The HUGIN is a flexible, robust,
hydrodynamic, stable, low-noise platform which provides a cost-effective
alternative to conventional surface tow
and ROV-mounted survey systems,’

said Karstein Vestgaard, Vice President of Kongsberg’s AUV department.
‘The HUGIN 4500 will literally bring
the concept to another level.’
The vehicle will be 0.75m longer
than the current HUGIN 3000 AUV.
This has been necessary in order to

This first vehicle has already been
sold to Louisiana-based C&C Technologies. C&C was an early adopter
of HUGIN AUV technology and has
established strong links with the Norwegian manufacturers. A team of C&C
specialists are presently working with
the HUGIN team during final assembly and testing. In the past, this has
proven to be beneficial to the partners
by providing training and building
personal relations, which proved very
useful when field operations commenced.

Autonomous Vehicles

and the redesign of titanium pressure containers, as well as specifying
higher performance payload sensor
packages capable of withstanding
the higher pressures. All payload and
control system sensors are rated to
6000m or deeper.

‘Our plans on the C-Surveyor III have
not fully been ironed out yet, but
we are in discussions with several
operators worldwide to decide where
to mobilise our third deepwater AUV.’
said Jeff Fortenberry of C&C.
The equipment that will be installed
as part of the C-Surveyor III’s Payload
Sensor Package includes:
EdgeTech 4500-DF 220 kHz / 410
kHz dynamically focused side scan
sonar – rated to 6000m
EdgeTech full spectrum chirp subbottom profiler with 2X2 transmit array
and 8 hydrophone receiver arrays
– rated to 6000m
Kongsberg Maritime EM2000
multibeam echo sounder – rated to
6000m
Two SeaBird SBE 49 FastCAT
CTDs – rated to 7000m
Two Paroscientific depth sensors
– rated to 7000m
RDI WHN300 DVL – rated to
6000m

accommodate the increased battery
capacity and the extended payload
sensor configuration. It will employ the
same Aluminium Oxygen fuel cell battery technology as the existing HUGIN
3000, but will incorporate a number of
extra cells, which should give it a 30%
greater battery life. This will allow an

operational life of 60-70h with full sensor deployment, at nominal speeds of
4kts.
The move to 4500m water depth has
meant a number of minor but fundamental changes in the internal design,
with the use of denser syntactic foam

Satellite/ GPS emergency call-in
system for emergency location – rated
to 6000m
Wireless Ethernet link for control,
monitoring and data transfer while on
the surface – rated to 6000m
‘HUGIN AUVs have been established
as an industry standard for AUV
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based offshore oil and gas surveying,’ said Karstein Vestgaard. ‘So far
the number of accumulated survey
hours have passed 100 000 km or
approximately 15 000h of survey.
The HUGIN survey operations have
taken place from shallower horizons
down to 3000m water depths and
have been active in most significant
offshore oil and gas areas across the
globe.’

HUGIN 3000
Meanwhile in another part of the assembly workshops, a second HUGIN
3000 is being assembled for delivery
to Fugro, also planned for launch by
the end of this year. The first AUV, the
Echo Surveyor, was delivered in late
2004.
The new-build HUGIN 3000 will be
equipped to the same standard as
the Echo Surveyor but will incorporate the modifications that have been
already made to its predecessor, to
enhance operational efficiency, and
improve safety and environmental
performance to meet Fugro’s requirements.
The HUGIN 3000 is 5.35m in length

and a metre in diameter. While it
weighs 1400kg in air, it is neutral in
water. Due to its 45 kWh semi-fuel cell
battery technology, the vehicles are
repeatedly running survey missions
up to 60h endurance with all payload
sensors in operation simultaneously.
Such sensors typically comprise side
scan sonar, sub bottom penetration
sonar, multi beam echo sounder and
sensor for measuring conductivity,
temperature and depth. The vehicle
control and navigation systems allow
the vehicle to be safely operated in
rough terrain and with high position
precision in very deep water.

In the Navy
The end of the year will also see a
delivery of a next HUGIN 1000 to
the Royal Norwegian Navy (RNoN).
The first HUGIN 1000 was delivered
in 2004. The HUGIN 1000 is mainly
directed towards military applications,
particularly the mine reconnaissance
program (HUGIN MRS), but also
has potential in the field of marine
research.
This smaller AUV has been developed in several phases with technol-

ogy, concept development and field
evaluations in progress since 1998.
This stage of the program included
a number of HUGIN operations
throughout 2002 and 2003, onboard
the Norwegian mine hunter HNoMS
Karmoey. These operations resulted
in successful demonstrations and
proof of the concept of the AUV in
military operations.
The HUGIN 1000 is smaller at 4-5m
in length depending on the central
section which can be built in different lengths. It has a 0.75m maximum diameter and can travel at up
to 6kts for up to 24h, depending on
speed, battery and payload configuration.
The HUGIN 1000 is equipped with
side scan or synthetic aperture sonar,
multibeam echo sounder, and a state
of the art integrated inertial navigation system. This new HUGIN 1000
for the RnoN will be equipped with
the HISAS 1030, a high resolution
Interferrometric Synthetic Aperture
Sonar developed in co-operation between Norwegian Defence Research
Establishment (FFI) and Kongsberg
Maritime.

Fugro’s first AUV, the Echo Surveyor. The newbuild HUGIN 3000 will be equipped to the same standard
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Treasures of the Nile
When BP Exploration (Egypt) wished
to undertake a regional site investigation of its Raven field in the west
Nile delta, it selected Fugro as the
main contractor. Fugro was not only
able to use its Hugin 3000 Echo
Surveyor AUV, but was also able to
draw together the combined skills of
the local operating company Fugro
SAE, Italy’s Fugro Oceansismica and
the UK’s Fugro Survey.
A total area of just under 1000km2
was surveyed and it is believed that
this constitutes the largest AUV sur-

Raven
BP’s Raven field is the largest of
three major gas discoveries made
in 2004 in the offshore western Nile
delta – Taurt and Polaris being the
others.
The Raven 1 discovery well is located northwest of Rosetta, 40km off
the coast of Egypt at a water depth
of around 650m. This discovery well
successfully tested and flowed gas
at rates up to 37.4 million ft3/day per
day and 741 b/d condensate.
Lying in the North Alexandria (N
Alex) concession, it is the fourth
discovery on this block following the
Taurus, Libra and Fayoum discoveries made in 2000 and 2001.
According to BP, one of the reasons
it is so important is because its potential size justifies the development
of earlier smaller discoveries in the
area, such as the Polaris and Ruby
fields. This is central to BP’s plans
to double the size of its Egyptian
gas business by 2010 by being
a leading supplier of gas to LNG
exports, as well as to the domestic
market.

vey carried out anywhere so far.
‘The purpose of the AUV survey was
to obtain seabed and sub-seabed
hydrographic and geophysical data
to aid in the design of subsea facilities, route selection for flowlines,
pipelines and umbilicals and to
detect and delineate all geohazards
that may have an impact on facilities installation or well drilling,’ said
Chris Mott, Commercial Manager at
Fugro Survey.
The survey commenced during the
latter half of 2005 using the survey
vessel M/V Geo Prospector.
‘We decided to use an AUV as the
platform from which to operate the
geophysical systems because it
would provide several significant
advantages,’ said Chris Mott. ‘The
smooth track, constant speed and
optimum height above sea bed was
able to provide high quality data
with tightly coupled inertial navigation system (INS) adding rigour
to the positioning of hazards and
features’.
The Echo Surveyor also has a tight
turning circle — almost in its own
length — which enormously reduces
the time to change between survey
lines. In addition, it has improved
data quality and positioning accuracy enables a confident interpretation of seabed and sub-seabed
conditions.
‘The confident interpretation permits
assured engineering that reduces
risk and reduces costs, while faster
data acquisition, combined with
tried and tested onboard reporting
routines with high-speed satellite

Autonomous Vehicles

A recent project saw around 1000km2 surveyed by an AUV. It is believed that this is the largest survey of its kind
carried out anywhere so far

data link, deliver faster results to
the asset team. Faster results delivery can reduce development time
and bring forward oil field revenue,’
said Mott.
The survey area covered several
prospects and potential production
facility locations with water depths
ranging from 16m to 1089m. The
AUV surveyed to a minimum depth
of 75m and the near shore survey
was carried out by traditional survey
techniques using the M/V Flying
Enterprise.
AUV data was acquired using a
Kongsberg Simrad EM2000 multibeam echo sounder (150deg
opening angle) and an EdgeTech
sub-bottom chirp profiler and 120kHz
Side Scan Sonar (operated at a slant
range of 200m). In addition to the
contracted AUV instrumentation, the
Geo Prospector’s EM300 multibeam
and EA500 single beam echo sounders were run for AUV data verification.
The line spacing was 150m with
orthogonal tie-lies at 1000m intervals. Additional tie lines were also
run within the survey area. The total
number of line-kilometres surveyed
by the AUV was in the region of
6750km and, when combined with
the Flying Enterprise data, this
resulted in a combined total of approximately 7700 line-km.
The AUV flew at height of 30m to 35m
above the seabed at a speed of
3.6 kts. It continually acquired data
from all its onboard sensors. All the
AUV sensors were monitored on
the Geo Prospector via an acoustic
modem in order to provide a real time
QC solution.
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Autonomous Vehicles

The Remus AUV family has been expanded by a 6000m version. Three have been sold to the US Navy

AUV TECHNOLOGY

Getting into

DeeperWaters
I

n recent years, the designers of the
Remus series of AUVs have been
looking to find ways of increasing
the vehicle’s water depth capability.
The subsea family originally focused
on the Remus 100, which was designed for a maximum depth of 100m.
With the offshore industry looking for
reserves in ultradeep-waters, however, a new vehicle capable of operating
in an astonishing 6000m maximum
water depth — predictably called the

Hugin AUV launched from the Geo
The Remus 6000 in operation
Prospector
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Remus 6000 — has been developed,
and a 4000m variant design is also
available. Looking between these two
operational limits, Hydroid now also
offers the Remus 600 vehicle, with a
maximum depth of 600m.
The Remus family was developed at
Woods Hole Oceanographic Institution (WHOI). Hydroid has licensed the
technology and now has the exclusive
rights to market and manufacture the
system.

Hydroid has recently delivered its
first Remus 6000 to the US Navy to
join two that were delivered by WHOI
itself. Used for forward deployment,
they were designed under a cooperative program involving the Naval
Oceanographic Office, WHOI and the
Office of Naval Research.
‘At 3.84m, the new vehicle is longer
than the Remus 100 (1.6m) and
marginally longer than the Remus 600
(3.25m),’ said Kevin McCarthy, Vice

in syntactic foam. This principally
consists of the acoustic Doppler current profiler (ADCP) and the inertial
navigation unit (INU). Hydroid has
specified a Kearfott T-16 unit fed by
data from a down-looking 600kHz
ADCP.

The 25m to 6000m depth range
allows the new vehicle the facility
to carry out an extensive variety of
autonomous operations using a wide

The Remus inertial navigation systems have routinely demonstrated
error drift rates of approximately 4m/h,
and so this would be ideally supported

Components of the Remus 6000
Pitch and yaw
actuators and
fins

controlling charge and discharge,
cell balancing, capacity metering
and safety systems.
The batteries operate during
discharge with a voltage range of
29.4V to around 23V, and a nominal
output of 26V. The maximum discharge current is 20A/battery or 40A
total. A second set is provided, affording the system a 2h turnaround
time. Charge time is typically 8h and

Strobe recovery
light
GPS/Iridium/
WiFi Antenna for
communication
when at the surface

Conductivity
temperature and
depth sensor

Upper LBL for
navigation
Lifting point

Acoustic modem
transducer

Autonomous Vehicles

President of Marketing at Hydroid.
‘More significantly, however, its weight
is much greater — 862kg in air as
compared with 37kg and 240kg for the
Remus 100 and 600. This is due to
the higher payload and operational life
requirements’.

Recovery float

Nose with
release and
recovery
system

Propeller, giving
the AUV a speed
of up to 5kts
Lower LBL for
navigation

Side scan sonar
Sub-bottom profiler
or electronic stills
camera

array of sensors, customer-specified
depending upon mission requirements. The US Navy units routinely
and repeatedly make 20h missions in
water depths greater than 3000m.

Remus 6000
The outside skin of the vehicle is primarily syntactic foam coated in fibreglass. An internal titanium strongback
extending along its length affords
structural integrity. Most sensors and
other components are mounted within
cutouts in the foam, but the antenna
assembly, emergency flasher, transponders and acoustic communication
transducer extend outside the vehicle
skin. The vehicle design is laid out
over three sections.
The tapered forward section houses
the ascent weight, which is used to
increase general buoyancy and allow
the AUV to surface. It also contains
the float and release mechanisms
necessary to recover the AUV to the
mother vessel. Immediately behind
this, is the vehicle’s forward sensor
payload section which is encased

Camera strobe
light
Electronics and
Lithium-ion battery
packs

by long-baseline (LBL) acoustic
navigation which can achieve target
localisation accuracies of 10m.
In addition to the subsea navigation methods provided, the vehicle
includes a sophisticated communications system. This consists of
a GPS receiver, an Iridium comms
system and an 802.11B Wi-Fi dorsal
fin antenna. Whenever the vehicle is
on the surface, it will automatically
update its inertial navigator’s position
via satellite.
Behind the nose section lies the
cylindrical midsection. This incorporates battery housings and the
accompanying electronics. The AUV
carries two battery housings, each
with eight packs of rechargeable
Lithium-ion cells. The total capacity is 11kW/h for the two housings
and provides up to 22h of operation subject to speed and sensor
configuration.
Each individual battery pack contains electronics for monitoring and

Syntactic
foam block

Acoustic doppler
current profiler/
inertial navigation
unit

the batteries are rechargeable up to
300 cycles or for five years under
recommended storage conditions.
The central section also contains
the vehicle management and
payload systems. The electronics
include the main motherboard and
power board pair, the main vehicle
Pentium PC-104 CPU board and
serial I/O interfaces.
Near the dorsal antennae is the upward-looking LBL transducer system
for navigation. Immediately behind
this, is space for an optional acoustic modem transducer. which would
allow real-time underwater acoustic
communication with the surface.

Payload Sensors
The primary payload sensors
include a multibeam bathymetry
sensor, a conductivity, temperature
and depth (CTD) sensor, an optical
backscatter sensor and a precision
pressure sensor.
Located in a titanium housing and
mounted in a cut-out in the foam in

UT2 October 2006

29

Metocean

beam profiling sensor.
The 6000m multibeam
profiling high-resolution
sonar system provides a
120deg by 3deg field of
view. A 260 kHz acoustic
frequency has been selected to provide sensitive
detection at 100m range.
The GeoAcoustics
Geoswath phase measuring bathymetric sonar
(PMBS or side-looking
bathymetric side scan)
is designed as a lowcost payload sonar. The
Geoswath provides coregistered swath bathymetry and side scan data
over a wide swath, giving
proven highly-accurate
high-resolution charts and
images of the seafloor.

Recovering the Remus 6000
the vehicle midsection, is the CTD
sensor. Hydroid use a Seabird SBE
37-SI MicroCat CTD Monitor. Below
this lies an optional single or dual
frequency side scan sonar. Hydroid
has identified four possible multibeam
bathymetry instruments with different
performance characteristics.
These are
Kongsberg Simrad EM 2000
multibeam echo-sounder, which is
packaged in a Titanium pressure
housing designed and fabricated by
Hydroid. The Kongsberg EM 2000
system combines the subsea components of the Mesotech SM 2000P
multibeam profiling sonar with the
topside components and software of
the Kongsberg Simrad EM 3000.
Reson SeaBat 7125 400kHz
multibeam echosounder. The receiver covers a 128deg swath, with ultra
high resolution and a typical range of
200m. The SeaBat 7125 is controlled
by a high performance sonar processor that manages data flow and
signal processing using a state of the
art FPGA architecture.
Imagenex 837 ‘Delta T’ multi-
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Behind this area is where
a number of optional sensors may sit. These could
include fluorometers,
a video camera or an
acoustic imaging system
such as a sub-bottom
profiler (SBP). Hydroid
specified a Wet Labs
FLNTURTD combination fluorometers and turbidity sensor, and a
Paroscientific 8B6000 precision
pressure sensor supplies data for
vehicle control algorithms.
At the base of the section, Hydroid
has integrated a dual frequency
300/900kHz Marine Sonics side scan
sonar and a electronic stills camera
(ESC) with 200W/s strobe lighting
developed at the WHOI.
The tapered tail section assembly
consists of a pressure housing with
motor controller electronics, and an
oil-compensated motor housing. It
contains the lower LBL system, also
used for vehicle navigation. Two coupled yaw and pitch fins are used to
control the attitude of the vehicle.
Finally, at the rear of the vehicle lies
the 24VDC direct-drive DC brushless motor connected to an open
twin-bladed propeller at the rear tip.
This can give the vehicle a propulsion of up to 5kts (2.6m/s), although
best control is achieved at velocities
above 1m/s. Control is achieved with
horizontal and vertical fins driven by
24VDC brushless gear motors.

VIP and LARS
In a policy of employing established
hardware and techniques wherever
possible, the new design uses the
same Vehicle Interface Program
(VIP) as the other Remus AUVs. The
Remus 6000 therefore uses the same
software architecture as the 80 Remus systems already delivered. This
highly intuitive graphical interface is
designed to simplify vehicle maintenance, mission planning, vehicle
checkout and data analysis. It runs
on any PC or laptop operating under
Windows 95, 98, NT, 2000 or XP.
Communication between the vehicle
and the host is conducted via a standard Ethernet connection.
Similarly, Hydroid has designed its
launch and recovery system for the
Remus 6000 with the design being
adapted to the smaller Remus 600.
It is carried out from over the mother
vessel’s stern.
‘The technique adopted mimics that
designed by Wood’s Hole which has
been used in over 1000 launch and
recovery operations at sea. This essentially uses a centred lifting frame
such that the vehicle is in vertical
orientation for launch and recovery,’
said Kevin McCarthy. ‘Launch is conducted with the ship heading into the
seas at 2kts. The LARS A-frame is
extended and the vehicle is lowered
into the water. The vehicle is towed
for a short time to test all systems
prior to starting a mission with the
wireless connection providing continuous updates of vehicle status and
allowing for vehicle programming.’
During descent, the fins are rotated
so that the vehicle spirals towards
the bottom without significant drift
from the ship release point. The
descent rate is typically 75m/min.
After completion of the mission, the
vehicle drops the ascent weight and
drives to the surface at approximately 150m/min, tracked acoustically during the journey. On the
surface, it sends a Wi-Fi or satellite
call with the Xenon flasher assisting
during night recoveries.
The vehicle’s recovery float is released and picked up by a pneumatic
grapple launcher, which connects the
float line to the LARS winch line. The
ship moves forward at a slow speed
to position the vehicle behind the
LARS, where the AUV is recovered.

METOCEAN

Metocean

A new buoy allows real-time measurement of metocean data along the Ormen Lange pipeline route

A real-time data solution for

Ormen Lange
W

orking at great depths in an
area of complex seabed topography and powerful and
unpredictable currents, combined
with extreme wind and wave conditions, Ormen Lange in the Norwegian
Sea is a highly challenging project.
Knowledge of the strength and direction of those currents, waves and
winds at any given time is vital for
safe construction work on the giant
gas field and associated pipeline.
Having provided measurement services to the pioneering project since
2001, Fugro GEOS is now contracted
to Norsk Hydro to provide all-important
real-time current profile, wind and
wave data for operations relating to
both the pipeline and the field itself.

Previously, the data was being just
logged but now, thanks to an exciting combination of instrumentation,
the gathered data is transmitted to
a land-based web server and then
displayed in real-time on a dedicated
web page for use by vessels working
on the project.
‘Moored instrumentation at three
locations along the Ormen Lange
pipeline route are providing the
real-time metocean data,’ explained
Fugro GEOS project manager Richard
Gaches. ‘At a water depth of 880m,
the template area location is certainly
the most challenging of the three locations. That is where we have installed
two moorings working in combination
— a Fugro OCEANOR Wavescan buoy
with wind and wave sensors.
Suspended underneath the
Wavescan, is an RDI ADCP
(acoustic Doppler current
profiler) which is used to
profile the top 400m of the
water column. Below this,
mounted in a short seabed
mooring, is another RDI ADCP
looking upwards and profiling
the lower 500m of the water
column.

The buoy being trnasproted by the
MV Elisabeth

Buoy deployment to provide real-time
metocean data

wind/waves hourly — this is more
data than has ever been produced in
real time before.
The two other buoys are deployed at
the Slide Wall and at KP23, a near
shore location.

The data from the lower
ADCP is transmitted via
Benthos modems to the surface Wavescan and all of the
metocean data (wind, waves,
current profile) is forwarded
via Inmarsat to the landbased server at the Fugro
GEOS’ Trondheim office.

‘At the Slide Wall location (further
inshore along the pipeline in 380m
water), a Wavescan buoy is deployed with an RDI ADCP suspended
underneath. The ADCP profiles the
entire water column and the data is
transmitted via Inmarsat,’ explained
Richard Gaches. ‘At the near shore
location, there is a Wavescan buoy
with wind and wave sensors and an
RDI ADCP suspended underneath,
profiling the whole 205m water depth
and again transmitting data via
Inmarsat.’

Currents at 18 depth levels
are updated at half-hourly
intervals and the surface

The MV Elisabeth, owned by Elisabeth AS, was used for mobilisation of
the equipment and for service visits.
UT2 October 2006
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ROV/AUV Technology

The offshore oil and gas industry may benefit from looking at deepwater vessels developed by the scientific
community. Of particular interest is the novel umbilical design

ROV/AUV TECHNOLOGY

Is it a ROV? Is it an AUV?

No! It’s Nereus
U

nderwater system designers
looking at developing vehicles
capable of working on oil and
gas developments in ultra-deepwaters
might be interested in a new hybrid
vehicle which will soon enable scientists to examine the deepest parts of
the world’s ocean floor. Next year, the
Woods Hole Oceanographic Institution
will test an innovative hybrid vehicle
which will be able to dive up to seven
miles below the surface. It is aimed
at examining the deep trenches and
active earthquake zones and volcanic
activity on plate margins. However,
scientists also plan to use it to explore
other remote, difficult-to-reach areas
such as under the Arctic ice cap.
The new vessel is to be called
Nereus – named after a mythical god
with a fish tail and a man’s torso. It
has a depth limit of up to 11 000m,
a depth currently unreachable for
routine ocean research. For the past
50yrs, technical limitations have
restricted regular, direct access to
depths of 6500m (21 000ft) or less.
Only a few deeper-diving vehicles have
ever been developed (notably, the
submersible Trieste, which went to the
deepest point of the Pacific Ocean in
1960 and Japan’s remotely operated vehicle Kaiko, which dove to [10
912m] in 1995). The Kaiko has since
been lost.

Hybrid

The hybrid remotely operated vehicle
(HROV) has been designed to operate in two modes depending on the
requirements. In autonomous or freeswimming mode, the HROV will be
launched from a surface vessel and
collect information and images as
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An AUV that thinks it’s an ROV, Or vice versa.

ing the armoured fibre optic cable and
the depressor.

It can also, however, be used in
tethered or cabled mode for closeup re-examination of areas of interest in more detail, allowing better
observation and
basic sampling.
The reconfiguration of the HROV
remotely operated
or tethered mode
can take 6 to 8h
and be carried out
on the support
ship’s deck.

Once the HROV reaches the bottom,
the vehicle continues its mission
while paying out up to 40km of
micro cable. Using two-way, real-

Once clear of the mother vessel and
surface currents, the ROV is released
from the depressor at about 1000m
depth and free falls to the seafloor.
During the free fall it pays out the
fibre optic micro cable from two small
canisters, one mounted on the depressor and the other on the vehicle.

Traditional ROVs
obtain their
power signal and
control requirements from the
surface support
vessel through
umbilicals. Carrying power long
distances mean
that the cables
need to have
relatively large
diameters. These
thick cables in
Cutaway section of Nereus as an ROV
turn tend to protime communications, the HROV is
duce drag in water. They are
remotely controlled by an operator
typically expensive, heavy and
on the surface vessel collecting
require complex winches.
samples, taking photographs and
video, and conducting detailed
Because the power in the Nereus
mapping and seafloor characteriresides in the vessel itself, the
sation. Missions in tethered mode
umbilical can be limited to control
are planned to be carried out for as
and observation signals only and
long as 24h.
can be substantially reduced. In
fact, the HROV only requires a
When the mission is complete, the
lightweight 1/32 in diameter fibre
HROV jettisons the micro fibre and
optic cable to communicate with
drops its ascent weights for the
the support ship. This allows the
trip to the surface. Untethered,
HROV to operate and manoeuvre
it guides itself to the armoured
at unprecedented depths while
cable depressor near the surface
relying on minimal shipboard supand latches onto the cable and is
port equipment.
retrieved to the surface ship. With
Nereus onboard, the fibre will then
The transformation from AUV to ROV
be recovered.
mode basically consists of connect-

Because of the extreme conditions,
the deep-sea vehicle requires new
technologies, such as ceramic housings for cameras and other electronic
equipment, to withstand the pressures at the vehicle’s extreme operating depths. The Nereus will weigh
2100kg on land and have a payload
capacity of 25kg. It will be able to
move at a maximum speed of 3kts.

ROV/AUV Technology

it travels over the sea-floor. It can
be used for wide area surveys, allowing scientists to examine broad
areas of the seafloor efficiently and
to look for areas in which more
detailed studies may be profitable.
It can swim for up to 36h on battery power after which, it will return
to the surface in order to allow the
stored data to be recovered and
analysed.

The power is supplied by a rechargeable Lithium ion battery giving
16kWh of energy. These will power
five thrusters — two aft, two vertical and one lateral. There will be a
Kraft TeleRobotics
seven-function
hydraulic manipulator arm and the
subject will be
illuminated by
variable output
LED array lights
and strobes. The
675kHz scanning
sonar will view
the subjects in
forward look and
profile, while the
Nereus will also
have a variety
of other sensors
including a magnetometer and a
CTD (conductivity,
temperature and
depth) meter.
Nereus will carry
out a variety of
operations including coring of the
relatively undisturbed sediment
from the seafloor for a record of
sedimentation over time, measuring heat flow, geotechnical and
geochemical sensing and rock sampling and drilling. It will carry out
biological sampling, high-resolution
acoustic bathymetry and optical
still and video imagery.
The HROV is intended for use on most
ocean research vessels, even those
not equipped with a dynamic positioning system. Engineers are designing the HROV so that it is portable
in a single 20ft-long container. It is
designed for rapid response, allowing
researchers to react quickly to seismic
activity and other unexpected events
in the deep sea.
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University Research

Robotic fish can provide information that might be used by engineers to improve marine propulsion

UNVIERSITY RESEARCH

Learning lessons from

Robotic Fish

Robotic fish can be seen at
the London Aquarium

A

fter thousands of years of
evolution, fish have developed
an astounding swimming ability. Some swim with high speed and
efficiency, while others can accelerate rapidly or manoeuvre into narrow
spaces. Technologists are currently
looking at the swimming action and
learning how to mimic it with the
intention of transferring the technol-
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ogy to civil and marine engineering
applications.
‘Instead of the conventional rotary
propeller used in ship or underwater
vehicles, a robotic fish relies on an
undulation movement to provide the
main energy,’ said Professor Hu from
the Department of Computer Science
at the University of Essex. ‘The ob-

servation on real fish shows that this
kind of propulsion is less noisy, more
effective and more manoeuvrable
than the propeller-based propulsion.
Thus, the robotic fish could be used in
many marine and military fields such
as exploring fish behaviour, detecting
the leakage in oil pipelines, seabed
exploration, mine countermeasures
and robotics education. They could be

The first robot fish named
robotuna was developed
by MIT in 1994. Also in the
USA, the Northwestern University
applied Shape Memory Alloy (SMA)
on a robotic lamprey for mine countermeasure uses. In Japan, Nagoya
University developed a micro robotic
fish and Tokai University built a robotic
Blackbass to research the propulsion
of pectoral fins. Mitsubishi Heavy
Industries built a robotic fish named
Coelacanth Robot.
The robotic fish built at Essex University is a particularly advanced creature
as it is fully autonomous and can swim
in three dimensions under water as
real fish do. Their latest G9 version
can swim to a depth of 4m at a top
speed of 0.5m/s and a cruise speed of
30cms per second. It is about 500mm
long and contains six powerful R/C
servo motors. Three servo motors are
concatenated together in the tail to act
as three joints, while the other two DC
motors are fixed in the head to drive
the fish up and down. The control box
contains a computer board which is
responsible for sampling data from
sensors, processing data, making decisions, sending out signals to control
servo motors and transferring diagnostic information via a radio link. The tail
part is waterproofed by using a kind of
epoxy casting with plastic ribs.
On the back of the fish body, a dorsal
fin is fixed vertically to keep the fish
from swaging. The high quality of servo
motor and the very soft structure of
the tail make it possible for the robotic
fish to bend its body at a big angle in a
short time (about 90deg/0.20sec).

Fish and Chips

The Essex robotic fish has four computers onboard (one Gumstix Linux PC
and three PIC microcontrollers) as
well as ten sensors, including a depth
gauge, gyroscope, accelerometer,
inclinometer and four infrared obstacle
detection sensors. When the robot fish
swims, its four infrared sensors detect

A second robotic fish design

whether the robot fish head has
bumped into an object. It can use the
result of collision detection directly.
‘There are two types of swimming
modes that we have tried to replicate,’
said Professor Hu. ‘Firstly, there is
periodic (sustained) swimming which is
characterised by a cyclic repetition of
the propulsive movements. This is employed by fish to cover relatively large
distances at a more or less constant
speed. There is also unsteady (transient) swimming, which includes fast
starts, sharp turn, burst and braking.
Transient movements last seconds and
are typically used for catching prey or
avoiding predator.’
‘The unsteady motions play an important role in fish life. We are working on
studying the movement and behaviour
of our robotic fish and looking at transferring the technology into the general
engineering field.
‘In addition to cruising and bursting,
we are particularly looking at the sharp
turns and sudden angular acceleration
for avoiding predators or near obstacles. We are also looking at that
sudden braking that a fish can do by
its special tail motion, usually in combination with pectoral and pelvic fins.
We are also interested in the coasting
motion in which the fish body is kept
motionless and straight.’
The sharp turn that fish do is very difficult to model in general. To accomplish
this, the researchers at Essex decomposed robot behaviour into a sequence
of tail gestures in a sequence of time
frames. They divided the movement
into two stages — shrink and release.
In the shrink stage, the tail bends

towards one side very quickly. The
quicker the sharp turn, the bigger the
tail bending angle is. In the release
stage, the tail unbends in a relatively slow speed from
the middle section
of the body to the
tail tip. The gesture sequence
of a sharp turn
looks as if that the
fish embraces a circle
whose centre and radius
changes depending on
time.

University Research

especially
used for
oceanographic
research and
observation without
disturbing the real fish.’

Professor Hu and his HumanCentred Robotics group have
built up a swimming library for
the controller to generate complete
swimming trajectories. An adult carp
can turn backward in only 1/2 sec. This
fast turning behaviour is very useful
for many real-world applications and is
what motivated work on the issue.
Another major challenge for the Essex
robotic fish is the body deformation. The servo motors are housed
in a flexible waterproof PVC fish skin,
however, the volume of the tail section will change greatly when the
robotic fish dives down because of the
water pressure acting upon this skin.
Consequently, the deeper the robotic
fish dives, the faster it will sink due to
water pressure reducing the volume of
the fish body dramatically.
For example, at 1m depth, the water
pressure is about 1.42psi, this pressure will reduce the volume of a fish by
approximately 10%. Since the proportion of the waterproof parts is about
80% of the whole fish body, the risk of
the water leakage is high.
The fish has a form of artificial intelligence based on some learning algorithms. At the cruising speed, it can
swim for up to 5h before recharging.
The next part of the research is to enable them to swim to a battery charger
to recharge automatically.
Furthermore, it is intended that they
will be given the ability to communicate with each other. The group
recognises that it is more efficient to
network small robots than use a large
one as they are cheaper, simpler and
cover a wider area.
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Marine Renewables

Solar radiation heating the earth’s oceans can be converted into power based on an idea devised in 1881

RENEWABLES

Ocean Thermal
Energy Conversion
T

he oceans’ surface captures immense amounts of solar energy.
Most of this is stored in the
form of thermal energy in its surface
layers. These surface layers, however, do not mix freely or easily with
the deeper waters, which are much
colder. Ocean thermal energy conversion (OTEC) is based on the extraction of energy from this temperature
difference.
The greatest thermal disparity lies in
the tropical surface waters between
latitudes 25deg North and South,
where the underlying deep waters
flow from the polar regions. While the
‘hot source’ surface temperatures
can reach 29°C, the ‘cold sink’ temperatures at a depth of 700–1000m
are typically 4°C, giving a 20–25°C
temperature range.

The basic closed-cycle OTEC design
is based on the principle of the
Rankine cycle. After cooling in a
surface condenser using the cold
deep waters, the ‘working fluid’ is
pumped into an evaporator using
the warm surface waters, where the
fluid changes to a gaseous phase
— with a considerable increase in
volume and/or pressure. This ‘working fluid’ is then recycled through the
condenser, but not before passing
through a turbine connected to an
electrical generator.
Arsene d’Arsonval’s ‘closed cycle’
brainchild, conceived in 1881, was
revisited by fellow Frenchman George
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Claude in the late 1920s, who devised an alternative method.
In this method, the ‘working fluid’ is
the vapour formed by the warm sea
water itself when boiled in an evaporator maintained at low pressure.
Water vapour is condensed either
through a direct-contact condenser
by mixing with cold sea water, or directed through a surface-condenser.

In the latter case, desalinated water
is a direct by-product. A principal
drawback for Claude’s open cycle
OTEC plants, however, was the low
vapour pressure of the working fluid,
which required very large turbines
and reliable sealing to maintain the
low pressure.
Nevertheless, these OTECs have
significant advantages over other
renewables such as wind, wave and

DOWA Other products from OTEC with economic benefits
Some interesting by products have
resulted from OTEC research
under the heading deep ocean
water applications (DOWA). These
substantially enhances the economics as well.
The deep ocean water (DOW)
used as the cold resource for
OTEC plants is not only cold, but
also nutrient rich and free of
pathogens.
The availability of DOW to academic and private enterprises at
the NELHA (National Engineering
Laboratory of Hawaii Authority)
and to various Japanese facilities
has permitted exploration of the
full potential of these benefits.
These applications include aquaculture, agriculture, pharmaceuticals and the production of fresh
water.

For aquaculture, it can simply
mean making use of the nutrients, which produces growth
rates considerably in excess of
normal — be it for fish or crustacea. The same source can
also be used to grow seaweeds
at enhanced rates, from which
pharmaceutical products can be
derived.
Agriculture can benefit by piping
the exhausted cold water into
the soil and cooling the roots of
products such as lettuce and
tomatoes, which would otherwise
not be capable of growing in tropical/sub-tropical areas.
Fresh (potable) water can be the
direct product of the open cycle
however in a closed cycle, the
power could be used to drive a
distillation plant.

Marine Renewables

tidal which require buffer
storage to achieve base
load characteristics, with
commensurate added
costs.
OTECs conversely can
supply a steady base load
— 24 hours a day, 365
days a year — due to the
thermal mass of ocean
waters, which shows little
temperature variation
whether the sun shines
or not, day or night, and
where from summer to
winter, the variation in
energy available will be no
more than 10%.
Furthermore, engineers
realised that such energy
could be stored, for subsequent transport to population centres, by using it to
convert seawater to liquid
hydrogen. This could then
be transported to any part
of the world by tanker and/
or pipeline.

Working Examples

Various working examples
of both closed and open
cycles have been developed. France carried out
OTEC plants designs for the
Average temperature differences between water at the surface and at 1000m
Ivory Coast and Guadeloupe
in the 1950s, and were joined
UK have all undertaken R&D while
In Hawaii, in 1978, a floating closedby the USA and Japan followmore recently, Taiwan and India have
cycle OTEC plant, ‘mini-OTEC’, was
ing the 1973 oil crisis. In addition,
made progress.
installed on a barge and successthe Netherlands, Sweden and the
fully produced electricity. During the
same period, Japanese and other
US experiments strengthened the
feasibility of OTEC by using different arrangements, components and
materials.
In the 1980s these included an
onshore plant in Nauru, and the
US OTEC-1 vessel offshore Hawaii.
France studied the design of a 5MW
OTEC pilot plant to supply electricity
to Tahiti in French Polynesia, while
GEC-Marconi proposed a small plant
for Jamaica. The Netherlands/Eurocean designed a small plant for
Bali, Indonesia and the UK proposed
a 10MW floating plant for St. Lucia in
the Caribbean.
Diagram of a closed cycle OTEC Source: National Energy Lab of Hawaii Authority

‘In the short term, the OTEC multi-
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product concept or DOWA (see Box), is
expected to help to develop small OTEC
plants of a few tens of MW, to supply
much more than electricity and fresh
water to small coastal communities
located in the tropical and some subtropical regions,’ said Don Lennard,
Managing Director of Ocean Thermal
Energy Conversion Systems Ltd.
These small multi-product OTECs
can become commercially attractive
when the prices of oil fuel and fresh
water reach respectively $US30 a
barrel and $0.85 m3.
The remaining obstacle to the development, however, is seen as its capital cost, even despite the free fuel.
‘In common with many other renewables, the cost of OTEC energy is
claimed to be too high to generally
compete with traditional supply. This
ignores the environmental and social
costs of traditional energy,’ Lennard
said.
‘A recommendation of the 1992 Rio
summit was the introduction of a
carbon tax for fossil fuels. All renewables will benefit in terms of competitiveness with hydrocarbons.
‘In the medium term, floating OTEC
plants of a few hundred MW capacity could supply a significant share
of the need for electricity in industrialised countries with direct access
to the resource. The tropical ocean
regions most suitable to extract OTEC
power have an approximate area of
60 million km². An approximate estimate of the scale for the world OTEC
resource is around twice the 1990
world demand for primary energy.’

Demonstrator

A typical 10MW floating closed-circuit
OTEC plant demonstrator would have
three 5MW power pods, the third pod
being for development, or use if either
of the two main power production
pods has to be shut down at any time.
The floating plant would consist of
a single cylindrical concrete hull
complete with heat exchangers in
plate form and constructed from
a titanium/aluminium sandwich.
There is also a cold water pipe of
1000m length in fibre reinforced
plastic as well as moorings in wire;
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Diagram of an open cycle OTEC Pic: National Energy Lab of Hawaii Authority

chain Kevlar or newer materials;
and transmission to shore over a
distance of 10 km. The cost of this
would be $94 million or $9400/kW.
Located in the Caribbean or South
Pacific islands where the temperature
difference varies from 23° to 21°C
between summer and winter, the
demonstrator shows a generating
cost of 18 cents/kWh (using the 21°C
temperature difference). If potable
water is a by-product (highly desirable
for both these locations), then the
generating cost falls to 11cents/kWh
with the potable water costed at 80
cents/m3. Island costs for potable
water range between 40 and 160
cents/m3.
There is also a significant opportunity
for a learning curve and estimates
for an eighth plant of similar overall
design may see generating cost falling
by as much as a further 20%.
For many reasons, oil is more expensive on small islands than in industrialised markets — $20/bbl oil could
cost $35/bbl on a remote island. At
that price, electrical generation from
an oil fuelled plant would be costed at
9 cents/kWh.
At that price, OTECs become competitive with oil-fired plants for many

island locations. Also, it is important
that an operator, or utility, sees the
financial attractiveness. For this
case, there is a real return of 14.7%
— reasonably attractive in terms of
commercially accepted practice.

Economically
attractive

So, for both the consumer and the
plant operator, OTEC is beginning to
look attractive. In fact, it is extremely
attractive if oil stays at its present
very enhanced cost levels and without
any allowance for the environmental
and social costs of ‘traditional’ energy
sources.
But as always, new technology has
considerable difficulty in attracting
finance for first examples, and as
noted above OTEC is unlikely to be an
exception to this.
‘It therefore seems essential that the
first two or three plants of realistic
size, of about 10MW, will need to be
funded by governments or international funding agencies such as the World
Bank, Asian Development Bank or the
European Bank for Reconstruction
and Development, and probably, a
guarantee mechanism for generated power may be necessary as
well,’ concluded Don Lennard.

The oceans
are teeming with
intelligent life

Acergy aims to be the leading seabed-to-surface engineering
and construction contractor for the oil and gas industry worldwide.
People are central to our success. We aim to develop our people
to be the best in the industry through our innovative development
programmes. We look for talented individuals who are motivated
by outstanding career possibilities; and expect to be recognised
and rewarded for their achievements.
Visit our website to find out more about career opportunities
with us. www.acergy-group.com
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Deepwater Pipelay

A new pipelay tower has been installed on the Acergy Polaris.
The ship will be ready to lay the flowlines at the Greater Plutonio field
for BP later on this year

D E E P WAT E R P I P E L AY

J-Lay
Tower
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The completed J-Lay tower, which has
been designed and built by HuismanItrec in the Netherlands, will be transported to Port Gentil in Gabon, where
it will be integrated with the Acergy
Polaris. This will be the final stage
in the enhancement of the Acergy
Polaris, which as well as the building
of the new J-Lay tower has involved a
significant amount of upgrade work on
the ship, including hull reinforcement
and other preparatory work. The ship
will be ready to lay the flowlines at the
Greater Plutonio field for BP later on
this year.
The Acergy Polaris is a very versatile
offshore construction ship that has
been a critical component in all of the
major projects such as Girassol and
Erha, which Acergy have been responsible for in the deepwater regions
of West Africa.
The ship, which is 137m long and
39m wide with full dynamic positioning, is currently equipped with a 1500t
crane and an existing J-Lay tower. As
part of the enhancement work, the existing J-Lay tower will be removed and
prepared for transportation to
the Far East, where it will be
installed on the Sapura 3000
– a new pipelay ship currently
being built by Sapura-Acergy
to operate specifically in the
growing Asia-Pacific region.
The new J-Lay tower is 80m
high and has a static capacity
of 750t, giving it the capability of installing most of the
required deepwater flowlines
down to at least a depth of
3000m. The system can deal
with pipe which has a diameter ranging from 4ins to 24ins,
with the possibility to pass
special items up to 78ins in
diameter through the system.
The tower is supplied with
double joints made onshore,
which are fitted with a collar
at one end and then stored on
the deck of the Acergy Polaris.
A double joint is transported
horizontally from the deck of
the ship to the tower entry level with a pipe elevator system.

It is then loaded into the erector arm
which up-ends the pipe and passes
it over to the tower handling system.
The pipe is then lowered down and
aligned with the pipeline end held in
the support bushing at the first work
station. Here, the pipe is welded
and possibly inspected before the
load is transferred to the travelling
table at the top of the tower, and
the completed pipe string is lowered down to the bushing. At the
second work station, which is below
the welding station, the field joint
coating is applied, and if required the
weld can be inspected.

Features
One of the key features of both of the
Acergy J-Lay towers is their ability to
gimbal and take up the most appropriate position for the prevailing weather
conditions. The original J-Lay tower
can be orientated and held in a fixed
position through a system of jacks.
The new J-Lay tower has a completely different gimballing system
based on a type of cardan spider
arrangement. This allows the tower
to be positioned quickly and held at a
maximum tilt angle of 15deg with an
azimuth range of 180deg. As a result
of the design of the gimballing system,
the new tower also has the capability
of active gimballing to cancel out the
ship’s motions.

This can be most beneficial, as it can
enhance the fatigue life of the laid
product, as well as reducing maximum
bending. The tower support structure
can also be tilted inboard by up to
53deg, bringing the tower’s centre of
gravity back inside the ship for international transit.
One of the most important aspect of any
pipelay system is the ability to handle
large mid-line and end termination
structures efficiently. This was considered from day one by the Acergy project
team, with the new tower being capable
of dealing with large pipeline structure
and with the pipe catenary being held by
the tower at all time. It is not necessary
to the hold the catenary on the crane as
required by some other pipelay systems.
The abandonment and recovery (A&R)
system which forms part of the new
J-Lay tower is initially fitted with 3200m
of 109mm steel wire with a capacity
of 350t. This can be replaced with a
154mm steel wire when it is required to
reach the tower’s full capacity of 750t.
As well as the A&R functions required
for pipelay activities, the A&R system
has also been designed as a deepwater
deployment system capable of installing subsea templates, suction anchors
and other types of subsea hardware.
This completes the enhancement of
the Acergy Polaris into one of the most
capable pipelay and offshore construction ships in the industry.

Deepwater Pipelay

A

cergy is currently nearing the
final stages of completing the
building and installation of a
new J-Lay tower with enhanced capabilities, for its offshore construction
ship Acergy Polaris.

CAD image of the J-Lay tower
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Underwater Positioning

An acoustic underwater network is in operation in the Mediterranean

U N D E R WAT E R P O S I T I O N I N G

Networking
T

he global demand for energy
will logically result in increased
exploration and production in an
attempt to supply the market. The oil
and gas industry consequently faces
a number of challenges, including
extending existing operating windows
whilst expanding into – sometimes
almost literally – uncharted waters in
the search for new reserves.
In many cases, this means exploring
in increasingly greater water depths
and, as a consequence, requiring an
extra engineering and design effort
to meet these harsh environments,
maintain efficiency and minimise
overall costs.
In many areas of the world – particularly those with existing infrastructure
– this translates as looking at subsea
solutions in which much of the equipment would be located away from
the wave zone. In order to satisfy this
and other challenges, engineers have
invested in a variety of underwater
vehicles, systems and controls. Autonomous systems are now becoming
an integral component of the design
of the remote intervention systems in
future offshore fields.
‘It is likely that as these systems start
to decrease surface operations and
they will require the introduction of robust and reliable underwater support
systems,’ said Gordon Johnson, Chief
Surveyor at Nautronix. ‘Included in the
support functions are power, communications, positioning and sensor data
transfer.’
This challenge is not solely one for the
offshore energy industry, It is also a
factor for the maritime security, navies
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and coastguard agencies which, faced
with increased threats to their regions,
are likely to have greater roles in the
administration and preservation of
their economic zones. The demand
for safe and secure passage and
preservation of national waters shall
also require new and often non-intrusive and low acoustic impact systems
to support the monitoring of activities,
the environment and defence of these
zones.
Exploration and maritime surveillance
activities introduce new challenges,
particularly for offshore surveyors and
hydrographers. Often in very remote
locations, seasonal Arctic regions,
seismically active seas or areas with
relatively underdeveloped infrastructure, the reliable positioning and location of assets, resources and personnel is a key element in completing
safe projects. If errors occur, they
can be very costly in terms of delays,
environmental impact or on personnel
safety. This was the reasoning behind
the development of Nautronix’s NASNet acoustic tracking and positioning
system and NAS-HAIL underwater
acoustic communications system

Surf the Net
‘The idea behind the project was to
create a large 1000 km2 positioning
network area in deep water, where
several underwater assets could be
safely tracked in real time,’ said Gordon Johnson.
The project specified the simultaneous tracking of up to five platforms
with a positioning accuracy of better
than +2m (95% circular error probability). It needed an update rate of

0.1Hz or better, ideally closer to 1Hz.
A number of other factors relating
to depth, data synchronisation, data
recording and, of course, keeping the
costs and operational expenditure to a
minimum, were also included.
In order to meet such a broad set
of challenges, the Nautronix team
adapted its successful NAS-HAIL
underwater acoustic communications
system and married it to its underwater multi-user acoustic position-

Not sitting on defence
Nautronix recently sold its global
defence business in the USA and
Australia to L-3 Communications,
leaving the company to focus exclusively in the global offshore oil and
gas markets.
This followed its annual strategic
review, which recognised that the
biggest single defence market for the
technology is the United States. As a
foreign-owned company with respect
to the US Navy, however, Nautronix,
was not permitted to work at top
secret level for the Department of Defense, where the applications for this
technology could deliver the greater
benefit and hence add the greatest
value.
The Board of Nautronix therefore decided to seek an American partner.
Meanwhile, L-3 Communications saw
the potential growth and synergies
that the Nautronix defence business
would bring to its existing marine
businesses.

Underwater Positioning

Artist’s impression of a NASNet system acoustically connecting ROVs with a template
ing system, NASNet. The Nautronix
Acoustic Subsea Network (NASNet) is
an integrated position reference, navigation and communications solution
for survey, drilling, construction and
general tracking operations.
‘The NASNet system is very similar
in concept to GPS in that it permits
an unlimited number of users both
on and below the surface to obtain
precise navigational data,’ said
Gordon Johnson. ‘However NASNet
is capable of providing this coverage
not only at the surface, but all the
way through the water column to the
sea floor. Using its transmit rather
than transpond approach, overcomes
limitations of conventional acoustic
systems.’
The network consists of a number of
acoustic transmitting stations, placed
on the seafloor. Their positions are
ascertained by using an appropriate
calibration methodology. Information
from these stations is transmitted on
a regular basis. This includes very
accurate time, error correction, station
information and sensor data.
When a hydrophone receiver picks up
signals from three or more stations,
the processing equipment can ascer-

tain its accurate position by trilateration. This differs from conventional
transponder systems, where an interrogation signal has to be transmitted.
As the NASNet receivers only have to
‘listen’, multi-frequency problems and
slow update rates are resolved.
The second component of the system
is the NAS-HAIL underwater acoustic
communications system. This is designed to operate over long distances
with an SMS/text messaging style of
information transfer. It also uses the
advanced Nautronix Acoustic Digital
Spread Spectrum (ADS2) technology to provide data communications
between underwater vehicles. In
particular the signalling provides for a
robust and relatively covert message
carrier.

Operations
The project was carried out in the
the Alboran Sea the western-most
part of the Mediterranean Sea and
bounded by the Strait of Gibraltar.
‘The general water depth in the operations area is 1200m and experiences
an interesting oceanographic gyre
around the western Mediterranean
creating currents at all depths of

water, often in excess of 1kt,’ said
Johnson.
‘Quality control and verification that
the positioning is accurate and remains so throughout the period of the
operations is of paramount importance to the surveyor, not just on this
type of underwater positioning project,
but on virtually every offshore project.’
NASNet was designed to specifically
address a number of limitations of
previous acoustic positioning methods
and to offer a multi-user capability
across a relatively large area. By creating such a network, the operator can
benefit from the potential of a more
consistent and ultimately cost effective underwater positioning service.
An example of where the new type
of acoustic signalling can introduce
benefits is in the fact that the number
of stations required to cover this
extensive area is only 31, with each
seabed unit placed over 5km from its
neighbours.
A reduced number of assets means
less risk, improved scheduling for calibration and safer back deck working
due to the reduced number of units
required when compared to conventional acoustic positioning systems.
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Subsea Tooling

Load-rated winches are being used under water in ways and numbers not envisaged even 15
years ago, according to Brian Abel of All Oceans

SUBSEA TOOLING

UnderwaterWinches
A retrospective
T

he subsea industry is now seeing powered diver and diverless
winches being used under water
in ways and numbers not dreamt of
even 15 years ago. So says Brian Abel
Managing Director of All Oceans Engineering, who explains how the underwater tooling has evolved. All Oceans
Engineering claims to have designed
and built more types of underwater
winches for diver and diverless operations over the last 15 years than any
other company.
‘At that time, the only underwater winches
were tether management systems (TMS)
and conceptual systems such as DEMAC
– a diverless pull-in tool which was conceived in the mid 80s but not built until
the early 90s. There were some other
developments in wireline winches, but
none of these were seriously conceived to
operate in the wet,’ he said.

Diver rigging winch
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Diverless tooling, other than winches,
had a logical development which started
with taking a diver’s tool and modifying it for mounting and operation on an
ROV.

Evolution

‘Most of the early diverless tools were
the same equipment that the divers
worked with,’ said Brian Abel. ‘It took
a surprising amount of time for the
diverless approach to exclude the diver
option. This was very much an evolutionary process.
‘The diver tools evolved into ROV
tools, while the diverless equipment
evolved for situations beyond diver
depth. The manipulator is simply
an evolution of the arm, while tool
deployment units are a rationalisation
of manipulator function with diverless
equipment design.’

Divers control two 15t and three 3t
winches to lift the chain and change
out shackles

Subsea Tooling

cheaper and safer. With surface diving operations, it is possible to use more divers
and chain pulls to solve a problem, or to
rig a surface winch for assistance.
‘With bell diving, it is not possible to just
use more divers to solve the problem.
and the consequences of a diver getting
injured are significantly worse, even although the injury risk is about the same
shallow or deep.’
The difference which three-man bell
operations, is the possibility of having
twice as many divers in the water at a
time (two as opposed to one, as there
always has to be a diver in the bell).
Diverless winches – hot stab powered
and 2000m depth rated

So, why did diverless winches take so
long to appear on the scene ?
‘Divers were only ever given “mandraulic” load-lifting and pulling tools, chain
pulls, Tirfors etc. It may be possible to
get an ROV to turn or crank a handle,
but operations such as rigging a chain
block are outside the ability of underwater vehicles.’

‘This can be considered in respect
of how a topside winch operation
is manned — one would be on the
winch and another on the load. It is
therefore easy to see why the change
to three-man bells opened up the
opportunity for divers to use powered
winches.
‘Maybe there are other equally good
reasons why it has taken so long for

Diverless winch torque tool
drive – 3000m depth rated
divers to be trusted with powered lifting and pulling winches, but interestingly, underwater winches went from
being a diverless tool to being a diver
tool when just about every other tool
evolved in the other direction.’

Divers did not have powered winches,
so there wasn’t an evolutionary starting
point for diverless winches. Engineers
were therefore faced with a clean sheet
of paper. But what forced the issue and
gave birth to diverless winches? This
was simply the realisation that total diverless field development was impossible without them. The tie-in of flowlines
to subsea wellheads needed subsea
winches to cope with the separation
distances and loads and provide acceptable operational control.
‘The diverless pull-in winch completed
the diverless field development tool box.
The early 90s was the start of a race
between the underwater contractors
to develop diverless tie-in systems and
the real birth of underwater load rated
winches.’

Powered Winches

The answer to why divers did not use
powered winches, or rather, why they
use powered winches now but didn’t in
the pre-diverless days, is speculative, It
is quite likely, however, that it has to do
with diving bells being two-man, when
now they are nearly all three-man.
‘In the absence of powered underwater
winches, hand-powered devices are
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Subsea Communications

Acoustic communication is conventionally considered to be the best method of data transfer through water. One
company, however, is reporting considerable success with electromagnetic systems. In some applications, this
method may confer considerable advantages to the subsea sector

S U B S E A C O M M U N I C AT I O N S

Wireless World
T

he two most common ways of
everyday wireless communicating are acoustically such as by talking, or electromagnetically, such as
the mobile telephone, radio etc.
In recent years, huge advances in
digital radio technology have been
made in the mobile telephony
such that now it is possible to
transmit large bandwidths of data
wirelessly.
The problem for the subsea sector
has been that, due to the laws of
physics, it is considerably more
difficult to pass electromagnetic
signals through a lossy, partially
conductive medium than through
air. The signals become too attenuated even at relatively short
distances. In the past, the subsea
industry has got round this problem
by resorting to hard-wired systems
such as control umbilicals, wherever possible, and often running high
data rate comms signals through
power cables.
With the offshore industry operating at ever-increasing depths, the

Underwater radio
The conducting nature of the
sea water makes transmission of conventional RF waves
difficult, although ironically
attempts to send messages
through water pre-date attempts to transmit them
through the air.
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Samuel Morse sent a signal from
copper plates on one river bank,
to a galvanometer on the other
over a kilometre away, while later
on, Dundee innovator James
Lindsay successfully signalled
across the River Tay, over 3km
away.

By 1941, Germany could send
signals from its Elbe base to
submerged U-boats in the
Indian Ocean using its ‘Goliath’
1 - 2MW antenna. Today, submarines communicate globally
using a low frequency signal of
around 80Hz.

Subsea Communications

survey industry has recognised the
cost effectiveness of doing without
surface support. The defence sector
has also been keen on exploiting the advantages of unmanned
information gathering systems. The
use of unmanned devices has risen
dramatically.
These typically travel along a
pre-programmed route, gathering
information and then transmitting it
to a remote receiving station. This
has in turn demanded some sort of
wireless communication system.
Most underwater comms systems
are based on some sort of acoustic
modem which transmits a signal
through the water to be picked
up by a receiver. This system has
worked well in many cases.
Acoustic transmission performs
particularly well in thermally-stable
deepwater applications, although
this is adversely affected by temperature gradients, ambient noise from
engines, air bubbles and by waves
noise as the receiver approaches
the surface. Acoustic signals carry
the inherent disadvantage of low
data transmission rates (bandwidth)
and can be subject to noise from
wave action or machinery.
This prompted Livingston-based
Wireless Fibre Systems (WFS) to
look at how it might apply its knowledge of using electromagnetic radio
waves to transmit electronic data
under water.
WFS has been very active in the radio frequency (RF) market, however,
its main clients have been in the
defence and oil and gas sectors,
particularly unmanned aircraft. It
noted however, that no rival companies were offering RF communication systems to the subsea sector.
It subsequently filed several patent
applications covering the broad
areas of subsea data transmission
technology, and started on an R&D
programme intended to develop the
world’s first underwater broadband
telemetry system.
While many of the research efforts

Underwater communications in the subsea industry

were aimed at examining properties of signal propagation, one idea
was to look from an analogue in
the animal kingdom. It was known
that sharks and rays detect prey or
find partners by transmitting and
receiving an electromagnetic signal.
WFS went to the nearby Deep Sea
World aquarium, where researchers
had great expertise in carcharodon
zoology from which to call upon.
One thing WFS did discover, was
an enormous sea water tank on
its doorstep from which the group
could conduct underwater RF research in controlled conditions.
Wireless Fibre Systems says that
successes in its research programme is understandably confidential, however, it has been based
on enhancing the sensitivity and
processing capacity of the receivers
while redesigning the transmission
antennae for optimum transmission
in seawater.
Currently, the maximum distance
electromagnetic signals can be
sent, depends upon how much
information needs to be included in
the package. Generally, extremely
low frequency signals can be sent
long distances, however, if voice
transmission or high speed data is
demanded, this distance decreases.
Thus, if divers wish to communicate

by text or through means requiring
relatively low bandwidth demands
(such as rudimentary control),
telemetry could be performed at distances of around 100m. For more
intensive data rate systems of up to
10 Mbit/sec, it would be necessary
to keep the transmitter and receiver
within 10cm of each other.
This confers a significant advantage
in that it effectively obviates the
requirement for underwater connectors, traditionally one of the weakest
links between two remote mechanical devices located subsea. A hardwired system would have to use a
connect/disconnect port. In deep
waters, these would possibly have
to be oil-filled to ensure a watertight
connection. If they became mechanically damaged or if marine growth
restricted a connection, they would
have to be retrieved to the surface
at significant cost. An AUV docking
without physical contact, however,
might obviate this problem.
One common scenario in the offshore and defence sector is the use
of subsea base stations to remotely
download information and receive
new instructions. An advantage of
using limited-range radio transmission
in a defence scenario would be the
unlikeliness of the information being
detected by opposition forces.
UT2 October 2006
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SUT Events Listing 2006–07
OCTOBER

9 November
Learning Luncheon
Houston, USA

2–6 October
Subsea Awarness Course
Aberdeen, UK

13–17 November
Subsea Awareness Course
Aberdeen, UK

4 October
tbc
Evening meeting, Aberdeen, UK

13–17 November
Subsea Awareness Course
Houston, USA

5 October
Network Meeting
Bull and Bear Tavern, Houston,
USA

15 November
tbc
Evening meeting, Aberdeen, UK

2006

6 October
SUT Annual Dinner
Perth, AU
11–13 October
Offshore Mariculture
SUT and Greenwich Forum
conference, Malta
17 October
Underwater Intervention
Technical session, Perth, AU
24–26 October
OMOA—Offshore Marine
Operations
Aberdeen, UK
26 October
Schtokman—Has the Time for
Electric Power Come? (tbc)
Evening meeting, London, UK
26 October
AUV Seminar
Joint SUT and AHS event, Perth,
AU
NOVEMBER
2 November
Network Meeting
Bull and Bear Tavern, Houston,
USA
7–9 November
Offshore Marine Operations
Awareness Course
Perth, AU
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16 November
Australasia Branch AGM and
Dinner
Perth, AU
21–22 November
Subsea Reliability and Availability
2006
SUT supported event, Kuala
Lumpur, Malaysia
www.oilandgasiq.com/AS-3422
23 November
Downhole Pumping (tbc)
Evening meeting, London, UK
27 November – 1 December
SOBENA´s 21st Brazilian
Maritime Transportation, Ship
Construction and Offshore
Engineering Conference
Rio de Janeiro, Brazil
DECEMBER
6 December
Aberdeen Branch AGM and
Dinner
Aberdeen, UK
6 December
Christmas Lectures for Schools
National Marine Aquarium,
Plymouth, UK
7 December
Christmas Lectures for Schools
National Maritime Museum,
Falmouth, UK

12 December
Christmas Lectures for Schools
National Maritime Museum,
Greenwich, UK
14 December 2006
AGM
London, UK

2007
MARCH
27–29 March
Ocean Business 2007
SUT supported event,
Southampton, UK
www.oceanbusiness2007.com
JUNE
18–21 June
Oceans 2007 Europe
SUT supported event, Aberdeen,
UK
www.oceans07ieeeaberdeen.org
25–28 June
SubseaTECH 2007
SUT supported event, St
Petersburg, Russia
www.subseatech2007.smtu.ru
SEPTEMBER
11–13 September
6th International Conference on
OSIG
London, UK
CALL FOR PAPERS

SUT Corporate Members
In future editions of UT2, we anticipate putting low-cost adverts on this page. These will
either be in the form of one or two-column classified professional services advertisements, or else, screen shots of web sites showing contact details. For the launch issue
however, this is a list of corporate members of the SUT. If your company is not here,
why not become a member too? Phone the SUT office on 0207 382 2601 for details.
2H Offshore Engineering Ltd
Acergy M.S. Ltd
Advanced Well Technology
Aker Kvaerner Subsea
AMOG Consulting
Andrew Palmer & Associates/
Penspen Integrity
Apache North Sea Ltd
Applied Drilling Technology
International
BAE Systems
BG Group
BHP Billiton Petroleum Pty Ltd
Boreas Consultants Ltd
BP Exploration Ltd
British Antarctic Survey
British Geological Survey
BSW Ballgrab Ltd
Canyon Offshore Ltd
Castrol Offshore Ltd
CD Ltd CEFAS
Chevron Texaco Australia Pty Ltd
Chevron Upstream Europe
Circle Technical Services
Clough Oil & Gas Division
ConocoPhillips UK Ltd
Cameron
Covus Corporation Pty Ltd
Cranfield University
CSIP Ltd
Divex Ltd
Dril-Quip (Europe) Ltd
Dunlaw Engineering Ltd
E.ON Ruhrgas UK North Sea Ltd
eProduction Solutions UK Ltd
Escuela Tecnica Superior Ingenieros
Navales
ExAm Consultants
Expro North Sea Ltd
Floyd & Associates Ltd
FMC Technologies
Framo Engineering AS
Fugro Global Environmental &
Ocean Sciences (GEOS) Ltd

Fugro Limited
Fugro Survey Ltd
Fugro Survey Pty Ltd
Gardline Marine Sciences Ltd
Genesis Oil & Gas Consultants Ltd
GEO Century Ltd
Geological Survey Ireland
Geotek Ltd
H.O.S.E. International Ltd
Hayward Tyler
Hess Ltd
Innovatum International Ltd
Insensys
INTEC Engineering (UK) Ltd
INTEC Engineering Pty Ltd
ITF (Industry Technology Facilitator)
Ixsea Ltd
J P Kenny Inc
J P Kenny Ltd
J P Kenny Pty Ltd
JDR Cable Systems Ltd
Kellogg Brown & Root
Kongsberg Maritime
Lloyd’s Register EMEA
MacDermid plc
MCS
Metoc plc
Ministry of Defence (Navy)
Mobil North Sea Ltd
National Hyperbaric Centre Ltd
National Oceanography Centre,
Southampton (NERC)
National Physical Laboratory
Nautronix
NCS Survey Ltd
Noble Denton Europe Ltd
NUI AS (Norwegian Underwater
Intervention)
Oceaneering International Services
Ltd
Oceantools Ltd
Offshore Design Engineering Ltd
OTM Consulting Ltd
Ove Arup & Partners

Pegasus International (UK) Ltd
Perry Slingsby Systems Ltd
PETROBRAS
Petro-Canada UK Ltd
Petroleum Development Consultants Pty
Prospect Flow Solutions Ltd
QinetiQ
Saipem UK Ltd
SEA (Group) Ltd
Seacore Ltd
Seaeye Marine
Seebyte Ltd
Shell UK Ltd
SLP Engineering Ltd
Sonardyne International Ltd
Sonsub Ltd
SRD (Sonar Research &
Development) Ltd
Subsea 7
Superintendent of Diving (Ministry
of Defence)
Surespek ISS Pty Ltd
Talisman Energy (UK) Ltd
Technip Offshore UK
The Robert Gordon University
Total E&P UK plc
TS Marine (Contracting) Ltd
Universidade Federal do Rio de
Janeiro
University College London
University of Limerick
University of Newcastle-upon-Tyne
University of Southampton
University of Southampton (SOES)
University of Strathclyde
University of Wales, Bangor
VerdErg Connectors Ltd
Vetco Gray Controls Ltd
Vetco Gray UK Ltd
VT TSS Ltd
W & T Offshore Inc
Woodside Energy Ltd
Zentech International Ltd
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