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As demand for electricity continues to
grow, so do the challenges to power com-
panies and power grids. The liberalisation
of power supply markets continues apace,
resulting in the reorganisation of national
and international networks. Events of the
past few years - including large-scale
blackouts and shortfalls in major markets,
and the ongoing addition of alternative
sources to existing networks - point up
the need for improvements to existing
infrastructures. At the same time, there

is increased pressure to keep costs to a

minimum.

Temperature monitoring is a key factor for
the optimisation of underground power
transmission and distribution installations.
The conductor temperature depends on the
load, but other factors such as the thermal
soil resistivity, the power line arrangement,
adjacent cables and other sources dissipa-
ting heat into the surrounding area have
an important impact on the performance

of the installation.

Up to now, it has been almost impossible
to foresee the temperature distribution
along the cable route, so that the maxi-
mum applicable current load was usually
set as a compromise between understan-
ding of operation conditions and risk

minimisation.

The availability of industrial Distributed
Temperature Sensing (DTS) systems that
measure in real time temperatures all
along the cable is a first step in moni-

toring the transmission or distribution
system capacity. The integrated Dynamic
Cable Rating (DCR) or also called Real Time
Thermal Rating (RTTR) solution offered

by LIOS enables not only to continuously
monitor the temperature of a high voltage
cable circuit in real time, but to safely
utilize the existing network capacity to

its maximum. Furthermore it provides

the ability to the operator to predict the
behaviour of the transmission system upon
major changes made to its initial operating

conditions.

Meeting the Demands of a Changing
Power Environment
In times where power utilities face gro-
wing need of energy - forcing operators
to stress the power cables to the physical
limit - safety and efficiency becomes more
and more important. Undoubtedly, know-
ledge in real time of cable temperature and
thermal behaviour of the cable installation
are key to control safety and efficiency
of a power distribution network. Regard-
less of cable design, operational limits or
installation practice, the fact is that unfo-
reseeable adverse thermal conditions can
and do cause system capacity degradations
and service interruptions - especially with
fatigue. The monitoring systems by LIOS
Technology enable the user to locate any
cable hotspot before failure, to dynami-
cally optimize the power load and ensure
reliable supplies of electricity by:
B Real time temperature profile
measurement.
B Precise localisation of hotspots.

B Multiple alert parameter free configu-
rable for each zone.

B Fibre switch for monitoring different
cables resp. phases simultaneously.

B Trend analysis and online interface to

accurate ra ting systems.

Sensor Cable

Passive and Maintenance-free Sensors
for Your Assets

LI0S Technology provides the appropriate sensor
cable for retrofit or newly built projects. One vital
component is a stainless steef or plostic tube that
can accommodate multiple optical fibres. The wall
thickness of the sheathing of the tube, and the ma-
terial used to make the sheathing, can be adjusted
particufarly to the necessary requirements.

For retrofit applications we recommend the use of
metal free cable easily mountable on the surfoce of
the power cable whereas new installations should
gain from the benefit of embedding on appropriate

cable into the power cable directly.



Technologies Creating Value

The LIOS temperature monitoring solution
is based on using passive optical fibres

as temperature sensors, either integrated
directly inside a high voltage cable or
mounted externally on the cable insula-
tion. A solution for overhead lines is also
available. In this case the optical fibre is
integrated into the core of a phase wire

of overhead transmission lines (OPPC).

Via joints and high-voltage fibre-optic
uncoupling devices, the fibre is linked to
an evaluation unit (DTS), where the distri-
buted temperature profile is recorded and
further processed. The temperature profiles
themselves, or the results/events derived
from them, can be transmitted via
standard interfaces from the evaluation
unit as required, and be either displayed
or further processed in real time by PC,
PLC or SCADA systems.

State-of-the-art Temperature
Measurement System

The LIOS' DTS technology has been
successfully proven in critical applications
like fire detection in road and rail tunnels
and special hazard buildings, power cable
and aerial transmission line monitoring, in
oil & gas exploration for permanent down-
hole monitoring and for industrial
induction furnaces surveillance, where
these systems have been equipped in
worldwide projects with more than 1500
permanent installations.

Most of these applications are safety
relevant and require high reliability and

uptime of the sensor system. LIOS current
DTS product series was carefully designed
and thoroughly tested targeting reliable
performance and smooth operation in
industrial environments.

This was imposingly endorsed by the
latest statistical field analysis, where an
excellent mean time between failures
(MTBF) figure of 28 years was reached
based on field data of the current DTS
product series

Setting Standards for

Highly Reliable DTS Performance
High reliability is also a result of the
unique optical frequency-domain reflec-
tometry (OFDR) technology of the LIOS
DTS systems. In contrast to time-domain
technology using pulsed lasers with high
peak powers, the LIOS OFDR DTS uses

a quasi-continuous laser with low peak
power resulting in a nonexistent wear out
of the laser unit or any other fatigue of
other optical components. The exceptional
reliability favors the deployment of the
LIOS DTS systems in all remote, safety-

relevant and industrial applications.

Key advantages of Raman OFDR distributed
temperature sensing (DTS) systems by LIOS
Technology:

B Reliable system design with approved
key components from the telecom
industry
The semiconductor laser diode tested
according Telcordia standard GR-468,
with medium lifetime >25 years.

B The OFDR technology enables to provide
sophisticated temperature surveillance
at commodity prices
The essential benefits of OFDR tech-
nology are the quasi continuous wave
mode employed by the laser diode
and the narrow-band detection of the
optical backscatter signal, whereby a
significantly higher signal to noise ratio
is achieved compared to conventional
pulse technology (OTDR). This technical
benefit allows the use of affordable se-
miconductor laser diodes and electronic
assemblies for signal averaging. LIOS'
OFDR Raman DTS is classified as a Laser
Class 1M Product.

B Invariant spatial resolution along the
entire sensor length of 1 m or better
even at most remote distances.







The Excellent All-round Solution to
Increase Grid Security and Prolong
Working Life of Your Facilities

Distributed temperature sensing is a
powerful tool that allows to accurately
rate power transmission and distribution
assets based on actual eld conditions.
The easy-to-install, low-maintenance
system offers a multitude of advantages.
It is especially valuable for dynamic
rating, since the accuracy of the tempe-
rature modelling can be coupled with the

monitoring and the predictive functions
of the dynamic rating system.

By enabling dynamic analysis of network
structure, it increases the overall safety
and reliability of the grid. It facilitates
dynamic reactions to transmission
requests, resulting in more exible
capacity and revenue management in
both the short and long term. And the
potential for cost-savings is enormous:
Downtimes and blackouts can be avoided,
and the need for new lines and upgrades
can be greatly reduced.

Customers employing the LIOS Technology
integrated real time thermal rating system
can

Increase earnings by activating pre-
viously unused resources in existing
power lines

Utilize reserves in extreme situations
without having to exceed permissible
conductor temperature

Respond quickly and dynamically

to transmission requests by online
metering of the grid capacity
Conduct precisely and in real-time load
predictions as new sources of energy
are added to the grid

React quickly to overload conditions




About US

LIOS Technology GmbH — Linear Optical
Sensors is the German based, global leader
in the development and supply of state of
the art frequency domain based distributed
temperature monitoring systems. The LIOS
DTS product line comprises a range of
real-time, bre optic based linear tempe-
rature measuring devices. LIOS offers Real
Time Thermal Rating (RTTR) solutions for
ampacity predictions of the power cable
and overhead transmission line installati-
on transparently integrated with its eld
proven DTS systems.
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Rising demand for electricity is creating
the need for utilizing important transmis-
sion backbones at their maximum capacity
Enormous bene ts can be generated

by improving utilization of existing and
future installations, and this is where
LIOS can supply valuable assistance.
Based on the real time temperature
measurements along the entire cable
circuit and the actual electrical current
reading LIOS builds the exact dynamic
cable rating of the installation, based on
the IEC 60287 and IEC 60853 standards.

The RTTR calculation engine computes the

current-carrying capacity (or ampacity)

under given conditions of the underground

cable installation for the steady state and

transient. Cable Operators will greatly

appreciate the transient simulation that

will allow them to estimate the current

that can be safely transferred from another

circuit to the monitored installation, due

to unusual operating conditions in situa-  Sensor Cable

tions such as emergencies, maintenance, Passive and Maintenance-free Sensors
outages, faults, etc. The RTTR engine can for Your Assets

be used for emergency ratings from 10 LIOS Technology provides the appropriate sensor
minutes and up to 2000 hours. This coverscable for retro t or newly built projects. One vital

the entire emergency rating spectrum component is a stainless steel or plastic tube that
since typically emergencies last a few can accommodate multiple optical bres. The wall
hours or days. thickness of the sheathing of the tube, and the ma-

terial used to make the sheathing, can be adjusted
Power cable monitoring combined with particularly to the necessary requirements.
Real Time Temperature Rating (RTTR)  For retro t applications we recommend the use of
provides valuable data to Operators: metal free cable easily mountable on the surface of
Steady State Operation — Power cable the power cable whereas new installations should
conductor temperature at the core of  gain from the bene t of embedding an appropriate
the conductor cable into the power cable directly.



Transient Operation - Emergency

can be modelled: duct banks, back lIs,

much depends on the load shape

ratings, transient calculations for Time/ directly buried, buried ducts, buried pipes, applied to the cable. In other words,

Current/Temperature

cables in air (including groups of cables

Furthermore, the RTTR system can provida@nd riser poles) and cables in tunnels.

continuous and automatic adjustment of

calculation parameters such as (ambient The installation may include adjacent

temperature, thermal resistivity, etc.).

Modelling Capabilities

heat sources/sinks such as steam or
water pipes. Unique to LIOS RTTR is
its ability to model several materials

Virtually every cable construction availablewith different thermal resistivities, for

in the market can be modelled: one-core, example: strati ed soil layers, multiple

three-core, sheathed cables, concentric

duct banks and multiple back Ils.

neutrals, armoured cables, screens, shields,

beddings, servings, jackets, combined

Transient Calculations

sheath, etc. Most of the installation types The cable operating temperature very

CHARON_02 Con guration

and Visualisation Software

Externalpoint

type data
Current Interface
Sensor Data
Database

Temperature Data

RTTR Interface

LIOS RTTR Interface

Measurement data &

Other online
measured data

Calculated RTTR data

the temperature of a cable depends

on the intensity of the current and its

time variations. Therefore, cables have
different ratings, i.e. steady state, cyclic,
emergency and short circuit. Since cables
installations have thermal inertia, it

takes time to heat up the cable and its
surroundings.

The emergency rating provides the fol-
lowing information useful for the cable
operator under newly given operating
conditions:

RTTR Calculation Engine

Calculates power cable conductor
temperature at the core of the conductor

Predicts emergency ratings for Time,
Current, Temperature

Mathematical Ampacity
model of thermal calculation
setup of the according IEC
project (cable, standards/

soil, ambient) Neher/Mc Grath



Based on a higher load applied for so
many hours: What the cable tempera-
ture will be at the end of the emergen-
cy case?

Given the operating temperature and
the applied (over) load, the RTTR soft-
ware predicts the temperature of the
cable in the future.

Based on a higher load for a given
period of time When will the instal-
lation reach its design emergency
temperature?

Given the operating temperature and

Seamless Data Integration

LIOS DTS systems are perfectly suited for seam ess
integration into existing or new network or SCADA
infrastructures. DTS measurement data, data of
point type sensors (like conductor currents) and
RTTR calculation outputs (like ampacity predjctic ns
can be directly linked to SCADA and other over:ll
management systems by proven protocol conveisi-
on libraries using industry standard protocels, lik
DNP3, IEC60870-5-104, POSC WITSML, Modbu's
(Master/Slave) etc. The DTS’ communication mcdule
provides Ethernet access and comes with on-board
storage of measurement data for automatic buffe -
ring in case of network break downs.

The CHARON_02 con guration and visualisatior
software associated with the DTS systems can

be adapted to speci ¢ requirements and offers
numerous options for displaying and processing
the recorded measuring data. Its comprehensive
database can handle huge amounts of historian
measurement data of multiple DTS, point type
sensors and RTTR calculation results.

the applied (over) load, the RTTR gives
the time that it will take to the cable

to reach a speci ed emergency
temperature.

Based on initial conditions and a
maximum operating temperature What
is the maximum current that can be
pushed in the system?

Given the operating temperature and a
time frame for an over load, the RTTR
computes the maximum current that
the circuit can carry to reach certain
emergency temperature.









