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Subsea 7 investments deliver results

Development continues on a reeled
thermally enhanced pipe-in-pipe solution
for long tie-back developments - see page
6 for more details...

Seven Seas (left) and Seven Oceans working on Shell’s BC-10 project offshore Brazil

Following final qualification, client interest
is growing in Subsea 7’s “open bundle”
riser solution for congested deepwater
developments - read more on page 8...
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John Mair, Global Technology Manager
john.mair@subsea 7.com




Fleet additions extend technical capabillities

Since 2005, Subsea 7 has pursued
a focused investment programme

of over $1.2 billion in new assets,
purpose designed and built
vessels, training and systems to

improve project execution and

delivery.

The first ship to be delivered was
the Seven Oceans in July 2007.
Her first major job was on the Blind
Faith project for Chevron in the
Gulf of Mexico. She is equipped
for reel laying of rigid pipe and her
equipment includes a 400t tensioner,
400t crane, and a main reel for 3,500t
of rigid pipe.

She has successfully completed
pipelay work for Petrobras in Brazil
and recently also completed a major
scope of work on Shells BC-10
project in Brazil.

Seven Sisters

Later in 2007, the Normand Seven
came into service. She is equipped
with a highly capable horizontal lay
spread and is engaged full-time
laying flexible flowlines for Petrobras
in Brazil. Her suite of equipment
includes up to 10 deck-mounted
flexible reels, a 300t tensioner and a
300t A-frame.

In June 2008, the Seven Seas joined
the fleet. Interms of the hull, she is a
near-sister of the Seven Oceans but
is equipped with a highly versatile
multi-lay tower. The prime purpose
of the tower is as a Vertical Lay
System (VLS) for installing flexibles
but she also has a unique capability
to adapt to install rigid pipe by the

J-Lay method.

Normand Seven

In addition, the 400t crane, 3x
auxiliary cranes, 1,750 m? deck area
and two x 3,000m rated ROVs make
her an ideal general deepwater
construction vessel.

Her first work was on StatoilHydro’s

Yttergryta project in Norway and

after this she was deployed to Brazil
on the BC-10 project,
working alongside the
Seven Oceans.

The Seven Sisters is a
very useful multi-purpose
vessel which came into
service in June 2008 and
has worked on a number
of North Sea projects
including Ithaca Jacky,
StatoilHydro  Yttergryta
and BP Norge Skarv
Idun.

The Skandi Seven joined the fleet
in November 2008, and is equipped
with a purpose designed module
handling tower, two workclass ROVs
and two observation ROVs. She is
employed on a range of Life-of-Field
(LOF) work for Shell Europe.

There are three further ships currently
under construction scheduled for
delivery later in 2009 and 2010.

Normand Subsea

The Normand Subsea is essentially
an IRM vessel equipped with an
impressive array of two workclass
ROVs; four eyeball ROVs; a
completely enclosed 35t module
handling system; and pumps and
bulk storage for scale-squeeze. A
major design challenge was the
incorporation of no less than five
moonpools into the hull, together
with the need to guarantee high
transit speeds in rough weather.

Skandi Seven



Also entering the completion and
commissioning phase is the DSV
Seven Atlantic . She will be one of
the largest and most capable diving
supportvesselsinthe world, featuring
a state-of-the-art 24-man saturation
diving system with individual three-
man living chambers, twin diving
bells and twin hyperbaric lifeboats,
all sized and outfitted to the latest
Norwegian standards.

In addition she has a comprehensive
air-dive spread and has a novel diver
deployment boom to enable a long
excursion by air-divers underneath a
platform. She also has a 120t crane and
large deck area for general construction
and a pumping and bulk storage system
for scale-squeeze operations.

Just starting construction is the
Seven Pacific . She will be utilised
as a general flexlay and construction
vesselandheroutfitwillinclude a 250t
crane, 260t VLS, twin under-deck
carousels and twin 3,000m-rated
workclass ROVs.

These vessels represent a truly
unique and significant investment
programme  which  not only
demonstrates Subsea 7's vision
to become the Subsea Partner
of Choice, but will also help to
deliver the visions, aspirations and
ambitions of our clients.

Dr Stuart N Smith,
Vice President, Technology and Asset
Development

Seven Atlantic

Seven Pacific

Subsea Grouted Tee ready for deployment in the field

Based on the well-established
epoxy shell repair method used on
defective pipelines, Grouted Tee™
technology was developed for use
on cross-country transmission high
pressure pipelines.

Itwas usedtointerveneinto pressurised
pipelines for activities such as branch
connections, flow diversions, repairing
damage or removing blockages,
without shutting down production.
Grouted Tee™ is now a proven and
acceptable method of carrying out live
intervention operations for onshore
and topside applications, without the
need for hot tap welding activities.
Compared to welded methods,
Grouted Tee™ is a much safer option
and offers zero disruption to production
throughout the whole process.

A joint industry project was
commissioned in 2006 by Subsea 7
and Advantica Limited and sponsored
by BP, Total and ConocoPhillips,
to convert the existing Grouted
Tee™ technology for use in subsea

applications. The resulting technology
was completed in 2008, verified by
DNV, and is now available to the
market under the name of Subsea
Grouted Tee (SSGT).

Subsea Grouted Tee functionality

The majority of subseatie-in operations
in the North Sea involve hot tap
welding activities. These diver-assisted
hyperbaric welding operations remain
high risk and costly.

In comparison, SSGT eliminates
subsea welding and the need for a
subsea welding habitat, therefore
removing the requirement for extensive
pre-qualification weld procedures and
personnel training. Ultimately, use of
SSGT reduces material costs, vessel
time and overall project costs, while
making overall operations much safer.

Thetechnology conversion programme
has also resulted in the successful
development of a reliable epoxy grout
mixing and injection system which can
now be deployed to the seabed - a
major breakthrough in subsea grout
injection technology.

Subsea Grouted Tee is also adaptable
for ROV deployment, which puts
intervention into pressurised
deepwater pipelines within the reach
of the industry for the first time.

Paul Booth,
Engineering Manager

Dan Vu,

Project Engineering Manager



Wet-tow installation:
an alternative to conventional heavy-lift methods

Large subsea structures are
traditionally installed using heavy-
lift vessels (HLVs). Due to the
substantial cost of such vessels
and their limited availability,
Subsea 7 has developed a novel,
safe, cost-effective and flexible
installation  concept, whereby
payloads are wet-towed below
a small mono-hull construction
vessel from shore to field. Such
payloads are then deployed using
a special winch hoisting system.

This towed installation concept has
been successfully demonstrated
by Subsea 7 on several North Sea
projects. The mostsignificantofthese
was the ground-breaking installation
of four subsea templates on behalf
of StatoilHydro at the Tyrihans field
offshore Norway during spring 2007.
Each template had a steel mass of
260t in the towed configuration and
their main dimensions were 26.5m X
25.5m x 13.7m tall.

Thefield’slocationinthe northern part
of the North Sea may be categorised
as one of the worlds most
challenging areas with respect to
environmental conditions. However,
the towed installation method allows
deployment of payloads through the
air-water interface to be conducted
in sheltered waters. This is often
the most onerous aspect of the
installation operation due to the
potential for extreme snatch loads.

Tow route for Tyrihans templates

The towed installation system
features a tower placed above
the installation vessel’'s moon-
pool, providing hang-off points
at the vessel centreline. In
addition, a 300t winch system
is installed on the vessel’s
aft deck. The lifting wire runs
from the winch, over a fairlead
on the hang-off frame and
down through the moon-pool.
The wire is passed around
a subsea sheave block in
a twin-fall  configuration,
effectively doubling the winch
capacity. The end of the lifting
wire then runs up from the
subsea sheave block and is
connected to a Cranemaster
overload-protection  shock
absorber.

There are five steps in the
operation - wet store, pick up,
hang-off, tow and installation.

The Tyrihans templates were lifted
from a transportation barge by an
HLV in Trondheim harbour. The HLV
then transited to a wet store location
in a deep sheltered fjord where
the templates were landed on the
seabed.

The construction vessel Botnica
arrived at the wet store location.
The pre-installed tow rigging was
lifted up through the vessel's moon-
pool and suspended in the hang-off
tower. The winch hoisting system
was then connected to the template
lift rigging. Before lifting the template
off the seabed, a steering bridle was
connected to prevent the template
from rotating during the tow. The
template was then lifted clear of the
seabed using the winch hoisting
system and the load was transferred
to the tow wires. The vessel then
transited a distance of 105 nautical
miles to the field where the steering
bridle was disconnected and the
manifold was lowered to its final
position by paying out on the 300t
winch system.

Collection of structure from wet store location

Sophisticated analyses were
performedforall parts ofthe operation
to establish the design loads and
tolerable sea state. Furthermore,
a number of parameters were
monitored during the operation and
were subsequently post-processed
to verify the installation analysis
and to develop further capability
improvements including a heave
compensation system.

The overall execution of the
Tyrihans project has proven the
towed installation method to be
safe and reliable. Having realised
many benefits, this installation was
considered a success by all involved
parties.

David Sinclair,
Senior Engineer

Kenneth Aarset,
Marine Advisor



New application for Swagelining™

The 1.3km long BP Machar
pipeline  bundle, which was
fabricated last year at the

Subsea 7 Wester site near Wick in
north east Scotland, incorporates

a 6” diameter swagelined water
injection line. This was the first
application of Swagelining ™ in a
bundled flowline and to date is the
smallest subsea pipe diameter to
be swagelined. Swagelining ™ is a
process for fitting a polymer liner
inside a host pipe to provide high
integrity corrosion protection.

For water injection  service,
polyethylene liners and carbon
steel host pipes are selected.

The combination is cost-effective
and long lasting compared to the
alternatives of a corrosion allowance
on pipe wall thickness or use of

corrosion resistant alloy (CRA) steel.

Prefabricated stalks of steel pipe
(500-1000m) are lined with matching
prefabricated stalks of polyethylene
liner at the fabrication site. Inconel
inlaid Weldlink® connectors, pre-

Connection arrangement for joining stalks of swagelined pipe

welded to the stalk ends, allow for
(@) securing and sealing the liner,
(b) welding stalks together without
damaging the liner and (c) provide
continuity of corrosion protection
between adjacent liner sections.

Having selected parameters
for the polyethylene liner and
accompanying weldlinks so that
these items could be procured, the
following qualification programme
was undertaken:

1. Liner swageing trial to confirm
predicted parameters.

2. Swagelining oftrial spool complete
with Weldlink®

3. Insertion of compression ring to
secure liner end on concentric
ring and groove sealing profile in
the Weldlink® bore.

4. Removal of coupon of Weldlink®
connector body, polyethylene
liner and compression ring to
confirm flow of polyethylene
into circumferential grooves for
securing seal.

Weldlinks are manufactured by
machining the bore of carbon
steel linepipe pups, inlaying CRA
replacement material and machining
the concentricring and groove profile.
To calculate optimised pressure
containment properties of the
Weldlink®, the strength contribution
made by the inlaid material is taken
into account. The design code for
the Machar line (BSI PD8010-2)
permits this approach provided that
it is justified. For this purpose, the
company as a participant makes use
of data available from a joint industry
project (JIP - Lined & Clad Pipe
Material, Phase 2) which addresses
the issue.

To back up the pressure containment
calculations, spare 6” weldlinks were
strain gauged and pressure tested to
verify that their containment capacity
met or exceeded the requirements of
the design code.

Tom Campbell,
Business Development Manager - Pipeline
Production Group

Industry Collaborates to Resolve Coating and Field Joint Issues

Recent experience has shown that pipeline coating systems have not
performed as expected in extreme water depths and temperatures. At
these depths, the environment has a significant impact on the mechanical
and physical properties of the coating systems and there may be a general
misconception within the industry about their behaviour and failure modes
under these conditions.

Two separate industry initiatives have been set up in response to these
challenges: the Subsea Wet Insulation Joint Industry Project; and the
International Standards Organisation working group for Wet Insulation
systems. Subsea 7 is playing a key role in both of these initiatives.

Mike Gordon,

Focal Point Corrosion - Welding & Materials

Stress-induced crack on multi-layer
coating




Thermal performance of insulated pipelines:
enabling longer tie-back developments.

As oil and gas operations move
into ever deeper waters with
increasingly  longer  tie-back
distances, one aspect that is
key to many new developments
is the arrival temperature of the
hydrocarbon product at the host
facility.

Within  the  pipeline  industry,
insulating materials have been
successfully used to coat pipelines
for many years to minimise heat
loss. Coating types include
polyurethane and  polyethylene
materials which are bonded to the
pipe and allow the heat within it to
be retained. This performance is
measured in a so-called “U” value.
These “wet” insulation materials
have served the industry well, but
there comes a point when coatings
become prohibitively thick and their
mechanical performance suffers and
cracks under the strains of pipeline
reeling.

This turning point is approximately
4" - 5" radial thickness, when an
alternative solution in the form of
dry insulation materials is utilised.
Dry insulations provide superior
performance to wet coatings, but
must be protected from the external
seawater environment so that they
can act.

Within Subsea 7’s pipeline bundle
technology, dry insulating materials
such as rockwool have been used
for some time. To construct the
assembly, nylon rings (centralisers)
are periodically placed along the
length of the flowline to support
the pipe as it is being sleeved (one
pipe pulled inside the other). This
‘pipe within a pipe’ then keeps
the insulation protected from the
seawater within the bundle.

The same principles apply in the case
of Subsea 7’s ongoing development
to provide the capability to deploy a
reeled thermally-enhanced pipe-in-

Pipe-in-pipe thermal trials

pipe solution, a product necessary
to fulfil the long tie-back distances
required in today’s market.

In recent times, technology in
insulation materials has been
enhanced and new NASA-derived
materials (aerogels) offer thermal
performances which are significantly
better than traditional materials.
These aerogels operate on broadly
the same principle as rockwool, but
with air trapped in much smaller
pockets, which prevents any
migration of air and thus heat.

The ‘Reduced Pressure’ principle

Much more reliable than the vacuum
principle as used in the Thermos
Flask, Subsea7 in conjunction
with InTerPipe (ITP) is currently
investigating using reduced pressure
and microporous insulating materials
(ie partial vacuum) within a pipe-
in-pipe configuration that can be
installed by the reel lay method.

Heating systems
The industry has two methods of

heating pipelines that are used in
field developments, particularly long

distance tie-backs: Direct Electrical
Heating (DEH) and Trace Heating,
both of which are being used in
conjunction with wet coatings and
dry insulation materials.

Subsea 7 currently has a contract
to install a DEH assembly on the
BP Skarv project in Norway, but is
also embarking on the development
of a trace heating solution for future
projects with ITP.

This will be used in conjunction with
our pipe-in-pipe technology and
also take advantage of the enhanced
performance when operating with a
reduced pressure in the annulus.

Gordon Drummond,
Engineering manager
- Gateway bidding team

Electrically trace-heated pipe-in-pipe
development



AUV technology reaches testing milestone

As offshore oil and gas production
has evolved over the years, more
and more seabed-sited hardware
is being installed, of increasing
complexity, in deeper water
and of increased criticality in
terms of reliability to successful
operations.

Subsea 7’s vision is to capitalise
on our expertise in current industry
IRM practice by implementing
autonomous vehicle technology to
provide inspection and intervention
services. One such concept is
based on using a hover-capable
Autonomous Underwater Vehicle
(AUV) deployed from a field’s host
facility such as an FPSO with the
ability to perform planned and
unplanned tasks, as opposed to the
current method of using a dedicated
infield support vessel.

Successful development will
ultimately allow us to remove a
vessel from the field and apply the
technology across a far wider range
of challenging subsea applications,
bringing both significant operational
benefits and cost reductions.

We consider that the introduction
of hover-capable AUVs will follow a
similar developmentand evolutionary
path to that of workclass ROVs and
their associated tooling systems,
which will further enhance the way
life-of-field projects are carried out.

Over the past ten years
AUVs, originally developed for
oceanographic and military
applications, have entered the
commercial market and are now the
tool of choice for deepwater seabed
surveys.

Subsea 7’'s entry to the market was
the development of its torpedo
shaped vehicle “Geosub”, used
to help develop add-on intelligent
systems such as “Autotracker”.
This software is used to analyse
the vehicle mounted side-scan
and multibeam data in real time to
detect and track pipelines in integrity
inspections.

Output from the sensors
is fused with the legacy
dataandisusedtoplanan
optimal route for the AUV
to survey the pipeline.
A similar technology
called SpiNav was also
developed for AUV riser
inspection. Through
these programmes it
became evident that the
technology was now
ready for transition to
a hover-capable AUV
capable of carrying out
inspection and eventually
light intervention work.

The formation of a
collaboration agreement

between Subsea 7 and

SeeByte was followed

by commencement of a three-phase
plan to develop and demonstrate
a hovering AUV capability. In
order to achieve this, a prototype
Autonomous Inspection Vehicle (AlV)
has been developed as a test-bed
vehicle. After the successful tank
testing in 2008, additional capability
is currently being added for open
water testing due later in 2009.

The test-bed AIV is based on a
converted inspection class ROV
and therefore does not have the
hydrodynamic form that might be
expected for a self-powered vehicle.
It is a prototype and as such its
primary function is to provide a stable
and robust platform to carry the
smart sensors and systems required
by the SeeByte software during the
development and testing phase of
the project. The vehicle that

will eventually be deployed

to provide a service will take

all the smart technology

from the test-bed AlV and be

tailored to meet the project-

specific requirements.
Outwardly, the test-bed AIV

may appear basic but at its

centre is some of the most
sophisticated autonomous
vehicle intelligence currently

under development
worldwide.

AlV demonstration in test tank

Docking techniques are also under
development, as is the tooling
required for lightintervention, tailored
to operate from an AUV.

Subsea 7 and SeeByte recognise the
support of BP and Chevron in the
development and implementation
of this new game-changing
technology.

John Mair,
Global Technology Manager

Jim Jamieson,
Engineering Manager (Remote Technology
Group)

Riser inspection using AlV



Grouped SLOR completes qualification

Client interest is growing following
qualification of the Grouped SLOR*
“open bundle” riser solution jointly
developed by Subsea 7 and 2H
Offshore Engineering Ltd.

Delegates at the recent MCE
conference in Copenhagen agreed
that the Grouped SLOR solution has
great potential for large deepwater
developments, which typically have
a complex and congested seabed
layout immediately adjacent to the
production vessel.

This is due to the large number of
risers and umbilicals often required
to meet production and export
requirements, and the spatial
constraints imposed by mooring
lines and vessel offsets.

This poses significant constraints
on the riser design to achieve
an acceptable riser arrangement
whilst ensuring that clashing and
interference are avoided.

Grouped SLOR layout configuration

*SLOR:- Single Line Offset Riser

In addition, the fatigue requirements,
stringent insulation and gas lift
requirements (use of concentric riser
systems) greatly favour the use of
Grouped SLOR.

In order to qualify the Grouped
SLOR application for deepwater
environments, a series of
qualification projects were carried
out to validate the robustness of
the concept and design (including
installation assessment), namely:

¢ Finite element analysis based on
assumed constant hydrodynamic
properties of the air cans.

e Computational fluid dynamics
analysis to validate the assumed
hydrodynamic coefficients of the
air can arrays.

® Model test in tow tank for air
can arrangements with varying
currents and incidence directions
to validate the hydrodynamic
coefficients of the air can arrays.

e Model test of the complete
Grouped SLOR assembly,
including air cans, guide frame,
risers and tethers to investigate
the flow phenomena around the
air can assembly.

¢ [nstallation assessment of
Grouped SLOR, and flexible
jumper to assess the installation
feasibility and flexibility.

In summary, all of these qualification
projects indicate that the Grouped
SLOR riser concept and design
is robust, and well suited for
deep to ultra deep water harsh
environments.

Daniel Karunakaran,
Senior Technical Advisor

Dan Lee,
Pipeline and Riser Engineering Specialist

Model test in tow tank

Test tank facilities at Maritime Research
Institute, Netherlands.

CFD Analysis on Flow around Air Cans



