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Protection and Control of EHV Capacitor Banks Standard

Record of revisions

1.6.1 Referenced documents for cyber security and IEC 61850

2.1 Removed automatic control of the cap bank

2.1 Added reference to TasNetworks’ new IEC 61850 standard

2.2 Arrangement of scheme relays modified to match latest installation design
2.3 Arrangement of scheme relays modified to match latest installation design
2.3 Modified the relay requirements for IEC 61850

2.3.1 699A control functions and protection function numbers added

2.3.2 Protection function numbers added

2.3.3 669 relay description added

Figure 1 New figure added to represent the latest installation design

3.1 (b)(i) Added RMS current including harmonics

3.2 Added information on cyber requirements

3.2.3 Changed thermal overload alarm setting from 50% to 80%

4 Section on automatic control removed as this is now implemented at NOCS
4.1 Bay control and metering functions clarified for latest design

4.2 Bay control and metering functions clarified and cyber requirements added
4.3 Added reference to TasNetworks’ new IEC 61850 standard
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1 General

1.1 Purpose

The purpose of this document is to define the requirements and describe the application philosophy for the
protection and control of EHV capacitor banks connected to the transmission network under the
responsibility of Tasmanian Networks Pty Ltd (hereafter referred to as “TasNetworks”).

1.2 Scope

The document applies to the protection and control facilities for capacitor banks energised at voltages of
110 kV and 220 kV operating in the transmission network under the responsibility of TasNetworks. This
standard contains requirements for design of protection and control equipment and is to be applied to new
installations as well as redevelopment of existing installations.

1.3 Objective

TasNetworks requires design as covered in this standard to ensure:

a) personnel and public safety;

b)  safety of TasNetworks’ assets;

c) reliability and continuity of power supply to the power transmission network;
d) that relevant Australian legal requirements are met;

e) that the requirements of the National Electricity Rules are met;

f

—

ease in operation and maintenance;

g)  minimum disruption to the EHV supply system following a fault;

h)  that the requirements of TasNetworks’ corporate plan are met;

i) that the exposure of TasNetworks” business to risk is minimised; and

(
(
(
(
(
(
(
(
(
(

j) that TasNetworks’ responsibilities under connection agreements are met.

1.4 Precedence

Any apparent conflict between the requirements of this standard and the law, mandatory requirements,
industry standards, project specifications, non-statutory standards or guidelines, and any other associated
documents should be brought to the immediate attention of TasNetworks for resolution and no action must
be taken that might result in a breach of law or mandatory standard.

Where there may be a conflict between the requirements of this standard and any:

(a)  law, mandatory requirement or industry standard, then that law or statutory requirements will prevail
over this standard;

(b)  non-mandatory standard, or guideline, then this standard will prevail over that standard or guideline;
or

(c)  project specification, then a deviation must be specifically requested and approved in writing by
TasNetworks’ Substations Asset Strategy Team Leader.
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Approval for a deviation to this standard may only be accorded if it does not reduce the quality of
workmanship, pose a safety risk to personnel or equipment and does not deviate from the intent of this
standard.

1.5 Abbreviations

CB Circuit Breaker
CBF Circuit Breaker Failure
CT Current Transformer

DNP3.0 Distributed Network Protocol version 3.0

EHV Extra High Voltage

HMI Human Machine Interface

IEC International Electrotechnical Commission
I/0 Inputs and Outputs

LAN Local Area Network

MCB Miniature Circuit Breaker

NOCS Network Operational Control System
POW Point-On-Wave

SCADA Supervisory Control And Data Acquisition

SOE Sequence Of Events
TCS Trip Circuit Supervision
VT Voltage Transformer

1.6 References

As a component of the complete specification for a system, this standard is to be read in conjunction with
other standards and documents as applicable. In particular, this includes the project specifications and the
literature mentioned below.

1.6.1 TasNetworks standards

HV and LV Cable System Standard R590630
EHV Current Transformer Standard R522690
EHV Voltage Transformers Standard R586391
Extra High Voltage System Standard R586386
General Substation Requirements Standard R522687
SCADA Systems Standard R246439
IEC 61850 Protection and Automation Standard R1606300
Protection of EHV Busbars Standard R246414
Testing, Commissioning and Training Standard R246497
Secondary Equipment Testing Standard R244782
Technology Asset and Change Management Standard R1400111
Security Event Logging and Monitoring Standards R1313426
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1.6.2 Other standards

IEEE Guide for the Protection of Shunt Capacitor Banks — [EEE Standard C37.99-2000 was used in the
production of this standard. Reference to the communications protocol standards IEC60870 and IEC61850
may be used throughout this document but are referring to the physical use of the protocol not the standard
for defining the protocol.

1.6.3 TasNetworks drawings
No standard design drawings have been developed for the EHV capacitor bank protection and control panel.

The last EHV capacitor bank protection and control scheme installation design drawings, based on this
standard shall be used.

New design drawings shall only be developed with prior approval from TasNetworks Secondary Systems
Asset Strategy Team Leader.

2 Policy

2.1 Design policy
The EHV capacitor bank protection and control scheme shall be designed to ensure that:

(a)  the protection schemes shall be adaptable and adequate for the protection of the entire capacitor
bank;

(b)  faults on any part of the capacitor bank will be detected by at least two protection schemes that have
the capability of initiating fault clearance;

(c)  all high current faults within the capacitor banks shall be detected by at least two independent
protection devices that have the capability of initiating fault clearance within the critical clearance
times specified within clause S5.1a.8 of the National Electricity Rules (NER);

(d)  the protection scheme shall utilise current transformer (CT) cores that are positioned to provide
overlapping zones of protection with adjacent protection schemes;

(e)  control for each of the primary bay equipment including status, interlocking, metering and signalling
functions shall be integrated into the scheme;

(f) where possible, the protection and control functions shall be arranged to meet the requirements
above within multifunction devices to reduce the number of installed components; and

(g) atsites where IEC 61850 process and/or station bus is implemented, all design requirements shall be
in accordance with the TasNetworks IEC 61850 Protection and Automation Standard.

2.2 Capacitor bank arrangement

(a)  The configuration of capacitor banks in the Tasmanian transmission network will be an unearthed
double star configuration.

(b)  Figure 1 shows the outline of the protection and control scheme for an EHV capacitor bank.

(c)  For EHV installations, each phase of the capacitor bank will be physically separated from the other
phases in order to reduce the possibility of phase to phase faults.

(d)  Inorderto limit inrush currents to the capacitor bank and to detune harmonics that will impact on the
capacitor bank, a three phase iron-cored reactor is provided in series with the capacitor bank.
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2.3 Protection and control scheme arrangement

The EHV capacitor bank protection shall be provided by two independent protection relays designated
‘699A" and ‘699B’ — see Figure 1.

The 699A and 699B relays shall:

(i)

be numerical devices;
be from different manufacturers or models to achieve redundancy and diversity;

be capable of communicating all parameters including protection settings and recorded events to the
substation SCADA system and shall be capable of being programmed and interrogated remotely;

be capable of communications protocol DNP3 as a minimum. Where communication protocol
IEC 61850 GOOSE and MMS functionality is required, it will be specified in the project documentation.;

be capable of communicating on the SCADA network via Ethernet RJ45 or fibre connection; have
heavy duty output contacts for direct connection to CB trip and close coils;

have separate DC supplies derived from the ‘A’ and the ‘B’ batteries respectively;
initiate Circuit Breaker (CB) tripping to the ‘A’ and ‘B’ trip coils respectively;

be fed from two independent cores of the capacitor bank CT but shall share a voltage transformer (VT)
secondary circuit for their voltage inputs. The voltage input to the protection devices shall be routed
via separate Miniature Circuit Breakers (MCB); and

be connected, in addition to all other control devices, into the substation remote engineering network
via the substation Local Area Network (LAN).

The EHV capacitor bank controls shall be provided by the 699A relay and a separate relay for point-on-wave
circuit breaker switching designated as ‘669" — see Figure 1.

The 669 relay shall:

be a numerical device;

be capable of communicating all parameters including protection settings and recorded events to the
substation SCADA system and shall be capable of being programmed and interrogated remotely;

be capable of communications protocol DNP3 as a minimum. Where communication protocol
IEC 61850 GOOSE and MMS functionality is required, it will be specified in the project documentation.;

be capable of communicating on the SCADA network via Ethernet RJ45 or fibre connection; have
heavy duty output contacts for direct connection to CB trip and close coils;

have a separate DC supply derived from the ‘A’ battery; and
initiate CB opening to the ‘A’ trip coil.

2.3.1 699A protection and control relay

The protection functions of the 699A relay include:

phase overcurrent and earth fault protection (50/51/64) sensitive to the fundamental frequency
current;

thermal overload protection (49);
neutral unbalance protection (60N) sensitive only to the fundamental frequency current;
overvoltage and undervoltage protection (59/27), together with fuse failure detection logic;

overcurrent elements and timers (50BF) suitable for use in a circuit breaker failure (CBF) scheme;
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(f) a local Human Machine Interface (HMI) to read on line parameters of primary data, setting
parameters and self-diagnosis details;

(g)  Trip Circuit Supervision (TCS) to monitor the associated trip circuit and CB trip coil;
(h)  operation from 1 Amp or 5 Amp CT secondary connections, with a separate input for the neutral; and

(i) operation from 110 Volt and 110/V 3 Volt VT secondary connections — normally 110/V 3 Volt VT
secondary windings per phase are applied.

The control functions of the 699A relay include:
() operational CB opening;

(k) uncontrolled CB closing (this function bypasses the POW switching for the CB and is only used for
closing the CB for maintenance and emergency procedures);

M time delayed circuit breaker close inhibition to ensure that the capacitor bank is not energised until
the capacitors have discharged to a safe level - the delay time depends on the capacitor bank design
and shall be specified by the capacitor manufacturer;

(m) disconnector and earth switch interlocking; and

(n)  transmission of CB and disconnector status via SCADA to NOCS.

2.3.2 699B protection relay

The protection functions of the 699B relay include:

(a)  phase overcurrent and earth fault protection (50/51/64) sensitive to the fundamental frequency
current;

b)  phase harmonic overload protection (59C) — also described as peak overvoltage protection;
c¢) thermal overload protection (49);
d) neutral unbalance protection (60N) sensitive only to the fundamental frequency current;

e) overvoltage and undervoltage protection (59/27), together with fuse failure detection logic;

g) alocal HMI to read on line parameters of primary data, setting parameters and self-diagnosis details;
h)  TCS to monitor the associated trip circuit and CB trip coil;

(

(

(

(

(f) overcurrent elements and timers (50BF) suitable for use in a CBF scheme;

(

(

(i) operation from 1 Amp or 5 Amp CT secondary connections, with a separate input for the neutral; and
(

i) operation from 110 Volt and 110/V 3 Volt VT secondary connections —normally 110/V 3 Volt VT
secondary windings per phase are applied.

2.3.3 669 capacitor bank point-on-wave switching relay

The 669 relay shall provide point-on-wave (POW) switching for capacitor energisation only.
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Figure 1 Typical protection and control arrangement for an EHV capacitor bank
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3 Capacitor bank protection

3.1 Functional requirements

The following functionality of the capacitor bank protection shall be provided:
(a)  Overcurrent and earth fault protection sensitive to fundamental frequency

(i) The protection shall detect all high current faults (phase to phase and phase to earth faults),
located on or near to the terminals of a capacitor bank when the fault current contains a
significant fundamental frequency content;

(i)  The protection shall provide phase segregated measurement and phase identification of the
faulted phase; and

(iii)  In addition to time delay characteristics on the protection that shall be selectable as definite
time or inverse time, instantaneous phase fault elements and an instantaneous earth fault
element shall be provided.

(b)  Thermal overload protection

(i) The thermal protection tripping function shall be capable of being set to the maximum
permissible total RMS current including harmonics of the capacitor bank;
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(i) The time constant of the inverse time characteristic shall be capable of matching the thermal
time constant of the capacitor bank; and

(iii)  Two setting stages, one of which will provide an alarm and the second will provide a CB trip. The
alarm shall be set at the value of maximum rated current and the trip function should match
capacitor bank damage limit and shall be set to coordinate with upstream and downstream
overcurrent protection.

(c)  Harmonic overload protection

(i) The protection shall detect overload of the capacitor bank due to harmonics. Also known as
peak over voltage protection, it is used to guard agains peak overvoltages that can stress the
dielectric medium in the capacitor causing accelerated aging.This function calculates phase
segregated peak voltage by integrating fundamental and superimposed harmonics currents
from the fundamental to the 13th harmonic.

(i) The protection shall provide phase segregated measurement and phase identification of the
faulted phase;

(iii)  The time delay characteristics of the protection shall be settable as definite time or inverse
time;

(d)  Neutral unbalance protection

(i) The protection shall detect low level unbalance current caused by the failure of a capacitor
element on one of the star configurations;

(i)  The protection shall only respond to the fundamental component of the unbalance current;

(iii)  The neutral unbalance protection shall be duplicated with two stages, alarm and trip, and
adjustable compensation for amplitude and phase angle to cater for the natural unbalance
between the two wye-connected non-earthed capacitor banks; and

(iv)  The time delay element for the alarm stage shall be definite time and the time delay element
for the tripping stage shall be inverse time.

(e)  Overvoltage and undervoltage protection

(i) The protection shall detect overvoltage and undervoltage conditions — the output of the
protection shall trip the capacitor bank CB following an appropriate definite time delay;

(i)  The overvoltage protection shall be equipped with an alarm setting and a trip setting;

(iii) VT fuse failure supervision with separate monitoring of individual phases shall be provided; the
fuse failure protection shall block the operation of the undervoltage protection and shall
provide an alarm following a settable time delay.

(f) Disturbance recording

(i) All measured and calculated analogue values and protection elements are to be captured upon
operation of any protection element.

3.2 Protection application and settings

The following cyber security software controls and monitoring must be implemented:

(a)  Change the device default password;

(b)  Disable or remove unused interfaces; and
(c)  Disable built-in or default user accounts.
(d)  If possible, record:

(i) What activity was performed (e.g. setting changes on protection relay);
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(i)  Who performed the activity (e.g. engineer or operator); and

(iii)  When the activity was performed (e.g. time and date).

3.2.1 Overcurrent protection settings

The overcurrent protection shall be arranged in two stages as follows:

(a)  Stage 1 shall detect low level faults and the current setting shall be an IEC inverse time characteristic
set to a value of 1.2 times the maximum permissible current for the capacitor bank. The time
multiplier setting for the inverse time characteristic shall be such that the protection shall not operate
during capacitor inrush current conditions; and

(b)  Stage 2 shall detect high level faults and the current settings shall be a definite time characteristic
greater than the maximum inrush current during energisation of the capacitor bank but less than the
minimum fault level. The definite time characteristic shall be set to a value that allows a maximum
clearing time of 120ms for all high level faults.

3.2.2 Earth fault protection settings

The earth fault protection shall also be arranged in two stages as follows:

(a)  Stage 1 shall detect low level faults and shall be an IEC inverse time characteristic and have a current
setting suitable to detect a phase to earth fault on the line side terminals of the last set of capacitors
before the neutrals on both star connections; and

(b)  Stage 2 shall detect high level earth faults located on the busbar on the reactor side of the capacitor.
The protection setting shall be a definite time characteristic approximately 0.5 times the minimum
phase top earth fault level and the definite time delay shall be set to affect a clearance time not
exceeding 120m:s.

3.2.3 Thermal overload protection settings

The thermal protection shall have a trip and an alarm function enabled.

The thermal overload protection current setting for the trip function shall be set to a value approximately
equal to the maximum permissible current of the capacitor bank but not less than that value. The thermal
time constant of the capacitor, as supplied by the capacitor manufacturer, shall be applied.

The thermal alarm shall be set to 80% of the tripping value.

3.2.4 Harmonic overload protection settings

The setting for the alarm shall be 95% of the fundamental frequency rated current of the capacitor bank. The
definite time delay for the alarm shall be set to 10 seconds.

The setting of the harmonic overload protection trip function shall be set to start operation at a current level
of 100% of the fundamental frequency rated current of the capacitor bank. The definite time delay for the
trip shall be set to 1 second.

All settings of the harmonic shall be in accordance with the manufacturers relay manual.

3.2.5 Overvoltage and undervoltage protection
(a)  Overvoltage protection
(i) The overvoltage alarm and trip shall be set to operate at 120% the capacitor bank rated voltage;

(i)  The trip time delay shall be 5 seconds; and
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(iii)  The logic shall be arranged such that high voltage of any one phase shall cause operation.
(b)  Undervoltage protection

(i) The undervoltage setting shall be set to operate at 50% of nominal voltage;

(i) The definite time delay shall be 5 seconds;

(iii)  The logic shall be arranged such that the low voltage must occur on all phases for operation to
occur.

3.2.6 Unbalance protection settings

The unbalance protection shall be arranged to detect a small imbalance between the two star connected
sections of the capacitor bank. The protection shall have an alarm stage and a tripping stage. The capacitor
manufacturer shall be consulted in regard to the current settings to be applied to the unbalance protection.
The alarm time delay shall be 0.5 seconds and the tripping time delay shall be 0.1 seconds.

3.2.7 Circuit Breaker Failure (CBF) protection application

CBF protection shall be applied to the CB controlling the capacitor installation. The CBF protection shall
consist of one of the following configurations:

(a)  Where the substation EHV busbar protection scheme provides CBF protection, the capacitor CBF
protection shall be provided by the EHV busbar protection.

(b)  If CBF protection is not provided by the EHV busbar protection, the capacitor bank CBF protection
shall be provided by an overcurrent check element and timer tripping into the appropriate CBs.

(c)  Where it is necessary to provide the CBF protection in the capacitor protection scheme, two
overcurrent check elements and timers, one in the 699A and one in the 699B protection relay shall be
provided. Should the substation be equipped with one CBF protection scheme, the output of each of
the capacitor bank relays shall be connected in parallel to trip into the single CBF scheme.

(d)  For CBF setting guidance refer to the Protection of EHV Busbars Standard.

4 Bay control, indication and metering

The capacitor bank control, indication and metering functions shall be provided by the 699A relay.

4.1 Functionality
The following lists the relevant control, indications and metering functionality to be provided:
(a)  Monitor the status of the CB;

(b)  Monitor the bay disconnectors and other relevant disconnectors to provide logic for the interlocking
scheme and to provide logic for the voltage selection between bus voltage transformers;

(c)  Blocking facility for VT MCB trip and / or fuse failure condition on the associated protection;

(d)  Condition monitoring functions including CB condition monitoring, maintenance planning information,
internal supervision and self-diagnosis features; and

(e)  Capacitor bank operational metering.

4.2 Application

The capacitor bank 699A relay shall:
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(a)
(b)

remotely and locally control and monitor the bay disconnectors, derived from the ‘A’ battery supply;

remotely and locally control and monitor the CB operations, derived from the ‘A’ battery supply, via
the associated CB ‘A’ trip and close coils only.

The following cyber security software controls and monitoring must be implemented:

c)
d)
e)

(
(
(
(f)

Change the device default password;

Disable or remove unused interfaces; and

Disable built-in or default user accounts.

If possible, record:

(i) What activity was performed (e.g. setting changes on protection relay);
(i) Who performed the activity (e.g. engineer or operator); and

(iii)  When the activity was performed (e.g. time and date).

4.3 Trip circuit supervision

The following TCS facilities shall be provided.

a
b
c

(
(
(
(d

)
)
)
)
(e)

5

The 699A and the 699B protection relays shall be equipped with TCS facilities.
TCS in the 699A relay monitors the health of the ‘A’ trip coil and associated circuitry.
TCS in the 699B relay monitors the health of the ‘B’ trip coil and associated circuitry.

The circuitry shall be arranged such that the TCS covers as much tripping circuitry as possible. To this
end, the TCS shall be located at the end of the tripping circuit such that an interruption in the tripping
supply to the isolating links of the various functions will be detected by the TCS device.

Failure of both of the trip circuits shall block the operational closing function of the CB.

At sites where IEC 61850 process and/or station bus is implemented, TCS may be provided by process
interface units installed in the switchyard. In this case, all design requirements shall be in accordance
with the TasNetworks IEC 61850 Protection and Automation Standard.

Testing

General testing requirements are detailed in the Testing, Commissioning and Training Standard and
Commissioning and Recommissioning of Secondary Equipment Standard.

Page 15 of 15



