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Abbreviations and nomenclature

AC
AEMC
AEMO
AER
BSU

EHV
EMTP

Generating plant

Generating unit

HVDC

kv

MW

NEM

NER

NSW

Power plant
Power station
QLD

Regional network

SRAS
SRS
State network

Sub-network

Substation
TNSP

Transmission circuit

Alternating current

Australian Energy Market Commission
Australian Energy Market Operator
Australian Energy Regulator

Black-start unit—a generating unit that can séad deliver power to the grid
without external power supply

Extra high voltage, generally referring to facdlg operating at or above 100 kV

Electro-magnetic transient program, a computerehththt evaluates very rapid
system changes

A power station (also referredg@ generating station, power plant,
powerhouse or generating plant) that generatelecirie power that includes
one or more generating units.

A single electric generator, atiogpmachine that converts mechanical power
into electrical power

High voltage direct current
kilo Volts, 1,000 volts
Mega Watt, a million Watts
Australian National Electricity Market
Australian National Electricity Rules
New South Wales

See generating plant

See generating plant
Queensland

The electrical transmission nekwnreach of the five regional networks in the
NEM—Queensland, New South Wales, Victoria, South Alistrand Tasmania

System Restart Ancillary Services
System Restart Standard
Regional network

A sub-area of a regional network agédfinNER §3.11.4B for the purpose of
acquiringsrAS

Connects two or more transmission Emesmay transform voltages
Transmission network system providers

Transmits electrical energineen substations with conductors for only one
circuit

AEMO responsibilities to procure SRAS
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Transmission line Transmits electrical energy betwsubstations on a single set of towers or
pylons with conductors for one or more circuits

TTHL Trip-to-house load, the ability of a generatordmain operating after being
disconnected from the network

UFLS Under-frequency load shedding

USB Universal system bus—a connection type to persmraputers

AEMO responsibilities to procure SRAS Australia Energy Market Operator
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Executive summary

The Australian Energy Market Operataef10) was established to manage the National Elegtricit
Market (NEM) and gas markets from 1 July 2009. Re®0 is theNEM energy market operator and
plannerbNv KEMA Energy & Sustainability was engaged by As#10 to perform and independent
review of specific aspects of how tReEMO provides generating capacity to restore the sysvowing
a major blackout.

TheAEMO operates within a broader market governance sir@ieiongside the Australian Energy Market
Commission AEMC) and the Australian Energy RegulataeR). TheAEMO’s functions are prescribed in
the National Electricity Law while procedures amdgesses for market operations, power system
security, network connection and access, pricingnédwork services in theem and national

transmission planning are all prescribed in thetralian National Electricity RulesNER).

The NEM electric network

TheNEM operates the world's longest interconnected p@ystem—from Port Douglas in Queensland to
Port Lincoln in South Australia—a distance of ard@)000 km. More than $10 billion of electricity is
traded annually in theem to meet the demand of more than eight million ese-consumers. It includes
almost 50,00mw of generation serving about 40,00® of customer load.

TheNEM transmission networks, historically, evolved adividual networks within each state. These
states had limited interconnection between thermlithéted power interchange. (This is a common
pattern seen in North America and Europe.) Whigeititerconnections have been strengthened over the
years, they still have relatively strong intermahismission networks with limited interstate
interconnections. By at least one technical rulthafnb, all these interstate connections would be
considered as “weak”, especially New South Walege@sland.

System Restart Ancillary Services

The objective for System Restart Ancillary Servi¢gmag) is to minimize the expected economic costs to
the market in the long term and, in the short téha,cost of any major supply disruptions that octhe
AEMO must try to acquire enough “primargRAsby entering into ancillary services agreemenisaioh
electrical sub-network. In the event that adeqpateary restart services are not availableNBr

currently define a lower quality “secondargRAsas an option

The system restart standask§ is determined by the Reliability Panel to meettbquirements of the
NER. Some of the specific requirements of #rsincluding:

= Target times for restoration;

= SRAsreliability; and

AEMO responsibilities to procure SRAS Australia Energy Market Operator
DNV KEMA independent review 1 30 December 2013
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= Electrical sub-network boundaries:

AEMO assignment for DNV KEMA

In early September theEMO engagedNV KEMA to review certain aspects of thkemo’s responsibilities
to procuresrAs Specifically,DNV KEMA was asked to review:

1. Comment on the relative probability oflam-wide versus region-wide blackout, and the
appropriateness of the proposal to pro@gRasto meet thesrsfrom a region-wide,
rather than aiEM-wide blackout;

Review and comment xeMO’s rationale for defining electrical sub-networks;
Review and comment xeMO’s proposed changes to the definitiorsefas
Review and comment oxEMO’s assessment of the quantityssAs

Review the assumptions, basis and methodologyHmio’s modellingsSrRAS

Compare the likely performance of current and psepSRAS

N o~ DN

Review and comment on the relative impachBf10’s proposed revisesRAS guidelines
for:

a. Meeting thesrs

b. The subsequent restoration of load in each suberkhand

c. Overall achievement of the System Restart Objective
DNV KEMA Energy & Sustainability is an independent conegltrganisation, which is not affiliated with
particular products, technologies or suppliersv KEMA is unigque in that in addition to consultancy

services it is also a major independent testingcantification authority for the utility sector. €h
company employs more than 2,300 experts in ovexo80tries around the world.

Proposed changes addressed by DNV KEMA

The seven issues being reviewed heretvy KEMA fall into three major areas:
1. The probability of the assumed blackout conditionENNwide versus state-wide;
2. The number of sub-networks agHASs in each; and
3. ThesrAsdefinition, quantity and assessment.

The changes being proposed by AE®O are summarized in Table bNv KEMA's review of each of
these is addressed in the following chapters.

AEMO responsibilities to procure SRAS Australia Energy Market Operator
DNV KEMA independent review 2 30 December 2013
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Table 1. Proposed changes being addressed by DNV K EMA

Now

Assumed blackout condition NEM-wide Region-wide
Number of SRAS Generally two per sub-network | Generally one per sub-network
Sub-network SRAS/region | Sub-network SRAS/region
Queensland 3 6 2 2
New South Wales 2 5 2 2
Victoria 2 4 1 1
South Australia 1 3 1 1
Tasmania 2 3 1 2
Total 10 21 7 8
SRAS definition Primary and secondary Only one definition
Focus on SRAS rapidly Focus on rapidly delivering
energizing auxiliary supply bus | SRAS power to the transmission
of large generating units system

DNV KEMA prepared this report by reviewing a wide rangpudilicly-available documents and selected
confidential documents, discussing various aspEdtse NEM electric system withEMO staff, and our
past international experience and engineering jusigniNo technical analyses were made other than
those described in this report.

Blackout probability—NEM-wide versus state-wide

TheAEMO now applies the underlying assumption theEa-wide blackout occurs in determinilsgAs
With this assumption, each region must provide gh@RrASresources to restart their individual systems.
At some point, systems would be able to re-estalttisir interconnections allowing the states tasass
each other. However, there is no requirement iln#reor SRSto assume suchnNEM-wide blackout for
determiningsRAS

In aNEM-wide blackout it would likely be several hours def neighboring systems could assist their

neighbors in the restart process. With a regiolzadkout, on the other hand, neighboring systemslgho
be available to assist in the restart processatter of minutes. This difference is the main geahbeing
proposed by theEmo—that neighboring systems will be the primary restaurce following a regional

blackout.

AEMO responsibilities to procure SRAS Australia Energy Market Operator
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The AEMO notes that:

= In the event of a major disturbance the nationia igrvery likely to separate at the weak
points; the regional boundaries;

= TheNEM has not experienced a system-wide (or even amegide) outage following
some recent major events;

= Region-wide blackout conditions were the stand&fdie deregulation; and

= |f a NEM-wide blackout were to occur in the future, howewelikely, the system could
still be restored, but restoration might take langith the newsrAs approach.

Lessons from other blackouts

There are as many different causes of blackoutsess are blackouts—each is somewhat unique. There
are, however, several common patterns that cardreis blackouts. At the highest level, there we t
major categories—controlled and uncontrolled blat&o

In a controlled blackout system operators (or aateoch control devices) actively disconnect loads to
prevent a larger blackout. Such a situation cammdor instance, when there is a fuel shortage tha
reduces the total or regional system generatingagp System operators disconnect customer load to
maintain a balance between load and generationtraied blackouts may last for hours but only pafrt
customer load is out of service at any time andtitages are rotated among customers so that teey a
only out part of the time.

Uncontrolled blackouts occur unexpectedly and awally what the public means when they discuss
blackouts. All uncontrolled blackouts begin withamplanned system “event” that causes a sudden
change in the load-generation balance—usually veéhlenge amount of generation is suddenly lost.

The uncontrolled major system blackouts that haeeiwed around the world usually happened because
there was not enough transmission to maintain #oessary connections between load and generation, o
because there were inadequate resources to sgypt@im voltage. In uncontrolled blackouts the sgste
conditions typically change too rapidly for humasponse, so automatic protection devices instailled

the system will rapidly disconnect generation uaitg transmission system equipment. This phenomenon
is commonly called a “cascading outage”.

Such a cascading outage usually continues umébithes a transmission break point—often the
interconnection between adjacent regions or syst8onsh break points are reached when there is not
enough transmission capacity connecting the “protdesa” with the remaining portions of the system.
In most cases this will stop the cascade processolsting the problem area from the rest of thetey.

AEMO responsibilities to procure SRAS Australia Energy Market Operator
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Transmission break points in the NEM

Based on a review of théEM transmission system maps and the locations ofdoadyeneration, and
relying on engineering judgment, several likelyngaission break points were identified.

In this review we identified transmission breakrmsiconsidering three factors from trs
1. The number and strength of transmission corridors;
2. The amount of generation and load in an area; and

3. The electrical distance between load/generatiotecen

In particular, the strength of transmission comsas determined using a transmission “cut-plane”
approach. The cut-plane approach we used courgatuthber and voltage levels of the lines that could
separate two areas in the transmission system. Mia@ts and higher voltages indicate higher
transmission corridor capability. The goal wasital transmission corridors between areas that thad t
least capability that would likely be the cut-plamieere the transmission would separate during amaj
disturbance.

Queensland

There appear to be two transmission break poin@ueensland one in the center of the state north of
Brisbane and one in the area bordering New SoutledVa@ihe central Queensland break point will likely
lie along the existing sub-network boundary betwsauth and central Queensland.

The southern Queensland break point is more uricemtal interesting. The current sub-network
boundary lies along the inter-state border betw@aeensland and New South Wales and includes two
330 kV Ac circuits and onelvDC circuit.

We believe that the southern Queensland break woaleé likely occur farther south along a suggested
boundary that also includes two 330 kV circuits With a third circuit that is at a lower voltaga. |
addition, there is a kind of transmission loop edw Armidale and Coffs Harbour in the south and
Millmerran in New South Wales and the Brisbane aoghe north. This transmission loop is likely to
remain intact following a serious disturbance wité break point to the south.

We agree with theEmo that there should only be two sub-networks in @sksd. We suggest an
alternate south Queensland boundary.

For a complete discussion, see 83.3.1 beginnirgage 50.

AEMO responsibilities to procure SRAS Australia Energy Market Operator
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New South Wales

New South Wales is now divided into two sub-netvgaalong a sub-network boundary that splits a major
transmission loop just north of Sydney that inckidbout 13,0001w of generation. The system is very
unlikely to split along the existing sub-networkunolary as it is so electrically strong—it includesr

500 kV and six 330 kV circuits. Therefore, this\ a likely transmission break point as we havidd

it in this review.

Our suggested boundary is the same as described &rasouthern Queensland. This suggested break
point includes two 330 kV and one lower voltagewit. We believe the system is much more likely to
split along the suggested boundary than the egidlew South Wales sub-network boundary.

We agree with theEmo that there should be two sub-networks in New Sovidhes. We suggest an
alternate north New South Wales boundary.

For a complete discussion, see 83.3.2 beginnirgage 51.

Victoria

Victoria now includes two sub-networks and bouretawith New South Wales and South Australia. The
interstate boundaries with New South Wales andiBAustralia are both transmission break points.

We believe there are no break points within Viaand, thus, we agree with themo’s suggested
reduction to one sub-network.

For a complete discussion, see 83.3.3 beginniruage 52.

South Australia

South Australia is now treated as a single netwSdkth Australia is interconnected with Victoria
through a 500/275 kV interconnection to Heywood andvDc connection to Red Cliffs. There is no
obvious internal transmission break point.

We agree with theEmo—there is no need for two sub-networks in Southtrlis.
For a complete discussion, see 83.3.4 beginniruage 52.

Tasmania

Tasmania is now divided into two sub-networks dradso has avDC connection with Victoria. The
existing sub-network boundary includes two 220 ki ane 110 kV circuits between Palmerston and
Waddamana.

AEMO responsibilities to procure SRAS Australia Energy Market Operator
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We agree with theEmo—there is no need for two sub-networks in Tasmasithere is no likely
transmission split point.

For a complete discussion, see 83.3.5 beginniruage 52.

NEM-wide versus region-wide probabilities

There are many possible events that could trigddackout. They range from an equipment failure to
natural disasters or deliberate attacks. We groepossible trigger events into three categories:

1. Accidental;
2. Natural disasters; and

3. Deliberate attacks.
The probabilities and extent of various possilitgering events are summarized in Table 6 on pge 4

Accidental trigger events

There is a wide range of accidents that can triggall system outages from utility field crew esrto
traffic accidents and equipment failures that dffiedividual transmission structures. Such accigent
while common, have very limited impacts on the posystem and its customers.

Substation accidents and equipment failures thghtdamage substation equipment occur on all
systems. They range from damaged breakers todiresllapsing cranes. This category often involves
errors/accidents during construction or maintenance

Fuel supply accidents and disruptions can and daro@he fuels used in thNeEM are coal, natural gas
and water. The possible disruption causes wouldifferent for each fuel type. We believe that only
natural gas supply accidents/disruptions might eaasne limited uncontrolled customer outages within
South Australia.

Misoperation is a catchall group for various huraations or equipment malfunctions. We believe that
human errors are more likely to have a wider implaah any equipment failure. The most serious
misoperations would likely occur at the regionatigting centers. It would be at these centers wérere
error could affect multiple generating units omgmission facilities. Such misoperation would hevbe
fairly extensive—affecting multiple transmissioemlents and/or generating units.

Natural disasters

Australia has experienced all major types of nadiisaster—floods, fires, earthquakes, and geontagne
storms. All of these can be serious events thatdigitupt the electric system. However, each ofithe
would only have limited geographic scope.

AEMO responsibilities to procure SRAS Australia Energy Market Operator
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Deliberate attacks

Electric power systems have been subjected to gdiyaitacks for many decades. Transmission line
insulators have been used for random target peaatavell as the occasional eco-terrorist or
disgruntled/disturbed individual. These rarely hawg significant impact on electric supply.

Cyber-attacks are a potentially serious mattepolwer systems there could be specific equipmeatiett
or attacks on systems. There could also be a deat&aek such as a distributed denial-of-servitacht

A cyber-attack on a generator, transmission subatatr fuel supply would be very unlikely and wdul
have only a limited effect on the system. A dinglaysical attack, however, would be almost as dffect
and require much less sophistication.

A cyber-attack directed at temMO national dispatch center would have no seriowescaffecause the
AEMO has no direct control of equipment, and instrutdiare given verbally. The remaining vulnerable
targets are the regional operating centers that daect control of the transmission system. Sthee
control centers in each of the fiMeM regions has different equipment vendors or vessaircontrol
software there is no single cyber-attack that caiffleict them all.

So while the chance of a cyber-attack on any regiould be very low, an attack that would affect enor
than one region is nearly impossible. Such anlattaald bring down a region, but as discussed above
the blackout would be limited by the existing tramssion break points to that region.

Defining sub-networks

ThesRrsprovides guidelines for determining electrical su#tworks, specifically, that theMO
determine the boundaries for electrical sub-net&avithout limitation by taking into account: The
number and strength of transmission corridorsgthetrical distance between generation centersttand
amount of generation and load in an area (at lE@80Mw).

In their System Restart Ancillary Services—Draft ReflngiAEMO proposes that only orsRASresource

be procured for each sub-network and that somensteerks be combined. The suggested changes were
shown in Table 1, above. In short, kim0 proposes that the total number of sub-networkebteced
from10to 7:

= Queendand—as discussed above, we agree withaieo that the existing north and
central sub-networks should be combined. We suggeatternate boundary between
south Queensland and New South Wales.

= New South Wales—as discussed above, we agree withaiieo that New South Wales
should include two sub-networks. We suggest amradte boundary for north New
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South Wales. We believe that the resulting “maiiWNSouth Wales sub-network should
have twosRAS

= Victoria— as discussed above, we agree withahieo that Victoria should be a single
sub-network.

= South Australia— as discussed above, we agree withahieo that South Australia
should remain a single sub-network.

= Tasmania— as discussed above, we agree withathieo that Tasmania should be a
single sub-network with twerAS

SRAS definition, quantity and assessment

As defined by thelER, SRASIS a service provided by facilities with black staapability. SpecifiGRAS
performance targets are delineated by the Relipbianel in thesrsstating that theemo shall procure
enoughsrAsto ensure that, following a blackout, the resositcan:

= Within 90 minutes, energize the auxiliaries of pos&tions with the capacity to meet
40% of peak demand in that sub-network; and

=  Within four hours, restore generation and transimms®ith enough capacity to supply 40
per cent of peak demand in that sub-network coaldupplied.

These restoration times represent ‘targets' tesbd DyAEMO in the procurement process. They are not a
mandatory operational requirement to be achieveldrevent of a blackout. TAEMO does not propose
any change to these Reliability Panel targets now.

TheAEMO has experienced a number of undesirable outcortiedhe currensrRAsapproach. Some
winning SRAStenders are able to energize the auxiliary bussygecified large generator within 90
minutes, but that the specified generator is eitimable to restart within four hours or unable to
effectively deliver power from that plant to otHarge plants within four hours.

In other cases theEMO reports that insufficient primasrAastenders have been received to meet the
targets and that AEMO has then had to rely on stargisRAS tenders in an attempt to close the gap. As
a result of such issues, theMo is concerned that in an actual blackout it mightubable to meet the
SRS restoration targets. TREMO now proposes to remedy this perceived shortcotmraugh a
redefinition of thesrAastender requirements.

In its new approach, thEMO proposes connectirgRAS generation output to a nearby transmission bus
as quickly as possible. This would allow #@mo to route power over the grid to the auxiliary lassef
other power stations more quickly, flexibly, anéeefively than it can in the current approach. By
introducing this change, along with other changaféesrAs definition, theAEMO seeks to develop a
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portfolio of tenders that will have a higher likediod of meeting the 90-minute and 4-hour targethef
SRS

We observe that in both the current regime angtbposed regime there is a given portfolio of
generation resources in tReEM. Some of these resources have black-start cayabilit many do not. It
is unlikely that the proposed approach will inceiat construction of new black-start generation
resources. However, it is possible that the newaggh allow more of the existing black-start resesr
in NEM to participate in therRAStender process and, in some cases, might eveni@gsoother
generation owners to consider making minor modifices that would enable them to submitsmmns
tender.

We further conclude that th&MO’s proposed changes seAstender requirements and definitions
should improve the likelihood of meeting thrstargets and make the tender process more competiti
by allowing or encouraging more tenders to be sttbohin futuresrAs solicitations. In the body of the
report, we examine each of theMO’s proposed changes §RAS definitions and tender requirements
and opine on their potential benefits.

Finally, we observe that a more rigorouBvio technical assessment processsiastenders would
improve the likelihood of actually meeting thrstargets. In the body of the report we provide a
preliminary outline for a more rigorous a techni@asessment methodology for consideration by the
AEMO.

DNV KEMA findings

Regarding NEM-side versus regional blackouts:

=  While theAEMO now assumes REM-wide blackout in determiningrRAS requirement;
there is no such requirement in tHER, or SRS

= TheAEMO proposes to use region-wide blackouts as the basigturesrAS
requirements;

= We do not believe there is any credible eventdbatd cause sEM-wide blackout;

= We also believe there are relatively few events ¢bald cause a region-wide blackout;
and

=  We, therefore, agree with th&mo’s proposed change.

Regarding sub-network definitions:

=  TheAEMO proposes to reduce the number of sub-networks feono seven;

AEMO responsibilities to procure SRAS Australia Energy Market Operator
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= We generally agree that the number of sub-netwsitksild be reduced, however, we
would combine a revised north New South Wales stlrork with that of south
Queensland. This change would further reduce thabeu of sub-networks to six;

= We believe that the resulting main New South Waldsnetwork should have tv8RAS
and

= We recommend that th=MO use transmission break points as the basis fermeting
sub-network boundaries in the future.

Regarding SRAS definitions, quantities and assessme

= With the present approach, it is possible fosaasto be unable to effectively meet the
SRstarget to serve 40% of peak load within 4 hours;

= We believe the new approach would make it possislenore of the existing black-start
resources ilNEM to participate in theRAStender process, making the process more
competitive;

= We believe that theEMO’s proposed changes s®AStender requirements and
definitions should improve the likelihood of meefithesrstargets, especially supplying
40% of peak load within four hours; and

= We recommend a more rigoroMsMO technical assessment processsastenders to
improve the likelihood of actually meeting thrstargets.
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1. Introduction

1.1 The Australian Energy Market Operator

The Australian Energy Market Operataef10) was established to manage the National Elegtricit
Market (NEM) and gas markets from 1 July 2009. RE®10 is the national energy market operator and
planner. The\EMO supports the industry in delivering a more intégglasecure, and cost-effective
national energy supply.

TheAEMO is 60% owned by government members and 40% bytndmembers and operates under the
governance of a Board that includes nine skillsedason-executive Directors and the Chief Executive
Officer. TheAEMO operates within a broader market governance streiedongside the Australian
Energy Market CommissiomiEMC) and the Australian Energy RegulataeR). TheAEMC determines

the policy environment and governance structurasshape Australia’s developing energy markets and
which set the operating requirements and obligatafmmarket participants.

TheNEM is a wholesale market for supplying electricityétailers and end-users in Queensland, New
South Wales, the Australian Capital Territory, ditd, South Australia and Tasmania. Operations are
based in five interconnected regions that largellpW state boundaries.

TheNEM operates the world’s longest interconnected paystem—from Port Douglas in Queensland to
Port Lincoln in South Australia—a distance of ard@)000 km. More than $10 billion of electricity is
traded annually in theemM to meet the demand of more than eight million esd-consumers.

1.1.1 AEMO role and functions

TheAEMO's functions are prescribed in the National EleitlyiLaw while procedures and processes for
market operations, power system security, networkiection and access, pricing for network senvices
theNEM and national transmission planning are all presctin the Australian National Electricity Rules
(NER).
TheAEMO's core functions include:

= Electricity Market—Power System and Market Operator

= Gas Markets Operator;

=  National Transmission Planner;

=  Transmission Services; and

= Energy Market Development.

AEMO responsibilities to procure SRAS Australia Energy Market Operator
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1.1.2 DNV KEMA

DNV KEMA Energy & Sustainability is an independent consgltirganization, which is not affiliated with
particular products, technologies or suppliersv KEMA is unique in that in addition to consultancy
services it is also a major independent testingcantification authority for the utility sector. €h

company now employs more than 2,300 experts in 8earountries around the world, is committed to
driving the global transition toward a safe, rel@lefficient, and clean energy future. With a taaye of
nearly 150 years, we specialize in providing wanllass, innovative solutions in the fields of busmé
technical consultancy, testing, inspections & iegtion, risk management, and verification. As an
objective and impartial knowledge-based companyadgse and support organizations along the energy
value chain: producers, suppliers & end-users ef@n equipment manufacturers, as well as goverhmen
bodies, corporations and non-governmental organiz®DNV KEMA is part ofbNv, a global provider of
services for managing risk with more than 10,00plegees in over 100 countriés.

As of 1 March 2012, KEMA Australia Pty Limited bewa part obNv KEMA and has provided
consulting services to power utilities across Aalgir AustraliabNVv KEMA has built up a large network
of customers that have enablegly KEMA to become an involved and experienced consultette
Australian energy market.

1.2 The NEM electric network

1.2.1 Load and generation capacity

TheNEM extends from Port Douglas and Cairns in northamedpsland, runs through Brisbane, Sydney,
Melbourne and Adelaide to Port Lincoln in South #aia, and, by arvDC connection, to Tasmania. It
includes almost 50,000w of generation serving about 40,00@/ of customer load as shown in Table 2.
We believe this is the longest (geographically@gnated power network in the world. The table also
shows the largest generating plant in each state.

1. For more information oDNV KEMA, Visit www.dnvkema.com
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Table 2: Regional generation, load and largest gen  erating plant

Largest generating plant

Queensland 12,500 mw 8,950 Mw Gladstone | 6 x 280 =1,680 mw
New South Wales 16,500 mw = 14,750 Mw Eraring 4 x 720 = 2,880 Mw
Victoria 12,400 mw | 10,600 mw Loy Yang 4 x 560 =2,240 mw
South Australia 5,500 mw 3,400 Mw Torrens Island 4 x 200 = 800 Mw
Tasmania 2,700 mw 1,800 mw Gordon 432 Mw
Total 49,600 mw = 39,500 Mw*

Note:  * The total NEM load shown is a non-coincident amount. Since some regions’ peak loads occur in winter
and others in summer, the total NEM load is never as high as shown.

1.2.2 The transmission network

TheNEM transmission networks, historically, evolved adividual networks within each state. These
states had limited interconnection between themlitnged power interchange. (This is a common
pattern seen in North America and Europe.) Whigeititerconnections have been strengthened over the
years, they still have relatively strong intermahismission networks with limited interstate
interconnections. This general pattern can be se€able 3 showing the state loads and intercotiomect
capability between the states.

AEMO responsibilities to procure SRAS Australia Energy Market Operator
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Table 3: Inter-regional interconnections

Inter-regional connection Interconnection

% of
generation
To From Connection Capacity* capacity

Queensland New South Wales 2x330 kv & HvVDC 520 mwe 4.2
New South Wales | Queensland 2x330 kv & HvDC 1,420 mw 20.7
Victoria 3x330&1x220 kv | 2,000 Mmwe
Victoria New South Wales | 3x330&1x220kv | 1,900 mwt 25.6
South Australia 2 X275 KV & HVDC 680 Mw¢
Tasmania HvVDC 590 mw
South Australia Victoria 2 X275 kv 680 mw 12.4
Tasmania Victoria HVDC 480 Mw 17.8

Notes: * These are normal interconnection limits that may vary depending on specific system conditions. The AEMO
publishes quarterly reports on interconnector performance that provides more detail.

+ During some off-peak load conditions the Nsw-QLD limit is 670 mw and the vic-Nsw limit is 3,000 mw.
1t Amount varies depending on the output level of Murray generation.
¢ The amount varies between 670 and 695 mw.

While there are no universally accepted measuré&s\wbat constitutes a “strong” interconnectione on
measure uses twice the largest power plant inemas a benchmafKk able 4 shows the ratio of the
import capability to the largest plant size in ea®fion. This ratio is well below the “two-timesggst-
plant” rule of thumb that would indicate a stronterconnection for all of the regions, especially
Queensland. The concept of strong and weak inteszgions will be important when discussing
transmission break points introduced in Chaptdrew.

2. Casazza, J A and P J Palermoalysis of the Evolution of Interconnections BetwRegions in the U.S.A. Applicable to
Developing CountriesElectric Power Systems in Developing Countriggnfosium 11-85, Dakar 1985.
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Table 4. Regional largest generating plants and im  port capability

Largest plant Import capability*

Queensland Gladstone 1,680 Mw (6 x 280 Mw) 520 Mw 0.31

New South Wales | Eraring 2,880 Mw (4 x 720 Mw) 3,420 mw 1.19

Victoria Loy Yang A 2,240 Mmw (4 x 560 Mw) 2,170 mw 0.97

South Australia Torrens Island 800 Mw (4 x 200 Mw) 680 Mw 0.85

Tasmania Gordon 432 mw 480 mw 1.11

Notes: * These are normal interconnection limits that may vary depending on specific system conditions. The AEmo
publishes quarterly reports on interconnector performance that provides more detail.

Figure 1 shows another
aspect of the historical
state-based development of
the transmission system—
the EHV transmission
voltages used. Each region
developed independently
from its neighbors and
selected the transmission
voltages that best suited
their needs. Queensland
and South Australia use
275 kV, Victoria uses

220 kV with some 500 kV
east and west of Mel-
bourne, and New South
Wales uses 330 kV with
some 500 kV around the
Sydney area. The result is
that many interconnections
between the regions
require voltage transfor-
mation using power
transformers. These
transformers, besides being

physically large and expensive, usually have thetimés lower than the circuits they connect and

Figure 1: NEM system transmission voltages
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introduce additional impedance into the overahsraission path. Both these factors significanttyitli
the capacity of the transmission interconnectiats/ben Regions.

1.2.3 NEM generating fuel sources

The dominant generation fuel source is coal (biwk brown) as can be seen in Figufelie figure
shows both the relative shares by annual energyuptimn and installed capacity. During the course o
the year 75% of the electric energy was producemh toal; 20% from gas, 16% from water (hydro), 5%
from wind, and 3% from other sources.

Figure 2. Generation production and capacity by fu el source

Annual energy Installed capacity

Black coal Black coal

Brown coal

1.3 AEMO and SRAS

The objective for System Restart Ancillary Servigsas) is to minimize the expected economic costs
to the market in the long term and, in the sharhtehe cost of any major supply disruptions tratuo.
This is consistent with the national electricityettiive.* The AEMO must try to acquirerRASthat are
consistent with therRAS objective by entering into ancillary services &gnents to provide “primary”
restart services that satisfy thRsand providesRAsin each electrical sub-network. In the event that

3. Asat1 July 2013 for the 2012/13 financialryea

4. NER83.11.4A and 811.2 describe trasrequirements and thremo’s role and requirementser 88.8 describe the role
and requirements of the Reliability Panel.
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adequate primary restart services are not avaithbl®ules currently define a lower quality “secanyd
SRASas an option.

ThesRsis determined by the Reliability Panel to meetrémguirements of theer. Specifically, thesrRs
mustapplysrRAason a consistent basis across all regions, reflectechnical system limitations or
requirements and identify the maximum amount oétiimtsrAs are allowed to take to restore a
specified supply level target. In addition $rsmust include guidelines for the required reliapibf
primary and secondary restart services and spt@fy diversity and strategic locations. Finallyet
Srsmust include guidelines for ta&emo to determine electrical sub-networks includingrthe
appropriate number and the characteristics reqs@ch as the amount of generation or load, or
electrical distance between generation centerbjman electrical sub-network).

TheAEMO must implement thersby:

= Developing and publishing a detailed descriptioeadh type o$rRAsIncluding whether
the system restart ancillary service is a primargexondary, the technical and
availability requirements of each type of systestag ancillary service; and any other
matter considered relevant BgMO;

= Demonstrating that a facility is reasonably capabldelivering the relevargrRAs by
modeling and assessing the technical capabilifiasppoposedRAS physically testing
SRAS and any other analysis which AEMO considers gmpaite; and

= Developing and publishing procedures for deterngjriire number, type and location of
SRASrequired for each electrical sub-network.

Some of the specific requirements of grsinclude:

= Target times for restoration:

— Within 90 minutes— auxiliaries should be energi@dpower stations capable of
meeting 40% of the network’s annual peak demand;

— Within four hours—generation and transmission sthdad restored that could supply
40% of the network’s annual peak demand;
= SRASreliability:
— PrimarysrAs must be>90% reliable?

— SecondangRAS must be>60% reliable®

5. Thesrsstates that theemo will determine the how “reliability” will be deteatined.
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= Electrical sub-networks boundaries should consider:
— Number and strength of transmission corridors;
— Electrical distance;

— Amount of generation and load1(,000mMw).

1.3.1 AEMO assignment for DNV KEMA

In early September theEMO engagedNV KEMA to review certain aspects of thkemo’s responsibilities
to procuresrAsunder 83.11.4A of theeR. Specifically,DNV KEMA was asked to review:

1. Comment on the relative probability oflam-wide versus region-wide blackout, and the
appropriateness of the proposal to pro@gRasto meet the system restart standariy(
from a region-wide, rather tharnagm-wide blackout;

2. Review and comment &XEMO’s rationale for the definition of electrical subtworks
used for the purposes of procurisRAs

3. Review and comment oxeEMO’s proposed changes to the definitiorsais

4. Review and comment 0kEMO’s assessment of the quantitys®As (in addition to
supplies from interconnected sub-networks wheeighconsidered appropriate) required
in each sub-network to enable #rsto be met

5. Review the assumptions, basis and methodologyHmio’s modelling of theNem
system restart response

6. Compared with the likely performance of currenttgquredsrAS review and comment
on the impact ohEMO’s proposed revised guidelines for the procuremé&sRAsonN:

a. Meeting thesrs

b. The subsequent restoration of load in each suberkt(@ver and above trersof
40% restored within 4 hours); and

c. Overall achievement of the System Restart Objeets/set out in §3.11.4A(a) of the
NER.

7. As an option, compare tleRsfor theNem with other similar requirements
internationally

1.3.2 Proposed changes addressed by DNV KEMA

The seven issues being reviewed heredy KEMA (see 81.3.1, above) fall into three major areas:
1. The probability of the assumed blackout conditionENNwide versus state-wide;

2. The number of sub-networks agHASs in each
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3. ThesRrAsdefinition, quantity and assessment

The changes being proposed by AE&10 are summarized in Table BNV KEMA'S review of each of
these is addressed in the following chapters.

Table 5: Proposed changes being addressed by DNV K EMA

Assumed blackout condition NEM-wide Region-wide
Sub-networks

Number of SRAS per sub- | Generally two per sub-network | Generally one per sub-network
network

Sub- | SrRAS/sub- SRAS/ Sub- | SRAS/sub- SRAS/
network network region network network region
Queensland 3 2 6 2 1 2
New South Wales 2 2 5 2 1 2
Victoria 2 2 4 1 1 1
South Australia 1 3 3 1 1 1
Tasmania 2 2* 3 1 2 2
Total 10 21 7 8
SRAS definition Primary and secondary Only one definition
Focus on SRAS rapidly Focus on rapidly delivering
energizing auxiliary supply bus | SRAS power to the transmission
of large generating units system

Note:  * There is only one srAs resource in the northern Queensland sub-network and there are three in Tasmania.

DNV KEMA prepared this report by reviewing a wide rangpudflicly-available documents and selected
confidential documents, discussing various asp#Edtse NEM electric system witReEMO staff, and our
past international experience and engineering jaigniNo technical analyses were made other than
those described in this report.
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2. Blackout probability—NEM-wide versus state-wide

TheAEMO now applies the underlying assumption thaEa-wide blackout occurs in determinisgAs
With this assumption, each region must provide gh@rAsresources to restart their individual systems.
At some point, systems would be able to re-estalthisir interconnections allowing the states tasass
each other.

There is no requirement in tER or SRSto assume suchNEM-wide blackout for determiningrAs®
For the years before the Australian electricitiesys were deregulated and tev formed, the electric
systems were planned and operated as individual sgatems. Each state assumed a region-wide
blackout in determining their black-start needs.

In aNEM-wide blackout it would likely be several hours def neighboring systems could assist their

neighbors in the restart process. With a regiotzldout, on the other hand, neighboring systemslgho
be available to assist in the restart processmatier of minutes. This difference is the main geabeing
proposed by theaEMo—that neighboring systems will be the primary redstaurce following a regional

blackout.

2.1 The AEMQO'’s position

In their System Restart Ancillary Services—Draft ReplugiAEMO proposes assuming regional blackouts
as the basis for determinisgAs requirements. TheAEMO currently assumes the existence ofea-

wide black system condition, although $rsand theNER do not require this assumption. TAEvo
believes that assumingEM-wide blackout is “too conservative” and “highlylikely” and that the
present approach provides a higher coverage leaalrequired and is not economically justified.

TheAEMO continues by noting that:

= In the event of a major disturbance the nationia igrvery likely to separate at the weak
points; the regional boundaries;

= TheNEM has not experience a system-wide (or even a regide) outage following
some recent major events:
— The major loss of generation in New South Wale20@9,
— Major bushfires in New South Wales, Victoria andania, or

— The 2012 earthquake in Victoria.

6. Theaemo discussed this issue in Bystem Restart Ancillary Services Review—Issue©®atidns Paper25 January 2013,
andSystem Restart Ancillary Services Review—Draft Repd May 2013.

7. System Restart Ancillary Services—Draft Repwtio, 10 May 2013, §6.2.1.
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= Region-wide blackout conditions were the stand&fdie deregulation; and

= |f a NEM-wide blackout were to occur in the future, howewelikely, the system could
still be restored, but restoration might take langith newsrAs approach.

2.2 Lessons from other blackouts

There are as many different causes of blackoutisesis are blackouts—each is somewhat unique. There
are, however, several common patterns that caedreia blackouts. At the highest level, there ae t
major categories—controlled and uncontrolled blat&o

2.2.1 Controlled blackouts

In a controlled blackout system operators (or aateoch control devices) actively disconnect loads to
prevent a larger blackout. Such a situation cammdor instance, when there is a fuel shortage tha
reduces the total or regional system generatingagp System operators disconnect customer load to
maintain a balance between load and generatiormmated load shedding can occur following a large
scale generation outage that causes a suddenrdsgptem frequency, in order to restore the load an
generation balance and stabilize frequency. Cdattdilackouts may last for hours but only part of
customer load is out of service at any time andtitages are rotated among customers so that teey a
only out part of the time. While controlled blackeare a problem, they generally allow the puldibé
notified about the expected duration and are mes$ dlisruptive than uncontrolled blackouts.

2.2.2 Uncontrolled blackouts

Uncontrolled blackouts occur unexpectedly and awally what the public means when they discuss
blackouts. All uncontrolled blackouts begin withamplanned system “event” that causes a sudden
change in the load-generation balance—usually véhlenge amount of generation is suddenly lost—at
least within one or more areas of the system. ifliimlance can be triggered by a large loss of ggioar
or by a major transmission system interruptionsTimbalance has immediate effects on system
generation and transmission.

The remaining generation will try to restore thegmation-load balance by automatically changing its
output. If there is enough generating capacity stilning and available to make up for the generalbst
then the system should recover. If there is notigh@eneration running to make up for the lost
generation, the system frequency will start to ideclOnce the frequency falls far enough the autama
under-frequency load sheddingr(s) system should disconnect enough load to resterbalance
between generation and load. If balance is resttinedoss of load is considered a controlled evétite
operation ofUFLSfails to restore the balance between generatioriaaublin all areas—an uncontrolled
system blackout can result. In some cases an umgdiagvent can trigger a system voltage collapde tha
leads to a blackout, without a sufficient dropneguency to activate the operatioruet.s.
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The uncontrolled major system blackouts that haeeiwed around the world usually happened because
there was not enough transmission to maintain #oessary connections between load and generation, o
because there were inadequate resources to sgypt@im voltage. In uncontrolled blackouts the sgste
conditions typically change too rapidly for humasponse, so automatic protection devices instailled

the system will rapidly disconnect generation uaitd transmission system equipment because of:

= Excessive equipment loading;
= Extremely low or high equipment voltages or systemuency; or

= Generator speed, frequency, power flow and/or gelt@onditions that well outside
normal operating conditions.

As this equipment is disconnected by protectivaasy loading conditions change further on the
remaining energized parts of the system, leadirfgrtber disconnections. This phenomenon is
commonly called a “cascading outage”.

2.3 Interconnections limit blackout propagation

A cascading outage usually continues until it reaci transmission break point—often the interconnec
tion between adjacent regions or systems. Suclk ip@ats are reached when there is not enough
transmission capacity connecting the “problem ave#ti the remaining portions of the system. In most
cases this will stop the cascade process by iaglétie problem area from the rest of the system.

2.3.1 North American blackout example

The 2003 US/Canada blackout demonstrated all ttesditions. The entire eastern US/Canadian system
normally operates as a synchronous interconnegstdma. Figure 3 shows the sequence of transmission
separation that occurred during the August 2008Kolat. The blacked-out area was initially importing
nearly 3,000mw before the blackout.

The event started with overloaded lines that trip@leng the corridor labeled time 0:00 (minutes:
seconds). Most of the cascading separations ondheinext 10 seconds. The tripping at time +0:08
occurred because of low voltages (below 85%) iratlea. At time +0:10 transmission lines trippedrfro
thermal overloading (2,800w). At time +1.48 the blackout area was completetydated when electrical
synchronism was lost between generators in theneighboring portions of the grid.

This blackout demonstrates that blackouts cascatilethey reach a transmission break point. In2863
US/Canada blackout there were three major trangmissrridor break points as shown in Figure 3sThi
is a typical pattern for cascading blackouts igdasystems around the world.
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This general pattern—that cascading outages propagdil they reach a natural transmission breaktpo
in the system—has been true for all large systerokoluts®

Figure 3: Timing of US/Canada 2003 blackout transm ission events
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2.3.2 Transmission break points in the NEM
Based on a review of théEM transmission system maps and the locations ofdoddyeneration, and
relying on engineering judgment, several likelynsmission break points were identified.
In this review we identified transmission breakrmsiconsidering three factors from trs
1. The number and strength of transmission corridors;

2. The amount of generation and load in an area; and

8. There have many blackouts in smaller, isolateiems that have no real transmission break points

Powerflow analysis and other technical studiesld be needed to confirm these predicted breakqdut are beyond the
current scope of work.
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3. The electrical distance between load/generatiotecen

In particular, the strength of transmission comsas determined using a transmission “cut-plane”
approach. The cut-plane approach we used courgatuthber and voltage levels of the lines that could
separate two areas in the transmission system. dMia@ts and higher voltages indicate higher
transmission corridor capability. The goal wasital fcorridors that had less capability than otrearby
possibilities.

In the following sections we discuss our findingkated to transmission break points and the exgistin
sub-network boundaries used 8RAS process. We note that the existing sub-networkbaties are
based on historical/political factors and weredhetermined based on the natural transmission break
points. We discuss sub-networks and their bounslani€hapter 3, below.

2.3.2.1 Queensland

There appear to be two transmission break poin@uieensland one in the center of the state north of
Brisbane, and one in the area bordering New SouwlesV

The central Queensland break point will likelydieng the existing sub-network boundary betweethsou
and central Queensland, as shown in Figure 4.Qre&sk point includes five 275 kV circuits with albou
4,500mMw of generation just to the north from the Gladsi@tanwell and Callide power plants. The
central-Queensland break point might also lie akbegslightly electrically weaker suggested boupdar
shown in Figure 4 with four 275 kV circuits. Bothebk points include the Tarong—Calvale 330 kV
circuits; the difference between these two breaktpas where a break would occur along the eastern
275 kV path.
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Figure 4: Central Queensland transmission break poi nt
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The southern Queensland break point is more uncental interesting. The current sub-network
boundary lies along the inter-state border betw@eeensland and New South Wales as shown in
Figure 5. The break point includes two 330 A¥ circuits and onelvDC circuit.

We believe that the break would more likely ocarttier south along the suggested boundary shown in
Figure 5. The suggested boundary also include88adkV circuits but the third circuit is at 132 k.
addition, there is a kind of transmission loop lestw Armidale and Coffs Harbour in the south and
Millmerran and the Brisbane area in the north. TrEesmission loop is likely to remain intact fallimg

a serious disturbance with the break point to thelsas shown.
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Figure 5: South Queensland transmission break poin t
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2.3.2.2 New South Wales

New South Wales is now divided into two sub-netvgaslong the sub-network boundary as shown in
Figure 6. However, this is not a likely transmissimeak point as we have defined it in this reviéhe
system is very unlikely to split along the existggh-network boundary as it is so electrically rstre-it
includes four 500 kV and six 330 kV circuits. Thédsetwork boundary also splits the transmissiaplo
just north of Sydney that includes about 13,000 of generation.

Figure 6: New South Wales transmission break point
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The suggested boundary is the same as shown #igtigssion of Queensland. This suggested break
point includes two 330 kV and one lower voltagewit. We believe the system is much more likely to
split along the suggested boundary than the egistifp-network boundary.
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2.3.2.3 Victoria

Victoria includes one sub-network boundary and lolauies with New South Wales and South Australia
as shown in Figure .The interstate boundaries with New South WalesSouth Australia are both
transmission break points. We believe there arereak points within Victoria.

Figure 7: Victoria transmission break points
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The Victoria—New South Wales boundary includesdt880 kV and one 220 kV circuits. Possible cut-
planes both north and south of this boundary ireldich more transmission capability, so it is kil
be the break point between these two states.

The Victoria—South Australia boundary includes @& kV circuits and aAvDC circuit. The
transmission break point is likely to be slightifferent in that the break between these two statasdd
probably occur at the 500/275 kV transformers apiteod that have lower ratings than the 275 kV
circuits. This difference is rather technical besmathe systems would split between the Heywoodk®00
and the South East 275 kV substations with eitk&nition.

10. There is also a boundary with Tasmania usingvac circuit.
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The existing Victoria internal sub-network boundhas been set to meet tbresrequirement that there
must be at least 1,000~ of load and generation in any sub-network. Inrewiew of the Victoria

network we see no internal transmission break poiftte system appears to have three areas. The firs
area is the highly dense load and generation avealleywood in the west through Melbourne and & th
Latrobe Valley in the east. This is a tightly imagd network with multiple strong transmissiorcaits
connecting the load and generation in the area.

The second is the transmission network that cosridetbourne with New South Wales. This provides a
strong connection to the border area with New Sulsies where we believe a transmission break point
Now exists.

The third area is the area northwest of Melboufiere might seem to be a break point between the
Ballarat and Shepparton 275 kV substations antHdyavood—Melbourne—Latrobe area to the southeast.
There is only light customer load and very littengration in this area so the transmission netvgork
likely strong enough remain intact and not repreadireak point.
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2.3.2.4  South Australia

South Australia is now treated as a single netwasrkhown in Figure 8. South Australia is intercatee
with Victoria through a 500/275 kV interconnectimnHeywood and aRvDC connection to Red Cliffs.
There is no obvious internal transmission breaktpdVe agree with theEmo—there is no need for two
sub-networks in South Australia.

Figure 8: South Australia transmission network
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2.3.2.5 Tasmania

Tasmania is now divided into two sub-networks aswshin Figure 9 and it also has thebC connection
with Victoria. The existing sub-network boundargludes two 220 kV and one 110 kV circuits between
Palmerston and Waddamana. The customer load isabwenly split between the two sub-networks
with about 90vw in each. There is about 2,000v of generation in the north and a 1,00@ in the
south. The generation in Tasmania is almost alidvgdiectric that has similar operating costs.

While the sub-network boundary could be consideré@nsmission break point, the relative load and
generation must also be considered. There appehesdnough transmission capacity in the threelitirc
that they could support more than 40% of the R@0of load on either side of the boundary. We believe
there is no need for two sub-networks in Tasmasithere is no likely transmission split point.

Figure 9: Tasmania transmission break points
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2.4 Loss of largest plant in each region—impact on
interconnections

To examine the possible impact of a large generatidgage event on interstate transmission corrithas
impact of losing the largest generating plant iche@gion was estimated. During the first few sekson
following a generation outage the system frequemtydrop as the “missing” power is supplied by the
rotating inertia of all the other interconnectedgmtors. The impact of the initial power surgd theurs
from the rotating inertia of the operating genemgplants was estimated based on the share ofajemer
in each state. In this way, installed capacity wasibstitute for rotating inertfa.

This inertial generation response typically lagst p few seconds as the system slows to a newdeala
operating state. If the amount of generation ®$tigh enough, the frequency would fall enough to
triggerurLs systems in some or all of the interconnected syste

11. This is a fairly simplified approach. Not @lstalled generators will be operating at giveretiamd different generators have
different rotating inertias.
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24.1 Queensland

Gladstone is the largest plant in
Queensland with 1,680w of
capacity (6 x 2801w units).
Following the sudden loss of this
entire plant, generation within
Queensland would supply about
380Mw of the loss. The remaining
1,300mMw would be supplied from
the other regions as shown in
Figure 10

Figure 10: Interstate transmission flows
following loss of largest
Queensland power plant

*

TheNsw to QLD transmission limit
is always less than 700~. The
1,300mMw flow shown is much
greater than this limit. The limit is
not based on thermal capability
since theQLD to NSw limit is
1,200mMw.

None of the other interstate flows
seem to be high enough to trip any
interconnections as they are well
below their normal ratings. We
believe that only Queensland might
disconnect from the rest of them
system for such an event.

12. Some support would also come from Tasman@utiir thedvbc connection; however, the amount would be deterthine
the theHvbc control system and not be directly related to piaertia.
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2.4.2 New South Wales
Eraring is the largest plant in New

South Wales with 2,88Qw of Figure 11: Interstate transmission flows
capacity (4 x 720w units). following loss of largest New
Following the sudden loss of this South Wales power plant

entire plant, generation within New
South Wales would supply about
1,010mw of the loss. The
remaining 1,87®w would be
supplied from the other regions as
shown in Figure 16

None of the interstate flows seem
to be high enough to trip any
interconnections as they are well
below their normal ratings. We
believe that all the interconnections
would remain in service following
this outage.

It is possible that pre-fault interstate
flows would be high enough and in
the right directions that some
interconnections would open and
isolate New South Wales.

13. Some support would also come from Tasmana@utiir thedvbc connection; however, the amount would be deterthine
the theHvbc control system and not be directly related to piaertia.
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2.4.3 Victoria

Loy Yang A is the largest plant in
Victoria with 2,210mw of capacity
(3 x 560Mw units and a 530w
unit). Following the sudden loss of
this entire plant, generation within
Victoria would supply about
540mw of the loss. The remaining
1,670mMw would be supplied from
the other regions as shown in
Figure 10**

Figure 12: Interstate transmission flows
following loss of largest Victoria
power plant

None of the interstate flows seem
to be high enough to trip any
interconnections as they are well
below their normal ratings. We
believe that all the interconnections
would remain in service following
this outage.

It is possible that pre-fault interstate
flows would be high enough and in
the right directions that some
interconnections would open and
isolate Victoria.

14. Some support would also come from Tasmana@utiir thedvbc connection; however, the amount would be deterthine
the theHvbc control system and not be directly related to piaertia.
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2.4.4 South Australia

Torrens Island B is the largest plant
in South Australia with 8001w of
capacity (4 x 2001w units).
Following the sudden loss of this
entire plant, generation within
South Australia would supply

about 60vw of the loss. The
remaining 7404w would be
supplied from the other regions as
shown in Figure 16

Figure 13: Interstate transmission flows
following loss of largest South
Australia power plant

The 740mw flow from Victoria is
more than the normal interconnec-
tion capability of 68w (460Mw
for theAc lines and 220w from
theHvDC line) and the interconnec-
tion would trip and isolate South
Australia.

None of the other interstate flows
seem to be high enough to trip any
interconnections as they are well
below their normal ratings. We
believe that all the other intercon-
nections would remain in service
following this outage.

2.5 NEM-wide versus region-wide probabilities

As discussed above, perhaps the primary changg baggested by theeMO is to change the assumed
basis forsrasis from aNEM-wide outage to region-wide outages. The effec¢hisf change is to reduce
the amount oBRASneeded to meet tlersas discussed elsewhere in this report.

15. Some support would also come from Tasmana@utiir thedvbc connection; however, the amount would be deterthine
the theHvbc control system and not be directly related to piaertia.
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There are two broad aspects in comparing the pilitieof aNEM-wide versus region-wide blackout:
the probability of the triggering event and theesxttof the impact of the triggering event. In cdesing
triggering events we assume that the system isypthand operated to a single-contingency “n-1"
standard; where any individual element in the Ipdiwer system can be lost without interrupting
customer load. We also assume that there are gaoibier, more-severe events, that would not cause
cascading outages due to automated actiongbs; special protection systems or other preplanned
mitigating measures.

251 Event probability and extent

There are many possible events that could trigddackout. They range from an equipment failure to
natural disasters or deliberate attacks.

We group the possible trigger events into threegmaies:
1. Accidental;
2. Natural disasters; and
3. Deliberate attacks.

The probabilities and extent of various possilifgggring events are summarized in Table 6. Each is
discussed in the following sections.

Table 6: Blackout-triggering events, probabilities and extents

Event Probability Equipment/system Geographic

Accidental
Substation errors/faults Moderate Substation Partial network
Fuel supply disruption Low Generation Partial network
System operator misoperation Low Gen & trans Partial network
Misoperation Very low Cascade State

Natural disasters

Tornado Moderate Transmission Partial network
Flood Moderate Gen & trans Partial network
Fire Moderate Transmission Partial network
Earthquake Low Gen & trans Sub-network
Cyclone Moderate Transmission Partial network
Geomagnetic storm Very low Gen & trans Multiple networks
AEMO responsibilities to procure SRAS Australia Energy Market Operator
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Event Probability Equipment/system Geographic

Deliberate attacks
Physical attack

Single site-transmission High Trans Local
Single site-generation Very low Gen & trans Local
Coordinated multiple sites Extremely low Gen & trans | State/partial network
Cyber attack
Generation Very low Generation Local
Transmission Very low Transmission | State/partial network
Fuel supply Very low Generation Partial network
State dispatch center Extremely low Gen & trans State
National dispatch center Extremely low Gen & trans Scattered local

2511 Accidental trigger events

There is a wide range of accidents that can triggall system outages from ultility field crew esrto
traffic accidents and equipment failures that affedividual transmission structures. Such accislent
while common, have very limited impacts on the posysstem and its customers. We must consider a
class of larger accidents that could cause widespoatages.

Substation accidents

Substation accidents and equipment failures thghhtlamage substation equipment occur on all
systems. They range from damaged breakers todiresllapsing cranes. This category often involves
errors/accidents during construction or maintenamhbere have been some catastrophic transforneey fir
in the western US that have resulted in major Iegatem disturbances, but to cause a significant
blackout the accident generally must affect faeitoeyond any one substation.

Misoperation and maintenance errors can causeusgsioblems, but even serious ones do not cause
large cascading outages. One example occurredhifri@acisco in 1998 while substation maintenance
was being completed. System operators closed meakthe substation into a solid three-phase fault
Since the normal protection system was disablemhgumaintenance none of the breakers in the
substation operated. This meant that breakers tgokaa the remote ends of all five of the 115 ki¢wits
connected at the substation. The result was tiseobabout 370,000 customers and 600 of load.
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Since such incidents occur at utilities aroundvtiogld all too regularly we estimate the probabibity
moderate. A significant substation accident woikdly result in a customer outage (blackout) thatia
be limited to a portion of a sub-network or region.

Fuel supply accidents

Fuel supply accidents and disruptions can and daro@he fuels used in théEM are coal, natural gas
and water. Electric generation in tkem by fuel source is shown in Figure 2 on page 18yvabThe
possible disruption causes would be different &mte We believe that only natural gas supply
accidents/disruptions might cause some limited otrofled customer outages within a region.

Coal plants have at least several days fuel sugiphed on-site so strikes by coal miners or rgipsiers
would not cause immediate electric supply problémiile such actions would, no doubt, disrupt the
normal operation of the electric system and thegranarket. There would be time for system operators
to plan to make of the best of whatever suppliesaired and take steps to prevent any uncontrolled
system outages.

It is possible that a fire or explosion could dam#ée supply at any one coal or gas power planthos
should not cause wide-spread electricity outagesing an entire power plant would also disrupt powe
supplies and, if the plant were large enough, tildidriggerurLs and perhaps some uncontrolled local
outages in a region.

Hydro-electric power plants, as with coal, havesda-fuel reserves. A prolonged drought would reduc
fuel supplies to a region (especially Tasmaniamuild occur over a period of years and would not
cause a sudden disruption. It is conceivable thasathquake could cause sudden major damage to
multiple hydro-electric power plants; such an eguittke would also likely severely damage customer
facilities and infrastructure. Even in Tasmaniatate that is wholly dependent on hydro-electric
generation, there would certainly be some undampgesetr plants.

Natural gas supply disruptions, unlike coal or loydlectric power, have the potential to cause sudde
electric supply outages. Gas pipeline accidentseaptbsions occur from time to time. Natural gas
supply disruptions will, obviously, affect gas-fadlpower plants (and other natural gas users) eTibet
least one mitigating factor—the gas pipeline nekymovides some stored gas so that some generating
plants will be able to operate for at least a fewutes following a gas accident.

The NEM gas pipeline network map in Figure 14 shtiwse regional networks—in southern
Queensland, New South Wales and Victoria—thatraerconnected by long pipelines. There are smaller
gas pipeline networks in South Australia and Tasmaind, there is also a small isolated network in
north Queensland.
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Figure 14: NEM natural gas pipeline network
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There are places on the gas network that mightecseisous disruptions but none that could cause a
sudderNEM-wide gas supply disruption. The disruption wousd/éda to suddenly affect electric generation
because even as little as a ten minute delay wailldd/ system operators to take action to mitighee t
problem.

As with the electric transmission network the ggeine network has limited connections between the
regions.

Misoperation accidents

Misoperation is a catchall group for various huraations or equipment malfunctions. We believe that
human errors are more likely to have a wider implaah any equipment failure. The most serious
misoperations would likely occur at the regiona¢igiing centers. It would be at these centers wénere
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error could affect multiple generating units omsmission facilities. Such misoperation would hevbe
fairly extensive—affecting multiple transmissiomments and/or generating units.

2512 Natural disaster triggering events

Australia has experienced all the natural disaditdes] in Table 6, above—floods, fires, earthqusalkeand
geomagnetic storms. All of these are serious evbatsan disrupt the electric system. Each of thdin
have limited geographic scope, however.

Tornados

Tornados are perhaps the most concentrated of dlissgptions in that they inflict serious damagenal
their path. While a tornado cana destroy transiissircuits along their path as well as substatants
power plants, there most serious impact is likelpe to the transmission network. We believe tieernm
path in theNEM system that will cause more than a regional aeteotrtage. If a tornado were to cause a
major blackout it would be limited to the affectedjion because of the limited inter-regional
transmission facilities.

Fires and floods

Bush fires are fairly common in tiNEM region and are especially threatening to transaridses.
Similarly floods can threaten power plants andgnaission substations. Either threat is serioussvouid
be limited in its geographic scope.

Cyclones

Cyclones and geomagnetic storms can affect widgrgebic areas. Cyclones include elements of
flooding besides the damage caused by their higldsviwe believe cyclone damage will be concentrated
in the transmission system where the conductord@melrs can be damaged. There is usually an
offsetting effect with major cyclones in that, wehthey damage the electric system, they also damage
customer load. Thus, customer load will also beiced at the same time that the power system is
damaged.

Geomagnetic storms

Geomagnetic storms can also affect a wide areaeadlectric system. Due to the nature of the earth’
magnetosphere, systems at higher latitudes aresusséptible. In thREM this means that Victoria,
Tasmania, South Australia and, perhaps, the soufiwtion of New South Wales are at greatest risk.
There is a potential for transmission disruptiomsra widespread area.

Geomagnetic storms affect long overhead transnmdsies most. There are only a limited number of
such lines. There are several long 220 kV lingdémw South Wales connecting Broken Hill, Buronga,
Balranad, and Colleambally. Red Cliffs. There aeesal long 220 kV lines in Victoria connecting Red
Ciffs, Horsham, Ballarat, Wemen, Kerang, Bendiraguj Shepparton. There is also a long double circuit
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line connecting Tailem Bend with South East in cAtistralia. Events on any and all of these cigcuit
will cause local outages but should not cause wodégiges.

2.5.1.3 Deliberate attack events

Physical attacks

Electric power systems have been subjected to gdiyaitacks for many decades. Transmission line
insulators have been used for random target peaatavell as the occasional eco-terrorist or
disgruntled/disturbed individual. These rarely hawg significant impact on electric supply.

Transmission lines, substations and power platsemnognized targets for military action at leastes
World War Il. They are also known targets for otbeganized groups.

Transmission lines are perhaps the easiest taagdhey are remote and unattended allowing eaggacc
and little chance of detection. Attacks on any onvo transmission lines are not likely to caus®en
than local customer outages.

Transmission substations are also targets. Damagosg substations, however, will usually blackout
only local customers loads. There are a handfatit€al or very large substations that could btaak
part of a state but with no cascading outside @duoirarea. We note that such an attack could sogmifly
impact the operation of the power market raisirgdbst of energy and likely making system operation
more difficult.

An attack on a power plant could easily increaseging costs and cause a blackout limited to a
portion of a state. In §2.4 beginning on pageaB®yve, we estimated the impact of the completedbss
the largest power plant in each state. The sediomonstrated that while these events would beserio
outages they would not result in any blackouts by single state.

It is possible that a coordinated attack on mudtgites could cause a regional/state blackout. &ach
attack would need to strike multiple sites that hadn selected for effect. Such an attack wouldireq
advanced knowledge of power systems and the Aisstrabtwork. It would also require careful
coordination of a team of agents across a statebéheve this to be an extremely unlikely event are
note that widespread measures have been adopteckint years in North America to limit unauthorized
access to power system maps, studies and othemaots that could be used for planning such attacks.

Cyber attacks

Cyber-attacks are a potentially serious matter.idiba is in vogue with the general public and therse
of frequent discussion in the electric power indudn power systems there could be specific eqeipm
attacks or attacks on systems. There could alsodemeral attack such as a distributed denialiviee
attack.
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There are two aspects of power systems that signifiy reduce the possible impact of a cyber-attack
power systems. The first regards equipment. MuehHC operating systems such as Windows, Linux or
Mac OS, an attack must be specifically designeattrk that system. An attack designed for a Génera
Electric product would not affect a Siemens devired an attack that targeted a specific model would
probably not affect another model of the same a@elricthe same manufacturer.

The second aspect of power systems that reducg@®téetial impact of a cyber-attack is the lack of
connectivity to the public internet. TAeMO and the Australian Transmission Network Systenviders
(TNSPs) do not connect their operating networks withrthasiness networks. This means that to attack
the power system an agent would need to gain ateesatility facility either directly or through
trickery.

An example of direct access would be through atatiba control room to gain access to the utility’s
private network. A very knowledgeable person calddise a program that could attack specific
equipment. They would have to know about the sfgecdfimmunication facility and the specific
equipment used by the utility.

Trickery could be used to get an employee to intoeda virus into a critical system. A virus planted
an employee’s/sB drive could be connected to the private networbpegrating center and introduce a
virus.

A cyber-attack on a generator, transmission substatr fuel supply would be very unlikely and wdul
have a limited effect on the system. A direct pbgisattack, however, would be almost as effective: a
require much less sophistication.

A cyber-attack directed at tremo national dispatch center would have no seriouscafilf heAEMO
center does not have direct control over any trégson or generation facilities and all instrucsaare
given verbally. Perhaps a virus could be configucesend erroneous information that might confaige t
AEMO operators but would not threaten system operation.

The remaining vulnerable targets are the regiopatating centers. These facilities have directrobiof
the transmission system. Since the control ceimiezach of the five&lEM regions has different vendors or
versions of control software there is no singlearyéittack that could affect them all. There is aeo
internet connection between the regional controters that would allow such a virus to spread. &idew
the chance of a cyber-attack on any region woulddog low, an attack that would affect more thae on
region is impossible. Such an attack could bringda region, but as discussed above, the blackout
would be limited by the existing transmission brealknts to that region.

Multiple regions could be affected only by multipgggeted cyber-attacks that would have to be well
planned and coordinated to occur simultaneousliw@ce viruses would have to be developed for each
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control center; the virus would have to be intraetlby an employee, and then virus would have to be
self-triggered at the same time. We believe theh sucyber-attack is not credible.

AEMO responsibilities to procure SRAS Australia Energy Market Operator
DNV KEMA independent review a7 30 December 2013



DNV KEMA Energy & Sustainability

AEMO responsibilities to procure SRAS Australia Energy Market Operator
DNV KEMA independent review 48 30 December 2013



DNV KEMA Energy & Sustainability KEMA ='<
pnv|

3. Defining sub-networks

Thesrsprovides guidelines for determining electrical sighworks, specifically, that: “Theemo shall
determine the boundaries for electrical sub-neta&@ithout limitation by taking into account the
following factors:

= “The number and strength of transmission corridgormecting an area to the remainder
of the power system;

=  “The electrical distance (length of transmissiare$i) between generation centres;

= “The quantity of generation in an area, which stidaé in the order of 1,000w or
more; and

= “The quantity of load in an area, which should i¢hie order of 1,000w or more.*®
In their System Restart Ancillary Services—Draft ReplngiAEMO proposes that only orsRASresource
be procured for each sub-network and that somenstwerks be combinel:

= North and Central Queensland;

= North and West Victoria; and

» North and South Tasmania.

TheAEmMO conducted a number of technical studies of theashpf these changes that showed that the
Srstimeframes could be mét.

3.1 DNV KEMA understanding of the SRS

ThesRrshas, in effect, two requirements for sub-netwofikst that the electrical strength of the
transmission corridors and electrical distancedesiclered; and second, that the load and genetadion
at least 1,00mw. The first is consistent with the presentatiotrahsmission break points discussed in
the previous chapter. The second is discussed below

3.2 Sub-network boundaries

The existing sub-network boundaries are discusséteiAEMO’Ss Boundaries of Electrical Sub-
Networks'® TheAEMO’s proposed changes are discussed in 8ystem Restart Ancillary Services—Draft
Reportand Appendix 2 of th8ystem Restart and Ancillary Services Review |smg©ptions

16. System Restart Standaeliability Panel, 1 August 2013, §6.
17. System Restart Ancillary Services—Draft Repato, 10 May 2013, §6.2.2.

18. Further details of these technical studiesat®ut in Appendix 2 of th®ystem Restart and Ancillary Services
Reviewlssues and Options PapbeAemo, 25 January 2013.

19. 15 December 2011.
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Paper'”*® The suggested changes were shown in Table 5,ge;2dg above and are summarized in
Table 8. In short, theEMO proposes that the total number of sub-networketeced from10 to 7.

Table 7: Sub-networks—now and proposed by AEMO

I T

Queensland 3 2

New South Wales 2 2

Victoria 2 1

South Australia 1 1

Tasmania 2 1

Total 10 7
3.3 Review of sub-networks

ThesRrsguidelines are reasonable in establishing subar&syWe generally believe that it makes sense
that the sub-network boundaries should be defiydkely transmission break points in meeting thstf
two guidelines—number and strength of transmiss@midors, and electrical distance. This approach
will only change one sub-network boundary (in Nevut® Wales) from what was recommended by the
AEMO.

3.3.1 Queensland

Queensland now has three sub-networks angdeki® recommends combining the north and central sub-
networks. The Queensland-North sub-network hastah800mMw of load and 1,20&w generation.

Only Tasmania is smaller. The existing north-cérdoaindary is between the Broudsound and Nebo
substations that includes 4 x 275 kV and 1 x 13Zkbuits. These circuits should have more than
enough capability to serve the entire load in ttistimg sub-network without any local generatioheT
existing Queensland-Central sub-network is largén about 2,000aw of load and 5,30&1w of

generation.

The proposed new combined Queensland-North wouwld About 3,30&w of load and 6,500w of
generation. The new Queensland-North does not dawdbvious transmission break point. We believe
that the existing Queensland-North and Centralrsettvorks should be combined.

The Queensland-South sub-network has about 3/W0f load and 7,100w of generation. It is
electrically larger than the proposed combined N@¢ntral sub-network. TheeMO has not
recommended any change to this sub-network. We tliaeassed the break-point along the Queensland—
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New South Wales boundary (§2.3.2.2 on page 30/etamd will address a suggested change in the next
section. We believe that Queensland-South shoultraee as a sub-network.

3.3.2 New South Wales

New South Wales is the largest electrical regiotheNEM with about 14,800w of load and
16,500mMw of generation. The region is now split into twishetworks with the boundary just north of
Sydney. TheAEMO has not proposed any changes to these sub-networks

As discussed in §2.3.2.2 beginning on page 30/alibe existing New South Wales sub-network
boundary is not a transmission break point. Thestrassion break point would be a short distancénor
as shown on Figure 6 on page 30, above. Usingumgested sub-network boundary, however, would
involve at least two other changes.

Our proposed New South Wales-North sub-network doot meet thersguidelines because it would
have no generation. We believe the solution woeltbbcombine this area of New South Wales with the
existing Queensland-South sub-network.

Our proposed New South Wales sub-network wouldighelall the generation in New South Wales and
nearly all the load in a single sub-network. Thib-setwork would include a strong interconnected
transmission network between Redbank in the nerthederang in Victoria with branches to Nyngan
and Broken Hill.

We note that theeEMO has identified issues that would require this iNaw South Wales sub-network to
have twosrAsresources. In their boundary report they note that

“The distance between the Snowy generation gromswSouth and theisw-North generation
groups is significant. It is likely to take in exsseof two hours to fully re-energise the
transmission network between the two electricatsetvorks.®

We believe that such a new New South Wales subarktwill likely require twosRASresources.

While we believe that our proposed sub-network blamies would be better than the existing boundaries
from an electrical perspective, we have not mage@rhnical studies; nor have we considered other
factors that would weigh against our suggestions.

20. Boundaries of Electrical Sub-Network&mo, 15 December 2011, Schedule 1, page 7.
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3.3.3 Victoria

Victoria is the second largest electrical regioth@NEM with about 10,60w of load and 12,400w
of generation. The region is now split into twdsetworks with the boundary running through the
Melbourne area. TheeEMO has proposed that these two sub-networks be ceahlomio one.

As discussed in §2.3.2.3 beginning on page 3lvaglibe existing Victoria sub-network boundary @ n
a transmission break point. In §2.3.2.3 we desdribe three areas of Victoria—the area from Heylvoo
to the Latrobe Valley, the connection between Methe and New South Wales, and the less-densly
populated area northwest of Melbourne.

The Heywood-Latrobe Valley area has nearly alldhe and generation in the state and is highly
interconnected. This area also has strong conmectiothe New South Wales border. There is no aisvio
transmission break point between these areas.e€rhaiming area northwest of Melbourne has littlelloa
and generation and would not qualify as a sub-nétwo

We agree with theEMO’s recommendation that Victoria should be a simgdavork. We also agree that
only onesrAsresource is needed in Victoria.

3.34 South Australia

South Australia is a single network; it has no sebworks as discussed in §2.3.2.4on page 33, above
TheAEMO has not suggested a change and we agree. Theyapgparent transmission break point in
South Australia.

3.35 Tasmania

Tasmania is the smallest electrical region inNE®! with about 1,800w of load and 2,70&1w of
generation. Tasmania is now split into two sub-meks with the boundary running between the
Palmerston and Waddamana substations as showgurefd on page 34, above. TAemo has proposed
that these two sub-networks be combined into one.

While the existing sub-network boundary could besidered a transmission break point as discussed on
§2.3.2.5 on page 34, above, we believe there igepd for two sub-networks in Tasmania as thene is
likely transmission split point. We agree with &&vo that Tasmania should be a single sub-network.
We also agree with theeMO that Tasmania should have t&RASresources.
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4, SRAS definition, quantity and assessment

As defined by thelER, SRASIS a service “provided by facilities with black gteapabilitywhich allows:
(a) energy to be supplied; and

(b) a connectiomo be established, sufficient to restart large geimey unitsfollowing a
major supply disruption.”

TheNER mention power stations and generating units asaypxamples of such facilities, but we note
that the definition of “facilities” in th&lER does not rule out other options &rasfacilities such as
energy storage systems.

TheAEMO is required to develop and publiskAs “Quantity Guidelines” in accordance with 83.11.8A(
of theNER, which states:AEMO must develop and publish the procedure for deténgithe number,
type and location afrRASrequired to be procured for each electrical sutwvok consistent with thers
determined by the Reliability Panel (taRAS quantity guidelines).” In doing SBEMO is required to
comply with 83.11.4A(c) of th&ER which states that each of the guidelines smas description which
AEMO is required to develop and publish in accordanitle elause 3.11.4A must be:

(1) consistent with theRAS objective;

(2) designed to ensure tis&sis met; and

(3) designed to ensure that the needsfoxsin each electrical sub-network is met, to the mixtieat it
is practicable and reasonable to do soAliyO entering into ancillary services agreements for
the provision of primary restart services.

SpecificSRAS performance targets are further delineated byRéiability Panel in thesrswhich was
determined according to clauses 8.8.1(a)(1a) &8 8f thesrs Per the standard, for each electrical
sub-networkAEMO shall procuresrAs sufficient to?

= re-supply and energize the auxiliaries of powetista within 1.5 hours of a major
supply disruption occurring to provide sufficiemipacity to meet 40 per cent of peak
demand in that sub-network; and

= restore generation and transmission such that #6gme of peak demand in that sub-

network could be supplied within four hours of gjanaupply disruption occurring.

These restoration times represent ‘targets' teesbd DyAEMO in the procurement process. They are not a
mandatory operational requirement to be achieveldrevent of a blackout. These targets apply gqual

21. Reliability Panel — System Restart Standarid. 2013
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across regions unless varied by the ReliabilitydPan the basis of technical system limitationsher
costs and benefits for the region. TAEMO is not proposing a change to the Reliability Paaegets.

In the proposedRrAsregimeAEMO will accept service tenders for delivery of suehvice from trip-to-
house loadT(THL) facilities, hydroelectric generating facilitiggas turbines or other types of facilities that
meet thesrAasrequirements. These are discussed further below.

In both the current and proposed regimesiO assumes that there is no damage to generation or
transmission infrastructure as a result of thekadatevent. In other words, it assumes that allifess

are available for restarting each sub-network.unexperience this is often the case, but it woll be so

in every case. On the other handmo has built a conservative assumption into its blstekt scenario
description for the proposed regime by assumingdgaeh sub-network must be capable of starting from
either the single winningrastender or from the interconnectors to neighbosulg-networks. This

single black start criterion is conservative beedansalmost every case both the intesRAs unit(s) and
most interconnectors will be available during tastart process. In view of this expectation, wd fime
AEMO assumption of “no infrastructure damage” to beso@able for the purpose sRAstender
assessment.

4.1 Revised definition of SRAS

Thesrscurrently defines both primary and secondsgystenders. In the current regime #&vo
always tries to procure primagrAS but utilizes secondaisRAsSwhen insufficient primargrAstenders
were available in a given sub-network. TAE&O now proposes to eliminate the primary and secgndar
SRAS categories and define a single classristender. We understand that treswill need to be
changed in order to remove the primary and secgrs#avices.

The second change in teBrasdefinition proposed by theemo is to modify the description of the target
bus to be energized. Under the current regimerderdo help ensure that a primamAs can re-supply
and energize the auxiliaries of a large generat@0iminutes or less, theMo actually requires that an
SRAStender be able to energize the a large generatoxiiaries in 60 minutes or less. This provides a
30 minute margin to cover for operational contingjes. However, under the current regimeAB®IO

has found somsrAstenders can only achieve the 60 minute time requént by energizing an adjacent
larger generating unit (i.e., located at the saowep station as therRAs unit). Although this technically
meets the wording of the 90 minute target in th@dard, theEMO reports thasrRAstenders using this
approach are often unable to support the transmnissistem restoration speed necessary to meet the
Standard’s four hour restoration target.

Hoping to avoid this situation in the future, tkemMO proposes to redefine tis®ASenergizing target.
Rather than energizing the auxiliaries of a talgee generating unit, thieeEMO proposes having the
SRASenergize a targétansmissiorbus in 60 minutes or less. We observe that theeotgrRAS definition
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clearly meets the 90 minute target of the Standalnile falling short of the four hour target in nyan
cases. While theeMO’s proposed definition improves the likelihood oéeting the Standard’s four hour
target, it seems to increase the uncertainty ovwther a full cranking path can be established faom
SRAStO a larger generation station auxiliary bus wattie Standard’s 90 minute target. A&E10’s
proposal assumes that the second part of the aéistosequence (routing power to a transmission bus
near thesrASto a large generator’s auxiliaries) can be conegletithin 30 minutes. As a general
assumption this may be optimistic, although it rhayachievable in many cases. Therefore, we
recommend that theeMO consider setting a shorter target timegaastenders to energize the closest
transmission bus (e.g., 45 minute). This wouldvalioore time for energizing the rest of the cranking
path over the transmission system to the next taggeeration plant auxiliary load supply bus and
significantly improve the likelihood of meeting ti¢andard’s 90 minute target. The actual time dnat
SRAStender proposes to use for energizing a transomszis should also be included in #@v0’s

“value determination” of the propossegAstender. A tender that can do so in less time shbelgiven a
higher ranking in the assessment while slogrxstenders should be given a lower ranking.

A summary of thessrAs options is provided in Table 8.

Table 8: Comparison of SRAS options

Max. time

Target bus to to energise
Option be energised target bus
Existing regime | Targeted large = 60 min.

generator

auxiliary bus
AEMO proposed Transmission 60 min.
regime bus in vicinity of

the SRAS unit(s)
DNV KEMA Transmission ~45 min.
recommendation | bus in vicinity of

the SRAS unit(s)

Other require-
ments for the

SRS’s 90 min.
target

None

Energize cranking
path from SRAS
transmission bus to
a large generator

Energize cranking
path from SRAS
transmission bus to
a large generator

Comments

Provides a 30 min.
margin for operating
contingencies

Does not always
assist with other srRs
requirements

Assuming only 30
min. seems overly
optimistic

Include actual time
quoted by SRAS
tender as a factor in
value determination
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In addition to reducing the target time for eneirgiza transmission bus, we recommend thantheo
consider implementing the following measures t@lglsure that the standard’s 90 minute restoration
target can in fact be met by “winning” tenders:

= Confirm through detailed simulation that each stEpnergizing the cranking path plan
and remote generating unit start up is technideligible. This should include steady-
state, dynamic and transient (eEMTP) modeling and analysis.

= Agree on procedures with applicable network serpiceider(s) to fulfill the switching
plans, procedures and timelines needed to achiev@( minute target.

TheAEMO has experienced a number of undesirable outcortkedhe currensrRAsapproach. Some
winning SRAStenders are able to energize the auxiliary bussygecified large generator within 90
minutes, but then the specified generator is eifinable to restart within 4 hours or unable toafiely
route power from that plant over the grid to otlaege plants within 4 hours.

In other cases theEMO reports that insufficient primasrAastenders have been received to meet the
targets and that themMo has then had to rely on secondarastenders in an attempt to close the gap.
As a result of such issues themo is concerned that in an actual blackout it mightinable to meet the
SRSrestoration targets. Ti&EMO now proposes to remedy this perceived shortcomhiraygh redefining
the SRAStender requirements.

In its new approach theEMO proposes connectirgRAS generation output to a nearby transmission bus
as quickly as possible. This would allow #@mo to route power over the grid to the auxiliary lassef
other power stations more quickly, flexibly, antkeefively than it can in the current approach. By
introducing this change, along with other changahéesrAs definition, theAEMO seeks to develop a
portfolio of tenders that will have a higher likediod of meeting the 90-minute and 4-hour targethef
SRS

We observe that in both the current regime angtbposed regime there is a given portfolio of
generation resources in tReEM. Some of these resources have black-start cayabilit many do not. It
is unlikely that the proposed approach will inceiat construction of new black-start generation
resources. However, it is possible that the newaggh could make it possible for more of the emggti
black-start resources MEM to participate in therAStender process and, in some cases, might even
incentivize other generation owners to consideringakiinor modifications that could enable them to
submit arsrAstender.

We further conclude that thie&eMO’s proposed changes seAstender requirements and definitions
should improve the likelihood of meeting thrstargets and make the tender process more competiti
by allowing or encouraging more tenders to be sttbohin futuresrAs solicitations.
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Finally, we observe that a more rigorausvo technical assessment processsistenders would
improve the likelihood of actually meeting thrstargets. In the body of the report we provide a
preliminary outline for a more rigorous a techniaasessment methodology for consideration by the
AEMO.

4.2 Minimum SRAS size

TheAEMO's requirement now is that each primary tenderlide 8o quickly energize at least 100v of
generating capacity. In discussions with AE®0 we confirmed that there is no documented technical
basis for their current 108w minimum size. We also confirmed that the auxiliergds of each of the
largest generating units NEM are approximately 20-3@w—much smaller than 100w. Due to the
associated motor starting requirements for the tfparge auxiliary motors found in power plantse t
capacity of black start units typically needs tddrger than the steady state auxiliary loadinge €kact
amount depends on a number of technical factoreananly be determined precisely through technical
study of a specific black start scenario. Sinceaieo has not performed a detailed technical analysis of
such starting requirements, it appears theM@0minimum rating forsrRAstenders was adopted as a
conservative estimate of the actual need.

TheAEMO's proposed approach requires thatghastender itself be capable of generating at least
100Mw, rather than relying on the larger generating iiisitarts to provide the 100w under the present
approach. We observe that this minimum capacityirement is an arbitrary value. In fact many simila
international regional reliability organizations dot establish a minimum capacity for black-stander
purposes. While asrastender capacity of 10@w should be more than adequate to start the augsiar
of any large generating unit in theM, it is possible that smallsrAstenders could do likewise.

The key question is whether a tender can meeuthaibnal requirements and targets defined bystise
We recommend that tkEmMO evaluate the pros and cons of relaxing or elinmigathe minimunsRAS
tender size in the proposed regime. Even a reduti@5mw might enable a number of additional
generation providers to offsrRAstenders, making the process more competitive. flégss of the size
of the tender, theEMO’s assessment methodology should be designeddondiet if a tender can meet
the functional requirements and targets of thedsteath

4.3 Number of SRAS tenders per sub-network

In the paspnEMO has sought to acquire black-start services fromihwlependensrRAs providers

(tenders) in each sub-network. This was based®prémise that a sub-network shouldn’t rely on
interconnectors with neighboring sub-networks &iag following a blackout, and the criterion thath
two SRAS providers in each sub-network it will still be jgdde to restore a sub-network in the event that
any singlesrAs unit is unable to start. We concur that havingtiogency capability for the failure of any
one black start provider is prudent.
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In the new regime, theEMO proposes to reduce the minimum numbesristenders per sub-network
to one, based on a revised assumption that inteexbors with neighboring sub-networks will serve as
the primary black start source . We find this talreasonable approach and do not anticipate any
degradation inNEM reliability as a result of this change. Howevance the Tasmanian sub-network only
has arHvDC interconnector to its neighbors which is unableperate during a black start condition,
AEMO proposes to keep the requirement for two indepargfastenders in this one sub-network.

In addition, we note that if theeMO determines through its technical tender assesspnecgss that no
singlesrAstender achieves the standard, it should considitde mitigation options such as procuring
service from more than ors®As provider in a sub-network.

4.4 Impact of SRAS changes on reliability and compe tition

Clearly the best outcome from themMO’s proposed changes to thrAs quantity and definition would be
to maintain the reliability benefit of the winnitgnders while simultaneously increasing the
competitiveness of the tender process. While giyamdj such impacts in a prospective sense is
impossible, we offer the following qualitative assment based on our experience with markets and
engineering judgment.

Table 9: Impact on reliability and competition

Impact on NEM reliability Impact on competition

Reduction to a single SRAS Negligible impact Increased competitiveness of
per sub-network tender process

Elimination of primary and Negligible impact More incentive to bid on
secondary SRAS definitions remaining SRAS category
Change in target bus for SRAS | Negligible impact Increased competiveness of
energisation to a transmission tender process

bus

We have not included the impact of lowering theimimm srRAStender size to less than 1Q® in the
above table because it has not yet been fully ddty@eEmo. If adopted, we believe it could markedly
increase competitiveness of the tender processekenyit would require a broader range of technical
modeling during the tender process to ensure itifials maintained.

4.5 Technical modeling of SRAS tenders

In the past theeEMO has only performed steady-state (powerflow) modetif SRAStenders. Industry
best practice is to also perform dynamic/transimeatleling when developing black start plans. While
powerflow modeling can identify potential overloadsl some steady-state voltage issues in an
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SRAdcranking path analysis, many other types of tezdingsues can occur in dynamic and/or transient
conditions. For example, reliance on powerflow datian alone is not adequate to identify the follogv
types of technical concerns that can occur durlagkbstart/restoration activities:

= Unacceptable voltage or frequency swings duringgeor auxiliary motor starting;
= Black start generator “pull-out” or angular instapj
= Transient/switching over voltages;

= Short-term system over-voltages or over-frequemnditions as a result of load
rejection; or

= Transformer energizing/self-excitation concerns.

Thus, we believe that threEmo should perform dynamic/transient modeling wher@ating SRAS
tenders. Reliance on powerflow modeling alone admggonfirm a fully workable black-start plan. It
could result in payments 8RAS providers for services they can't actually deliiéven worse, it could
result in equipment damage or failure during actesdoration efforts, thus further complicating the
overall restoration effort and incurring expensaggiipment repair or replacement.

TheAEMO has advisedNVv KEMA that it does not now have access to all the napogsiynamic or
transient data for either the transmission netveorenerating facilitiessEMO believes its network
service providers have such model data for thesimégsion system, but is unsure if either the networ
service providers or generation providers have rateuwynamic/transient modeling data for the
generators. In our experience, this type of datadsired for studies used in system expansiompign
so it probably resides somewhere within rimEs1.

We recommend that theMO investigate the available sources for such modelata and consider
options for performing such modeling in fut@rAstenders including:
= Obtaining such data and performing the associatadrdic/transient modeling;

= Delegating to or contracting with the applicabléwwk service providers to perform
such analysis; and

= Retaining the services of a qualified consultamddorm such modeling for thrEmo.
If the AEMO determines that detailed dynamic/transient modediata is not currently available in the

NEM, it should consider using “typical” data for thgpticable generators and cranking path facilities
involved in the expected restoration sequence ioe the technical analysis sRASstenders.

In addition to reducing the risk of equipment damagfailure, including dynamic/transient modeling
thesrAstender review will help to remove inadequate penters from the list of winning tenders and
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provide theaAEMO with vital information on cranking path or switokj steps that must be observed for
successful system restoration.

We envision, that with our recommended approaclnitial-value cost-determination of tenders would
be performed by theEMO to select which set of tenders to assess thraginical modeling. The value-
cost determination may need to be updated as i oéshe technical modeling. In some cases, ndd¢en
may meet the technical targets and mitigation platisieed to be developed. Such plans might inelud
procuring service from more than osrAstender in a given sub-network in order to achiedability
Panel targets. A conceptual tender technical aseggrocess is shown in the flow chart of Figuse 1

We also note that the range of testing performedighinclude both n-0 and n-1 conditions. TREMO
advises that this has been their current pracibeijt limited to steady-state (power flow) modglin the
past. The n-0 and n-1 approach should evaluateettiermance of each winnirgrAstender at both the
90 minute and four hour targets of trs

In the event that theeEMo determines through its assessment that no samplstender in a given sub-
network is able to achieve the 90 minute and fawrltargets, a mitigation plan needs to be develope
which could include:

= Adding a secongRASiIn a sub-network;
= Redefining the sub-network boundaries; and/or

= Changing the number of sub-networks.
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Figure 15: SRAS tender technical assessment proces s
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4.6 International practices

This section presents a brief comparison of intésnal practices similar to those being addressetis
report. Six international systems were selecteddonparison regarding blackout/restoration planning
The comparison includes systems from the Unitedy#am, North America, and South Africa. The
systems were selected based on some similaritythgtRkEM system and availability of information
regarding blackout/restoration practices. Compasgsgere made using public information sources that
had varying levels of specific information, suppéarted, in some cases, by our personal knowledge.

4.6.1 England and Wales

The England and Wales transmission Figure 16: NGC-UK transmission
network is operated by National Grid— system

United Kingdom QGC). NGC is the
system operator for England and Wales
(Scotland has its own networksicc
owns and maintains the high-voltage
electricity transmission network, (o s
balancing supply with demand on a /- ’ '
minute-by-minute basis.

TheNGC system has a peak demand of
about 56,00(mw served by about
80,000mMw of generation. The
transmission grid includes 400 kV,

275 kV, and 132 kV transmission lines. &
The transmission system is shown in
Figure 16. The system has
interconnections with Scotland and Engl and
HVDC connections to transmission

systems in France, the Netherlands and & Wales
Northern Ireland. The network is about
500 km from the Scottish border to the
English Channel. There is a transmissio
break-point with the Scottish network.

w— 400KV Circuit
e 275kV Circuit
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4.6.2 South Africa

Established in 1923 by the government of Southcafeskom is South Africa’s primary electricity
supplier and is wholly owned by the South AfricaavegrnmenteEskoMis a vertically integrated utility
that generates, transmits and distributes eletstticiindustrial, mining, commercial, agricultueaid
residential customers. It also sells electricityrtonicipalities, which in turn redistribute it tasinesses
and households within their areas.

With a peak load of about 37,000v, ESKOM is the largest electricity producer in Africa. The
transmission grid includes 765 kV, 400 kV and 2Y5ttansmission lines and has interconnections
with Namibia, Botswana, Zimbabwe, Mozambique, Steazi and Lesotho. The transmission system is
shown in Figure 17. The network is about 1,700 &ngl

Figure 17: ESKOM, South Africa transmission system
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4.6.3 Canada—Ontario

The Ontario Independent Electricity System Oper@kso) is Ontario's power system operator,
connecting all participants - generators that peedelectricity, transmitters that send it across th
province, retailers that buy and sell it, industrdad businesses that use it in large quantitie $omal
distribution companies that deliver it to peopleines. TheEso serves the entire Ontario Province
balancing supply and demand while maintaining systiability.

Thelesosystem has a peak demand of about 25800The transmission grid includes 500 kV, 230 kV

and 115 kV transmission lines. The transmissiotesyss shown in Figure 18. Ontario hes
connections with Manitoba, Michigan, Minnesota, &elv York, ancdHvDC connections with Quebec.
Michigan and New York are the most significant watbout 1,5001w import capability each.

Figure 18: Canada, Ontario transmission map
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4.6.4 United States—PJM Interconnection

ThepJM Interconnection is a regional transmission orgation that coordinates the movement of
wholesale electricity in all or parts of 13 sta#esl the District of ColumbiaJm operates, but does not
own, the transmission systems and it operatesdiverpmarket within its area.

ThepJm system serves about 160,008 of customer demand. The transmission system ieslud
765 kV, 500 kV, 345 kV, 230 kV, and 115-132 kV tsamission lines. The system is about 1,200 km
across and has dozensaaf interconnections with the surrounding states. ld® shows the region
covered byimand the transmission zones. The 20 zones withirgenerally correspond to the
boundaries of the transmission owners.

Figure 19: PJM transmission zones
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4.6.5 United States—New York

The New York Power Pool was formed in 1969 in resggoto the 1965 Northeast Blackout and evolved
into the New York Independent System Operatog0o). TheNyIso operates the New York electric
system. ThelyisSoO operates, but does not own, the transmissiontfasibf eight transmission owners.
TheNyYISO also operates the power market for the area.

TheNYIsSO system has a peak demand of about 35\800The transmission system includes 765 kV,
500 kV, 345 kV, 230 kV, and 115-132 kV lines aswhan Figure 20. The backbone of the network is
345 kV transmission extending 650 km from westdsteand south to New York City. The system has
strongAcC interconnections to the Toronto area in the wedtthe rest of Ontario to the north and a back-
to-backHvDC connection with Quebec. There limited interconioes to the south and east.

Figure 20: New York transmission system
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4.6.6 United States—Texas
The Electric Reliability Council of TexaggcoT) manages the flow of electric power to 23 millibexas
customers representing 85% of  Figure 21: ERCOT-Texas transmission

the state's electric loagRCOT
operates, but does not own,
40,500 miles of transmission
lines owned by four larger
investor-owned utilities and
dozens of municipal and
cooperative systemsRrcOTalso
performs financial settlement for
the competitive wholesale bulk-
power market.

TheERCOTSsystem has a peak
demand of almost 70,000

The transmission system
includes 345 kV and 115-138 kV
lines as shown in Figure 21. The
system has onlgvDC intercon-
nections—82Mw to the north
and east and 280w to the

south.

system

4.6.7 Summary of international black-start/restorat  ion practices

A brief summary of their practices regarding blat#rt is shown in Table 11 on page 71, below.

Each of the selected international systems maleekbut/restoration practice choices that are suged
their specific conditions. There are a number etc#jr system characteristics that affect thesaéoet®)

including:

= Systems with densely meshed transmission netwaitkbave few (or no) natural
transmission break points. Such a system will yileginsider a system-wide blackout as a
credible event. An example would kec that has no clear internal transmission break

points.

There are also systems that are part of much laferorks that use “system-wide” in a

different context than used NEM. ThePJM andNYISO systems in thes are part of a
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700,000mw synchronous interconnected network that will prevsupport during
restoration if a blackout were to occur.

= Systems that have large amounts of generatiorcémabe started quickly such as hydro-
electric or the combustion turbinesté) in combined—cyclec) generating plants will
have different practices than those with a lolofié coal-fueled or gas-fueled steam
generating units. For instance, there have bears#tmals of megawatts new gas-fueled
cc generators added in this in recent years as new gas discoveries have |lowerkiral
gas prices.

= Systems with weak interconnections will also haifieiknt practiceseskom in South
Africa does not have adjacent power systems tleagidiner large enough or dependable
enough to be considered reliable sources for systetaration.

= Systems with Nuclear generation will have spediadtsrequirements that give priority to
restoring outside power to these plants.

4.6.7.1 Assumed system-wide or regional blackout

The AEMO proposes adopting a regional (n&M-wide) blackout as the basis for black start plagrand
black-start unit§su) tenders. TheEMO also plans to provide at least two black-startsesiusing an
internal black start unit or using interconnectianth neighboring regions. The two approaches glevi
redundancy in that either can be used to restameional system in the absence of the other.

TheAEMO approach appears to be generally consistent ni¢nnational practice.

TheNGC, ESKOM andERCOT, however, cover much smaller areas geographitdaiyAEMO and have
more tightly coupled internal networks than #Evo0. These system also have limited or no
interconnections to neighboring systems. Both e§éhfactors increase the risk of a system-widekblec
and reduce the likelihood of restoration assistdrara their interconnections.

ForpPJm, NYISO, andiIESO—systems that are part of the 700,880 Eastern Interconnection in North
America—a total system blackout has a differentmregathan for theNEmM. Even in a major blackout

like that of August 2003 where nearly allrofiso lost power, only part of theso and a very small part
of PIMwere blacked-out. And even within tR&lso that was most affected by the 2003 blackout, there
was not a complete blackout as several power islégldctrical areas that maintained balanced
generation/load) survived.

Given the characteristics of themo system we conclude that a regional blackout assamand use of
interconnections as the primary restoration opgignappropriate for their black start planning.
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4.6.7.2 Approach used to develop black-start plan

Almost all of the entities we reviewed have thdadi-start/restoration plans developed by the dvera
system operator (a “top-down” approadh)v, NYISO andERCOTalso expect studies for regional
restoration from its individual member systems, fegerve the final decision-making authority.

Another observation from the international compariss dependence by some of the entities on long-
term black-start contractsGC often uses contract terms of 10 years or longerdaes not conduct new
solicitations for new black-start units unless ¢hisra significant change in its requirements, sagch
retirement or contract expiration of an existingdi-start unit.ESKoMm tests black-start units on a regular
basis to ensure performance, which infers the tikesng-term contracts (or automatic renewals sufiec
performance testing).

4.6.7.3 Black-start unit qualifications and restora  tion target times

There are no consistent minimum size requirememtblack-start units other than that they be
functionally adequate to meet support the systestoration process. Time targets to restore a datagn
transmission bus or path range from as short asiB0tes to as long as 4 hours.

IESO (Ontario) has different restoration time regoients depending on tBsu generator type (e.g., gas
turbine, steam turbine or hydro).

4.6.7.4 Study and testing requirements

Entities generally require each black-start undiémonstrate its starting capability every 1-3 gear
ESKOM requires an actual field demonstration every 3yt each black start plant can restart a
designated, remote coal station. Tixgo requires that each black-start unit be able topteta 3 black
starts within an 8 hour period due to the likelidaif system re-collapse occurring during restoratio

The extent of modeling and simulation used in assest of black-start units varies from entity toitgn
Most entities seem to perform a mix of steady-s@yaamic and transient simulations. In assessing
black-start units tendergsC also performs probabilistic analysis with a gedtoration/risk assessment
simulation tool that utilizes a Monte-Carlos apmtofor outage scenarios.

Best practices also take into account a diversity@ sources and geographical locations, with
preference for black-start unit locations that héngeshortest cranking paths to larger power plants

4.6.7.5 Minimum number of black-start units

The minimum number of black-start units for eadietinational system is shown in Table 10. The Table
shows the number of zones and black-start unitggee. In some cases the number of zones is eititer
specified or can change from time to time.
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Table 10: Minimum number of black-start units

Minimum number of black-start units

Entity/region Peak load ( Mw)
National Grid-uk 56,000 60 2* 12 2.1
ESKOM 37,000 1 4t 8 2.2
IESO 25,000 3 1 3 1.2
PJM 160,000 10 2* 20 1.2
NYISO 35,000 3 2* 6 1.7
ERCOT 70,000 7¢ 1 or 2* 10 1.4
AEMO (now) 35,000 10 2 21 6.0
AEMO (proposed) 35,000 7 lor2 8 2.3

Notes: * Excludes black-start units dedicated to energizing nuclear plants.
T ESKOM requires two multi-unit plants.
0 The number of zones is estimated or typical where zones are not specifically defined.
¢ ERCOT does not specify a number of zones, but there are seven congestion zones.

Table 10 also shows the number of black-start y@tsl0,000Mw of system load. We offer this as a
rough means to compare black-start requirementsigrihe system& While many of the international
systems require at least two black-start unitg; gre all much larger systems and zones than iNgve

This is why we have used the black-start units@ydw for comparison. Using this measure, the current
AEMO minimum of 21SRAs units for a 35,00w system load is much higher than the others.AEn0
proposed changes are much more in line with theratystems?

22. Using black-start units per 10,00@ of load is just one possible measure. It doesansider geographic distance,
network topology, transmission break points, onknag paths that could all be part of such a coisparmeasure.

23. There are many complicating factors in suchraparison, but one the most significant is blaektginits required for
nuclear power plants. Since the 2011 Japanesejaaké/tidal wave and the Fukushima nuclear plaritlant there has
been increased scrutiny of nuclear plant restaratioNorth America it is common to require two aegie black-start
cranking paths to re-energize the substation deaupower plants. These black-start units andkingrpaths are dedicated
to restoring their selected plants and not to hedipore other parts of the system. Following akadat North American
nuclear power plants would not be expected to supplver to the network for at least several days.

As an example consider Dominion Virginia PowavK). DvP is zone withinrram that serves customers in most of Virginia
and part of North Carolina with a peak load of at®@000mw. bvpP operates two nuclear plants that have at least two
dedicated black-start units each. So tig zone has at least six black-start units, thoudh two are for general black-start
service.

AEMO responsibilities to procure SRAS Australia Energy Market Operator
DNV KEMA independent review 70 30 December 2013



DNV KEMA Energy & Sustainability

Entity or

region

National
Grid-Uk
(England
& Wales)

ESKOM
(South
Africa)

IESO
(Ontario,
Canada)

System-wide or
regional black-
out/interties

BSUS must be in
their zone.
System-wide
with no support
from other
countries

Each zone must
be able to restart
without ties.

System-wide
Assumes no
black-start sup-
port via interties
from adjacent
countries.

System-wide
and regional.
BSU must be in
zone, with no
support from
adjacent zones
during initial
restoration.

Table 11: International comparison of black-start

Develop top down
or bottom up
black-start plan

Top down.

Incremental revi-
sions to BSU con-
tract portfolio when
needed due to a
BSU retiring or other
important change.

Silent on TTHL.

Top down. ESKOM
owns & operates all
BSUS.

Grid code requires
2 black start plants
in the national plan
a pumped hydro &
a large coal plant.

Top down.

At least one BSU is
selected per each
of four zones.

Black-start unit
qualifications

= 2 per zone, but zone
boundaries are flexible.

Spread across zones,
reduce distance to large
plants, 290% start
probability, lowest cost.

BSU must support
instantaneous load
blocks of 35-50 Mw.

Per Grid Code, all
generators over 200 Mw
must have capability for
TTHL for 2 hrs, but they
are not used in defining
BSU requirements.

BSU must have a speed
governor that can
operate isochronously.

Assumes many steam
units will be capable of
TTHL, but doesn’t
consider them to be
BSUSs or rely on them for
the restoration plan.

planning requirements

Restoration time
targets or
requirements

BSU must be able
to energize local

transmission bus
in 2 hrs.

Target to restore
all uk transmission
in 12 hrs, but no
specific times in
the Grid Code.

Each black start
plant must be able
to energize a large
coal fired plant
within 4 hrs.

BSUS must ener-
gize transmission
paths in: % hr.
hydro & aero-deri-
vative GTs, 1 hr.
Industrial/frame
GTS, 2% hrs steam
turbines, other
types per contract.

Study and/or testing
requirements

Uses a grid Monte Carlo
restoration/risk assessment
simulation tool to help
select the best BSuU tenders;

Also has a program for
testing Bsus and conducting
training exercises with all
involved parties.

Tested every 3 years, must
energize specified cranking
path to large coal plant.

ESKOM performs steady-
state and transient
simulations of black-start
plan.

Demonstrate BSU can

energize designated crank-
ing path and maintain open-
end-of-line voltage =10 min.

BSU must also be able to
complete 3 black starts
within an 8 hr. period due to
likelihood of recollapse
during system restoration.
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System-wide or | Develop top down Restoration time
Entity or | regional black- or bottom up Black-start unit targets or Study and/or testing
region out/interties black-start plan qualifications requirements requirements
PIM (US System-wide Top down, but PIM | Minimum of two BSus Maximum BSU PJM and transmission
Mid- and regional seeks input from per zone, but BSU can startup time is 3 owners run simulations for
Atlantic blackouts. transmission be outside of the zone hrs. but must proposed Bsus and
region & | Assumes zone owners on BSU and a BsuU can be supply critical restoration plans (PJm
westward | ties used for selection. shared by multiple loads* within 4 hrs. | focuses on 500 kV
to lllinois) | restoration from zones. restoration). BSU's must
approved BSUS. pass performance test.

Note: * Each zone’s “critical load” = (cranking power to all hot-start thermal generators in the zone/sub-network that are capable of starting in
4 hour) + (off-site power supply to nuclear units) + (supply to critical gas compressors.)

NYISO Not explicitly Top down for BSus | Existing Bsus remain in | Not explicitly Each 1O must file annual

(New stated, but infers | needed to restore plan unless they request | stated. black-start study with I1so.

York that black-start 345 kV backbone contract termination. 1SO reviews and does their

State) plans for upstate | grid. Additional Bsus added if own study as needed.
regllc()n and New Bottom up for needed to reduce sys- BSU’s must pass annual
\S(t‘;"ndC;TZnFQUSt transmission tem restoration times. performance test to receive

. owners (TOs). compensation.

ERCOT Not explicitly Top down. BSUS can be outside of | Not explicitly ERCOT performs restoration

(Texas) stated, but ERCOT develops a zone they serve. stated. simulations as part of BSU
regional and plan based on bids bid evaluations.
multi-regional received from Winning BSUS must pass
are inferred. across the region. performance test.
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5. DNV KEMA findings

DNV KEMA prepared this report by reviewing a wide rangpudilicly-available documents and selected
confidential documents, discussing various aspEdtse NEM electric system withemo staff, and based
on our past experience and engineering judgmentedlmical analyses were made other than those
described in this report.

5.1 Blackout probability—NEM-wide versus state-wide

The underlying assumption for determin®®RASis now that aNEM-wide blackout occurs. There is no
requirement in thelER or SRSto assume suchNEM-wide blackout for determiningrRAs For the years
before the Australian electricity systems were gelated and th®EM formed, each state assumed a
region-wide blackout in determining their requitddck-start needs. Th&EMO believes that assuming a
NEM-wide blackout is “too conservative” and “highlylikely” and that the present approach is not
justified

In our experience a cascading blackout usuallyicoes until it reaches a transmission break p&uath
break points are usually where there is a reduseiat of transmission connecting the “problem area”
with the remaining portions of the system. At sqmoent in the cascade, the problem area of the syste
will be isolated from the rest of the system that b reasonable load-generation balance.

Based on our review of théeM transmission system maps and the locations ofdoadyeneration, and
relying on engineering judgment, we identified kikely transmission break points in them system.

Most of these break points are the same as thenalgand sub-network boundaries recommended by the
AEMO. The one exception was along the Queensland—Newh $dales boundary where we suggested a
change.

We found that theseEM transmission break points would prevent a spregbliackout and that this
assumption made by the&mo is reasonable and justified.

We identified and discussed the probabilities attdre of various events—accidents, natural disaster
and attacks—that might causeiamMm-wide blackout. We found that there is no credpmesibility of an
event that could causeN&EM-wide blackout.

5.2 Defining sub-networks

ThesRrsprovides guidelines for theeEMO to determine electrical sub-networks. Brsallows theAEMO
to determine the boundaries for electrical sub-péte/without limitation based on the electricaésgth
of transmission, electrical distance, and load ganteration. We find that this definition is adeguiar
defining sub-networks.
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Our review of theNEM transmission system found that tkevo should consider using a transmission
break-point analysis like that presented in th@rejp define sub-network boundaries. Such a revise
approach would likely change the boundaries in [$ewth Wales, but would leave the others unchanged.

5.3 SRAS definition, quantity and assessment

The AEMO proposes eliminating the primary and second&ns categories by defining a single class of
SRASstenders. We agree with this proposal and undeatgtaat thesrswill need to be a changed in order
to remove the primary and secondaras definitions.

The second change in teBrasdefinition is rather than energizing the auxiksriof a large generating
unit, theAEMO proposes energizing a targetnsmissiorbus in 60 minutes or less. Whaemo’s
proposed definition improves the likelihood of niegtthesrs four-hour target, it may increase the
uncertainty of meeting th&ks 90 minute target.

TheAEMO's proposal assumes that power can be routed frosrasto a large generator’s auxiliaries
within 30 minutes. In our opinion this seems talerly optimistic as a general assumption. Thegsfor
we recommend that tEMO consider setting a shorter target timegaastenders to energize the
closest transmission bus (e.g., 45 minutes).

In addition to reducing the target times for enarg the transmission bus we recommend thahineo
consider taking certain steps to help ensure beastandard’s 90 minute restoration target caadhlie
met by “winning” tenders as described in 84.1 agg54, above.

TheAEMO has not performed a detailed technical analysjarding the minimum size f@rAs

resources. It appears the @ minimum rating forSRAStenders was adopted as a conservative
estimate. We believe a smalk®As capacity could suffice, subject to suitable tecahinodeling and
verification. We recommend thaeEmMO consider the pros and cons of relaxing or elinmggthe
minimumsRAStender size. As an intermediate step we suggestuction to 79w allowing moresrAS
tender offers making the process more competiRegardless of the size of the tenadeyo’s

assessment methodology should determine if theetesah meet the functional requirements and targets
of the standard.

TheAEMO now acquiresrASfrom two independent providers in each sub-netvibaked on the
assumption that there could beiam-wide blackout. Th@éEMO now proposes a minimum of 0BBAS
tenders per sub-network based on a revised assamtptt interconnectors with neighboring sub-
networks will serve as the primary black-start seuiVe believe this is a reasonable approach that
should not degradeem reliability.
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Since the Tasmanian sub-network only hashapc interconnector to its neighbors which is unable to
operate during a black start condition, A0 proposes keeping the requirement for two indepande
SRAstenders in this one sub-network. We also agree this conclusion.

Relying on powerflow modeling alone, as &0 now does, is not enough to confirm a workable
black-start plan. TheEMO has advisedNv KEMA that it does not now have access to dynamic or
transient data for either the transmission netvaorggenerating facilities. We recommend thato
investigate the available sources for such modelatg and consider options for performing such
modeling in futuresrRAStenders.

5.4 Impact of proposed changes

Any changes to therRAS must meesRsrequirements. As described below we believe th@AEMO’s
proposed changes meet the techréearequirements we have addressed in the reportomiththe one
exception where primary and secondsras are combined.

Regarding NEM-side versus regional blackouts:

=  While theAEMO now assumes REM-wide blackout in determiningrRAS requirement;
there is no such requirement in tHER, or SRS

= TheAEMO proposes to use region-wide blackouts as the basigturesrRAS
requirements;

= We do not believe there is any credible eventdbatd cause sEM-wide blackout;

= We also believe there are relatively few events ¢bald cause a region-wide blackout;
and

=  We, therefore, agree with thA&mo’s proposed change.

Regarding sub-network definitions:
=  TheAEMO proposes to reduce the number of sub-networks feono seven;

= We generally agree that the number of sub-netwsinksild be reduced, however, we
would combine a revised north New South Wales sthxork with that of south
Queensland. This change would further reduce thabeu of sub-networks to six;

= We believe that the resulting main New South Waldsnetwork should have at least
two SRAS and

= We recommend that thMO use transmission break points as the basis fermating
sub-network boundaries in the future.
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Regarding SRAS definitions, quantities and assessme

= With the present approach, it is possible fosrasto be unable to effectively meet the
SRStarget to serve 40% of peak load within 4 hours;

= We believe the new approach would make it possdslenore of the existing black-start
resources imMNEM to participate in therRAstender process, making the process more
competitive;

= We believe that theeEMO’s proposed changes s®AStender requirements and
definitions should improve the likelihood of meefithesrstargets, especially supplying
40% of peak load within four hours; and

=  We recommend a more rigoroasmo technical assessment processsiesstenders to
improve the likelihood of actually meeting thrstargets.
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