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Smart Asset Management

Provides advanced Condition Assessment technologies to
achieve:

Increased reliability: mitigation of operational risks and

no false positive

Increased safety

Increased power transmission

Reduced maintenance cost and enviromental impact

Increased support to owner on Risk-based decisions
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Asset Management approach

High
Priority 1
 Periodic & non
invasive condition
assessment
Asset E‘\%nntiltr:)ti?nugs
Criticality

Mission dependency,
revenue generation
capacity,
redundancy, etc

Low

Poor Good

Asset Condition
Age, historical performance, functional obsolescence, etc
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When Condition Assessment would have helped...

The 2013 Super Bowl
was played in New
Orleans and was
watched by 115.5
million live around
the world

Suffered a 34 minute
delay due to a
power outage caused
by a MV switchgear
problem

Innovations for a better
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What shall be monitored:

e Partial Discharges

@) { International Workshop 2015

Asset key Parameters for condition-assessment

e Temperatures (linear sensing or concentrated)

e Pressures (for FF cable systems)
e Currents (sheath currents)

e \/oltages

e SVL status

e Floodings in link boxes or in man holes

e Humidity, Smoke, Intrusions
e Others
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o . .
95% /o of Insulation Failure

Switchgear Cable Joints Bus Duct Cable Cable Transformers
Bus Terminations

Innovations for a better
compatibility with the environment and the territory

Source: 493-1997 - IEEE Recommended Practice for the Design of Reliable Industrial and
Commercial Power Systems (Gold Book)

Stresa — 2015 August 27th




M { International Workshop 2015

Agenda

Innovations for a better
compatibility with the environment and the territory

« Introduction to Partial Discharges

Stresa — 2015 August 27th



Innovations for a better
compatibility with the environment and the territory

insulation
electrodes

strength

strength .
-

 Definition: electrical
bridges only a small

between two conducting

« PDs occur
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What is Partial Discharge

discharge that
portion of the

where the electric field
exceeds the breakdown

— <

AU Applied Voltage

Au Inside Defect
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Partial Discharge Causes

Detachmentin joint . Voids within solid

Voids in insulation

joint _ _
« Contamination by
particles

- Irregularities
(e.g. sharp points)

« Gas bubbles in
liquid insulation

Mechanical
defect in cabl

PD treeing in
termination

Innovations for a better
compatibility with the environment and the territory

 Floating particles
in gas insulation

, « Mechanical defect
or damage in
insulation materials

‘("
Stresa — 2015 August 27th @Im



Innovations for a better

@), _, International Workshop 2015

Advanced diagnosis requires the complete PD

pattern

Phase distribution

Height distribution
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a)

Typical position compared with
supply voltage

Corona ( )

Surface

discharge

Internal

discharge

-
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PD pulse typical frequency content
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“Slow” pulses

Duration >1us

Spectrum <20 MHz

Typically surface PD

“Middle-fast” pulses

Duration <1us

Spectrum <40 MHz

Typically corona PD

~a

“Fast” pulses

Duration <100 ns

Spectrum <80 MHz
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Tools for asset management
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1. Portable Differential EM Field PD sensor
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Id PD sensor
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Why a portable instrument for PD measurements?

Innovations for a better
compatibility with the environment and the territory

Meas. Point C

A: 15KV air-
insulated busbar

Meas. Point B
/ . D: External
/ LIS termination

Meas. Point A N .’

-

1

\

/ E: Indoors
OH lines

filled
cable

15 kV
generator

15/220 kV
Power
transformer

—

~20m

!

=500 m

220kV post
insulators
; I 24
= 10 m
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The sensor matters
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2. Grids permanent monitoring
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3. Wings Sensor
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3. Wings Sensors
..l;.__ " L

Wings PD sensors sticked
and convered with tape

Plastic conduit for sensor
cables to ground level

Sensor cable connectors
protection at gound level
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4. DLog for other key signals monitoing

Innovations for a better
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Tool for asset management: Smart LinkBox

Remote monitoring of key parameters: Screen Currents, SVL State, PD,
internal flooding

Self-powered!
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Example of combined Asset Monitoring

Asset Management common
Platform

Fiber Optics for distributed temperature sensing (DTS)

e

HVAC Cable

M PD Sensors
; Fiber Optics T f T T

Fiber Optics

™

FO Switch

-~

Innovations for a better

WVarous sensors for monitorin key asset parameters, such as:
- Sheath Currents
— -Voltage
Pry-Cam Asset Management - Pressure
Local Server - Temperatures
- flooding
- Intrusion
Etc

_— |
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SERVICE SUPPLIER

Innovations for a better

Central Server

., International Workshop 2015

Asset Management Web Platform

Key advantages
e Remote monitoring
e Data storage and protection

e Remote support from
service supplier

e Processing tools:
e Trendings
e Alarms

e Remote diagnosis

e Integrated asset
supervision:

Currents, Voltage
Temperatures, Pressures

Humidity, Smoke, Floodings,
Intrusions
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Surface

Corona

Innovations for a better

{Internal i

PD on
joint
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- More than 20,000
PD measurements
- More than 60
permanent PD

monitoring systems

In different
countries:

- Italy

- Spain

- UK

- France

- Middle East
- USA

- Canada

- Brazil

- Mexico

- Argentina

- Korea

- Turkey

Stresa — 201 Eglte Zgltﬁ nds @|g’e
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Experience case in Middle East (one shot)

S/S Location No. of

- s Measurements
L . 42 Terminations
LA Saudi Arabia
18 Terminations

3 HV Circuits, 18 Terminations
- T s e R Kuwait

7 MV Circuits, 42 Terminations
. @ 2 HV Circuits, 6 Terminations

GLILE OF DNAMN

6 MV Circuits s - A{FOUHAH B M HADAH
36 Terminations Fl s, o »
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MYV Terminations

HV Terminations 48

o M

A Uf?ﬂ ,f.-'-..:.;'-:- A Total 252
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Experience case in UK - PD Monitoring on
400kV OF cable systems
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Battery voltage (V)

400kV OF cable

systems

=

.........
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Experience case in UK - PD Monitoring on

with battery+PV
panel

Thanks to the low
power demand of
the measurement
system

£
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Success case in UK — PD detection on OF
termlnatlon in Nuclear Power Station

« OF Termination having

Innovations for a better

high levels of dissolved
gas
Potential loss of
generation and explosion
risk

Investigation showed that
papers were loose/unwinding
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Innovations for a better

400 kV HVDC OF/Mass Impregnated (Italy)
Pressure and temperature monitoring on land oil filled cable system

43km _ _28km _ _ 71K L 61 km . . 110 km
Underground Submarine Cable Submarine Cable Submarine Overhead
Cable Embedded at1m laid on the sea bed Cable Line

embedded at 1
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400 kV HVDC OF / Mass Impregnated (Italy)
Pressure and temperature monitoring on land oil filled cable system

Substation 43km
@T T
Transition joint
Stop joint 1 Stop joint 2 Stop joint 3 Stop joint 4 (sea-land)
OF Submarine cable
Al (B (2) (2) (2) (2) (1)

(1) - On transition joints, stop joints and outdoor terminations
(2) - Several straight joints (33 in total) are present between stop joints; only on
some of them the temperature is monitored

‘("
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400 kV HVDC OF / Mass Impregnated (Italy)
State of the art solution

-

Pressure 1 Pressure 2
[ \ \\‘ _( “\ \
pr— \ = s =
L\ ‘ \ \ ‘J
. .
Pressure Dry-contacts Pressure Dry-contacts
4..20mA -Min P 4..20mA - Min P
- ABS Min P - ABS Min P
_MaxP MaxP Pressures
L measuring system
¢ )
Temperatures E
from PT100
Flooding JLOg ULog
sensor
Acquisition panel
§ 12V aux. power supply with DLogs )
Aerial and GSM/3G
modem ( E)
Fiber optics Fiber optics
g Router )
230V AC power supply

. Acquisition panel

High performance
data logger

Fibre optic
connectivity to local
server
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400 kV HVDC OF / Mass Impregnated (1taly)
Asset Management Server

BEFORE

« Analog pressure monitoring Real-time pressure and temperature

e . monitoring from local server
* No temperature monitoring
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Succes case in Canada
Comparative PD Tests
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Performance of the smart
asset management
compared with previous
measurements

12 Dry Gel Terminations
investigated

No false positive

’..!
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Succes case in Spain
PD detections on HV terminals

Innovations for a better
compatibility with the environment and the territory

6 HV terminations
investigated
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Succes case in Italy
Damage localization on Joint

MAX PD pulse amplitude

¢ International Workshop 2015

HV joint

PD measurements along
and around the joint by
simply moving the Pry-

Cam
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Succes case in Latvia

BE7.0 mv
Oz 3256 m)

330 kV oil termination
investigated under
owner request
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Conclusions

Smart Asset Management is helping system operators and
utilities to:

« Increase reliability and safety
« Decrease maintenance costs
« Take risk-based decisions

« There is a strong correlation between disruptive failures and
PDs

« On-line PD monitoring is crucial for fault prevenction and
risk based maintanance

Innovations for a better
compatibility with the environment and the territory

« Actual state-of-the-art of technologies and huge ammount
of experiences are now available for network asset

management optimization
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