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Subsea Trees are controlled through subsea control systems which
can be direct hydraulic, electro -hydraulic and in some cases fully
electric. The interface between the production facility and these
subsea trees has traditionally been through an umbilical. Umbilicals
offer an effective field proven solution, however umbilicals are
considered relatively expensive long lead items. The use of umbilical -

less options may offer an alternative lower cost alternative for long
step -out small pools.

This study will investigate whether or not the functions of the
umbilical can be replaced by local modules placed at the wellsite.

An umbilical will generally provide:
A Electrical Power
A Hydraulic Power
A Communications
= A Chemical Injection =
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If it is possible to replace umbilical functions, the benefits would

include:

A Lower installation  costs; a reel lay vessel would  not be required,
seabed surveys would not be required for the length of the
tieback.

A Potentially a shorter lead time of equipment - bespoke
umbilicals can have a significant lead time.

A Equipment would be retrievable and potentially reusable . At

present umbilicals are sometimes abandoned when
decommissioned.

A Remediation work could be cheaper. An umbilical with a
significant insulation resistance fault would either require a
complete or partial replacement (provided spare channels were
also compromised) or an umbilical repair.
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Challenges or Risks: Umbilicals are generally installed once and
designed for the required design life of the field. Some Umbilical -
less technology is likely to require routine subsea intervention

works for preventative maintenance. This may adversely impact
OPEX.
Vendors would be challenged with creating a product with a long

service life as well as high reliability and availability which could
potentially avoid subsea repair and maintenance

Because the majority of these technologies are not often used in
the UKCS, there is a perceived risk to utilizing them, particularly
when using several unproven technologies in one field

~ development.
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Electrical Power

A constant power supply could prove difficult if relying on
renewable technology such as wind, current and tidal

Batteries degrade over time and may need to be replaced.

All surface technologies such as wave buoys and solar buoys would
require mooring as well as a means of transmitting power to the
seabed. For this reason they have not been considered in this
study.
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Hydraulic Power

There are leaks in some systems, this meaning a subsea hydraulic

power unit(HPU) woul d need to be O0top.pnead upob
open loop control system, fluid is spent when a valve is functioned,

this would require more frequent oOtop
system.

Hydraulic fluid is filtered to ensure cleanliness, fluid samples are to
be regularly taken to check this, replacing these filters and
checking cleanliness will be an additional operational cost.

Subsea HPUs are available but like topside HPUs they have a high
power consumption (Oceaneering Subsea HPU requires 480 VAC
with 250 A supply).
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Communications
Several vendors have trialled wireless communications using  radio

frequency, free space optics and acoustics. The main issues from
these methods are:

Latency 1 delayed response following a command

Bandwidth 1 The volume of data that can be transferred
simultaneously

Range i The maximum distance between receiver and broadcaster
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Chemical Injection

Chemical injection tends to be an intermittent  process through the
life of a well, this can be corrosion inhibitor, scale inhibitor and

hydrate inhibitor. By injecting these chemicals you are depleting
the stock, withoutalink to a host facility the reservoir would need

to be routinely filled up. This could be done by ROV using chemical
injection skids which are already in existence . This would be an
additional OPEX cost.
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Electrical Power
Marine Turbines
Open Hydro
Sea Generation
FAU

Tidal Stream
Sustainable Marine
EC-0OG
Current2current
Exnics

OPT
Oceanworks

Hydraulic Power
Siemens
Oceaneering
Deep C

FMC

GE

OneSubsea

Communications
Sensa

Ozotics

Smart Pipe
Sonardyne
Evologics
Oceanology
Link Quest

SES Services
Proserv Teledyn
Liquid robotics
ASV

Harris Caprock
WES

Chemical Injection
Kongsberg
Oceanworks

Doris Engineering
Total

Oceaneering
Intech
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In this presentation, technologies

were assessed
Technology Readiness Scale.

usi

ng

N A

TRLS i

J

*Actual system completed and “flight qualified” through test and
demonstration (ground or space)

TRL7 |

sSystem prototype demonstration in a space environment

TRL6 J

=System/subsystem model or prototype demonstration in a relevant
environment {(ground or space)

TRLS |

J

*Component and/or breadboard validation in relevant environment

TRLA

TRL3

TRL2

TRL1
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Thermal Generation

Exnics provi de a power solution i
Ri n gwhioh utilise the heat from a flowline to produce
electricity based on the difference in temperature between

the sea and the flowline

Exnics is at a stage where they could begin a project and
provide estimated power outputs to a client

This solution can be easily applied to greenfield as Exnics
would hope to work in conjunction with the flowline
manufacturer to specify optimum coatings

For brownfield, the actual flowline thickness vs stated
thickness can vary.There is a sealing surface at each end
of the product which makes the application quite forgiving
and it does not require a perfect surface to surface

contact .

The device is solid state and requires no maintenance.
The connections between rings are parallel so a failed
connection will still allow the other rings to produce

power.

TREZ—
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Current Harvesting
EC-OG are developing a subsea power hub.

The power hub utilizes 3 vertical current turbines which trickle
charge a lithium ion battery pack.

The main problem with Lithium batteries is transportation, they
are safe in a subsea environment. EC -OG are working with a
partner to procure a military grade battery. This has an

intelligent charging system which can identify faulty or dead cells
and bypass them. This prevents the thermal runaway which is
usually the cause of Lithium battery destruction.

EC-OG are planning to have a working prototype tested at
Underwater Centre by the end of 2016.

They also intend to have the product ready for the market in
Summer 2017.

EC-OG have estimated that this solution is economical for
stepouts of dlstances greater: than 20km

e =
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Current2Current have developed a
prototype current turbine. They are aiming to
have a 2m prototype by September 2016 and
following that, a 4m prototype 2 years from
now. The 4m turbine is estimated to produce
up to 30kW of electricity.

Long -term, Current2Current aim to develop a
12m model which should be capable of
0.5MW.

An economic study conducted by
Current2Current found that this device could
produce electricity at half the price per MW
compared with offshore wind.

Current2Current Ltd

The product would be recovered and replaced @,
every 2 years, it will then be refurbished and e _ _ _
redeployed in the next replacement Cycle. o e St Looking at energy production from a new perspective

Comparative analysis — Wind against Tidal

TRL - 6

WWW.NSri.co.uk

Wind Tidal
Capacity 4AMw 500Kw
Efficiency 22% 60%
Output 880Kw 300Kw
Homes 440 150
Cost £4m / Mw £2m / Mw
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ROVs have used subsea HPUs for many decades, electrical power provided by a
vessel via umbilical.

Oceaneering have developed a standalone Subsea HPU (SHPU) but this product is
aimed at providing additional power to ROVs during operations of high horsepower
requirements.

Deep C have also developed a similar product.

These products could be altered to be integrated in a control system, however they
generally only operate up to 350 bar, this is not enough pressure for HP valves
such as the downhole safety valve (although this could be solved with a hydraulic
intensifier).
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Siemens , in conjunction with Statoil, have
developed a subsea HPU which is advertised
as an alternative to umbilical replacement or
an independent unit for greenfield
developments.

If hydraulic power is a requirement this could
be a viable option for long step -outs.

It would be possible to have a large

accumul ator bank which i
from the SHPU so the electrical power

demand at any one time is reduced.

Using this system would allow existing
technologies and actuators could be used.

It will also reduce frictional losses, reduce
topside HPU equipment and increase response
times.




((((o

ekl
. - =
Hydraulic Power a‘:::‘:::':'ﬁ:.'::::ve

The Siemens system has a 20 year design life, low and high pressure supply and is
compatible with conventional Xmas tree and subsea control modules (SCM).

The system requires 24 VDC and 20W available power. It can be powered from an XT
using flying leads.

There is a reduction of CAPEX for umbilicals and this would also mean reduction of
umbilical size and weight.

This system has been fully tested and qualified in accordance with ISO 13628 -6.

TRL- 6
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Consideration should be given to fully electric trees.
Cameron (OneSubsea ) have designed and manufactured all -electric X -mas trees.
Thesecl aim to have high reli abi |dedpyaten rodongstepi-l abi | i
out | imitationsdéd. The trees have operated in the

A key issue with the all electric system is the downhole safety valve. Baker Hughes
have, however, developed a downhole safety valve . Cameron and Halliburton have
also developed an all  -electric subsurface safety valve.

FMC have also developed electric technologies such as XTs, chokes and manifold
valves.

The power requirement of these trees is a supply of 3kV DC from topside for each
tree. Once the actuator is open, power to hold it open is 50 -100 Watts. This means
there will be large power demands while operating valves and a continuous power

required to sustain operation

TRLT 9
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A new approach could be taken for communications.
Autonomous production wells could operate on a predefined script based on the
reservoir information. This would reduce the amount of information that needs to be

sent to a control room. If pressures or temperatures go outwith the predetermined
parameters the well can shut itself in.

Automated control systems have already been used in high integrity pressure

protection systems (HIPPS) subsea and these systems have been qualified to safety
integrity level (SIL) 3 or 4.

TRL -5
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Acoustic Modems have been designed and manufactured by several companies for
subsea use such as:
A Sonardyne
A Evo Logics
A Link Quest
A Teledyne
A WFS
Teledyne Benthos offer an acoustic modem with a data rate of 140 - 15,360 bits per
second. Range through water is 2 -6km, possibly extending to 20+km using
repeaters.
This system can be paired with the Teledyne Gateway Buoy which receives data

from subseato afloating buoy. This data is then transferred to shore or a host
facility. A drawback with this option is that the buoy has a battery life of two months
and needs to be moored.

Pairing acoustic communications with surface buoys would eliminate distance
restrictions as data can be transmitted by satellite.
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Proserv NASCoM is an acoustic communications and control system similar to
those listed in the previous slide.

NASCoM has been successfully used as the primary control of a subsea isolation on a
blow out preventer (BOP).

The technology has also been used as a secondary control system. The range is up
to 5km with potential of 20km dependant on many properties of the water column.

A limitation of this technology is the speed of sound in water (1500m/s). This means
communicating to a depth of 3000m will take 2 seconds and data received from this
installation will be 2 seconds old.

Operators should review what data is essential to production, as high resolution data
might not be necessary. It could also be possible to program an SCM to only
communicate values which are outwith a predetermined range.

TRL - 9
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Liquid Robotics Wave Glider is an autonomous drone that can be programmed to
visit certain locations and collect data.

This could potentially be used to visit several wells with acoustic modems or other
wireless communication systems to collect large packets of data for condition
monitoring purposes. This would mean only information essential to production is
transferred through the wireless system back to the host facility which could reduce
required bandwidth and power consumption.

Shell and Liquid Robotics have together developed a wave glider fitted with
S o n ar d yasoasiicsmodem to collect data from subsea pressure sensors.

ASV Global have developed a similar system, C -Worker 7 which is a work class
Autonomous Surface Vehicle.

TRL - 9
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Fibre optic cables  are increasingly being investigated for integration into pipelines
as a part of their condition monitoring systems. The advantage of fibore  optic is that
it has high bandwidth and can be used for multiple functions.

If a flowline is required, this option could be an effective solution to
communications.

TRL -5
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The Subsea Wireless Group ( SWiG ) is currently developing and promoting
interoperability of subsea wireless communications (radio frequency (RF),
acoustics and free space  optics (FSO ))

Using several wireless communication systems means several modes of
redundancy and better availability.

RF and FSO could cover the shortcomings of acoustic systems.

RF signals have been used in the oil and gas industry since the 2000s. RF
covers short distance with a higher data rate than acoustic communications.

FSO offers the highest bandwidth and is immune to issues which limit the
other technologies (Electromagnetic Interference, background noise).
However, FSO is susceptible to interference from turbidity, beam scattering
and beam absorption.
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Total and Doris Engineering have developed a subsea station for chemical
storage and injection.

This system utilizes pressure balanced piston tanks. The refill operation will be as a
tank changeout every 6 months for an oil development and every 12 months for a
gas development.

Tanks can be replenished using a Multipurpose Support Vessel with 70 -100 tonne
crane capacity.

This solution offers reduced CAPEX for tiebacks greater than 24km for oll
developments and tiebacks greater than 41km for gas developments

TRL - 4 Total and Doris have a qualification and testing plan to increase this.
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OceanWorks International provide both subsea chemical storage modules and
standalone pumping systems to allow for chemical injection at remote wellheads
without the need for dedicated hydraulic umbilical supply connections.

OceanWorks was selected in a competitive tender to design and build the Marine
Well Containment Company's (MWCC) Subsea Dispersant Fluid Systems

TRL - 7
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Consideration should be given to identifying essential chemical injection functions.

For example, in small pools, corrosion inhibitor might not be required as the field
lifespanis 4 -5 years.

Certain flow assurance issues such as hydrates could be mitigated through trace
heating of flowlines.
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By implementing a selection of the technologies listed in this report, it would be
technically possible to have an umbilical -less subsea tieback.

An economic study would be required to determine if pairing these solutions with a
subsea storage tank could see a reduction in CAPEX for Small Pools development.

Electrical power can be generated using renewable methods and stored in subsea battery
packs. Battery technology is rapidly advancing and the latest generation of lithium
batteries are well suited to the subsea environment and controls application.

Hydraulic control can be eliminated entirely through all electric systems, this alone would
reduce CAPEX as hydraulic lines increase the OD, weight, cost to purchase and cost to
install an umbilical. These all electric systems may require too much power for the
renewable power generation systems and may still require the use of an all electric
umbilical.
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Electrical Power; for the most part, these technologies need to be field tested. Power
output of each technology would need to be assessed to see if these could be used to
power all electric trees.

Hydraulic Power; this function is not required if all electric systems are used.

Communications; a study should take place to determine what data is essential.
Autonomous wells should be further investigated as this has potential to eliminate most
communications.

Chemical Injection; investigating which chemicals are essential to production and using
trace heating of flowlines could reduce the requirement of chemical injection. Alternative
approaches to flow assurance issues should be investigated.

A study should take place to determine the feasibility of integrating all of these
technologies as well as a cost benefit study specific to the UKCS small pools.
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In order to better understand whether umbilical -less technology could be an enabling
technology to reduce costs (and help unlock small pools) it is recommended that a cost -
benefit analysis be conducted to compare a traditional umbilical solution versus different

stages of umbilical simplification for typical step -out distances for UKCS small pools, i.e.

1. CBA of removing chemical lines only,
2. CBA of removing chemical and hydraulic lines.
3. CBA of having all electric system.

The parameters and input data, assumptions to be used would need to be agreed in
advance.

Depending on the outcome of the cost - benefit analysis further work could then be
conducted as necessary.
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Wireless Communications are available, however they are limited in range and data
transfer rates. This could be solved by fibre optics either integrated in a flowline or a
separate umbilical . |If fibre optics in O0smart pi

this solution could offer the most effective communication in terms of bandwidth, latency
and range.

Subsea chemical storage and pumping solutions exist but may not be suitable for Gas
lines as these often require large volumes and flowrates of MEG

The advantage with most of these solutions is that the modules are reusable and could
be moved from small pool to small pool. Presently, it is impractical to do this with
umbilicals .

Using these systems could possibly reduce the cost of developing UKCS small pools with
large step outs, but cost analysis would need to be conducted to determine this.
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A A number of technologies exist that could either reduce the size of an umbilical or
even eliminate the umbilical altogether. These technologies have evolved to primarily
satisfy a need in relation to deepwater remote fields with long step -out distances.
The possible benefits for UKCS small pools theme would need to be identified in order
to priority rankeshBé 6emhnbl oglies prior to coni

evaluation.
A Itis recommended that a cost - benefit analysis of the technology be conducted in
order to understand if the technology could result in significant life -of field -cost

reduction for UKCS small pools.

A Further technical appraisal of umbilical -less technologies could then be conducted
depending on the outcome of the economic studies.




Acknowledgements

@

I
4 .(
National Subsea
Research Initiative

Stuart Ellison of Exnics

Brian Barnard of Current2current

Richard Knox and Rob Cowman of EC-0OG
Rik Ingram of Wood Group Kenny

Andrew Connelly of Proserv

Neil Duncan of OGA




-((((.

NSR

R w

Appendix —]- -

Phone conversation with Stuart Ellison of Exnics

Phone conversation with Brian Barnard of Current2current

Conversation with Richard Knox and Rob Cowman of EC -0G

Conversation with Rik Ingram of Wood Group Kenny

Phone Conversation with Andrew Connelly of Proserv

http:// www.carbontrust.com/media/508349/Carbon -Trust -OWA-AIll-Energy -2014 -Breanne -Gelattly.pdf

https:// www.johnmuirtrust.org/our -work

http://www.f __ -e-t.com/our_products_technologies/subsea -solutions/components _-and -tooling/hydraulic _-products/hydraulic _ -power -unit -15-280 -kw /
http://www.oceaneering.com/oceandocuments/brochures/dts/DTS%20 -%20Subsea%20Hydraulic%20Power%20Unit%20(HPU). pdf
Siemens subsea brochure

http:// d3c613uum4x5po.cloudfront.net/wp -content/uploads/2015/03/Siemens -Subsea - SHPU_SUT-2015 -FINAL.pdf

http://www.offshore -mag.com/articles/print/volume -68/issue -12/top -five -projects/all -electric -subsea -controls -strengthen -security -of-k5 -

operations.html
https://www.onesubsea.com/products_and_services/production_systems/subsea_trees/all_electric_system.aspx
http://www.subseauk.com/documents/cameron%20subsea%20asia%202008%20presentation%2011%20june%202008.pdf

http:// www.oilandgasonline.com/doc/all -electric -trees -subsea -separation -smart -we-0001

http:// _www.google.com/patents/US5070944

http:// www.subseauk.com/2173/cameron -halliburton -combine -on-2nd -generation -all-electric -subsea -controls -system
http:// _teledynebenthos.com/product/acoustic_modems/910 -series -atm -916

http://wwwhttps:// www.evologics.de/files/DataSheets/Evologics_ S2CR_717_Product_Information.pdf
www.sonardyne.com/products/subsea -wireless -communications.html

https://www.oceanologyinternational.com/ novadocuments/42249?v=635197842904730000

http:// _teledynebenthos.com/product/acoustic_modems/teledyne -gateway -buoy

http:// _www.sonardyne.com/news _ -a-events/all -news -articles/1179 -sonardyne -and -liquid -robotics -improve -data -recovery -options -
http:// _www.ozoptics.com/ALLNEW_ PDF/BKLT0001.pdf

http:// _www.sensa.org/business _ -areas/fiber -optic -linear -heat -detection.html

http://smart __-pipe.com /

Doris & Total Presentation

http://www.oceanworks.com/our -business/oil -gas/subsea -chemical -storage -and -injection /

http ://www.oceanworks.com/admin/sitefile/1/files/OceanWorks_Subsea_Fluid_Injection_System(2). pdf
http:7/—wwiw-oedigital.com/peoplefitem/56463— -21st-century -subsea -comms
htfps//—www.sintef.nofglobalassets/upload/materialer_kjemifanvendt———-mekanikk—-og - korrosjon/faktaark/smartpipe_web.pdf

|30 o 30 0 o o o o Do Do Do Do Do Do DoToToToTe Do Do Do Do Do Do Do Do Do Do Do Do



http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
http://www.carbontrust.com/media/508349/Carbon-Trust-OWA-All-Energy-2014-Breanne-Gelattly.pdf
https://www.johnmuirtrust.org/our-work
https://www.johnmuirtrust.org/our-work
https://www.johnmuirtrust.org/our-work
https://www.johnmuirtrust.org/our-work
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.f-e-t.com/our_products_technologies/subsea-solutions/components-and-tooling/hydraulic-products/hydraulic-power-unit-15-280-kw/
http://www.oceaneering.com/oceandocuments/brochures/dts/DTS - Subsea Hydraulic Power Unit (HPU).pdf
http://www.oceaneering.com/oceandocuments/brochures/dts/DTS - Subsea Hydraulic Power Unit (HPU).pdf
http://www.oceaneering.com/oceandocuments/brochures/dts/DTS - Subsea Hydraulic Power Unit (HPU).pdf
http://www.oceaneering.com/oceandocuments/brochures/dts/DTS - Subsea Hydraulic Power Unit (HPU).pdf
http://d3c6l3uum4x5po.cloudfront.net/wp-content/uploads/2015/03/Siemens-Subsea-SHPU_SUT-2015-FINAL.pdf
http://d3c6l3uum4x5po.cloudfront.net/wp-content/uploads/2015/03/Siemens-Subsea-SHPU_SUT-2015-FINAL.pdf
http://d3c6l3uum4x5po.cloudfront.net/wp-content/uploads/2015/03/Siemens-Subsea-SHPU_SUT-2015-FINAL.pdf
http://d3c6l3uum4x5po.cloudfront.net/wp-content/uploads/2015/03/Siemens-Subsea-SHPU_SUT-2015-FINAL.pdf
http://d3c6l3uum4x5po.cloudfront.net/wp-content/uploads/2015/03/Siemens-Subsea-SHPU_SUT-2015-FINAL.pdf
http://d3c6l3uum4x5po.cloudfront.net/wp-content/uploads/2015/03/Siemens-Subsea-SHPU_SUT-2015-FINAL.pdf
http://d3c6l3uum4x5po.cloudfront.net/wp-content/uploads/2015/03/Siemens-Subsea-SHPU_SUT-2015-FINAL.pdf
http://d3c6l3uum4x5po.cloudfront.net/wp-content/uploads/2015/03/Siemens-Subsea-SHPU_SUT-2015-FINAL.pdf
http://d3c6l3uum4x5po.cloudfront.net/wp-content/uploads/2015/03/Siemens-Subsea-SHPU_SUT-2015-FINAL.pdf
http://d3c6l3uum4x5po.cloudfront.net/wp-content/uploads/2015/03/Siemens-Subsea-SHPU_SUT-2015-FINAL.pdf
http://d3c6l3uum4x5po.cloudfront.net/wp-content/uploads/2015/03/Siemens-Subsea-SHPU_SUT-2015-FINAL.pdf
http://d3c6l3uum4x5po.cloudfront.net/wp-content/uploads/2015/03/Siemens-Subsea-SHPU_SUT-2015-FINAL.pdf
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
http://www.offshore-mag.com/articles/print/volume-68/issue-12/top-five-projects/all-electric-subsea-controls-strengthen-security-of-k5-operations.html
https://www.onesubsea.com/products_and_services/production_systems/subsea_trees/all_electric_system.aspx
http://www.subseauk.com/documents/cameron subsea asia 2008 presentation 11 june 2008.pdf
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.oilandgasonline.com/doc/all-electric-trees-subsea-separation-smart-we-0001
http://www.google.com/patents/US5070944
http://www.google.com/patents/US5070944
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://www.subseauk.com/2173/cameron-halliburton-combine-on-2nd-generation-all-electric-subsea-controls-system
http://teledynebenthos.com/product/acoustic_modems/910-series-atm-916
http://teledynebenthos.com/product/acoustic_modems/910-series-atm-916
http://teledynebenthos.com/product/acoustic_modems/910-series-atm-916
http://teledynebenthos.com/product/acoustic_modems/910-series-atm-916
http://teledynebenthos.com/product/acoustic_modems/910-series-atm-916
http://teledynebenthos.com/product/acoustic_modems/910-series-atm-916
http://teledynebenthos.com/product/acoustic_modems/910-series-atm-916
http://teledynebenthos.com/product/acoustic_modems/910-series-atm-916
http://wwwhttps/www.evologics.de/files/DataSheets/EvoLogics_S2CR_717_Product_Information.pdf
http://wwwhttps/www.evologics.de/files/DataSheets/EvoLogics_S2CR_717_Product_Information.pdf
http://www.sonardyne.com/products/subsea-wireless-communications.html
http://www.sonardyne.com/products/subsea-wireless-communications.html
http://www.sonardyne.com/products/subsea-wireless-communications.html
http://www.sonardyne.com/products/subsea-wireless-communications.html
http://www.sonardyne.com/products/subsea-wireless-communications.html
https://www.oceanologyinternational.com/__novadocuments/42249?v=635197842904730000
https://www.oceanologyinternational.com/__novadocuments/42249?v=635197842904730000
http://teledynebenthos.com/product/acoustic_modems/teledyne-gateway-buoy
http://teledynebenthos.com/product/acoustic_modems/teledyne-gateway-buoy
http://teledynebenthos.com/product/acoustic_modems/teledyne-gateway-buoy
http://teledynebenthos.com/product/acoustic_modems/teledyne-gateway-buoy
http://teledynebenthos.com/product/acoustic_modems/teledyne-gateway-buoy
http://teledynebenthos.com/product/acoustic_modems/teledyne-gateway-buoy
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.sonardyne.com/news-a-events/all-news-articles/1179-sonardyne-and-liquid-robotics-improve-data-recovery-options-
http://www.ozoptics.com/ALLNEW_PDF/BKLT0001.pdf
http://www.ozoptics.com/ALLNEW_PDF/BKLT0001.pdf
http://www.sensa.org/business-areas/fiber-optic-linear-heat-detection.html
http://www.sensa.org/business-areas/fiber-optic-linear-heat-detection.html
http://www.sensa.org/business-areas/fiber-optic-linear-heat-detection.html
http://www.sensa.org/business-areas/fiber-optic-linear-heat-detection.html
http://www.sensa.org/business-areas/fiber-optic-linear-heat-detection.html
http://www.sensa.org/business-areas/fiber-optic-linear-heat-detection.html
http://www.sensa.org/business-areas/fiber-optic-linear-heat-detection.html
http://www.sensa.org/business-areas/fiber-optic-linear-heat-detection.html
http://www.sensa.org/business-areas/fiber-optic-linear-heat-detection.html
http://www.sensa.org/business-areas/fiber-optic-linear-heat-detection.html
http://www.sensa.org/business-areas/fiber-optic-linear-heat-detection.html
http://www.sensa.org/business-areas/fiber-optic-linear-heat-detection.html
http://smart-pipe.com/
http://smart-pipe.com/
http://smart-pipe.com/
http://smart-pipe.com/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/our-business/oil-gas/subsea-chemical-storage-and-injection/
http://www.oceanworks.com/admin/sitefile/1/files/OceanWorks_Subsea_Fluid_Injection_System(2).pdf
http://www.oceanworks.com/admin/sitefile/1/files/OceanWorks_Subsea_Fluid_Injection_System(2).pdf
http://www.oceanworks.com/admin/sitefile/1/files/OceanWorks_Subsea_Fluid_Injection_System(2).pdf
http://www.oedigital.com/people/item/5463-21st-century-subsea-comms
http://www.oedigital.com/people/item/5463-21st-century-subsea-comms
http://www.oedigital.com/people/item/5463-21st-century-subsea-comms
http://www.oedigital.com/people/item/5463-21st-century-subsea-comms
http://www.oedigital.com/people/item/5463-21st-century-subsea-comms
http://www.oedigital.com/people/item/5463-21st-century-subsea-comms
http://www.oedigital.com/people/item/5463-21st-century-subsea-comms
http://www.oedigital.com/people/item/5463-21st-century-subsea-comms
http://www.oedigital.com/people/item/5463-21st-century-subsea-comms
http://www.oedigital.com/people/item/5463-21st-century-subsea-comms
https://www.sintef.no/globalassets/upload/materialer_kjemi/anvendt-mekanikk-og-korrosjon/faktaark/smartpipe_web.pdf
https://www.sintef.no/globalassets/upload/materialer_kjemi/anvendt-mekanikk-og-korrosjon/faktaark/smartpipe_web.pdf
https://www.sintef.no/globalassets/upload/materialer_kjemi/anvendt-mekanikk-og-korrosjon/faktaark/smartpipe_web.pdf
https://www.sintef.no/globalassets/upload/materialer_kjemi/anvendt-mekanikk-og-korrosjon/faktaark/smartpipe_web.pdf
https://www.sintef.no/globalassets/upload/materialer_kjemi/anvendt-mekanikk-og-korrosjon/faktaark/smartpipe_web.pdf
https://www.sintef.no/globalassets/upload/materialer_kjemi/anvendt-mekanikk-og-korrosjon/faktaark/smartpipe_web.pdf
https://www.sintef.no/globalassets/upload/materialer_kjemi/anvendt-mekanikk-og-korrosjon/faktaark/smartpipe_web.pdf
https://www.sintef.no/globalassets/upload/materialer_kjemi/anvendt-mekanikk-og-korrosjon/faktaark/smartpipe_web.pdf




