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1 Introduction & Background
1.1 Introduction
The safe operation of submarine power cables at high load is of highest relevance for an economic and
reliable operation of offshore wind farms and submarine interconnection systems.
Optical linear temperature and strain monitoring system developed by NKT Photonics aim at calculating
real-time cable conductor temperature and predict cable load, allowing the operator to run the cable
above nominal capacity for peak emergency situations and lower the maintenance and operating costs.
At the same time, NKT Photonics has been developing a method of monitoring depth of burial of power
cable using Optical linear temperature and strain monitoring. Indeed, burial of power cables at a certain
minimum depth is often required for mechanical protection of the cable and to avoid too strong heating of
the seafloor surface. The depth of burial (DoB) of those cables may vary over time by movements of sand
and the cables themselves. Monitoring such changes so far requires, costly yearly surveys using submarine
robots with TSS system. NKT has been working for years in fibre optic monitoring and commercialized
sensing hardware such as DTS (Distributed temperature sensing), DAS (Distributed acoustic sensing) and
DSS (Distributed strain sensing). NKT Photonics is developing a method to permanently analyse the DoB of
submarine power cable formations by using distributed temperature sensing, electric load data, and
thermal models of the submarine cable installation.
Previous analysis of field data has shown that the method has the capability to detect comparatively fast
variations of DoB and cable exposure events in real installations. Testing and calibrating the method at
SEMREV sea test site is a unique opportunity to setup the method in real condition environment, with an
export cable embedded at different depth of sediment, with heterogeneous sediment and complex
morphology along the cable and different water depth above.

1.2 Measurement Activity
The objective was to develop and test a full-service monitoring solution using a DTS (Distributed
Temperature System) to measure temperature and strain in optical fibre embedded in the export cable,
and to provide a continuous monitoring of power cable depth of Burial. The system ought to be connected
to a SCADA system and to provide enhanced visualization features for real-time DoB graphic visualization.
The DoB feature is empowering the state-of-the-art Real Time Thermal Rating (RTTR) from NKT Photonics,
and is fully dedicated for cost optimized and continuous monitoring of subsea power cable depth of burial
without use of external inspection. Indeed, the existing survey methods, mostly remote operated vehicles
(ROV) remain punctual (once a year at SEMREV) and expensive. DOB can be used for any power cable
equipped with a fibre optic cable. The main objective (short term) of this project was to improve the DoB
calculation accuracy, using on-site measurement capabilities, and analysing data measured using natural
environment parameters (season change, sea tides, different type of sediment etc). Another objective
(medium term) of the project was to assess capabilities of the method or an alternative method with DAS
or DSS sensor to monitor status of the cable in the water column (Floatgen umbilical) and to prevent
potential damages.

1.3 Development So Far
1.3.1 Stage Gate Progress
Real Time Thermal Rating (RTTR) was already developed up to TRL 8 to 9 by NKT Photonics (NKTP), with its
LIOS EN.SURE product family of fibre optic sensing systems offering superior temperature, strain and
acoustic sensing resolution and accuracy in comparison to other technologies.

Figure 1 : Existing LIOS EN.SURe product from NKTP.

Using its state-of-the-art Real Time Thermal Rating (RTTR) calculation engine, NKTP is looking to validate
DoB monitoring feature. This specific additional technology development has been carried out up to TRL 5
by NKTP.
Benefiting from the already installed Floatgen wind turbine, and an export cable fully operational with
accessible optical fiber to be used, this test at the SEM-REV test site provides a unique opportunity to
improve the DoB calculation accuracy. Using on-site measurement capabilities will enable refined data
analysis under various environmental parameters (season change, sea tides, different type of sediment
etc) along the export cable.
The purpose of this demonstration campaign is to validate TRL 6 on an Open Sea Site.

1.3.2 Plan for This Access
The project will aim at deploying and demonstrating DoB software and to connect it to the surveillance
system of SEM-REV allowing for real time depth of burial and health monitoring of the export cable.
SEM-REV export cable is 24km long connecting the test site at sea with the land substation in Le Croisic
town (see Erreur ! Source du renvoi introuvable.). This cable is rated 20kV-8MVA and has 24 optical
fibers. It runs to the middle of the offshore test site and is connected to a submarine electrical station
called Hub (more details here: https://sem-rev.ec-nantes.fr/english-version/access-test-site/equipment).

Figure 2 : SEM-REV electrical cable layout.

The initial test plan built to reach the objectives described above. The test plan will be composed by the
following steps:
1.

Installation of the DTS device in the substation, calibration, installation of the database and
software, and start first measurement: 1 week – February 2021

2.

Installation and initial configuration of DoB software and network infrastructure to connect
to SEMREV SCADA system: 1 week – February 2021

3.

Test the system in a winter condition: cold water and storm conditions: 1 week – March 2021

4.

Test the system in spring condition: warm water and calm conditions: 1 week – April 2021

5.

Validation of DTS measurement compare to field measurement (TSS measurement): 1 week
– May 2021

6.

Test the system in summer condition: warm water and calm conditions: 1 week – June 2021

2 Outline of Work Carried Out
2.1 Tests
The DTS device was installed in the electrical land substation in Le Croisic on week 31 (2021) and the
connection of the optical fibres to perform the first measurements was finalized on the 04th of August
2021. Prior to this installation, specific equipment such as optical jumpers E200 APC / SCAPC had to be
purchased to enable compatibility with the SEMREV optical panel. The delivery time caused by the Covid
situation induced an important delay for the entire project.
After the 04th of August, DTS has been remotely connected to NKTP’s Charon4 software, installed in
Centrale Nantes server (hosted and located in Nantes). A screenshot of this software main user interface is
presented in Erreur ! Source du renvoi introuvable. below. Unfortunately, due to holidays period in
August, we were not able to have remote access for calibration from our office until early September.
Controller, data sources, database and SCADA have been setup since then and calibration is being carried
out since September.

Figure 3 : Main window of Charon4 showing Tree-View Navigator and Zone View.

DTS measurements are being performed and DoB model has been preliminary calibrated and is still being
improved. A second stage of calibration and continuous data sets with different weather conditions are
required to assess temperature variation depending on water temperature, sediments dynamics and wind
turbine production. Data set analysis will be performed after winter.
In order to compare the DoB monitoring using the DTS system Centrale Nantes planned to carry out an
additional survey campaign. Unfortunately, up to the closure of the MARINET2 testing period, Centrale
Nantes has not been able to achieve this surveys campaign (planned every 5 years) using submarine
robots with TSS system to assess the actual DoB of the cable for the entire cable length. The main reason
of this delay is the service provider availability. This campaign will be carried out in the coming months
depending on weather, and this set of field data will be of significant value to compare and validate DoB
model.
In coordination with Centrale Nantes, and as equipment have been setup and are now operational, tests
will continue until the summer 2022.

GENERAL Installation Principle: Onshore

Figure 4 : General installation of OTS4 in SEMREV substation

The installation phases onshore were:




Installation of the acquisition box in the substation IT rack near optical panel (see Figure 4).
Connection of fibers to the equipment and Optical Time-Domain Reflectometer tests (OTDR)
Connect sensors physically or remotely to the software.

At the same time data source such as water temperature, air temperature (electrical substation) wind
turbine production, soil condition, were necessary to be aggregated into Charon4 to start building DoB
model.

Software and computing structure for DoB monitoring
The initial configuration of DoB software and network infrastructure phase were:





Setting up a server in Central Nantes and VPN account for remote access
Database configuration
Network setting (switch, firewall)
TCP/IP Modbus communication with SCADA

Figure 5 : Structure of Charon4 database, services and visualization applications

Figure 6 : Remote access to Charon 4 Software visualisation, before calibration

Data acquisition in different environmental conditions:
RTTR, weather conditions and electrical data acquisition are still ongoing at the time of writing this report
and mostly encountered warm water and fairly calm sea condition so far. During this period, the DoB
model was setup in Charon 4.
Testing the system in different weather conditions (cold water and storm conditions) and productions was
expected to help assessing DoB variation.
Validation of DTS measurement compared to field measurement will be of considerable impact to validate
DoB model and reach TRL 6. But as it was mentioned above, this could not be carried out within the
MARINET2 time frame.

2.2 Results
1.1.1

OTDR Traces

The results from the first optical tests (ODTR) carried out by use of an NKT Photonics’ DTS (OTS4 series) are
presented in Erreur ! Source du renvoi introuvable. for the optic fiber n°7 and in 8 for FO n°8. The
chosen wavelength was 1550nm. This test was expected to perform the optical fibre calibration to receive
proper distributed temperature profiles to be used for RTTR and DoB calculations.

Figure 7 : TR FO8 (Grey fibre)

Figure 8 : TR FO7 (Orange fibre)

Unfortunately, the measured OTDR traces show attenuation per km which is much higher than expected
and at about 4km and 6.2km (from the land station to shore) additional point losses can be seen in the
OTDR traces. This abnormal attenuation results in a poor calibration of the models and prevents regular
DTS operation. Monitoring the remaining cable length (the next 20km) is therefore impossible.
Since the DTS’ optical budget of about 20dB is already fully used after about 14.5km (Grey Fibre), the OTS4
is indicating a “Fibre Fault”.
Furthermore, the OTDR signal is expected to decrease continuously, but one can observe steps in the
traces. These steps have been identified by the SEMREV team. It corresponds to factory junction boxes
located every 2 km over the cable length.
As shown above, Grey and Orange fibre were tested, but we decided to use the Green fibre.
Characteristics of the FO being abnormal compare to classical submarine electrical cable, Ecole Centrale
advises to carry out the tests with a different wavelength i.e., 1310nm. This value differs from the state-ofthe-art cable optimal functioning wavelength of 1550nm.
It is unusual for NKT Photonics to experience such a high-level attenuation in a fibre signal. The LIOS OTS4
is designed to measure up to 100km, with an optical budget of 20dB, using 1550nm wavelength, on a fibre
with maximum attenuation of 0.2dB/km. The device is not designed to work at 1310nm.
At the time of writing this MARINET2 test report, the calibration could not be carried out further. For this
reason, temperature calibration is taking longer and need to be optimized for this specific FO.
During a remote session for analysing the measurement progress, it was observed that the measurement
progress was stopped at August 9th 2021 4:31 pm:

Figure 9 : Charon4 user Software temperature data (profile and temperature history)

Performing some OTDR measurements, it is observed that there is no OTDR signal seen at all. This is
normally when there is no optical fibre connected to the device.

Figure 10 : OTDR Traces during investigation "Fibre Fault" Indication
To ensure that all software components are working correctly, the Charon4 software “Information panel”
was investigated. All components are in the status “online”, which means that the software components
are working as expected:

Figure 11 : Information Panel inside Charon4 user software showing the software components.

Figure 12 : OTDR traces during investigation and after re-plugging the optical fibre.
On-site, the wiring of the optical fibre was double-checked, and it was observed that the fibre optic was no
longer connected to the DTS device. After re-plugging the optical fibre to the DTS device, the OTDR data
was received again:
The temperature measurement could be restarted:

Figure 13 : Charon4 client after re-plugging the optical fibre.

Another remote check has been done on the 27th of October. As shown in Figure 14 : Charon4 client
showing temperature profile (upper graph) and history plot (lower graph - no temperature 9th Aug – 22nd
Oct)
there were no measurement taken between 9th August 2021 and 22 Oct 2021, due to the fibre being
unplugged from the DTS device.
As shown in Erreur ! Source du renvoi introuvable., measurement has been properly recorded since
22nd of October up to the date of the screenshot 27th of October.

Figure 14 : Charon4 client showing temperature profile (upper graph) and history plot (lower graph no temperature 9th Aug – 22nd Oct)

Figure 15 : Charon4 client showing temperature profile (upper graph) and history plot (lower graph 22nd Oct – 27th Oct and running)

2.3 Analysis & Conclusions
Setting up the equipment, software and remote access in a controlled and safe network is time consuming;
even more when different stakeholders are involved. Moreover, the project suffered from the COVID
situation for two main reasons (delivery delays and traveling restrictions for staff involved in the project). It
lead us to difficulties in setting up the demonstration campaign and prevented us from experimenting
earlier and to achieve our goals before MARINET2 deadline.
Considering collaborative effort made by NKTP 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.
Accessing FO in a subsea export cable connected to a floating wind turbine in production remains a unique
opportunity to improve the DoB calculation accuracy. Besides, SEMREV export cable is going through
different soil characteristics (fine or coarse sand, with mud at some location), at different depth of burial.
Continuing this test will enable the acquisition of long time series of data and analysing data following
various environmental parameters (season change, sea tides, different type of sediment etc.) along export
cable will allow to calibrate and validate our DoB algorithm implementation.

3 Main Learning Outcomes
3.1 Progress Made
3.1.1 Progress Made: For This User-Group or Technology
A major part of the objectives are achieved. With regards to the initial workplan:
1. Installation of the DTS device in the substation, calibration, installation of the database and
software, and start first measurement: ACHIEVED. Calibration with a new wavelength is
required
2. Installation and initial configuration of DoB software and network infrastructure to connect to
SEMREV Scada system: ACHIEVED. Calibration with a new wavelength is required
3. Test the system in a winter condition: cold water and storm conditions. Not ACHIEVED before
MARINET2 deadline
4. Test the system in spring condition: warm water and calm conditions. Partially ACHIEVED
5. Validation of DTS measurement compare to field measurement (TSS measurement). Not
ACHIEVED before MARINET2 deadline
6. Test the system in summer condition: warm water and calm conditions. Not ACHIEVED before
MARINET2 deadline
Progress is ongoing and pursuing data acquisition in an exploitation site with such environmental
condition monitoring is a unique opportunity for NKTP.
3.1.1.1

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

Stage 6

3.1.2 Progress Made: For Marine Renewable Energy Industry
Subsea power cables are critical yet vulnerable aspects of any offshore project. Cable installation or
continued operation of wind farms in mobile, high energy environments lead to challenges ensuring
adequate protection and an acceptable risk profile for the cable assets. Continuous monitoring the depth
of burial of export cables will allow a significant OPEX saving for Marine Renewable Energy Industry in
potentially saving costly yearly surveys using submarine robots with TSS system and preventing risk linked
to maritime activities on the seabed such as fishing, emergency anchoring or dredging. In addition, the
detection of tidal sediment movement is of interest to prevent power cable failures due to mechanical
strain (free spans).

3.2 Key Lessons Learned
FO optics in export cable with non-standard wavelength characteristic or high attenuation make thermal
and burial depth monitoring calibration complicated. Even if uncommon, having possibilities of changing
DTS operating wavelength will be investigated.
Is also critical to have continuous data recording for the RTTR DoB calculation, which should be the case
using the LIOS DTS monitoring system.
However, it must be investigated why the Fiber has been unplugged from the DTS device, so it should not
happen in the future. This demonstrates how critical it is to have a continuous monitoring system in a
secure location (cabinet), and with the ability to quickly alert in case of measurement stops either via
SCADA protocol, or via the Charon4 software remotely.

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


Preparing abstracts for “Jicable”, “Cigre”, “Cired” conferences.

4.2 Website & Social Media
Website: https://www.nktphotonics.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
observed and
underpinning hardware technology
underpinning basic properties of software
reported.
concepts/applications.
architecture and 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/subsystem 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
6.2.1

Onshore Installation pictures

Figure 16 : Acquisition box Installation in SEM-REV Communication cabinet
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Figure 17 : Acquisition box (0_OTS4Front)

Figure 18 : Acquisition box (1_OTS4Rear)
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