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EXECUTIVE SUMMARY

System strength is an inherent power system characteristic i it is a measure of its stability under all
reasonably possible operating conditions.

At present, system strength is provided by synchronous generation. The commencement of the National
Electricity Amendment (Managing power system fault levels) Rule 2017 No. 10 (Fault Level Rule)
establishes a new framework for the management of system strength.

AEMO is now required to determine the minimum three phase fault levels at each fault level node in each
region in accordance with the system strength requirements methodology. The minimum three phase
fault levels at each fault level node are referred to collectively as the system strength requirements.

Upon determining the system strength requirements for each fault level node, AEMO is required to
determine whether there are any fault level shortfalls.

2018 Fault level nodes
The fault level nodes for each region are listed in Table 1.

2018 Minimum three phase fault levels
The minimum three phase fault levels for 2018 at each fault level node are also listed in Table 1.

Table 1 Fault level nodes and minimum three phase fault levels for 2018
Region Fault Level Nodes Minimum Three Phase Fault Level (MVA)
Davenport 275 kV 1150
South Australia Robertstown 275 kV 1400
Para 275 kV 2200
George Town 220 kV 1450
Waddamana 220 kV 1400

Tasmania

Burnie 110 kV 750
Risdon 110 kV 1330
Western Downs 275 kV 2550
Greenbank 275 kV 3800
Queensland Nebo 275 kV 1750
Gin Gin 275 kV 2400
Lilyvale 132 kV 1100
Armidale 330 kV 3000
Sydney West 330 kV 9250
New South Wales Wellington 330 kV 1900
Newcastle 330 kV 8400
Darlington Point 330 kV 1550
Hazelwood 500 kV 8850
Dederang 220 kV 3500
Victoria Thomastown 220 kV 4100
Red Cliffs 220 kV 600
Moorabool 220 kV 4400
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Fault level shortfalls
Currently, the only region with a fault level shortfall is South Australia.
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1 INTRODUCTION

1.1 Purpose and scope
AEMO publishes in this document the:

(@ initial system strength requirements methodology determined under clause 11.101.3(a) of the
National Electricity Rules (NER) (Methodology);

(b) initial system strength requirements determined under clause 11.101.4(a) of the NER; and
(c) initial fault level shortfalls determined under clause 11.101.4(b) of the NER.

The Methodology, system strength requirements and fault level shortfalls have effect only for the
purposes set out in the NER. The NER and the National Electricity Law prevail over this document to the
extent of any inconsistency.

1.2 Definitions and interpretation

1.2.1 Glossary
The words, phrases and abbreviations in the table below have the meanings set out opposite them when
used in this document.

Terms defined in the National Electricity Law and the NER have the same meanings in this document
unless otherwise specified.

Terms defined in the NER are intended to be identified in this document by italicising them, but failure to
italicise a defined term does not affect its meaning.

Term Definition

EMT Electromagnetic transient.

EMTDC Electromagnetic transients including DC.

FACTS Flexible AC transmission systems.

Fault Levels Rule National Electricity Amendment (Managing power system fault levels) Rule 2017
No.10.

LNSP Local Network Service Provider.

NER National Electricity Rules.

NSP Network Service Provider.

NTNDP National Transmission Network Development Plan.

OPDMS Operations and Planning Data Management System.

PSCADE/ EMT DCE Power System Computer Aided Simulation / Electromagnetic Transient with Direct
Current.

PV Photovoltaic

PSS®E Power System Simulator for Engineering.

RMS Root mean square.

SA South Australia.

SASSA AEMOOG s r e p oSotth Arsiralia SysteendStrength Assessment. Available at:

http://aemo.com.au/-
/media/Files/Media_Centre/2017/South_Australia_System_Strength Assessment.pdf

SCR Short circuit ratio

SSSP System Strength Service Provider.
Stage 1 The studies referred to in section 9.1.
Stage 2 The studies referred to in section 9.2.

Synchronous Machines  Synchronous generating units and synchronous condensors.

TAS Tasmania.
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Term Definition

Type | When used in the context of WTGs, induction generators.

Type Il When used in the context of WTGs, induction generators with variable rotor resistor.

Type llI When used in the context of WTGs, doubly-fed asynchronous generating units.

Type IV When used in the context of WTGSs, rotating machine (synchronous or induction)
connecting to the network via full scale back-to-back converters.

WTG Wind turbine generator.

1.2.2 Interpretation
The following principles of interpretation apply to this document unless otherwise expressly indicated:

(@) This document is subject to the principles of interpretation set out in Schedule 2 of the National
Electricity Law.

() t he wimclutlseso finclidingd euchd0d are not words of | imitation
an example, do not limit the meaning of the words to which the example relates to examples of a
similar kind.

2 CONTEXT
This document specifies:

(@) the process AEMO has used to determine the system strength requirements for each fault level
nodes for 2018 and the process it intends to use for 2019 and beyond; and

(b)  the system strength requirements for 2018 and fault level shortfalls for 2018.

Figure 1 shows the interrelationship between this document and other NER instruments and AEMO

guidelines, operating procedures and activities. By no means a complete depiction, it highlights how the

Met hodol ogy fits in with a number of existimowverand new
system security responsibilities.
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Figure 1 Interrelationship of system strength framework components with other power system security
requirements
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2.1 Relationship with other processes and documents

2.1.1 Inertiarequirements methodology and inertia requirements

The National Electricity Amendment (Managing the rate of change of power system frequency) Rule
(2017 No.9? requires AEMO to complete the following by 30 June 2018:

1 Develop and publish an inertia requirements methodology?.

1 Using the inertia requirements methodology, determine the inertia requirements for each inertia sub-
network® and assess whether an inertia shortfall is likely to arise at any time within a planning horizon
of at least five years*.

System strength and inertia are related because they can both be enhanced by dispatching Synchronous
Machines. Therefore, there may be a correlation between the system strength requirements and inertia
requirements, as well as any fault level shortfalls and inertia shortfalls. It should be noted, however, that
there are mechanisms to address inertia shortfalls that have no impact on system strength, such as fast
under-frequency load shedding or the fast frequency response.

2.1.2 System Strength Impact Assessment Guidelines
NSPs are required by the Fault Levels Rule to conduct system strength impact assessments for new or
modified generation connections and new market network service facilities®.

The Fault Levels Rule also requires AEMO to publish the system strength impact assessment guidelines,
setting out the methodology to be used by NSPs in conducting their system strength impact
assessmentss®.

AEMOO®s det e rsystem atterigth requinefnents and fault level shortfalls will supportt he NSPs 6
system strength impact assessments, by indicating the minimum three-phase fault levels at fault level

nodes. This is then translated into the Synchronous Machine dispatch pattern which will be used by the

NSP undertaking system strength impact assessment on a new or modified connections.

2.1.3 Power System Model Guidelines

The Power System Model Guidelines detail AEMOO®6s requirements for data and
and facilitate access to the technical information and modelling data necessary to perform the required
analysis.

Submission of accurate models in an appropriate format facilitates a robust analysis of the power system,
leading to confidence in the assessment of the system strength requirements.

3 BACKGROUND

3.1  What is system strength?

System strength can be simplified into the available fault current at a specified location in the power
system, where higher fault current indicates higher system strength.

System strength at a given location is usually determined by two factors:

1 the number of Synchronous Machines connected nearby; and

1 the number of transmission lines or distribution lines (or both) connecting Synchronous Machines to
the rest of the network.

It also involves complex interactions between many electrical and mechanical elements within the power
system. This relates to all network components, including Synchronous Machines, asynchronous
generation (and their protection systems), and FACTS devices.

1 Available at https://www.aemc.gov.au/rule-changes/managing-the-rate-of-change-of-power-system-freque

2 Clause 11.100.3(a)

3 For the purposes of the inertia requirements methodology to be published by 30 June 2018, these are deemed by clause 11.100.2
to be the regions as at 19 September 2017.

4 Clause 11.100.4(a). The planning horizon arises out of the application of clause S5.20.2(c)(12).

® NER clause 5.3.4B.

6 NER clause 4.6.6.
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3.1.1 Why system strength is important in the NEM
Low system strength could lead to:

1 higher voltage step changes following shunt device switching, such as capacitor banks, which could
breach system standards;

1 increased risk of generating system instability following a credible contingency event;

1 reduced sensitivity of power system protection devices due to reduced fault current, if the protection
devices operate on measurement of fault current.

Historically, it was not necessary to consider system strength as a necessary service to achieve power
system security because there were many synchronous generating systems connected to the power
system, and these inherently provided system strength as a matter of course.

Synchronous generation retirements could have a significant impact on system strength, as synchronous
generators are currently the largest contributors to system strength.

At present, asynchronous generation, including inverter-based generation, does not contribute to system
strength as much as synchronous generation. Most inverter-based asynchronous generating systems
require a minimum system strength at their connection point to maintain stable operation under normal
conditions and following a credible contingency event. With the increasing penetration of asynchronous
generation and potential synchronous generation retirements in the NEM, the minimum system strength
required to maintain the secure and stable operation of the power system is likely to increase.

With present technology, Synchronous Machines are the largest contributors to the system strength. This
system strength contribution can only be achieved if Synchronous Machines are located electrically close
to where the system strength support is needed.

4 THE FAULT LEVELS RULE

The National Electricity Amendment (Managing power system fault levels) Rule 2017 No. 10 (Fault Level
Rule)” established a framework for the management of system strength.

There are two aspects to this framework:

(@) Eachr e gi 8ysténs Strength Service Provider (SSSP) is required to maintain the minimum
three phase fault levels at each fault level node in each region. AEMO is required to determine
where the fault level nodes are in each region, plus the minimum three phase fault levels and
fault level shortfalls at those fault level nodes. Fault level shortfalls are then to be addressed by
the SSSPs providing system strength services.

(b)  New connections for generation, market network service facilities and alterations to generating
systems that give rise to an adverse system strength impact are to be addressed by the relevant
Connection Applicant or Generator, either by providing a system strength remediation scheme,
or by paying the connecting NSP to undertake system strength connection works to alleviate the
adverse system strength impact.

This document addresses the first aspect only.

5 HOW AEMO ADDRESSES SYSTEM STRENGTH

51 Prior to commencement of the Fault Levels Rule

NSPs are responsible for ensuring the accurate operation of protection systems, as well as maintaining
power quality within Australian Standards and system standards.

The NSCAS framework provides a mechanism to procure services to maintain power system security,
which may include services to increase system strength, however, that framework only addresses issues
on an ad-hoc basis and imposes no clear obligations on AEMO to consider system strength issues on a
regular basis.

7 See https://www.aemc.gov.au/rule-changes/managing-power-system-fault-levels.
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Following the black system event of 28 September 2016,8 AEMO assessed system strength in the South
Australian (SA) power system and determined a minimum number of synchronous generating unit
combinations that must be operating at all times for SA to operate in a secure manner. This assessment
was conducted for conditions when SA is connected to the rest of NEM, following a credible separation
event, and during islanding conditions. Since then, AEMO has been operating the SA power system with
the necessary number of synchronous generating unit combinations® to maintain a secure operating
state.

5.2 Following commencement of the Fault Levels Rule

The matters related to system strength requirements AEMO is required to determine are detailed in
Section 6 and Section 7.

6 DEFINING SYSTEM STRENGTH REQUIREMENTS

6.1 What are the system strength requirements?

The system strength requirements that AEMO must determine for each region are specified in clause
5.20C.1(b) as follows:

(2) thefault level node#n theregion, being the location on theansmission networfor which thethree
phase fault leveinust be mairgtined at or above a minimuthree phase fault leveletermined by
AEMGQ, and

€)) for eachfault level nodethe minimunthree phase fault level

The system strength requirements are to be determined by applying the system strength requirements
methodology, also to be determined by AEMO1°,

6.2 System strength requirements methodology
Clause 5.20.7(b) details the requirements for the system strength requirements methodology:

(b) Thesystem strength requirements methodolbgiermined byAEMO must provide foAEMOto take
the following matters into account in determining ftaelt level nodesnd the minimunthree phase
fault level

(1) the combination othree phasdault levelsat eachfault level noden the region that could
reasonably be considered to be suffititor thepower systerto be in asecure operating state

(2) the maximumoad sheddingr generation sheddingxpected to occur on the occurrence of any
credible contingency eveat protected everdffecting theregion

(3) the stability of theegionfollowing anycredible contingency eveat protected event

(4) the risk ofcascading outageas a result of anlpad sheddingr generating systerar market
network service facilityripping as a result of eredible contingency eveat protected everh
theregion;

(5) additional contribution to théhree phase fault leveleeded to account for the possibility of a
reduction in thehree phase fault levelt afault level nodef the contingency everhat occurs
is the loss or unavailability of &ynchronous genating unitor any othefacility or service that
is material in determining thitaree phase fault levelt thefault level node

(6) the stability of any equipment that is materially contributing totkinee phase fault lever
inertia within theregion; and

(7) any other matters &EMO considers appropriate.

8 See http://aemo.com.au/-
Imedia/Files/Electricity/NEM/Market Notices_and_Events/Power_System_Incident_Reports/2017/Integrated-Final-Report-SA-
Black-System-28-September-2016.pdf.

® The Transfer Limit Advice South Australia System Strength is regularly updated, and is available at: https:/www.aemo.com.au/-
/media/Files/Electricity/NEM/Security _and_Reliability/Congestion-Information/2018/Transfer-Limit-Advice---South-Australian-
System-Strength.pdf.

10 Clause 5.20C.1.
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Further details of how AEMO has considered these matters can be found in Sections 8 and 9.

6.3 Fault level nodes
A fault level node is defined as:

A location on aransmission networkhat AEMO determines is ault level nodan its determination of
system strength requirementsder clause 5.20C.1(a).

Further details on how AEMO has determined the fault level nodes can be found in section 8.

6.4 Minimum three phase fault level
The minimum three phase fault level is the three phase fault level to be maintained by eachr e gi on o s
SSSP at each fault level node to maintain the power system in a secure operating state.

Maintenance of the minimum three phase fault level at each fault level node does not mean that it has to
be maintained under all conditions. SSSPs are expected to maintain it to a level that is consistent with
AEMOO®s o bl aclyead the AEMO power system security responsibilities in accordance with the
power system security principles described in clause 4.2.6 in clause 4.2.6 of the NER.

Further details on how AEMO has determined the minimum three phase fault levels can be found in
Section 9.

7 FAULT LEVEL SHORTFALLS
In the context of fault level shortfalls, clause 5.20C.2 requires the following:

(a) AEMOmust as soon as practicable following its determination ofytkem strength griirementdor a
regionunder clause 5.20C.1 assess:

(1) thethree phasédault leveltypically provided at eacfault level noden theregionhaving regard
to typical patterns oflispatched generatioin central dispatch

(2) whether inA E M Oi@asonable opinig there is or is likely to be fault level shortfallin the
regionandAEMO'sforecast of the period over which tfault level shortfalwill exist; and

(3) whereAEMO has previously assessed that there was or was likely tofdadtdevel shortfall
whether inA E M Oréasonable opinion th&ult level shortfalhas been or will be remedied.

(b) In making its assessment under paragraph (a) fegian, AEMO must take into account:

(1) over what time period and to what extent theee phasdault levelsat fault level nodeshat are
typically observed in theegion are likely to be insufficient to maintain thmwer systenn a
secure operating stafeand

(2) any other matters th&EMOreasonably considers to be relevant in making its assessment.

Further details on how AEMO has determined the fault level shortfalls can be found in Section 11.

8 METHODOLOGY FOR DETERMINING FAULT LEVEL NODES

The first step in determining the system strength requirements is to determine the location of fault level
nodes. AEMO considers that these should be determined by criteria that would allow maintaining power
system security and the system standards.

AEMO, following consultation with TNSPs, determines that the following classes of fault level nodes
should be considered.

8.1 Metropolitan Load centres

Metropolitan Load centres have very high load concentrations that often require stabilisation with
switched reactive power devices such as shunt capacitor banks and reactors. Hence, it is necessary to
maintain minimum fault levels so that switching of capacitor banks or reactors remains stable with voltage
step changes kept within the limits allowed by the system standards. Additionally, increased penetration
of power electronic interfaced loads and distributed energy resources such as rooftop photovoltaic (PV)
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could give rise to similar system strength adverse impacts associated with asynchronous generation if
not addressed.

8.2 Synchronous generation centres

It is advisable to consider nodes in a region that best represent the r e g i oenh fadt levels from
synchronous generation contribution, whichcoul d be ter med t he egiacThe
purpose of such a node is to give a single regional indicator for system strength that would offer an early
warning of potential issues and allow recognition of negative trends, such as retirement/displacement of
synchronous generation.

8.3  Areas with high asynchronous generation connection/interest
Nodes subject to a high concentration of power electronics could suffer instability issues due to:
9 areduction in the local fault level that their connection may have triggered due to displacement of
Synchronous Machines; and

9 a dilution of the fault level for individual converters that becomes shared between increasing
concentrations of power electronics.

Examples include North-West Victoria, where there is a large amount of existing and committed solar and
wind generation.

8.4  Areas electrically remote from synchronous generation

Nodes that are electrically remote from synchronous generation centres inherently have low system
strength. Some of those nodes are also likely to experience a high volume of asynchronous generation
connections due to the availability of vacant land, favourable wind conditions and solar resource in these
areas, therefore, the system strength at these nodes must be maintained at or above a minimum level.

8.5 General consideration for fault level nodes selection

Care should be taken to avoid selecting fault level nodes where potential system strength concerns are
likely to be local, rather than regional, because the economic cost of addressing local system strength
issues may not be justified by the limited benefits.

8.6 Fault level nodes for 2018

AEMO determines the location of each fault level node in each region for 2018 by reference to the criteria
in sections 8.1 to 8.4, as follows.

Table 2 Fault level nodes for each region
Fault Level New South Victoria Queensland Tasmania South Australia
Nodes Class Wales
Metropolitan Sydney West Thomastown Greenbank Risdon 110 kV Para 275 kV
load centre 330 kV 220 kV 275 kV
Synchronous Newcastle 330 kV Hazelwood Western Downs Waddamana Para 275 kV
generation 500 kV 275 kV 220 kV
centre Gin Gin 275 KV
Areas with high Armidale 330 kV Red Cliffs 220 kV Nebo 275 kV George Town Davenport 275 kV
220 kV
asynchrpnous Wellington 330 kV  Moorabool 220 kV Lilyvale 132 kV Robertstown
generation
. . 275 kV
Darlington Point
330 kV
Areas Darlington Point Red Cliffs 220 kV Nebo 275 kV Burnie 110 kV Davenport 275 kV
electrically 330 kv .
Dederang 220 kV Lilyvale 132 kV Robertstown
remote from 275 kV

synchronous
generation
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9 METHODOLOGY FOR DETERMINING MINIMUM THREE PHASE FAULT
LEVELS
AEMO has adopted a two-stage process to assess the system strength requirements as follows:

9.1 Stage 1 assessment

The purpose of the Stage 1 studies is to identify regions that are not currently considered at risk of a fault
level shortfall, and to establish a benchmark for comparison in subsequent years. This is achieved by
establishing a minimum Synchronous Machine dispatch scenario that meets power system stability and
system standard assessment criteria both when the power system is intact, and when the largest
Synchronous Machine or transmission element in a region is subject to an outage.

The Stage 1 assessment determines the minimum three phase fault level at fault level nodes for all
regions as at 30 June 2018. These minimum three phase fault levels are calculated based on the
minimum Synchronous Machine dispatch scenario identified for each region for 2018.

For each subsequent year, a Stage 1 assessment will be conducted to indicate whether there is an
emerging risk of a fault level shortfall in any region, either due to previous system strength requirements
not being maintained by typical patterns of dispatched generation, or no longer being adequate to ensure
a secure operating state, for example, with increased asynchronous generation penetration. Once such
a risk is identified, the more detailed Stage 2 assessment will be conducted for that region as detailed in
section 9.2, to determine the exact system strength requirements, and the existence and scope of any
potential fault level shortfall.

Stage 1 is based on RMS analysis methods rather than EMT power system dynamic analysis. An example
of a Stage 1 assessment can be found in Appendix A.1.

9.1.1 Step 1: Determination of minimum synchronous machine dispatch scenarios
The minimum acceptable combination of Synchronous Machines must satisfy power system stability and
system standard criteria. Four separate outcomes must be met:
1. Voltage step change limit:
Steady state voltage change due to reactive power plant switching is limited to the requirements
set out in Australian Standard AS/NZS 61000.3.7:2001.
2. Generating system fault ride-through capability:

Existing generating systems are assessed against the impact of the most onerous credible
contingency event near their connection points in accordance with their performance standards to
ensure they can meet their performance standard with respect to their fault ride-through capability.

The assessment of this criterion can be conducted usingt he O6Avail able Faul

developed for the purposes of the system strength impact assessment guidelines. The minimum
Synchronous Machine dispatch scenario must provide positive Available Fault Level at the
connection points of existing asynchronous generating systems.

A negative Available Fault Level would necessaite a second stage assessment details of which
are discussed in Section 9.2.
3. Correct protection operation:

The three phase fault levels provided by the minimum Synchronous Machine dispatch scenario
must allow the TNSPs to maintain correct operation of protection systems.

TNSP may advise specific assessment criteria to be used in assessing protection system operation
with the minimum Synchronous Machine dispatch scenario, and may conduct separate
assessment using such assessment criteria.

In the absence of TNSPs6 advi c e o r, thamsirmus Synehrorious Machine dispatch
scenario must ensure fault current on transmission lines and busbars will be at least equal to the
highest short term emergency rating of the element, unless the protection system under
assessment currently operates correctly with a fault current of less than 100%.

When assessing the above criteria, only selected transmission lines will be considered, including:

1 Transmission lines with sizeable asynchronous generation connected to both ends. In this
case a credible contingency event could result in the disconnection of unfaulted line(s) in
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addition to the faulted line due to incorrect protection operation (maloperation). This causes
the disconnection of generation exceeding the size of the largest permissible generation
tripping following a credible contingency event, where such disconnection of generation would
not occur should the protection system operate correctly, and;

9 Transmission lines where faults are not cleared because of incorrect protection operation
(maloperation) causing nearby Synchronous Machines to pole slip as the fault clearance time
may exceed the critical clearing time of Synchronous Machines.

4. Re-assessment of minimum synchronous machines dispatch scenario:

The minimum acceptable combination of Synchronous Machines must be re-assessed against the
criterion of ensuring correct protection operation under islanding conditions for the region subject
to the following:

(& Outcome 1 does not have to be achieved.

(b)  Outcome 2 is not required as certain generating systems may be curtailed pre-emptively
when there is a credible risk of separation for that region.

AEMO has verified that the minimum Synchronous Machine dispatch combination can meet criteria 1, 2
and 3,usingP SCADE/ E MTnib@eks of the SA power system (Appendix A.2 and Appendix C).

1 Appendix A.2 demonstrates that when the power system is operating with the minimum acceptable
Synchronous Machine dispatch, outcomes 1 and 2 can be met. When the power system is operating
with one less Synchronous Machine than the minimum, at least one outcome will not be met (in the
example presented in Appendix A.2, outcome 2 is not met).

1 Appendix C demonstrates that when the transmission line fault current contribution (from either end
of the line to the fault location as calculated using PSS®E) is less than 100% of the lined svinter
rating, it is identified in the P S CA D E/ E MTdu@Ethat, following certain types of credible
contingency events, the transmission line& protection systems are likely to maloperate. Based on
this finding, the minimum acceptable Synchronous Machine dispatch scenario must allow the
transmission line fault current contribution to be at least higher than the highest emergency rating of
the line, and this criterion must be met considering N-1 Synchronous Machine dispatch or the most
critical transmission element outage as well.

9.1.2 Step 2: Calculation of the three phase fault level

Static fault current calculations can be used to determine the three phase fault levels at each fault level
node as determined by minimum acceptable Synchronous Machine dispatch scenario®?.

Both Synchronous Machines and inverter based asynchronous generation provide fault current to the
power system. Synchronous Machines generally make a positive contribution to the total fault level in the
power system and system strength. For this reason, they can be considered to be sources of fault current.
While asynchronous generation also contributes positively to the total fault level, it, effectively, acts as a
sink for system strength.

Practical experience with the connection of new asynchronous generation near existing asynchronous
generation indicates that it could degrade the performance of the existing asynchronous generation even
though the total three phase fault level (including fault current contribution from the new asynchronous
generation) would increase. Including the fault current contribution from asynchronous generation in
calculating the three phase fault levels would result in a higher three phase fault level, however, this does
not mean that system strength has increased. Therefore, while the fault level is commonly used as a
simplified proxy for system strength, care must be exercised not to include the fault current contribution
of asynchronous generation in determining the system strength requirements.

This is important because grid following inverter technologies currently predominate in the NEM. The use
of grid forming technology in asynchronous generating systems would provide a positive contribution to
both the fault level and system strength and should, therefore, be included in the total fault level
calculations.

Therefore, the Stage 1 studies will result in the calculation of the minimum three phase fault levels at
each fault level node with contributions from Synchronous Machines only.

11 AEMO has used the automatic sequencing fault calculation (ASCC) methods in PSS®E.

© AEMO 2018 1 July 2018 Page 17 of 63



2018 SYSTEM STRENGTH REQUIREMENTS & FAULT LEVEL SHORTFALLS

The following model adjustment method is developed to represent the fault current contribution from
Synchronous Machines only:

(@  Any asynchronous generation, such as WTGs or solar inverters or battery storage systems will
be replaced by negative loads, with the load MW and MVAr matching the negative values of the
MW and MVAr generation being replaced.

(b)  Any FACTS device modelled as a generating unit in PSS®E will be replaced by a fixed shunt,
with the MVAr value of the fixed shunt matching the MVAr output of the generating unit being
replaced.

9.1.3 Step 3: Trigger for Stage 2 assessment

For 2018, the minimum Synchronous Machine dispatch scenarios were identified in Step 1 for each region
other than SA, where the minimum Synchronous Machine dispatch scenarios were identified by a Stage
2 assessment, for which a detailed system strength assessment is presented in the South Australia
System Strength Assessment (SASSA). Using the minimum Synchronous Machine dispatch scenarios
identified above for each region, the outcomes of Step 2 are the minimum three phase fault levels at fault
level nodes for each region for 2018. The minimum three phase fault levels for 2018 are the benchmark
system strength requirements to be compared for any subsequent year.

For any subsequent year, the outcome of Step 2 could trigger a more detailed Stage 2 assessment if
either of the following triggering conditions is met:

1 Condition 1: for any fault level node, three phase fault levels calculated usingthec ur r e nt
typical patterns of dispatched generation is lower than the previous yeard s mimnthree phase
fault levels.

91 Condition 2: for any fault level node, three phase fault levels calculated usingthec ur r e nt
minimum Synchronous Machine dispatch is higher than the previous yeard s mmimnttiree phase
fault levels.

Condition 1 indicates that the minimum three phase fault levels at the fault level nodes cannot be
maintained by the typical Synchronous Machine dispatch pattern. Such a gap might be caused by
Synchronous Machine retirement or displacement due to increased asynchronous generation
penetration. This further indicates an emerging risk of a fault level shortfall, necessitating a more detailed
Stage 2 assessment to confirm its existence and scope.

The three phase fault level at some fault level nodes could reduce due to the use of a different
Synchronous Machine dispatch pattern in subsequent years when calculating minimum three phase fault
levels while meeting all power system stability and system standard criteria, as discussed in section 9.1.1.
In this case, a Stage 2 assessment will be conducted to confirm the system strength requirements.

Condition 2 indicates that the minimum three phase fault levels at the fault level nodes are likely to be
higher thanthe p r e v i 0 u $evelg.Sach @nsncrease could be the result of increased penetration of
asynchronous generation, which requires more Synchronous Machines to be dispatched to maintain
stable operation. In this case, a Stage 2 assessment will be conducted to confirm the system strength
requirements, and whether there is any fault level shortfall based on the current availability of
Synchronous Machines.

A detailed description of the Stage 2 assessment, including its tools and methodology, can be found in
Section 9.2.

9.1.4 Minimum three phase fault levels for 2018
For Queensland, New South Wales, Victoria, and Tasmania, the minimum three phase fault levels for
2018 at each fault level node has been calculated using the:
1 minimum Synchronous Machine dispatch scenario proposed by each SSSP that can achieve the
outcomes detailed in section 9.1.1; and

1 three phase fault level calculation method described in section 9.1.2, using the above Synchronous
Machine dispatch scenario.

For SA, the minimum three phase fault level at each fault level node for 2018 has been calculated using
the:
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1 minimum Synchronous Machine dispatch scenarios identified in the SASSA; and

1 three phase fault level calculation method described in Section 9.1.2, using the dispatch scenario
(among other scenarios identified in the SASSA) that produce the minimum three phase fault levels
at each fault level node.

9.1.5 Planning horizon
For the system strength requirements to be published by 30 June 2018, the determination of three phase
fault levels can only consider the state of the current power system.

For system strength requirements to be published with the 2019 NTNDP and subsequent years, the Stage
1 assessment will be conducted within a planning horizon of 5 years including the current year,
considering:

1 Synchronous Machine retirement;

9 all generation connections for each year under assessment; and

9 the Synchronous Machine dispatch scenarios over the entire five-year horizon is assumed to be the
same as per the current year (1st year in the planning horizon), minus any Synchronous Machines
that are expected to retire over that period.

9.2 Stage 2 assessment

AEMO will prioritise the Stage 2 assessments based on the timeframe in which a region is likely to
approach a fault level shortfall. This timeframe is likely to be driven by the rate of connection of
asynchronous generation in the absence of other developments that improve system strength.

An example of a Stage 2 assessment can be found in Appendix A.2.

9.2.1 Detailed EMT type analysis for Stage 2 assessment

The Stage 2 assessment will be conducted using the same methodology described in the SASSA, and
will yield more granular three phase fault levels considering all aspects of power system security.

AEMOwi || use detail ed PSQddrirmBEnd midi@un asceptablé Syrschronous
Machine dispatch scenarios and the minimum three phase fault levels to ensure the operation of a
r e g i mowed ystem if all outcomes are met following a single credible contingency event or protected
event.

Stage 2 will also be used as a pre-requisite to confirm the extent of any fault level shortfall in sufficient
detail for SSSPs to procure system strength services as required by clause 5.20C.2 of the NER.

9.2.2 Considerations for Stage 2 assessment
Stage 2 includes assessment of the following:

1. Disconnection of the largest Synchronous Machine following a credible contingency event or
protected event. Being the largest contributors to ar e g i systednsstrength, they could impact the
maximum size of load shedding or generation shedding expected to occur on the occurrence of any
credible contingency event or protected event affecting the region!?; and

2. A credible contingency event or protected event where:

(&) any equipment that is materially contributing to the three phase fault level is disconnected,
or becomes unstable following the event; or

(b)  there is arisk of cascading outages as a result of any load shedding or generating system or
market network service facility tripping.

Therefore, Stage 2 must consider the availability of synchronous generating units and any other facility
or service that is material to the three phase fault level, as well as the need for additional contributions to
the three phase fault level and its availability’®* when such synchronous generating units, facilities or
services are not available.

12 Clause 5.20.7(b)(2)
13 Clause 5.20.7(b)(4) to clause 5.20.7(b)(6)
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The Stage 2 assessment will include all existing and committed generating systems for each assessment
year. The criteria for considering a proposed connection @ommitteddis consistent with those specified in
the system strength impact assessment guidelines.

9.2.3 Success criteria

The following criteria will be used to determine whether a Synchronous Machine dispatch scenario is
sufficient for a r e g i powér system to remain in a secure operating state'# following a credible
contingency event or protected event:

1 asynchronous generation remains online, except for that in electrically distant portions of the network
and where the impact on power system security is negligible;

1 all synchronous generation in the scenarios studied returns to steady-state conditions following fault
clearance;

9 the region remains connected to the remainder of the NEM; and
1 the transmission network voltages across the region return to nominal voltages.
The above criteria are consistent with the success criteria considered in section 3.7 of SASSA.
The criteria listed in Section 9.1.1 must also be met before a Synchronous Machine dispatch scenario

will be acceptable for the provision of sufficient system strength to withstand a credible contingency event
or protected event.

9.2.4 Minimum three phase fault level following Stage 2 assessment
Following completion of the Stage 2 assessment, the calculation of the minimum three phase fault level
at each fault level node in a region will be based on:
1 The minimum Synchronous Machine dispatch scenarios identified following the Stage 2 assessment;
and

9 Using these scenarios, if all success criteria are met, the three phase fault level at each fault level
node can be calculated using PSS®E and the methodology described in Section 9.1.2. The minimum
three phase fault level can then be determined based on the lowest calculated three phase fault level
across the Synchronous Machine dispatch scenarios.

The Stage 2 assessment will be used to determine the minimum three phase fault level for SA, as well
as for all other regions in subsequent years when a Stage 2 assessment is triggered.

10 MINIMUM THREE PHASE FAULT LEVELS FOR 2018

Using the Methodology, the minimum three phase fault levels were identified at each fault level node for
each region.

Table 3 Minimum three phase fault levels at fault level nodes in each region for 2018

Region Fault Level Nodes Minimum Three Phase Fault Level (MVA)
Davenport 275 kV 1150
South Australia Robertstown 275 kV 1400
Para 275 kV 2200
George Town 220 kV 1450
: Waddamana 220 kV 1400
fasmania Burnie 110 kV 750
Risdon 110 kV 1330
Western Downs 275 kV 2550
Queensland Greenbank 275 kV 3800
Nebo 275 kV 1750

1 Clause 5.20.7(b)(1), 5.20.7(b)(3), 5.20.7(b)(4) and 5.20.7(b)(6)
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Region Fault Level Nodes Minimum Three Phase Fault Level (MVA)

Gin Gin 275 kV 2400
_ Lilyvale 132 kV 1100
Armidale 330 kV 3000
Sydney West 330 kV 9250
New South Wales Wellington 330 kV 1900
Newcastle 330 kV 8400
Darlington Point 330 kV 1550
Hazelwood 500 kV 8850
Dederang 220 kV 3500
Victoria Thomastown 220 kV 4100

Red Cliffs 220 kV 600
Moorabool 220 kV 4400

11 DETERMINING FAULT LEVEL SHORTFALLS

11.1 Identification of fault level shortfall following Stage 1

As Stage 1 utilises a simple static fault current calculation method, it is less likely to identify a fault level
shortfall but could indicate the risk of an emerging fault level shortfall.

Either of these two factors can be considered to be a strong indication of a fault level shortfall in Stage 1:

1. Retirement of Synchronous Machines.

2. High penetration and dispatch of asynchronous generation offsetting Synchronous Machine
dispatch.

If a fault level shortfall is identified at a designated fault level node, the proposed solution can be
introduced at the fault level node itself, or any other more suitable node in the same transmission network.

11.2 Identification of fault level shortfall in Stage 2 assessment

The fault level shortfall can be quantified using the three phase fault level (measured in MVA) following
the completion of Stage 2 assessment.

The fault level shortfall will be the difference between the minimum three phase fault level determined by
the acceptable Synchronous Machine dispatch scenarios in Stage 2, and the three phase fault level
determined by typical generation dispatch patterns. A generation dispatch pattern can be considered as
a typical dispatch pattern if the resulting three phase fault level at the fault level nodes can be maintained
for majority of the year.

The Stage 2 assessment can only be used to confirm the existence and extent of a fault level shortfall in

a region covering a timeframe of up to two years only. This is because of the uncertainty of generation
connections within a five-year timeframe that will require extensive assumptions to be applied in the
PSCADE/ EMTDCE model s, such as ¢ ha rcgmenitdd mendration, apdr oj e ct
advancements in generation technology, particularly inverter based technology, which make the Stage 2

analysis an unreliable and unnecessarily complex indicator of potential fault level shortfalls for the entire

five-year planning horizon.

11.3 Fault level shortfall as of June 2018
There is currently no fault level shortfall in any region in the NEM, other than SA.

AEMO has conducted detailed system strength assessments for the SA power system, and identified
several minimum Synchronous Machine dispatch scenarios in the SASSA.

I'n December 2016, AEMOOG Netwoek tDévelapmdnt Plan (AITNDR) iidsnsfiedoan
NSCAS gap for system strength in SA. Subsequently AEMO declared a system strength NSCAS gap in
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South Australia in October 2017 and confirmed the exact extent of the gap. ElectraNet is required to
provide the necessary system strength services to remedy the existing shortfall. In the interim, the
shortfall is being managed by AEMO through operational measures including, where necessary, issuing
directions for the dispatch of synchronous generating units to meet the minimum Synchronous Machine
dispatch scenarios.

Using the Methodology, fault level shortfalls were identified in SA. Details of the fault level shortfall can
be found in Section 11.3.1. This is consistent with the size of fault level shortfalls declared previously.

The studies presented in this document were carried out on both the interconnected SA power system
as well as during islanding conditions to ensure that system strength can be maintained under all
operating conditions.

11.3.1 Investigation of fault level shortfall in South Australia

AEMO currently directs synchronous generation in SA to maintain sufficient system strength based on
the minimum synchronous generation dispatch combination published in the Transfer Limit Advice?®.

Figure 2 and Figure 4 show the shift of synchronous generation dispatch patterns before (FY 2017) and
after (FY 2018) the c dimationn cRmieort thrdctiofERI@GEUM number
of synchronous generating units dispatched was one, with an average of around six synchronous
generating units.

Figure 2  Historical Synchronous Machine dispatch in SA (FY 2017)
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Historical three phase fault levels (with Synchronous Machine contribution only) at the fault level nodes

in SA can be calcul at ed dfreation, & cal2ulated’thrge phase faulttiegels 0E MO 6 s
November 2016 are presented in the following figure, with comparison against the minimum three phase

fault levels determined using the Methodology.

15 https://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_and_Reliability/Congestion-Information/2018/Transfer-Limit-
Advice---South-Australian-System-Strength. pdf
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Figure 3  Historical fault level shortfall in SA without AEMO Direction (November 2016)
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Figure 3 shows that in November 2016, fault level shortfalls were identified at all three fault level nodes
in SA for 7 days, and a further 6 days of shortfalls on Davenport 275 kV busbar only. The largest fault
level shortfall at each fault level node in terms of three phase fault level in MVA are listed in the following
table.

Table 4 Largest fault level shortfall in South Australia
Fault Level Node Largest Fault level shortfall (MVA)
Davenport 275 kV 350

Robertstown 275 kV 360

Para 275 kV 840

The existing fault level shortfall from normal dispatch patterns would be identified when the loading in the
SA power system is relatively low, such as November. This is because during low loading conditions, the
energy demandi supply balance would not cause a large number of synchronous generating units to be
dispatched to meet demand, which would otherwise shield the existing fault level shortfall.

It should be noted that a comparison of historical three phase fault levels against the minimum three
phase fault levels was not provided for the entire FY 2017, due to the SA black system event in September
2016 and the subsequent market suspension in SA.

Following the detailed system strength assessment in the SASSA, AEMO seeks to ensure the minimum
acceptable Synchronous Machine dispatch scenarios are met in SA at all times, including by issuing
directions for relevant synchronous generating units in SA to operate. With such directions, the minimum
number of synchronous generating units dispatched was four, with an average of around seven
synchronous generating units in FY 2018, as shown in Figure 4.
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Figure 4  Historical Synchronous Machine dispatch in SA (FY 2018)
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Figure 5 shows a comparison between the historical minimum three phase fault level in FY 2018 and the
minimum three phase fault level requirement at each fault level node in SA.

Figure5 Comparison between Historical Fault Level with Minimum Three Phase Fault Level in SA
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The historical minimum three phase fault levels (maintained for 99% of the year) are tabulated in Table 5
along with the minimum three phase fault levels to be maintained at each fault level node.

Table 5 Historical minimum three phase fault level compared with minimum three phase fault level
requirement

Fault Level Node Minimum Three Phase Fault Level Requirement  Historical Minimum Three Phase Fault Level FY
(MVA) 2018 (MVA)

Davenport 275 kV 1150 1224
Robertstown 275 kV 1400 1659
Para 275 kV 2200 2800

Figure 5 and Table 5 show that for the entire FY 2018, the three phase fault levels at Para were
maintained above the minimum three phase fault level. The three phase fault levels at Davenport and
Robertstown were maintained above the minimum three phase fault levels for 99% of the year.
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Figure 6 shows a similar comparison to the one presented in Figure 3, between the historical three phase
fault level and the minimum three phase fault levels at the fault level nodes in SA in November 2017.
Compared with November 2016 where fault level shortfalls were observed for an extended period, the
systemstrengthi n SA in November 2017 wa s dimdionnittcaulid beeseen in
Figure 6 that the system strength at Para 275 kV was maintained with large margin, while the margin at
Davenport 275 kV is small. This is expected because Davenport 275 kV busbar is further away from
Synchronous Machine centres than Para 275 kV busbar. More Synchronous Machines need to be
dispatched to meet the minimum three phase fault level at Davenport 275 kV busbar than the number of
Synchronous Machines required to meet the minimum three phase fault level at Para 275 kV busbar only.
This further suggests that having Synchronous Machines near the Davenport 275 kV busbar could see
system strength being maintained at both Davenport and Para with a reasonable margin.

Figure6 System strength in SA in November 2017, mainta

System Strength at Davenport 275 kV busbar maintained with
small margin, while the margin on Para 275 kV is quite large

In summary, since AEMO implemented the current operational measures to maintain minimum
combinations of synchronous generation online, the three phase fault levels at each fault level node have
been maintained above the minimum three phase fault levels, managing the existing fault level shortfalls.

ElectraNet, as the SSSP in SA, is expected to provide system strength services in due course to remedy
the existing fault level shortfalls.
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APPENDIX A. PRACTICAL EXAMPLES
Two examples are provided to demonstrate the implementation of the Methodology.

A.1 Example of Stage 1 assessment

The following example demonstrates the implementation of the Stage 1 assessment for the Tasmania
power system, where the minimum three phase fault levels have been determined at the fault level nodes
for 2018.

Al1l Existing limit advice for George Town 220 kV substation

Based on the current limit advice from TasNetworks, sufficient fault level must be maintained at the
George Town 220 kV Substation to ensure stable operation of the Basslink HVDC interconnector. AEMO
is currently managing existing constraint equations for the fault level at George Town to ensure that the
SCR is maintained above the minimum value advised by B a s s | finamifa@tsrer. The minimum three
phase fault level at George Town currently being maintained for Basslink operation is 1450 MVA.

A.l2 Minimum three phase fault level for capacitor bank switching at Risdon 110 kV
substation

Two capacitor banks (40 MVAr each) are installed at the Risdon 110 kV busbar, which has been selected
as a fault level node.

For these two capacitor banks, the system standards specify a maximum voltage step change following
capacitor bank switching to be 3% of the nominal voltage. To achieve this, a three phase fault level at
Risdon must be maintained, which can be calculated using the following equation:

0 Q& "QEMGQIBIQOM 6 HAL DO 6 Of OOSADEWDO QD1 Yono
For a 40 MVAr capacitor bank with a 3% voltage step change limit, the three phase fault level to be
maintained at Risdon is calculated to be 1333 MVA.

A.1.3 Step 1: Determination of minimum synchronous machine dispatch scenario

A set of Synchronous Machine dispatch scenarios has been selected by TasNetworks, which will provide
the minimum three phase fault level needed to fulfil the above fault level requirement at George Town
220 kV and Risdon 110 kV Substations.

A PSS®E steady state fault current calculation was carried out using the proposed Synchronous Machine
dispatch to calculate the total three phase fault level at Risdon and George Town. The PSS®E model
used in such a calculation was adjusted using the model adjustment method described in Section 9.1.2.
The calculated steady state fault currents are shown in Table 6.

Table 6 Calculated three phase fault level compared with three phase fault level required to meet
existing limits

Fault Level Node Calculated Three Phase Fault Level in  Three Phase Fault Level required to meet
PSS®E (MVA) existing limits (MVA)

George Town 220 kV 1452 1450
Risdon 110 kV 1330 1333

Table 6 shows that the corresponding fault levels calculated in PSS®E are very close to the minimum
three phase fault level determined by the current limit advice (for the George Town 220 kV busbar), and
power quality requirement (Risdon 110 kV busbar). The selected Synchronous Machine dispatch is then
used for further assessment against all three criteria listed in Section 9.1.1.

A.l4 Assessment of voltage step change limit

PSS®E load flow switching analysis was conducted with the selected Synchronous Machine dispatch to
calculate the voltage step change at Risdon 110 kV following the capacitor bank switching. The switching
results shows that prior to capacitor bank switching, the voltage at the Risdon 110 kV busbar is 1.0234
pu. After the capacitor bank switching (with all transformer taps locked), the voltage at Risdon is 1.0445
pu. The steady state voltage step change is 2.1% which is smaller than the required 3%.
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This assessment indicates that with the selected Synchronous Machine dispatch, the voltage step change
limit at the Risdon 110 kV busbar following the switching of a 40 MVAr capacitor bank can be maintained,
thus meeting the voltage step change criteria.

A.15 Assessment of generating system fault ride-through

Three wind farms are connected to the Tasmanian power system; Bluff Point, Studland Bay and
Musselroe. Musselroe Wind Farm has synchronous condensors on site and local system strength is
maintained through those. Hence, the assessment in this example focusses on the other two wind farms,
which are connected to northwest corner of the network.

There is no PSS®E model available for Bluff Point Wind Farm or Studland Bay Wind Farm, so the
assessment was carried out using the minimum SCR required for stable operation of the wind farms and
the Available Fault Leveldmethod developed for the purposes of the system strength impact assessment
guidelines.

TasNetworks advised that a minimum aggregate SCR of 3.0 at the Smithton 110 kV Substation is
currently maintained considering both wind farms. This aim further targets minimum SCRs of 2 at the
connection points of both Studland Bay and Bluff Point wind farms.

A historical fault recording has been provided by TasNetworks to demonstrate the wind farm fault ride-
through capability when the power system is operating with an aggregate SCR of 3.0 at the Smithton
110 kV Substation, and correspondingly SCR of 2 at the wind farm connection points, as per
Tas Net wo r kTéesthree phasg &atlt level at Smithton 110 kV busbar prior to the contingency was
around 419 MVA, which shows that SCR of 3 (total MW rating of wind farms being 140 MW) at Smithton
110 kV busbar was maintained. In Figure 7, the wind farms successfully rode through the fault, and their
MW output was gradually run back due to the tripping of the Smithtoni Burnie 110 kV circuit causing the
SCR at Smithton to be lower than 3. This fault recording demonstrates that the wind farms can ride
through a credible contingency event (single-phase-to-ground fault as in the fault recording), with the
power system operating at the target SCR level at Smithton 110 kV.

Using the selected Synchronous Machine dispatch and the above minimum SCR requirement, the
Available Fault Levels were calculated at the of Studland Bay and Bluff Point connection points in PSS®E,
which are presented in Table 7:

Table 7 Available Fault Levels at Bluff Point Wind Farm and Studland Bay Wind Farm

Wind Farm Ssc(MVA) Stota(MVA) fo4] Available Fault Level
(Stota(MVA) - Ssg(MVA)) (Ssc(MVA) T o

Bluff Point 260 492 232 +28
Studland Bay 268 512 244 +24

Table 7 shows that the Available Fault Levels are both positive, indicating that both wind farms can
maintain stable operation following credible contingency events, as the required minimum SCR has been
met by the selected Synchronous Machine dispatch scenario.

It is considered that the criterion of generating system fault ride-through has been met by the selected
Synchronous Machine dispatch.

© AEMO 2018 1 July 2018 Page 27 of 63



2018 SYSTEM STRENGTH REQUIREMENTS & FAULT LEVEL SHORTFALLS é///) AEMO

AUSTRALIAN ENERGY MARKET OPERATOR

Figure 7  Bluff Point and Studland Bay Wind Farm fault ride-through with minimum fault level
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A.1.6 Assessment of protection operation limits

TasNetworks maintains and publishes a set of three phase fault levels at each transmission substation
for assessment of protection limits in its Annual Planning Report (APR). TasNetwork refers to these three
phase fault levels for protection design purposes, as the least amount of fault levels required in order for
the protection system to operate. The three phase fault levels with the selected Synchronous Machine
dispatch were calculated using PSS®E, and then compared with the published three phase fault level at
each fault level node.

The wind farm fault current contribution is not included in the above fault level calculation. This does not
affect the assessment of protection operation limits, as the actual fault current measured by the protection
systems will be higher than the calculated fault level, with fault current contribution from the wind farms.
If the protection operation limits can be met by the calculated fault current in PSS®E, it will be met by the
actual measured fault current.

The comparison between the calculated fault levels and the published minimum three phase fault levels
are presented in Table 8.

Table 8 Tasmanian power system minimum fault levels for protection operation assessment

Fault Level Node Calculated Three Phase Fault Level APR Minimum Fault Level (MVA)
in PSS®E (MVA)

Table 8 shows the calculated three phase fault levels at each fault level node with Synchronous Machine
fault current contribution only, which are higher than the three phase fault levels published in
TasNetworksd APR. This suggests that the selected minimum Synchronous Machine dispatch can
maintain sufficient three phase fault levels to allow proper protection operation in the Tasmanian power
system.
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A.l17 Step 2: Determination of minimum three phase fault level at Tasmania for 2018

The above assessments demonstrate that the selected Synchronous Machine dispatch scenario can
meet all three criteria listed in Section 9.1.1, and can be used for determining the minimum three phase
fault level at the fault level nodes.

The minimum three phase fault level at the George Town 220 kV fault level node is determined to be
1450 MVA, which is the three phase fault level required for the stable operation of Basslink.

The minimum three phase fault level at the Risdon 110 kV fault level node is determined to be 1330 MVA,
which is the three phase fault level required to maintain steady state voltage step change limit following
a capacitor bank switching.

For Burnie 110 kV and Waddamana 220 kV fault level nodes, the minimum three phase fault levels are
based on the calculated three phase fault levels in PSS®E, using the minimum Synchronous Machine
dispatch scenario. Table 9 shows the minimum three phase fault levels determined in TAS for 2018:
Table 9 Minimum three phase fault level for Tasmania for 2018

Fault Level Node Minimum Three Phase Fault Level (MVA)

George Town 220 kV 1450

Waddamana 220 kV 1400

Burnie 110 kV 750

Risdon 110 kV 1330

A.1.8 Step 3: Investigation for potential fault level shortfalls

TasNetworks provided historical three phase fault levels observed at each fault level node in the form of
cumulative probability curves. The historical three phase fault levels were calculated considering wind
farm fault current contribution. An example is shown for the Burnie 110 kV fault level node:

Figure 8 Cumulative probability of fault current at Burnie 110 kV busbar
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As shown in Figure 8, the historical minimum three phase fault current at Burnie is around 4400 A, which
is equal to a three phase fault level of 838 MVA. For 99% of the time, the fault level can be maintained at
above 900 MVA. These are both higher than the minimum three phase fault level requirements at Burnie,
which is 750 MVA.

Historical minimum three phase fault levels at each fault level node are listed in Table 10.
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Table 10 Comparison between historical minimum three phase fault level and minimum three phase fault
level requirement

Fault Level Node Minimum Three Phase Fault Level Historical Minimum Three Phase Fault
requirement (MVA) Level for 99% of the time (MVA)

Table 10 shows that the three phase fault levels historically maintained by TasNetworks are higher than
the minimum three phase fault levels required at each fault level node. It indicated that there is no fault
level shortfall for Tasmania.

A.2 Example of Stage 2 assessment

This Appendix presents practical examples of the Stage 2 assessment for the SA power system.

For brevity, the simulation studies presented are for assessing the three success criteria discussed in

Section 9.1.1. Assessment against the additional criteria discussed in Section 9.2.3 can be found in

SASSA (for system intact conditions) and AEMOG6s South
Island report!® (for islanding conditions).

PSCADE/ EMTDCE st udi e s usingedetailedd EMT sinwutatiorsdo assess whether the

minimum Synchronous Machine dispatch combinations identified in SASSA would allow criteria 1 and 2

to be met. Criterion 3is assessed in Appendix C. The remainder of this Appendix documents the details

of these studies and the outcome. The PSCADE/ EMTDCE model develswugiesd for t
was used for the studies documented in this Appendix.

A2.1 Assessment Method

For the voltage step limit criterion, the largest capacitor or reactor installed at each fault level node is
switched in or out of service, and steady state voltage step changes are monitored. To meet this criterion,
the voltage step change should not exceed the steady state voltage step change limit specified in the
system standards. Where SA is islanded, the capacitor or reactor switching was performed after a stable
island had been established.

For generating system fault ride-through performance, faults close to asynchronous generation were
applied and the capability of different asynchronous generation to ride through these faults was assessed
against their performance standards. Two fault locations were selected, one at Davenport 275 kV and
the other at Yadnarie 132 kV busbars, both close to the connection points of several wind farms.

The Davenport 275 kV busbar was selected as several large wind farms connected near this location are
required to ride through three phase faults in accordance with their performance standards. A three
phase fault was applied at this location in the studies.

The Yadnarie 132 kV busbar was selected to investigate whether certain wind farms that are electrically
remote from synchronous generation centres and where the system strength is inherently low could meet
their performance standards. A two-phase-to-ground fault was applied at Yadnarie 132 kV busbar, as
most wind farms connected near this location are only required to ride through two-phase-to-ground
faults.

These studies were conducted in system normal conditions with SA connected to the rest of the NEM,
and with SA as an island. For simplicity, only the Low 5 (listed in Transfer Limit Advice'?) dispatch
scenario was investigated in the studies summarised in Table 11.

16 Available at http://aemo.com.au/-/media/Files/Electricity/NEM/Security_and_Reliability/System-Security-Market-Frameworks-
Review/2018/SA_Operation_as_viable Island_report PUBLISHED.pdf

17 hitps://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_and Reliability/Congestion-Information/2018/Transfer-Limit-
Advice---South-Australian-System-Strength.pdf
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Table 11 Summary of validation studies for selection criteria.

Synchronous Generation Disturbance Applied Criteria Assessed
Dispatch Combination

Minimum acceptable combinations 50 MVAr reactor switching at Davenport bus. Voltage step change (criterion #1)
SR AR 100 MVAr capacitor switching at Para 275 kV bus.

Three phase fault at Davenport 275 kV busbar, Performance standard compliance
cleared by primary protection. (criterion #2)

Two phase to ground fault at Yadnarie 132 kV
busbar, cleared by primary protection.

The largest synchronous 50 MVAr reactor switching at Davenport bus. Voltage step change (criterion #1)
generating unit out of service in

the minimum acceptable 100 MVAr capacitor switching at Para 275 kV bus.
combinations identified in SASSA  Three phase fault at Davenport 275 kV busbar, Performance standard compliance
cleared by primary protection. (criterion #2)

Two phase to ground fault at Yadnarie 132 kV
busbar, cleared by primary protection.

A.2.2 Assessment results with system normal condition

The following sections described the assessment results during an SA system normal condition. The
study results were compared with the corresponding selection criteria to determine whether each criterion
can be met.

For the voltage step change limit scenario, a 3% voltage step change limit was selected for both capacitor
switching at Para 275 kV and reactor switching at Davenport 275 kV busbars.

A.2.2.1 Reactive power plant switching

Para 275 kV 100 MVAr capacitor switching

With the minimum acceptable synchronous generation dispatch combinations previously identified in
SASSA, the capacitor bank switching at the Para 275 kV busbar will not cause the steady state voltage
step change to exceed 3%. A less than 2% voltage change was observed as shown in Figure 9.

A similar voltage step change was observed when the power system is operating with the largest
synchronous generating unit out of service in the minimum acceptable synchronous generation dispatch
combination (Figure 10).

These results demonstrated that the minimum synchronous generation dispatch combination in SA can
meet the voltage step change limit criterion. This criterion can also be met when the SA power system is
operating with one less synchronous generating unit.
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Figure9 Para 275 kV bus voltage (minimum synchronous generation dispatch)

Figure 10 Para 275 kV bus voltage (minimum synchronous generation dispatch, with the largest
synchronous generating unit out of service)

Davenport 275 kV 50 MVAr reactor switching

Similar to the results for capacitor bank switching at Para 275 kV, the reactor switching out of service at
the Davenport 275 kV busbar resulted in a voltage step change of around 2%, meeting the criterion of
maximum 3% steady state voltage step change.
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