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Managing Substations in the Power System of the Future
Trends in Technology, Design, Materials and Diagnostics

International Study Committee Meeting and Collequium 2013
Study Committee B3 (Substations) and Study Committee D1 (Materials and Emerging Test Techniques)
Hosted by Cigre Australia

Brisbane, Australia — September 8-13, 2013

Introduction

A 2-day Colloguium will be held in Brisbane on & - 10
September 2013. The Colleguium theme, “Managing
Substations in the Power System of the Future - Trends
in Technology, Design, Materials and Diagnosfics® has
been designed to align with Cigre’s major strategic
focus on the Power System of the Future.

The Colloguium will be held in conjunction with the
annual mesting of Study Commitiee B3 (Substations:
and D1 (Materials and Emerging Test Techniques).
The event date has also been chosen to coordinate with
the CIGRE Auckland Symposium to be heid on
September 18-17, 2013, fitled “Best Practice in
Transmission and Distibution in a Changing
Environment”.

Leading intemational experts in the fields of
substations, i

Impact of Modem Malanals and Emerulng
Test T¢ on

New developments and performance of
environmentally friendly solid and liquid insulating
materials and gas mixures in  substation
applications

Materials for HVDC applications and diagnostic
methods related to DC voltage stress (eg. PD
measurement under DC voltage stress)
Experiences with UHVAC and UHVDC equipment
including in-service, laboratory and on-site testing

Life Cycle Management and Maintenance:
Substation upJating, upgrading and extension
and

h voltage matenals and
testing and diagnestics will attend the Colloguium and
will provide an opportunity for authors and attendees to
demonstrate and be exposed to intemational trends and
experience.

Preferentlal Subjects
1: Latest Developments in Substation Design:

+ The application and development of IECA1850,
NCIT’s and new types of communication protocols,
equipment and systems and integration into
existing substations

+ Oid issues but new approaches - minimising firs
risk, oil contsinment, substation securty, non-
standard layouts, new switchgear types for space
restrictions

awareness and public sensifivity issues including
global warming, SF; management and
replacement

+ Hybrid HVDC and AC substation design and
operation challenges

life and
extension methodologies and expariences
equipment
and reliability of moritoring, diagnostics and testing
equipment and systems
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Impact of Ratings in a Network

Network Limitations in NSW
Available improvements to Thermal Ratings

Applications of Thermal Inertia:
= Primary Equipment:

= Secondary Equipment

Improvements in Network Utilisation
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= 12,800 kilometres of high voltage lines and cables,

= 94 transmission substations

500kV Transmission Line

~— 330kV Transmission Line

—— 220k¥Y Transmission Line
©  Substation

Tasmania ‘




Current Objectives

Minimising Capital Expenditure

Maintaining Customer Reliability

This can be achieved through

Demand Management

Routine review of load forecasts
Post-contingent Load Transfers
A review of rating calculations

Short-time or real-time ratings
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Normal Ratings

= Allowable continuous current
Contingency Ratings

= Continuous current during
lengthy emergencies.

= Generally less conservative
Short-Time Ratings

= Current rating for a short duration
(5, 10, 15 min)

Real-Time Ratings

= Current rating for the ambient
conditions and prior loading
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Substation equipment should not restrict the use of short-time or

real-time transformer or transmission line ratings
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Substation equipment should not restrict the use of short-time or

real-time transformer or transmission line ratings
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= Technical Operating Envelope
can be Affected by:
= Thermal ratings
= Allowable voltage thresholds

= System dynamics

VIC




Technical Operating Envelope
can be Affected by:

» Thermal ratings

= Allowable voltage thresholds
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= Technical Operating Envelope QLD_ - - ——’
can be Affected by:
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Market Constraints
= Thermal Limits
= Voltage Limits
= Transient Stability Limits

= QOscillatory Stability Limits

Thermal ratings are important,
but are not always the limiting
factor

1300MW

>1000 I\/IWX
\

Minesz
Erekzn Hill

Broken Hi

1200 MWL - —

- ore
uuuuuu

“Y>750 MW
170-650 MW
400-800 MW

1200MW

aaaaaa



- Market Constraints W
= Thermal Limits
= Voltage Limits
= Transient Stability Limits

= QOscillatory Stability Limits

- Additional limits apply during
planned outages J

R ed Cliffz



= Distribution System Operating
Envelope is Usually Affected by:
= Fault Ratings
= Switchgear requirements
= Earthing requirements 66KV or 33KV
31.5kA 45ms
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80000 -
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= Distribution System Operating
Envelope is Usually Affected by:

= Thermal ratings

= Diversified peak demands Bulk Supply Points

. - - - - - ////
Application of planning criteria R
= Voltage Angles between BSP’s 66KV or 33k 132k
= Thermal Equations: - S or customer
B 33/66kV
3, is the voltage angle at busbarA T ____J1_____.
O is the voltage angle at busbar B @
~ X is the reactance of the line
Load ~ A I—PRE +B.o+C Py is the power flow on the line —|__)
V, is the HV voltage at busbar A Major Customer
180 X P — V is the HV voltage at busbar B
Oo=(5.-65. )~ X ¢ : . , : 11/22kV
= A B~ Load is the estimated (post contingent) loading
T 100 VAVB Lpre is the pre contingent loading in the subsystem
A is a regression coefficient
B is a regression coefficient
C is a constant




Distribution System Operating
Envelope is Usually Affected by:

= Allowable voltage thresholds
= 230V +10%
= |EC 60038 and AS61000.3.100
= Transformer Tapping Ranges
= Step voltage changes
= AS61000.3.100
= Temporary over-voltage limits

Voltage
132KV Busbar i rl LT
i 11 I H (i l\
A |‘|"' |||H||||
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w Time
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Voltage Limits:

= Network augmentation
= Reactive plant
= LV and MV voltage regulators

Transient Stability Limits

Improved Fault clearing times
Braking resistors

Series capacitors

Generator control systems

Oscillatory Stability Limits

= Generator control systems
= Tuning Power System Stabilisers

M.L. Shelton, et al “Bonneville Power Administration 1400-

Thermal I_| m |tS MW Braking Resistor” IEEE PES Summer Meeting &

] ) ] ] Energy Resources Conf., Anaheim, Cal., July 1974
= Application of short-time ratings

= Review of underlying assumptions



= Voltage Limits:
= Network augmentation

= Reactive plant 500 | OUpper it
= LV and MV voltage regulators ;
= Transient Stability Limits .
_ _ ] Power Flow
= Improved Fault clearing times _
= Braking resistors -500 -
= Series capacitor
= (Generator control systems _mm_: Lower Limit
= Oscillatory Stability Limits 09:05 1225 1540
Market Time

= Generator control systems
= Tuning Power System Stabilisers

= Thermal Limits

= Application of short-time ratings }

: : : These can done at minimal cost
= Review of underlying assumptions



Primary Equipment:
= Transformers

= Overhead Lines
= Underground Cables

Terminal Equipment

= Busbars

= Terminal Palms

= Circuit Breakers

= |solators

= Wave Traps

= CT Primary Windings
Secondary Equipment

= Protection circuits

»= Metering Circuits

= [ndication Circuits




Primary Equipment:
= Transformers

= Qverhead Lines
= Underground Cables

Terminal Equipment

= Busbars

= Terminal Palms

= Circuit Breakers

= |solators

= Wave Traps

= CT Primary Windings
Secondary Equipment

= Protection circuits

= Metering Circuits

= [ndication Circuits

Short Thermal Time Constants




Primary Equipment:
= Transformers

= Qverhead Lines
= Underground Cables

Terminal Equipment

= Busbars

= Terminal Palms

= Circuit Breakers

= |solators

= Wave Traps

= CT Primary Windings
Secondary Equipment

= Protection circuits

= Metering Circuits

= |ndication Circuits

Some Limits can be waived



Post Contingent Transfers:

= There is a planning requirement for two projects

= These could be avoided by utilising the short-time ratings

= 50 MW could be transferred back to Substation A after a contingency
= Several years worth of capital expenditure deferral

Proposed 330kV Circuit
lﬂ uuuuuuuuuuuuuuu : 330kv
i /"' i
| . //1 i
700 MVA Rating i
1
- L-\
!f L
1 —_ 1
3 x 375MVA Vo7 TSI 3% 375MVA 7 X 375MVA
O
Substation A | Substation B Substation C
132kV (3'? Proposed
Transformer
~s / ~r s

1200MW Normally Open 400MW 350MW



= High Voltage Connections:

= There is a 330kV dropper and HV connection limitation
= A five-minute rating of 320 MVA has been derived

= This provides the opportunity to place the third transformer on load after
another transformer trip.

= Another approach is to consider the real-time fault levels at this site

900 MYA rating
N
A 30
I 330kv
256 MVA rating -7 =
z 26 7
375MVA 3x375MVA 3 2% 7
€22 -
Substation A Substation B Normally Open £ 20
132kV \ £ 18
350 MVA rating Fault rating lim ¢ . . . .
0% 20% 40% 60% $0% 100%
250MWw 370MW

Probability of Exceedingthe Ordinate



= Alleviating Market Impacts:

= A 132kV sub-network with a peak demand of 360MW
= A regulated interconnector can appear as a load of 120MW

= A contingent trip of a transformer can result in loads of 480 MW through
the remaining transformer.

= A four-hour rating of 511MVA applies for these transformers

330kV busbar

2 X 375MVA
Regulated

-,
- - -

- -~ Inter-connector

/ R (£ 120MW)
132kV busbar I g 132kV Sub-network s \

s 360MW Load , 4

-
- -
S e e  m——— =



An example of poor coordination:
= A substation provides a summer day rating of 1430MVA

= This matches the contingency rating of the 330kV lines

= This design failed to consider the available short-time ratings

Ratings (MWVA)
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= Transmission line bays should be capable of carrying loads greater than
150% of the transmission line normal rating.

= Transformer bays should be designed to carry loads of at least 130% of
the transformer normal rating

Contingency Rating -
Line Dropper Ratings

2200 4| = = Summer Day 15-minute Rating
= = Summer Day 10-minute Rating
= = Symmer Day 5-minute Rating
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= Transformer thermal inertia
= |s quite large and constant

= The effective time constants depend on how quickly heat is removed from the transformer

= Consider a Bulk Supply Point:
= Four 375 MVA transformers
= A planned or forced outage of one transformer
= Substation loading of 1000 MW

2330 kv

3 x 375 MVA @ @
J [ 132 kv
W

1000 M




A Transformer Trip

= The next credible contingency

= Transformers at 133% of rating

= Adequate time to transfer load

330 kv
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= Electrical Analogue

= Heat sources are current sources (IEC 60287) =
= Voltages correspond with temperatures Base Course

= Higher T, exists outside the trench .
J R e 20:1 Sand/Cement §

Covers | o
_ [
Far h
Cables\\\ ]
©@ © ©

% 14:1 Sand/Cement

Controlled S S
Bedding
90 Sheath Serving Duct Backfill Native Soil o5

I°R I°R
I2R sheath sheath
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Cable Temperature (Deg C)
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330 kW

= Operation of Cable Networks 3% 375 MVA
= Cables can be placed on standby:

= Assists with:

= Fault Levels 132k
= Thermal loading between BSP’s
= Cable can be placed on load after a contingency
________________________ >
Normally Open 132 KV
______________ >
Fault Level Limitation
T 3X120MVA
A

33 kv



Low Wind Speed

= QOverhead Transmission Lines Temperature

= Temperature is dependent on the environment

Design Limit

= Thermal inertia is constant High Wind Speed

= Thermal time constant varies
(primarily with cooling efficiency) | «— Increased Load

Radiation Time
A
\ X4
@~
Y 4 v 4

Seatter Plot of Thermal Time Constant vs Wind Speed

Solar Heating

Natural
Convection

Thermal Time Canstant {mir)

Joule Heating Wind Speed (m/s)



= QOverhead Transmission Lines Temperature

= We are interested in low ratings

= This corresponds with low wind speeds

Time Available to

= Relatively Large Thermal Time Constants
Secure Load

Radiation Time

Seatter Plot of Thermal Time Constant vs Wind Speed

Solar Heating

vAg
b, 9

Natural
Convection

Thermal Time Canstant {mir)

Joule Heating

Yind Speed (més)



Transmission Line Thermal lnertia

= Wind Speed Variability

= A simply conductor analogy is an old steam engine:

= The engine transfers power once (or twice) a cycle — with each stroke

= The machine can maintain a constant angular speed if the inertia is high
= Variations in mechanical load do not significantly affect the angular speed

Mechanical Load is analogous with the Wind Speed
Conductor Temperature is analogous with Angular Speed

http://mi.eng.cam.ac.uk/IALego/steam.html



Transmission Line Thermal lnertia
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= Wind Speed Variability

= Wind speed is not uniform

http://www.surf-forecast.com/weather _maps/Australia
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= Wind Speed Measurements

= Taken at conductor elevations
= Hardware installed in accessible and locations for maintenance




= Wind Speed Measurements

= Taken at conductor elevations
= Hardware installed in accessible and locations for maintenance




Transmission Line Thermal lnertia &
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= Use of Short-Time Ratings

= Can provide the most benefit during low or moderate wind speeds
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Transmission Line Thermal lnertia

Four Year Minimum Effective Wind Speeds

= Good short-time ratings are available
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= High Ambient Temperatures

= Good wind speeds during periods of high demand
= Conductor temperatures are close to ambient conditions prior to a contingency
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= Current Transformers
Usually have a primary rating of between 500 - 3000 A

Nitrogen

ol —

Often have a thermal rating of 2 A in the secondary windings
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= Protection Circuits

= The thermal rating of protection relays is rarely a limitation
= Protection secondary limit is normally 2A.
= Limits associated with distance relays:
= Zone 3 limits can be alleviated by changing relay type or relay angle

= Thermal limits can be resolved using interposing transformers

-------------------------------------------------------------------------------------------------------------------
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Metering Circuits

= Revenue Metering = Indication Metering
= The normal rating is often 1.2A = The normal rating is often taken as 1.25A
= Contingency rating is 2A = A contingency rating of 2A can be used if

indication is available elsewhere

This assumes that a small loss of accuracy
can be accepted in an emergency

backup metering used to correct errors
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Indication Transducers

The normal rating is often taken as 1.25A

The 1.25 factor is also to avoid CT saturation leading to high harmonic distortion.
This ensures that correct indication is available for operator action in an emergency.
A contingency rating of 2A can be used if indication is available elsewhere




= Careful application of short-time ratings can defer expenditure
= Many thermal ratings are based on conservative parameters
= A detailed review of these parameters can increase utilisation
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