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1 Introduction & Background
1.1 Introduction
Export and dynamic cables are a key asset in the development of marine renewable energy farms.
However, defaults can occur in these cables at all stages from installation to exploitation. In average the
cable cost of a windfarm represents 10-15% of the CAPEX but 80% of the OPEX linked to failure.
Every instrument that helps to know more about the condition of the cable is a plus to help preventing
failure. One of the highest risks for the cable together with external damage and installation problems, is
temperature. The materials involved in the cable production can sustain a certain level. Operating the
cables above those levels decreases their lifetime and increases the probability of a fault.
The most suitable solution to prevent problems due to temperature is by using a DTS for Distributed
Temperature Sensing, a well-known solution for underground cable and a growing request for submarine
cables. Using a fiber optic, the DTS can monitor the temperature up to 350 km.
The development of Offshore Wind Farm raises new challenges with reduction of CAPEX and increase of
power generation, thus cables are becoming more and more sensitive. Cables are operated under some
assumptions are done at key places during the design phase, e.g. and needs to be challenged: ,I-Tube or JTube, landfall, etc.. Those assumptions should be challenged with measurements during operation.

Figure 1 : PRY-CAM DTS equipment

Figure 2 : PRY-CAM DTS specification

1.2 Measurement Activity
Short term:
First target is to confirm the proper working of our new Pry-Cam DTS that is changing the game in terms of
performance for cable monitoring. Higher accuracy, faster measurement time and simpler installation.
Same target is valid for the software that will be add on top of the product: RTTR (Real Time Thermal
Rating).
Second target is to have a retrofitting installation on a floating windfarm with standard fiber to be used.
Goal will be to challenge the performance on this type of installation that has not been designed to have a
DTS.
Medium term:
Measured the identified hot spot and challenge the measurement done at the I-tube and the junction box
on Floatgen. Goal will be to have more data on those specific items and see the impact of the transition in
season from winter to summer. Also evaluate the impact of the load and the weather condition that could
help more or less to dissipate the potential surplus of heat.
Long term:
Having the model confirmed as well as performance in such environment, the final goal would be to use
this DTS with this enhanced RTTR to allow a reduction of cable section per MW transmitted, without putting
at risk the installation. Savings in CAPEX would be important, as well as mitigation of environmentally
impact with reduction of weight and increasing transportation capacity.

1.3 Development So Far
1.3.1 Stage Gate Progress
New Pry-Cam DTS was already tested et qualified in relevant environment. Short term target is to confirm
performance in an operationnal MRE site and thus to validate TRL 8.
Medium term and long term still require analycal work and validation based on data acquisition on
SEMREV sea test site and aim to reach TRL5.

1.3.2 Plan for This Access
The test plan will enable to reach the objectives described above. The test plan will follow the following
steps:
1.

Installation On-shore

-

One instrument to be installed on shore in the station

Set up of the software to calculate the temperature of the conductor and anticipate the capacity
that can be transmitted

2.

Test offshore

- Once the system is setup, a team must go offshore to cool down or heat the fiber in order to the impact
on the measurement from the instrument on-shore.
- Test can be done in different point on the platform to ensure the repeatability of the accuracy of the
measurement
- one test to be performed after commissioning
- one test with hot weather
- one test to be performed before the end of the test
3.

4 months measurements (03/2021-07/2021)

the system will operate while the cable load will change a lot from Winter to Spring as well as the
soil will have different dissipation behavior linked to more or less humidity.
the identified hot spots (I-tube and transition joint on the beach) of the circuit will be challenged
during spring and summer thus the DTS should confirm those assumptions
the objective is also to perform measurement under different tides conditions (neap and spring tide
plus standard situations) and see the impact on both the monitoring performance and cable status
4.

Removal (end 2021)

-

The instrument will be removed after the period of tests

Figure 2: Overview of the test site and devices to be installed

2 Outline of Work Carried Out
2.1 Tests
Factory tests
DTS equipment has been tested in factory prior to be sent and all functionalities passed the test as shown
below. For this, standard G.652 single-mode fiber was connected to the instrument, with two spools of
fiber immersed in water at 50°C at the beginning and end of the circuit. We can observed spatial resolution
is well below limit of the instrument (which is 4°) with the used measurment conditions. Spikes at the
beginning and the end of the fiber (Figure 4), are due to the sudden temperature variations from ambient
to 50°C, necessary for the test but not consistent with a relevant environment.

Figure 3 : Factory test - Temperature trace

Figure 4 : Factory test – Spatial temperature resolution

Installation and commissioning
DTS equipment was installed in electrical substation in Le Croisic during week 29. However, optical jumpers
E200 APC / SCAPC purchased by ECN and necessary to connect SEMREV fiber to DTS equipement were not
yes received due to COVID delay in supply chain. DTS was then connected to fibre during September.
Minilog - At the same time, Minilog equipment was installed in the electrical substation in order to quantify
real time power of the export cable.

During summer, setup and secured remote access to ECN server for Prysmian has been established to
allow remote DTS software configuration and setting. Acces was granted in September and data
acquisition was possible at the end of September.
PRY-CAM Tempertaure sensors have been installed in the cabinet close to one of the optical fiber
connected to Floatgen demonstrator.
GENERAL Installation Principle: Onshore

Figure 5 : SEMREV General installation principle

Calibration
Based on OTDR traces, Stokes signal power is used for DTS calibration. Unfortunately, SEMREV fiber loss at
1550 wave lenght is much higher than a usual fiber. Indeed, the signal loses 8 dBs in less than 5 km while
with a standard OM2 fiber this loss should be just above 1 dB. Furthermore, the signal should decrease
linearly in a log scale which isn’t the case (Figure 5). Heavy signal loss on the fiber provided leads to poor
calibration and without usable information after 2.5 km of fiber, instead of 30 km as it should be with
standard OM2 fiber.

Figure 6 : Stokes signal with factory test fiber (blue) and SEMREV Fiber ( Red)

2.2 Analysis & Conclusions
DTS equipment has been tested in factory prior to be sent and all functionalities passed the test. However,
abnormal absorbtion of SEMREV optical fiber at 1550 nm was not anticipated and prevent achieve our
goals before MARINET2 deadline.
Providing and setting up the equipment, software and remote access in a secured network has been
achieved but is time consuming when different stakeholders are involved. Moreover, the project suffered
from the COVID situation for delivery delays and traveling restrictions for staff involved in the project. It
prevented us from experimenting earlier and to run through all data acquisition planned.
However, accessing FO in a subsea export cable connected to a floating wind turbine in production
remains a unique opportunity to acquire fiber data and to challenge assume cable characteristics in key
place such as lazy wave or I-Tube. Considering collaborative effort made by Prysmian and Centrale Nantes
to implement the entire acquisition chain, it would be unfortunate to stop the demonstration campaign at
this point and a collaboration agreement has been found between partners to keep the tests ongoing,
despite the end of Marinet2 support.
Modification of the current test are being discussed to improve capacities of monitoring with specificities
of SEMREV fiber and to be able to reach our goals :
•
•

•

Setting up DTS on Floating wind turbine side to monitor key place of the cable on the floating wind
turbine side : lazy wave and I-tube.
Replacing current DTS with a DTS using Brillouin technology. This would need to use 2 fiber would
spliced in the turbine basement. Brillouin technology allow a higher optical budget and fast
measurment. Drawbacks is linked to its sensibility to the strain effect, which is not appropriate for
dynamic cable monitoring
Strain monitoring of the dynamic cable using a DTSS (Distributed Temperature Sensing and Strain).
It would cover only few hundred meters of fiber from the turbine but it would help to understand
the dynamic of the cable in the water column.

Further long series of data acquisition will enable to improve dynamic cable monitoring and challenge
cable caracteristics in term of power transmission.

3 Main Learning Outcomes
3.1 Progress Made
3.1.1 Progress Made: For This User-Group or Technology
The Pry-Cam DTS technology has prooved its ease to be installed due to its light weight and is operationnal
on a cable in exploitation.
Difficulties in calibration with specific optical fiber characteristic has shown the need for us to look at OTDR
traces at 1550 nm prior to any installation. In this case, it was done but at 1310 nm, best functioning wave
lenght of SEMREV optical fiber.
3.1.1.1

Next Steps for Research or Staged Development Plan – Exit/Change & Retest/Proceed?

The next steps for R&D will consist in acquire data in the dynamic part of the cable, key place for cable
power optimization.

3.1.2 Progress Made: For Marine Renewable Energy Industry

3.2 Key Lessons Learned
Installation of Pry-cam sensors:
-

Data logging systems / communication means (ECN) / Power supply to sensors (Prysmian)
operationnal
Monitor temperature along the SEM-REV electrical network (3 km d/t specific optical fiber
cahracteristic)
Key monitoring for SCADA system for MRE field

General comment:
•
•
•
•

Easy setup and installation
Reliable technology
Live feedback on the condition of the RTTR system
Direct support from Monitoring experts

4 Further Information
4.1 Scientific Publications
List of any scientific publications made (already or planned) as a result of this work:

4.2 Website & Social Media
Website: www.pry-cam.com
YouTube Link(s):
LinkedIn/Twitter/Facebook Links:
Online Photographs Link:
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6 Appendices
6.1 Stage Development Summary Table
The table following offers an overview of the test programmes recommended by IEA-OES for each
Technology Readiness Level. This is only offered as a guide and is in no way extensive of the full test
programme that should be committed to at each TRL.

NASA Technology Readiness Levels1

1

https://www.nasa.gov/directorates/heo/scan/engineering/technology/txt_accordion1.html

NASA TRL Definition Hardware Description Software Description Exit Criteria
TRL Definition
Hardware Description
Software Description
1
Basic principles
Scientific knowledge generated
Scientific knowledge generated underpinning
observed and
underpinning hardware technology
basic properties of software architecture and
reported.
concepts/applications.
mathematical formulation.

Exit Criteria
Peer reviewed publication of
research underlying the
proposed
concept/application.
Documented description of
the application/concept that
addresses feasibility and
benefit.

2

Technology
concept and/or
application
formulated.

Invention begins, practical application is
identified but is speculative, no experimental
proof or detailed analysis is
available to support the conjecture.

Practical application is identified but is
speculative, no experimental proof or detailed
analysis is available to support the conjecture.
Basic properties of algorithms, representations
and concepts defined. Basic principles coded.
Experiments performed with synthetic data.

3

Analytical and
experimental
critical function
and/or
characteristic
proof of concept.

Analytical studies place the technology in an
appropriate context and laboratory
demonstrations, modelling and simulation
validate analytical prediction.

Development of limited functionality to
validate critical properties and predictions
using non-integrated software components.

Documented
analytical/experimental
results validating predictions
of key parameters.

4

Component and/or
breadboard
validation in
laboratory
environment.

A low fidelity system/component breadboard
is built and operated to demonstrate basic
functionality and critical test environments,
and associated performance predictions are
defined relative to the final operating
environment.

Key, functionally critical, software
components are integrated, and functionally
validated, to establish interoperability and
begin architecture development.
Relevant Environments defined and
performance in this environment predicted.

Documented test
Performance demonstrating
agreement with analytical
predictions. Documented
definition of relevant
environment.

5

Component and/or
breadboard
validation in
relevant
environment.

A medium fidelity system/component
brassboard is built and operated to
demonstrate overall performance in a
simulated operational environment with
realistic support elements that
demonstrates overall performance in
critical areas. Performance predictions are
made for subsequent development phases.

End-to-end software elements implemented
and interfaced with existing
systems/simulations conforming to target
environment. End-to-end software system,
tested in relevant environment, meeting
predicted performance. Operational
environment performance predicted. Prototype
implementations developed.

Documented test
performance demonstrating
agreement with analytical
predictions. Documented
definition of scaling
requirements.

6

System/sub-system
model or prototype
demonstration in
an operational
environment.

A high fidelity system/component
prototype that adequately addresses all
critical scaling issues is built and operated in
a relevant environment to demonstrate
operations under critical environmental
conditions.

Prototype implementations of the software
demonstrated on full-scale realistic problems.
Partially integrate with existing
hardware/software systems. Limited
documentation available. Engineering
feasibility fully demonstrated.

Documented test
performance demonstrating
agreement with analytical
predictions.

7

System prototype
demonstration in
an operational
environment.

A high fidelity engineering unit that
adequately addresses all critical scaling
issues is built and operated in a relevant
environment to demonstrate performance in
the actual operational environment and
platform (ground, airborne, or space).

Prototype software exists having all key
functionality available for demonstration and
test. Well integrated with operational
hardware/software systems demonstrating
operational feasibility. Most software bugs
removed. Limited documentation available.

Documented test
Performance demonstrating
agreement with analytical
predictions.

8

Actual system
completed and
"flight qualified"
through test and
demonstration.

The final product in its final configuration
is successfully demonstrated through test
and analysis for its intended operational
environment and platform (ground, airborne,
or space).

All software has been thoroughly debugged
and fully integrated with all operational
hardware and software
systems. All user documentation, training
documentation, and maintenance
documentation completed. All functionality
successfully demonstrated in simulated
operational scenarios. Verification and
Validation (V&V) completed.

Documented test
performance verifying
analytical predictions.

9

Actual system
flight proven
through
successful mission
operations.

The final product is successfully operated in
an actual mission.

All software has been thoroughly debugged
and fully integrated with all operational
hardware/software systems.
All documentation has been completed.
Sustaining software engineering support is in
place. System has been successfully operated
in the operational environment.

Documented mission
operational results

6.2 Any Other Appendices
5.2.1

Onshore Installation pictures
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