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 DTS: Distributed Temperature Sensor

« DCR: Dynamic Cable Ratings
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To prevent failures like these

* New York 2003:

— Current heated up cable, metal cores expand. Line too hot, sagged and short-

circuited after hitting tree

« New Zealand 1998:

— Thermal overheating due to dry summer caused 4 power cables to central

business district to fail
* Power outages for 5 months

* More than $200m of damage & lost revenues

« UK 1962:
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Power Applications

Overhead Cables

Subsea Cables i
Buried Cables

mﬁ Transformer
L B \

Cable Tunnels
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Buried Power Cable

 Cables are rated to thermal calculations based on:
— Load on cable
— Thermodynamic properties of cable

-

<= Thermal Dissipation of Surrounding Environment:

-~ -
-
- -

Fibre optic sensor

Power cable in
trefoil configuration

Surrounding soll
heated by power
cable
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Buried Power Cable

« Factors which can lead to lower heat dissipation and
cause cable over heating

— Unknown/changing solil thermal resistivity
— Dry Weather conditions
— Surface effects
« Shallow road crossings
» Microbes in soll (caused by decomposition)
— Nearby cables & pipelines
— Faults in cables/connectors

DTS removes uncertainty & improves safety
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OTDR — Optical Time Domain Reflectometry

Simplicity of measurement — similar to time of flight principle used for RADAR

Standard multi-mode optical fibre
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Backscattered light provides
measurement point every 1m

1m pulse of light
-------------- &

Maceid

CLOSE THE
MONITORING-GAP



The Technology Principles

Spectroscope

Laser Pulse

[
»

DTS

Backscatter Optic fiber

Rayleigh

Brillouin :/ Brillouin

Anti-Stokes """,

Raman raman

« DTS instruments measure the change in reflected light against time.

 Nature of optical reflections change with temperature, strain and

Maceid

pressure

« Measure all points along a fibre - distributed.
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OTDR - Optical Time Domain

Reflectometry
@ Simple principle — similar to time of flight (Radar)
/
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3/100,000 seconds = 3m
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Dynamic Cable Rating System

« To provide the power system operator with cable
ratings based in on real-time measurements and a
thermal model.

e Using a real-time software system taking inputs from
the Power System and Distributed Temperature
Sensor (DTS)

e Qutputs for user are:

— Real time power rating (e.g. maximum continuous load cable
can sustain without exceeding the thermal rating)

— Emergency load rating: (e.g. maximum load cable can sustain
cabosr11  TOr @& defined period of time — 24 hours, 6 hours, 20 minutes)
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Seamless system integration (e.g SCADA, Ventilation, Relay)
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Cable Monitoring SystemArchitecture
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Thermal Model used for DCR

« Based on Electra 87 as recommended in IEC60287 &
60853

e Enhancements

— Unconditionally stable Crank-Nicolson numerical
iteration method

N 87 ELECTRA “ screen insulation = écran irolant
textile tape = ruban rexrile
reinforcement = frettage

serving = revéfement extdrieur
soil =

TEXTILE TAPE
REINFORCEMENT
SERVING

Qp represents thermal capacity within diameter 6'

Wy j represents power losses within digmeter &'

Q; represents thermal capacity within diameters [j - 1)’ and j'

Wi ; represents power losses within diameter f — 1) and f'.

Qo represents thermal copacity within diometer O
power losses within diometer O

Wi
1] " thermal :amw}rmﬁ_m -digmaters
Wi " power tosses [li-ifand |’ ) . i _
W . thermal resistance between dometers 7; represents thermal resistance between diameters [f i)
8,0 Initial temperature rise (G=lond j and i
i is the index of time.
i i the index of space AR i . 5 T | it b 8 p initial temperature rise
shids fasnind A — . . . .
o I - } L i is the index of time
T e e [T o o
o S| A% Ao Buo g I isthe index of space
Wi Wi, oy
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Dynamic Cable Rating

- Adaptable to environment
— Buried cables
— Cables in air

Description

or Temperature Ditfusion Ceoff (m3s]

rrrrrrrrrrrrr

Cable Layout
Fa

lDEpm d o Multiple cables
| @ @ « Adaptable to cable geometry
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Case Study: Buried Cable

Monitoring

o 33 kV Buried Cable in Trefoil Formation — 4km in length
e Olex Cable - Client Energex

Fibre optic cable outside trefoil

Fig 1 Trefoil configuration
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Engergex — Data Analysis over 24

hours

Temperature higher at road

C rOSSi n gS Fig @ Temperature Variation over 24 Hours (at joint 2)
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Dynamic Cable Rating - Screenshots
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Network Optimisation using of DTS

Sample calculation using 110 kV cable rated to 50 MW

* Price of power to customer* = $0.11 / kWh Typical cable
loading =40%

 Number of peak hours per day = 3

 |f cable loading is increased by 5% from (e.g. from 40 to
45%)

Lk - Additional revenue per year = $300,000

* Source: Powergen 2006  ** source: SKM consulting
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Subsea Cables

Overhead Cables

Subsea Cables

Cable Tunnels
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Subsea Cables

« Wind farms, country inter-connectors & Off shore
platforms

o Similar to buried transmission cables excepit:
— No redundancy => more critical to monitor
— Longer distances => DTS performance essential

— Very difficult to access => important to maximize

lifetime

Macei6 CLOSE THE
MONITORING-GAP




Off Shore Wind Farm

Onshore Substation
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Cable Tunnels

Overhead Cables

Subsea Cables

Cable Tunnels
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Cable Tunnel Management

e Cable provides 3 monitoring option
1. Fire Detection: Cable installed in tunnel ceiling
2. Ventilation Control: Feedback loop to ventilation

system
3. Hot Spot/Cable rating: Fibre attached to power cable

Ventilation fan

Data output to:
-Tunnel Ventilation Control
- Fire detection system

maceis - Cable monitoring CLOSE THE
MONITORING GAP



* |ssues for Buried Underground Cables

e Technology Principles\and cable thermal
models

e Case Study

* Further applications

o Speed of real time measurements
e Sensornet Product Range

e Summary

CLOSE THE
MONITORING GAP



Importance of Speed of Measurement

« DTS must respond more rapidly than thermal
environments
 When using multiplexer, DTS interrogates one channel

at a time
— Fast measurement time allow multiple channels
without sacrifice of performance

* More cost effective solution
e In emergency rating situations
— Important to respond quickly
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Importance of Temperature Resolution

 Change of conductor temperature is the vital
requirement but is damped as it reaches fibre

— Therefore high resolution is essential
— Sensornet can measure down to 0.01°C

AT Fibre < AT Conductor
Temperature

T Time
Increase in power due to
Maceio emergency situation LAISE TH E
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Speed of Response During

Emergency Situation

« During emergency rating situation speed of response will
be essential to react quickly to temperature changes

e« Sensornet DTS is the fastest response system
— Better than 1°C @ 10km in < 10 seconds

Temperature

A

Error due to slow
"./-/ <+«—— measurement time

If measurement time not quick enough
temperature of cable can be
underestimated

»
»

Time
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Where to install the fibre?

« Depending on the requirements, the fibre can be
Installed either inside the cable or on the outside

Inside Cable

Pros
Close to conductor
Suitable for ducts &

subsea

Pros

Easy to install

Less optical splices
Lower optical budget
Can install fibre after
Can replace fibre

cons
Difficulty at joints
Greater fibre loss

cons
Further from core
More critical to model

CLOSE THE
MONITORING-GAP



* |ssues for Buried Underground Cables

e Technology Principles\and cable thermal
models

e Case Study

* Further applications

o Speed of real time measurements
e Sensornet Product Range

e Summary

CLOSE THE
MONITORING GAP



Sensornet Background

+ Founded in 1998

— In 2004 backed by Shell Technology Ventures

« Multi-million dollar turnkey solutions to blue chip
companies

* 2009 Incorporated as part of Tendeka (Oilfield
technology)

* 2011 Acquired by Nova Metrix

» Advanced fibre optic asset monitoring solutions
— Temperature Sensor (“DTS”)
Distributed Strain Sensor (“DSS”)

Distributed Acoustic Sensor (‘“DAS”) -

Maceis CLOSE THE
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Product Range

« Distributed Temperature Sensing (DTS) <45km

 Distributed Strain Sensing (DSS) <

 Distributed Acoustic Sensing
(DAS) <50km




Summary

Maceiodé

Hot spot and fault detection
— DTS can locate hotspot to within 1m

Network optimisation

— Run cables at higher rating safely
— DTS plus DCR (dynamic cable rating)

Asset Lifetime calculations

— Knowledge of actual thermal stresses
— DTS plus DCR

— Distributed Strain Sensor / Distributed Acoustic Sensor
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POWER

KNOWLEDGE = POWER

Obrigado
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