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EXECUTIVE SUMMARY

PROJECT CONTEXT

WSP has been engaged by Aurora Energy (Aurora) to undertakdesnendent review to determine the state of the
electricity networks in Dunedin and Central Otago, identifying any critical assets at significant risk of failure. This will
allow interested stakeholders to better assess the appropriateness of theiptanrerdions and investments Aurora
proposes to make. The two key tasks for the review, which reflects a consumer focus, are to:

Establish an accurate and reliable assessment of the current state of the Aurora networks with particular focus on
identified critical assets

Having established the state of the network, determine the resulting prioritised risk to consumers.

REVIEW APPROACH

To meet the terms of reference for the review, WSP developed an approach based on assessing the Aurora network from
severaperspectives:

T Resilience the ability of the network to withstand or recover from high impaat very low frequencygventssuch
as earthquakes

T  Security: whether theslectricity network topology proviesappropriate capabilities, such as capacity, rddany
and switching capability, to maintain normal supply to consumers

T Performance an indication of which assets and areas of the network pose the greatest risk to public safety,
reliability of supplyand the environmetttased on historical rates and durations of asset outages

T Network risk: the combination of the probability that assets may fail and the consequence of thdorppatt
safety, reliabilityof supply orthe environment.

Examining security and performanakbowed us to focus our review of network risk on key matters. Each of these
perspectives is discussed in detail below. The key outcome of the review is the prioritised list of network risk that Aurora
needs to consider in their future network managemlamis and investments.

The project was managed in two stages. The first stage of this project involasskeament/gap analysis dhe extent,

reliability and suitability of existing asset data (i.e. age, condition, defect, failuretio@tapuld be wed to undertake a

risk assessment of the network. Based on the data gaps identified, the second stage then involved scheduling of additional
testing and inspection programs in order to close the data / knowledge gaps and enable a risk assessment to be
undetaken.

The key tasks undertaken across the two stages were:
1 Aninvestigationinto theassetlata available

2 Targeted and/or random testing of the asset fleets to validate existing data and to generate new data where gaps were
identified
3 Desktop investig@gon/analysis of all compiled asset data, including both existing data sets and new data gathered

4  Creation and population of asset risk profiles for each asset class

It should be noted that this report is aimed at providing the current state of the Aewcak. It does not include
consideration on the interventions and future strategi e
performance against quality standards are excluded from the review Shepeview does not include tehmarking or
commenting on improvement actions.
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SUITABILITY OF ASSET DATA

WSP undertook an assessment of Aurorads data through a
analysis of the data sets provid¥de validated that the inforrmiah was suitable for use and obtained additional

information through site inspections and testing. Each asset class was given a ranking against the data requirements and
then assigned an overall data quality score of High, Medium or Low. We identifiethgagpsae of the asset data and

initiated actions to validate or improve the data for this review througgiternspection.

The table below shows that adequate data and information was available for the review following our inspections and
validation. The ranking of Low for distribution cables is caused by the lack of condition data avdilaswieyer it is

common in industry to have limited data on these assets due to their nature of being buried undemgrtherdfore

not able to be inspectetihefollowing table shows an overview of the asset data summarised into key asset categories.

ASSET FROM AURORA ACTION TAKEN RESULT
Support structure Medium Site inspections to validate High
Field testing undertaken
Overhead line$ Sub transmission Medium Drone survey undertaken Medium
Field measurements
Overhead line$ Distribution Medium Drone survey undertaken Medium
Underground cables Sub transmission |Medium No action possible Medium
Underground cabléis Distribution Low No action possible Low
Circuit breakers Medium Site inspections to validate Medium
Distribution switchgear Medium Site inspections to validate Medium
ZSS transformers High Inspection results to validate |High
Distribution transformers Medium Inspection results tealidate Medium
Protection systems Medium Site inspections to validate Medium

KEY FINDINGS

WSPO6s review investigated Aurora Energyb6s electricity r
network security, network performance, and each asset class.

NETWORK RESILIENCE

Network resilience relates to how well the networkedsigned, from the perspective of the supply chain, to ensure

continued supply following very high impact but very low frequency events, natural disasters in particular. Our
investigation identified that Aur devanfssmosteotablyoearthquakes arslu b j e
the resultant liguefaction of the ground.

WSP found that most key assets have been installed clear of earthquake fault lines, flood zones, landslide risk zones and
tsunamis risk areas. However, it is not possiblevimid these altogether as customers occupy these areas and require
electricity.

Project No PS109832 WSP
Independent review of electricity networks
Final report Page ix

Aurora Energy



A review of the most recent earthquakes in Christchurch found that liquefaction of the ground had the biggest impact to
network supply as it severely damaged undergraafdies. Overhead lines are a lower risk as damage can be identified
and repaired more rapidly. Dunedin is in an area that has a moderate to high liquefaction risk, and eight of the nineteen
zone substations are supplied by radial undergrounttansmissin cables. Although these are dual circuits, which
provides redundancy, they are located in the same trenchemzk can be expected to be impacted equally by a major
event. The cable type, ages, deteriorated condition, and installation methods mattnesthare the highest risk with

respect to network resilience.

Maintaining network operations and control is also key to maintaining a resilient network. Aurora currently has two

control centres which normally operate separately and provide limitédupaior the other. This poses a risk that a

major event disabling one will significantly impact operational control of part of the network. This risk is being mitigated
through Aurorads 0o0ne n eapgradingkhé SOADA sysitem emable @achwdoritral loomt;m v o | v e
control the entire network.

NETWORK SECURITY

Net work security relates to how well the topology and ¢
There are two key aspects to security:

T The ability of Aurora tasolate a faulted part of the network and resupply customers by operating switches to
reconfigure the network. Sufficient interconnection will minimise the number of customers experiencing long outage
times andhence improve performance

T The ability totake assets out of service in order to undertake maintenance, without creating a large outage area
affecting more customers than necessary. Inability to do this means that maintenance of critical assets may be
deferred and result in assets not being seffity maintained, leading to shortened serviceable life-seimice
failure.

WSP found that:

T Zone substations are generally supplied radially from the Grid Exit Points, but by double circuits, saatiere is
adequate level of redundancy.

T Urban feedergenerally have good levels of interconnection with adjacent feeders to be able to transfer load,
however someparts are radial with no interconnection. These arrangements do not appear differesitdthero
electricity businesses

T Long rural feeders narally have limited ability to enable resupply via switching, and this is reflected in the security
and performance standards set for those feed&es. f ound t hat the topology of Aur
for its geographical location and distributiof customers. To mitigate the risk of a prolonged outage should a single
transformer zone substation fail, Aurora has a mobile transformer that can be deployed to restore supply quickly.

NETWORK PERFORMANCE

The longterm network performance was analyseddentify any assets that are displaying an increasing trend in the
number of outages. Our assessment was not against perfornmamtargtout to identify where risk to the network was
materialising.

We found that overhead conductors, poles and anmsassets were causing more than 50% of the network outages that
were attributed to asset deterioration. There was an upward failure trend evident, although it has ameliorated in the most
recent year, likely as a result of the accelerated pole program.

The analysis identified the following critical assets:

T Poles:an accelerated pole program has slowed a declining performance trend that started in 2013. The current state
of poles still appears to be in poor condition, indicating there is an alieteat d risk with this fleet

T Pole top structures:highly related to pole performance with respect to reliability
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T Overhead conductor (all voltages)demonstrated to have declining performance based on defects relative to other
assets and can pose a high riskhm public when it fails if protection syshs do not operate as intended

T Protection systemsour analysis of outages demonstrated instances when protection systems did not operate and
therefore did not mitigate the public safety risk as intended.

Safetyperformance of the network was generally found to be appropriate, except for risks associated with protection
systems. Data obtained from the safety registers identified 35 incidents in the period?2d85wvhere a conductor fell
to the ground and remadd live. We identified that:

T some were on the LV network, with protection by a fuse that did not react to the fault

T some were due to a high impedance HV fault, where a back feed from the energised network circumvents the proper
operation of the protectiomrlays

T an estimated 15 faults should have been detected by the protection relays.

Our detailed review of the protection systems supports that there is an issue with appropriate functioning of the older
fleet of electromechanical protection relays.

NETWORK RISK

Overall, most assets pose a small risk to public safety, reliability or the environment. The risks posed by these assets are
no greater than WSP has observed in other networks in New Zealand and internationally.

WSP found some exceptions:

T Protection system assetdhese assets are used to detect a failure that results in a flow of electrical current that is
larger than normal or a flow to ground (earth faults). Many of these assets are beyond their nominal life, employ
obsolete technology and main&te is incomplete. Five types of electromechanical relays are now an obsolete
technology and are consistently losing calibration between maintenance cycles. These relays are used for earth fault
and overcurrent detection. The failure of these relayserate as intended has resulted in live conductors on the
ground not being detected andeleergised. Most observed instanaelsere earth faults were not isolatedere
found to involve the identified relay types or older electromechanical relays maealenThis supports they are at
the end of their serviceable lives. Protection system assets pose a significant safety riskldu giraritised

T Zone substation circuit breakers these assets are used to switch the network and are opened bygrsietems
to isolate faults on the network. The inspection, testing and maintenance of these assets is incomplete. The
technology and specific models installed also pose an increased riskolboraelated zone substation circuit
breakeravere found tgresent an elevated risk to the network with respect to network reliability and the safety of
field crews due to their potential failure mode through arc fault and fire. Many of the specific types of circuit breaker
in-service on the Aurora network havedn identified in the electricity industry as iy an elevated risk of failure

T Zone substation transformers these assets are located at bulk supply points (zone substations) and used to
transform voltage from the high voltage used on thetsuismissia network to the medium voltages used on the
distribution network. The transformers at two zone substations are in poor condition, although we note that one is
currently in the process of being decommissioned. Additionally, transfoapehangerareshowing signs of
deterioration andomeare behind their maintenance schedirereasing risk of an outage on the associated
transfamers

T Support structures: these assets consist of the poles, crossarms and insulators that are used to support conductors.
The pole inspection program has recently biegroved buthas not identified all poles that are in poor condition as
it has not yet covered the whole netwdZkossarmsre not inspected adequately and many are in poor condition.
Some are categorised as high risk due to their location relative to population and probability of failure. Note that
while our analysis focuses on a whole of fleet assessment arideniify expected quantities, individual assets

requiring remediation will be identified through Auro
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T Distribution switchgear: these assets are used to switch the distribution network. A significant numbefeativele
and inhibit normal operation of the network, which can lengthen outages experienced by customers and impact the
reliability performance of the network. Some models have identified issues which present a safety risk,
predominately for field crews. Bignificant portion of the ring main unit type switchgear inspected (40%) have oil
leaks. Batteries in circuit reclosers do not have a regular replacement scheme. This poses risk that the reclosers may
not operate when required.

We used Aur ogeneedtsppnodctstdclassidyrtha identified risks. dtmertbelow shows the result
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Overall, we found a high number of risks in the ARedo

as reasonably practical.

A prioritised list of ri&s has been developed to provide guidance on where Aurora should focus their attention in
maintaining the safety and reliability of the network.
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1 PROJECIONTEXT

WSP has been engaged by AurBreergy(Aurora)to determine thetate of th electricity distributionnetworks in
Dunedin and Central Otag®he purpose of this engagementoisdentify the levels of risk on the network and
specifically identifyany criticalnetworkassetshat areat significant risk of failure.

WSP entered a tripartite agreement with the Commerce Commission and Aurora to ensure an independent review and to
assist the Commi ssion on matters relevant t eviewddther evi e\
scope of work and commented the draft and final reports.

To provide the project context, this sectg®ts out th background that led to the initiation of this project, dhgctive
and scope of the project, theethodology and approach undertaken, andtheture of thiseport

1.1 OBJECTIVE

The objective of thprojectis to undertake a independentisk assessmeuff the Dunedirand Central Otagelectricity
distribution networks owned and operated by Aurora Energy. The risk assegstodrg undertaken with consumer
focus, with explicit regard given to

T public safety

T reliability

T resilience

T environmental risk

T postfault restoration times

The output of the project is to establish an accurate and retisklgrofile for the current state of the Aurora networks,
within the bounds of accuracy of the sampling metlzodl with gparticular focs ontheidentified critical assetS he
resulting prioritised risk to consumesdll thenbe determinedrom this assessment

Based on the agreed approach which includeashef asset inspection by sampling a portion of the population and
extrapolation across the remainder of the fleet, it is probable that specific assets in poor condition may not be identified.
The intentof this assessmei# to understand the situatiohtbe entire fleet of assets in an efficient martoeznable

Aurora to most efficiently prioritise their maintenance and replacement activities where needed. The purpose is not to
necessarily identify each individual assehat is the role of the recmt inspection and testing tasks of the field crews

in business as usual operations.

1.2 PROJECT SCOPE

Key aspects of the review include:
T identifying Aur or aoudenying phyisicalconditios set s and t heir

T asessment of Aur or arosnangceaddccheah ofits assets (jn the Bbseande of hard evidence
what assumptios / judgment is being applied)

T identification of potential and probable failure modes, and the underlytegtfa consequences of failure

T assessment of the extent to whtbe network assets are constructed to appropriate design standards, taking into
account:

T the past and current design standards applied by Aurora
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T the specific location and environment of the assets
T the impact of asset deterioration.

T consideration of thex¢éent to which network topology mitigates (or otherwise) the risk of service failure in
significant urban areas of the network, and in rural zones:

T underlying security of supply standard

T areas where security of supply standard is exceeded

T areas where sediy of supply standard is not being met
T emerging capacity constraints

T locations where changing land use is driving a need to convert infrastructure historically designed for rural use,
to urban levels of resilience and reliability

T estimate the overall risprofile for the Aurora networks.
The two keydeliverables of the revieware

T establishment ofan accurate and reliable assessment of the current state of the Aurora netwoalsawitular
focus onidentified critical assets

T having established thetate of the network, determine the resulting prioritised risk to consumers.

This risk assessmeistundertaken witim the context o consumer focus as described in sectidn

1.3 EXCLUSIONS FROM SCOPE

Not all of Auroradbds assets wer e i nacotmprisenahndtworkasbets s cope
(suchas vehicles)¢apacitor banks, ripple ctol, disconnector/earth switchurge arrestorandbuildings

It should be noted that this report is aimed at providimgssessment tife current state of the Auroedectricity

network. It does not include consideration on the interventions and future strategies planned byrAadalition, any
matters r el aistorinaiperformanéeagaimst qudlity standarddsnchmarking against other network service
providers or the performance of individuadse excluded from the scogadirect matters, such @u r 0 engirteaing
capability are also excluded.

1.4 APPROACH AND METHODOLOGY

This project has beamdertake in two stagesThe first stage undertook a hi¢gwvel review of the asset data held by
Aurora. The second stage validated the data, undertook field inspectiotestmgi to fill identified gaps, and used the
available data to assess the network risk.

WSP used the followingigh-level approach:

Task 1: Data Review

For theassessment of asset datdSPreviewed the following to determine data gaps:

T format/availabiliyy of data (i.epaper records or data base), including the usability of datsdaorrent format

T completeness of data in databases, accuracy and consistency of the data (i.e. check for obvious errors, which may
include some limited visual inspectionsrafarby assets as sample testing for data accuracy)

T maintenance records availability, again with check for accuracy and completeness.
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We also undertoolaterviews with staff to assess their understanding of the asset data and how it was collected. The
interviews focused on discussing asset attribute data, condition data and performance information, as well as the process
used to gather and validate the informatibhne combination of the data assessment and staff interviews allowed us to
identify missing inbrmation.Further description on the data review approach is set out in s8ction

Task 2: Asset testing / data validation

This involved thedevelopment of amspection and testing program to gather new data to fill gaps or to validate the
practices undertaken by the field creviibis validation waso ensure procedures were followed and the data gathered
from site was accurately sent back to Aurora (via malehace or paper recordsjurther description on the data
validation approach is set out in secthB and then in the individual asset classes later in thetrepor

Task 3: Analysis ofcompiled asset data

The desktop analysis of asset data was done at two levels, firstly from a whole of network viewpoint to look for trends in
network performance, including reliability trends and defects trends and also toaawsgasicular areas of concern

related tahe overall network resilienc&ollowing this network viewpoint, each individual asset class was analysed to
assess failure modes, performance, inspection / testing regimes and condition.

Task 4: Considerations ofasset and network design

As well as looking at the asset data and asset condition, WSP considered the design standards that had been applied by
Aurora in the context of the location and environment of the assets and the impact of asset deteriorddiibionin a

WSP considered the extent to which network topology mitigates the risk of service failure in significant urban areas of
the network and in rural zones. This was done through
specifically identifying areas where this standard is not being met or has emerging capacity constraints.

Task 5: Development of risk profile

The final task involved using the asset data to create the risk profile for the individuaagsgetiesThis involved
consideation of public safety, reliability antthe environment tadentify the risks associated with each asset class and
each area of the networKot every asset was inspected or reviewed, but sufficient data collected to enable a risk profile
to be developetbr eachasset category.

Where possible, we have undertaken quantitative analysis to quantify the risk as a financial value or as an index to enable
ranking of risk at a more granular level (wheregsialitative ommatrix approach could allocate the sans& value to a

multitude of assets reducing the abilitypidoritise andtarget risk). However, for some analysis, the risk assessment is
qualitative due to either the availability of data, or the type of risk being discussed.

1.5 STRUCTURE OF THE REPORT

This report is structured to provide a view of the network from a high level before discussing individual asEe¢ risk.
report sets ouhe definitions used in the repooyr analysis andindings,and the prioritised risk to consumers.

Section2: Overview of Aurorads net wor k
Section3: Asset data

Sectiond: Network risk

Section5: Network resilience

Section6: Network security

Section7: Network perbrmance

Section8: Supportstructures
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Section9: Distribution switclyear

Sectionl0: Distribution transformers

Sectionll: Overhead line$ subtransmission
Sectionl2: Overhead line$ distribution
Section13: Underground cabléssubtransmission
Section14: Underground cablésdistribuion
Sectionl5: ZSS Transformers

Sectionl6: ZSS Circuit breakers

Sectionl7: Protection systems

Section18: Conclusions
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2 OVERVI EW OF @BAURORA
NETWORK

Aurora Energy, is an electricity distribution business formed in 2003 as a wholly owned subsidiary of Dunedin City
Holdings Limited. It is predominantly focused on the distribution of electrfoitywo large separate regions of the South
Islandi Dunedinand Central Otago.

GLENORCI.-IY ® WANAKA

ARROW TOWN
o ®CROMWELL
QUEENSTOWN ® ALEXANDRA

Central: predominantly rural, lower population density

® ROXBURGH
DUNEDIN Dunedin: predominantly urban, higher population
L4 density
Source: Aurora AMP 2018
Aurorads network is fed from Grid ExAtr ®onanEserfgypdins Tmnat

hierarchical in nature, with lines and cables operating at three distinct voltage ranges:
T  Sub transmission mostly 33kV but also 66kV
T Distributioni mostly 11kV in Cetral Otago and 6.6kV in Dunedin

T Low Voltage (LV)T 230V singk phase or 400V three phase.

CUSTOMERS !

Electricity from high voltage circuits (lines and cables) is transformed, at numerous zone substations, to lower voltage
circuits that each serve anywhere between one and a few hundred customers. Often the transfovoitdige is 33kV

to 11kV; although in Wanaka, the conversion is from 66kV to 11kV, and then to the 400/230 volts used in homes and
businesses.
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The key asset classes considered in this review are:

T Support structures, including poles and the crossarms ardtorsuthat are affixed to poles
T Overhead lines and underground cables

T Switchgear and circuit breakers that are used to switch and isolate parts of the network
T Transformers that are used to transform voltages from a high voltage to a lower voltage

T Protection systems that detect a failure of the network that results in a flow of electrical current that is larger than
normal or a flow to ground.
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3 ASSET DATA

Reliable and complete asset data is requiredfextively manage a large asset fleet. Aglsgh enables asset managers
to understand the composition of an asset fleet, how it is performing against performance indicators, to identify emerging
trends and risks, and how they can be mitigated.

The data required falls into three categories:

T Asset atributes: this includes basic asset information including the make, model, materials, ratings, age and
location.This data provides understanding of the segments of the asset fleet and allows monitoring of similar asset
classes.

T Condition and defect data:this includes the testing and inspection results of assets, a history of the types and
numbers of defects identified, and any failures to operate as intended for the asset type.

T Performance data:this includes how well the asset is performing its intendedtfon against established criteria.
Commonly this includes reliability metrics (SAIDI, SAIFI, customer minutes off supply), public safety and
environmental requirements.

The use of these data sets enables asset managers to assess the probabilityqaehcertd an asset failure using a
range of technigues. Unreliable or incomplete data reduces the insight that can be gained and limits the analytical
techniques that can be applied.

WSP undertook an assessment ofewdwith SMEsdnd analysis ofithetdatasets g h a
provided. We identifiedeveralreas where asset data was not available, not as complete or where data was not reliably
collected or stored in a useful format. Our assessment considered the level of daty acclicaenpleteness that would

be expected for each asset class based on how they are managed by Aurora and common industry practice.

The following sections describe the key elements of the asset data and systems used to gather and store the data.

3.1 ASSET DATA SYSTEMS

The key systems used by Aurora for managing and storing asset de¢h @neinTable3.1:

Table 3.1 Asset data systems used by Aurora

SYSTEM TYPE OF INFORMATION

ARC FM/ArcGIS (ESRI Software) Geospatial information

SAP Financial data (not used for asset data)

Outage Management System (OMS) Outage data

Internal business network folders Scanned PDF reports and defect data

Power BI Data analysis tool

ProtectionSettings Database Protection relay makeandmodels, settings and dates
StructuedLines Data collection application for poles inspections

Survey 123 Mobile app development platform

Xivic Legacy database for asset inspection

AMData database SQL Servebased asset data reposit@gveloped iFhouse
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The process that has been established for managing the Structured Lines data provides good functionality for recording
data, analysing the information and enabling asset management decisions to b&amderta

Data analysis tools (such as PowerBl) are being used to good effect to obtain useful insights into the assets. The
development and maintenance of the system is reliant on only one or two people in the business which introduces a key
person risk foongoing asset management processes.

3.2 ASSET ATTRIBUTES

Asset attributes have in general been captured in\@Hie this has been made to work for many assets, there is no link
to financial data and or any functional workflow and maintenance managemenisysterporated into the software.
This limits the functionalityof theasset managemesystem

The accuracy of the information was found to vary dependant on the ass®dfgretoTable3.3 for our assessment on
the accuracy of attribute information against each asset class.

Our assessment of the reliability of the data included assessing the completeness of the attributes for the fleet, how well
and consistently the entries were made in each column and consistency of data between different data sources. We found
that a consistent unique identifier per asset is not implemented, making it difficult to work with and manage the data
efficiently and ceating uncertainty that all assets have been accounted for

In general, WSP would have expected better data for some of the asssutyipas zone substation assets that have low
volumes on the network. However, the data ordik&ibutionassets was maoo dissimilar in accuracy and

completeness when compared to other electricity distribution providers. Ince@est was of lower quality, such as

for distribution switchgear, and in otlsat was more complete, such as for poles.

3.3 CONDITION AND DEFECT DATA

Similar to the asset attributes datee quality and reliability of the condition and defect data depends on the asset class.
On a general level it was found that defects have not been captured well, with reports not well organised and difficult t
extract useful information for trending the fleet performance.

Issues included inconsistency of formats for capturing defects data over time, inconsistent naming conventions and
different groupings of reports, both within folders and within individeaihsied PDF4.€. a mixture of general site
inspection, battery testing and circuit breaker maintenance compiled into one document). This made it difficult to find
defect data and to identify systemic issues.

The dates on the inspection and testing shiedisated the inspections were not undertaken on a consistent periodic
basis. The time between inspections varied within asset classes.

The condition data collection process has historically been very manual, although we note that Aurora is cuhrently in
process of developing a suite of mobile applications that they are rolling out into the field rapidly. This will earadble
enforcel consistent collection of data that can be automatically transferred into the asset databases to impsove report
This is a good example of how Aurora is engaging with modern technology to improve management of their network.

3.4 PERFORMANCE DATA

Network performance data was predominately captured in the outage management system. Data entry into the database
was a manual poess and only quality reviewed consistently in Dunedin. However, the process is auditely amadual

there are a low number of outages each day which minimises any problems with manual data enttyisaiscs.
acknowledged that the practidegveimproved with the establishment of the new SCADA system uSlegeral

Project No PS109832 WSP
Independent review of electricity networks
Final report Page 8

Aurora Energy



E | e c PowerOrbssion wherethe data capture will be automatic for all telemetened HV infield switchable
devices.

The process of reporting outages is to allocate the oldagtonto the nearest distribution transformer. This has the
effect of reducing visibility of locational issues, such as from vegetation, or being alesistentlyidentify a specific
asset type that is causing outages.

3.5 DATA GATHERING AND VALIDATION

WSP ha undertaken data validation activities in field to gain confidence in the accuracy of the information and data
captured by Aurora. The level of field validation undertaken was dependent on our initial assessment of the asset data
quality as described irestion3 and the criticality of the asset in regard to its potential impact on safety, reliability and
the environment.

Based on the initial data assessment, thigites reflected inTable3.2 were undertaken.

Table 3.2 Field validation approaches
DATA FIELD VALIDATION CHECKS MADE APPLICABLE ASSETS
QUALITY
High / Audits of Aurora led | Testing in accordance with testing |Supporting structurespoles
Medium tests / maintenance |procedures and training provided. Zone substatioris all subclasses
procedures ; ; ; ; ) o
' Con.3|stency in testing across differe Overhead lines sub transmission
Independent visual |testing staff ocrews.
inspection Correct capture of data.
Medium / Independent Condition assessment of critical Supporting structureis crossarms and
Low inspections of assets components / features related hardware
Distribution switchgeaf ACR and
ABS
Overhead line$ distribution
Any Limited field Ad hoc checks made during other |Underground cables
validation inspection activities Distribution Transformers

Limitations of field validation work:

For some asset classes, such as underground cables and metal enclosed switchgear, inspections were unable to be
performed due to inaccessibility of the assets, as inspections or tests would require significant network outages.
Additionally,for some asset <c¢classes, the ability to witness as:¢
maintenance programme. This was the case for the zone substation inspections which are only carried out once every
four years per substation and can regsigmificant planned outages on the network, limiting flexibility with timing and

zone substations inspected.

The specific limitations of the field validation work undertaken on each asset class is set out in the specific asset section
presented later ithis report.

Approach to sampling

In undertaking field work validation, WSP applied a sampling approach to gathering the asset information for those
assets with a large population (poles, distribution switchgear, etc). A sampling approach was reqtiréduediasts
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and timeframes that would be required to view all the network assets. The sampling approach allowed for an efficient
process to be undertaken to improve confidence in asset information, whilst ensuring sufficient effort is allocated to the
as®ts, based on their risk profiles.

The sampling approach uses statistical analysis to cal
6Margin of Errord required. Fo rAppmixA Aslpartobthre calchlationsoa mp | i n ¢
determine the suitable sample size, asset classes were broken into segments. As an example, those assets in more critica
areas (i.e. where there isigh risk to public safety) were segmented from those in less critical areas. For other assets,
segments may have been based on the location of the assets to account for different environmental conditions
(e.g.Dunedin inland vs Dunedin coastal). By segtirgg the assets, we were able to improve the targeting of our

sampling and focus on those areas of highest concern to safety, reliability or the environment.

For those assets with small popul at i on s apprsagtctdisamaping z o ne ¢
was not based on a statistical sampling approach. Instead we verified data in areas where there have been particular issue
or where assets are in known growth areas or likely to have changed network conditions such as faultdespasifich

approach taken to sampling is described under each asset class as presented later in this report.

3.6 SUMMARY OF DATA ASSESSMENT

Table3.3 provides a summary of the assessment of asset data against the three data requirements of attributes, condition
and performance data for each asset class.

Rankings are shown as:
@ High: thedata is sufficiently complete and can be relied ujpbis. suitable for the management of the asset typ
Medium: there are gaps in the data but it may be appropriate for use, likely validation is required

. Low: the data is materially incomplete aimits the analysis that can be undertake or creates uncertainty in t
results

Each criteria was ranked with the O6overall 6 data quali't
This was a semmjualitative assessment based orwalsions with the subject matter expert, analysis of data sets provided

and our experience in the industry. The amount and reliability of the data was considered with respect to each type of
asset and normal approaches to asset management for that asset.

Table 3.3 Summary of initial data quality by asset class
VERALL DATA
ASSET CLASS SUB CLASS ATTRIBUTES CONDITION | PERFORMANCE | ° QUALITY
Structured Lines . . .
Support structures inspection approach
Poles Historical inspection o o ®
approaches
Supportstructures Crossarmsnd . .
Other insulators
Distribution switchgear RMU . .
Groundmounted Switches Q Q
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OVERALL DATA

ASSET CLASS SUB CLASS ATTRIBUTES CONDITION PERFORMANCE QUALITY

Fuses . .

Distribution switchgea S"itches O ®

Polemounted Reclosers

Sectionalisers

Groundmounted

Distribution transformer¢ Pole mounted

Voltage Regulators

Overhead lines

. All types

Sub transmission yp .

Overhead lines HV . .

Distribution LV . .
PILC .

Underground cables  Oil insulated
Sub transmission Gas insulated

XLPE

HV cable3

Underground cableis

Distribution LV cables .
Cast Iron Potheads
Transformers .
Zone substation Tap changers ®
Transformers Bushings O @) @
Bunding . . . .
s .
Protectionrelays . .
Setting information not applicable| not applicable
Zone substation Battery banks and o
Protection chargers
Instrument transforme O @ O O
SCADA
(1) Al'though the condition and/or performance data isdassessed

performance data is not generally kept on these assets in the electricityyindust
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Where data was found to be insuffididor this review, WSP sought to improve it through site inspection, examination
of records etcThe final assessment of data quality for each key asset class is shbaiia8.4.

Table 3.4 Final data quality for key assets

ASSET FROM AURORA ACTION TAKEN RESULT

Support structure Medium Site inspections to validate High
Field testing undertaken

Overhead line$ Sub transmission Medium Drone survey undertaken Medium
Field measurements

Overhead line$ Distribution Medium Drone survey undertaken Medium

Underground cabléeis Sub transmission |Medium No action possible Medium

Underground cabléis Distribution Low No action possible Low

Circuit breakers Medium Site inspections to validate Medium

Distribution switchgear Medium Site inspections to validate Medium

ZSS transformers High Inspection results to validate |High

Distribution transformers Medium Inspection results to validate |Medium

Protection systems Medium Site inspections tgalidate Medium

All data was found to be suitable for our review, except falddground Cables Distribution, whereattributedata is
held in paper drawing records amence not readily accessiblend conditiordata was not available. We note ttas is
not uncommoracross the industrgiven that the asset is buried. Thigliscussedurther in sectiori4.1
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4 NETWORK SK

The key output of this independent assessment is a prioritised list of risks on the network. To enable this to be done, WSP
was required to assess the relative risks of the different assets classes. This section defines what is meant by network risk
and tlen sets out the approach taken for calculating the network risk to enable comparison across fleets and prioritisation.
The specific details of the approach taken for each asset class are set out in the individtlabassattion8 to 17.

It should be noted that the network resiliencenasther words the networks ability to recover from significant events
such as earthquakes and severe storms, has been dealt with separately from the asset risk and is detailed in section 5.

4.1 OVERVIEW

Our assessment is required to consider the risk poseddbyasset class identify where Aurora should focus their
efforts for mitigating the network risk to ensure network safety and reliability and to minimise the impact of network
assets on the environment.

4.1.1 DEFINITION OF RISK

Risk is defined as the protidity of an event multiplied by the consequence of that event for each failure mode. This can
be written as a formula:

YQi Q 01 € 0@ ANEOOWHIER | QR 6 WRWH 61 Q

Where

T probability of failure is either a calculatgdiantitativeprobability or an assessment of asset condama proxy for
probabilitywhen the data does not enable a quantitative assessment.

T consequence of failure is either the calculated vafuke aset failureor the criticality of the asset based on the
importance of the asset b@twork safety or operation

4.1.2 OUR APPROACH TO RISK ASSESSMENT

All risks assessed in our review are associated with the failure of an asset. Our assessment ofiske ass@Etling to

the consequence of failure and quantified probability of failure, was based on the asset type, our assessment of existing
data and the additional data we gathered. We have applied the most appropriate approach to assessing asseh risk for
asset class and type of risk. The reasoning for these choices is discussed below. We also outline our approach to any
existing operational controls.

PROBABILITY OF FAILURE

For most assets, the probability of failure can be quantified using datagsenfailures as well as the data on assets that
have been replaced due to assessment as being at the end of their serviceable life (prior to failure). Analysis of the data
enables calculation of the probability of failure based on asset attributesratitiocoinformation.

Where data is not available to calculate quantified risk, an asset health index has been used as a proxy for probability.
The health of the asset is a good indicator of how well it is likely to perform its function. The calculatierheflth

index has been determined with consideration to the method set out in the EEA Asset Health Indicatdihguidiset

health risk approach was used for 1 of the 11 asset classes we reviewed.

1 ElectricityEngi neer sdé Association, Asset Health Indicator (AHI) Gl
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CONSEQUENCE OF FAILURE

The consequence of failuredgquantitative assessment of the outcome of an asset failure.

In order to establish a prioritised list of asset risks, we have considered the potential impact of each asset failure. This
involves assigning the highest consequence that could occur, bevéailtire mode of the specific asset class, so that it
can be allocated an appropriate ranking relative to other assets. This approach provides comparability across asset
classes. We note that this approach is different to establishing risk at a netvabrlas summing individual risks does

not allow for the diversity in consequences that may occur when considering multiple asset failures.

WSP has considered three main consequences of assetifglulbéc safety, reliability (calculated as energy ak)yiand
environmentThe approach taken to assess the consequence of failure of an asset is influenced by the nature of the asset,
and whether it is above ground, underground or in a secure compound.

We have used a quantitative approach to assessingriiequences relating to reliability (basedvatue of lost loayl
and public safety (based on a safety ind&ualitative approach has been used for consequences relating to
environment (based on historical information).

EXISTING RISK MITIGATION CONTROLS

It is important to note we have taken an asset focused approach to assessing the safety risk. This means we have not
considered any operational controls that have been, or could be, put in place to mitigate the risk. While this approach may
overstate ris in some instances, it enables Aurora to assess whether these can be mitigated or reduced through current or
new risk control measures. We have not undertaken a review of the effectiveness or consistency of implementation of
operational controls.

4.1.3 VISUALISING RISK

To display the level of risk for different types of assets, both-li@bhme assets such as poles andimlume assets

such as ZSS transformers across different risk types, we have used a standard form of risk assessment as described in
AS/NZS 3D00. It provides a simple view of relative scales of risk and it is the approach used by Aurora, hence it can be
easily understood and applied in their normal business practices.

Table4.1shows an example of the risk matrix approach as set out in AS/NZS 31000, with the overall risk ranking based

on the probability of asset failuesnd the consequence/criticality. Five categories are used for both probability of failure

and consequence/criticality with the ultimate result being a ranking of risk as depicted by the coloured boxes from
insignificant to very high. The values A, 8assetalthve@ ar e t
moderateriskath 6 B6 assets have a very high risk. Further det a
mapped to the matrix is provided in sectidn®.3and4.3.4respectively. These sections describe how the approach to

ranking provides a suitable comparison between risk types and asset fleets.

Table 4.1 Auroraodés risk matri x

Increasing consequence (criticality) -->

n
1
1
g
= A
‘©
L Moderate
S
o Low
2
a C Insignificant
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4.1.4 INTERPRETING THE MATRICES

The risk matrices we have developed in our approach are intended to only provide the comparative risk between the
different asset classes, and not an absolute risk. The method used to identify risk has been undertaken on a consistent
basis across all assgasses so that the outcomes would be comparative and enable Aurora to most effectively manage
the network.

As an exampleTable4.1 shows items A, B and C in diffent risk categories. In interpreting these categories, it should
be read:

T that item A has a comparatively higher probability of failure compared to item C, but the same consequence when it
fails

T thatitem B has a comparatively higher consequence whailsicbmpared to item A, but the same probability of
failure.

Item B has a very high risk. Where this is a safety risk, it shoaitle interpreted that item B will result in serious

public injury as there are several events that must align for theorigkterialise. Broadly, the events that must occur

include a) the failure of an asset, b) for the failure mode to be one which poses a risk to the public, and c) for a member

of the public or staff to be present at the time of failure. To assess eaels@ktfentsr a deterministic manneequires

a number of assumptions to be made, which can result in the assessments not being comparable between asset classes a
difficulty in extrapolation across an entire fleet of assets. Further, it genegsilils in low probabilitieswith the effect

of grouping all assets into the same risk categehych does not enable differentiation between assets for the purpose of
prioritisetion.

Item B shouldbe interpreted as the failure of this asset has the potentialise a serious public safety or reliability of

supply risk. As each asset with this level of potential could result in a serious consequence, each asset is assigned the
same serious consequence. In practice, not all assets will fail in a manner thatgaential to cause the highest
consequence anbencethe asset risk represented by item B cannot be summed with other asset risks to obtain a network
wide risk.

|l mportantly, we have considered Aur ornsefuencesdutnaaelnotwor ki n¢
consideredhe operation of safety on the network, or specific safety practices employed by Aurora staff and contractors
in response to the known risks.

The approach we have adopted, of using a comparative or relative ranking dongequence, means that we can

provide a prioritised list of asset risks that has reasonable granularity. We can telg andhe available asset data that

we have gathered and / or verified and minimise the assumptions madeseidlasses acrogmth network regions can

be treated with the same method of assessment and using the same relative risk scoring approach. This ensures that the
results are comparable between the assetedass

4.2 ASSESSING PROBABILITY OF FAILURE

This section describes tineethods used to calculate the probability of failure.

421 QUANTITATIVE MODELLING APPROACH

The quantitative modelling techniques are summarised below and further details of these techniques are provided in
Appendix D

Weibull survivor curve: The Weibull distribution is commonly used in asset management in the electricity industry for
forecasting the replacement needs of assets. It provides a distribiutimbability of failure (or Weibull probability)

against the asset age. The distribution curve (or chart shape) reflects low failure rates during the early stages of an asset
life which then increases as the assets age. The distribution curve is teseeldon historical replacement data for a
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particular asset class or sub asset class where data is available. The two key parameters in describing the Weibull
distribution are the characteristic age (also called the scale factor) and the shape factmdifiomal probability is

calculated to provide the incremental probability of an asset reaching its end of life from year to year. This enables us to
identify the volumes expected to fail and determine network risk at a fleet level based on asset ages.

Advanced techniquesAdvanced techniques use statistical and machine learning models, such as linear regression and
neural networks, to examine relationships between different asset characteristics to determine the probabilityobf failure
an asseand povide a predicative forecast. It involves assessment of multiple variables (for example, timber strength of
poles, age, location) to ultimately determine a relationship from the characteristic to the remaining life of the &sset or th
degree of degradatio Machine learning techniques require large data sets to establish the algorithm before it can be
applied for forecasting.

Pro-rata/statistical allocation of condition based omecent test data This approach uses a prata allocation based

on the knowrasset condition determined by the inspection process which is then extrapolated across the fleet. The
statistical basis identifies the margin of error of the data sample and is used to determine if the data sample provides a
reasonably accurate represeiataiof the fleet. It is used where there is accurate and up to date information on a number

of assets in a population, or where field testing has been undertaken to gathering new data (rather than validating existing
data). It cannot identify the expectask on an individual asset but can provide an estimate of the percentage of the
population expected to be within a condition category.

Where field validation work undertaken by WSP was found to be in general agreement with data captured by Aurora, the
data captured by Aurora was used in the probability of failure assessment. In the case that field validation work picked up
on inconsistencies of asset information or provided new asset inforprthgorthe new information was incorporated

into the probabitly of failure assessment. The approach to incorporating field work into risk assessments is described in
the individual asset class sections presented later in this report.

Once calculated, the probability of failure was grouped into five categories@s #eTable4.2.

4.2.2 QUALITATIVE ASSESSMEMT

The qualitative assessment approach to determining the probability of failure assesses defects and failures that have
occurra on the network and takes into account the individual assets age, make and model, and experiences from other
businesses with the same or similar assets. As part of the qualitative assessment, the asset heattiatetenined by

the asset age relatite its expected nominal liféhas been considered.

Following detailed assessment of all asset data available to establish patterns in the asset performance and any other
information, such as issues with maintenance and industry wide type issues, W& doriew about the likely
condition of the asset type and determined a probability of failure based on the five categories Jetidetip.

4.2.3 MAPPING PROBABILITY TO THE MATRIX

To ensure comparability with the Aurora risk approach, we have adopted the same rankings as used by Aurora as detailed
in its 2018 AMP Table4.2 sets out how WSP has mapped a quantitative assessment of the probability of failure to align

with the categories set out in Aurorads matri x.
Table 4.2 WSP Probability of Failure Ranking

RANKING |DESCRIPTION QUALITATIVE ASSET HEALTH INDEX QUANTITATIVE

5 Almost certain Happened in last year in location |>100% nominal life 40% to 100%

4 Likely Happened in last year in company |90% to 100% nominal life |10% to 40%

3 Possible Happened in last year in industry |80% to90% nominal life | 1% to10%

2 Unlikely Heard of in industry 50% to 80% nominal life |0.2% to1%
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RANKING | DESCRIPTION QUALITATIVE ASSET HEALTH INDEX QUANTITATIVE

1 Rare Unheard of in industry 0% to 50% nominal life 0% t00.2%

4.3 ASSESSING CONSEQUENCE OF FAILURE

The following sections discuss our general approaassessing the three types of consequence considprddic
safety, reliability and environment.

4.3.1 SAFETY

When assessing public safety rigke have usedsset aticality as a relative measure of risk rather thiaimgan
absolute measure of riskhe appication of this approach for distribution assets and for ZSS assets is set out below.

DISTRIBUTION ASSETS

Assets that are above ground in publicly accessible locations can pose a risk to public safety. The assets thasfall into thi
category include:

T support structures (poles, crossarms, insulators and the top section of poles)
T overhead conductors

T distribution switches and distribution transformers

T other pole and ground mounted assets.

Protection systems are located in zone substations but their impaqgbisklic safety in the distribution network.
Therefore, their risk has been modelled based on the same approach as distribution assets.

Sub transmission support structures and overhead conductors are also lopabdidlinaccessible locatioradcan
pose a risk to public safetyherefore, their risk has been modelled based on the same approach as distribution assets.

Population density

The physical location of the assets is a significant contributor to the criticality of an asset to public safttythas are

located in areas with a higher population density will have a higher probability of a person being in close proximity when
it fails. Hence, the population density at anandisaet ds |
consistent and independent measure across all asset types.

Our assessment considered population density based on population data obtained from the 2013 census. The data
provides the usually resident number of people down to the level of resideveiings. The data is used as a GIS layer

that provided a contour map of population denagyshown irFigure4.1. Increases in population due to tourism have

not been explicitly taken into account due to a lack of available information, although such increases should mirror local
population to some extent. We also acknowledge that some residential growth areasheilfully reflected in the 2013

data set, however, we consider that those aneast material in area of the network and are likely to have newer assets

if they have been established since 2013 trateforetheir exclusion from the analysis wilbhhave a material impact

on the outcome.

As the population density is used as a criticality factor/index rather than as an absolute measure, use of population density
from the 2013 census is sufficient for the purposes of this review to prioritise assets risks.
Calculating the public risk index

The index is based on the area that would be impacted should the asset fail in a high consequendeoroaltogaite
the risk index, the following steps were taken:
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T The density of population in the vicinity of an asset was assigned to the asset bémgedsset location and the GIS
population density layer.

T The impact area of an asset when it fails was calculated. The area was based on physical attributes such as the height
of a pole or evidence from other failures at Aurora or in the electricity indust

T The population density of the area was multiplied against the impact area to calculate the impact on population
density.

The public safety consequencetierefore:
0 6 @ AVQEOE @ 'QaY'Qd WA N WG £ N NDRE | QO ®
Limitations

This assessment of safety risk is not an absolute measure but intended to be comparative between assets to enable
prioritisation between asset fleets. The method is only applicable to distribution assets, i.e. tlawsdribtalled outside
of zone substations, and protection relays.

10 0 10 20 30 40 km
. .

New Zealand Population Density
0-16
16 - 764
764 - 2247
2247 - 3396
| 3396 - 196810

J A

Figure 4.1 Population density derived from the 2013 Census data?

2 Population data sourced framtps://koordinates.com/layer/7 322wzeahndpopulationdensityby-meshblock/
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ZONE SUBSTATION ASSETS

Assets that are located within zone substatipose a safety risk to field crews rather than the public. These assets are
most likely to fail when being operated so the likelihood of field crew being present at the time of failure is increased,
compared to public proximity to assets in the distritruthetwork.

The key assets assessed that fall into this category include:
T zone substation circuit breakers
T zone substation transformers.

For these assets, analysis of the asset type, calculation of parameters such as arc fault boundary, experience and
knowledge from recent events in the electricity industry, and engineering judgement is used to assess the criticality.

We note that Aurora implements a number of practices and procedures to safeguard personnel working within a zone
substation, however, assdussed in sectioh1.2 our review is of the asset risk. The effectiveness and consistent
implementation of the safety process have not been considered or assessed as part of this review. Hence, our assessment
doesnot consider the safety practices in assessing the asset criticality.

4.3.2 RELIABILITY (ENERGY AT RISK)

The risk to network reliability is the loss of supply to consumers. An economic cost of the loss of supply can be
calculated and is comparable across dgpets, hence it can be used to prioritise network risk. The economic impact of
loss of supply can be calculated based on the value customers place on reliability, so energy at risk is then a function of:

T the demand supplied by an asset (the amouehefgy that would be interrupted if the asset was to fail)
T the duration of the expected asset outage prior to restoration of supply
T the value of customer reliability (VCR) also called t
The enegy at risk istherefore:
0& Qi dBOQI WE WE | @OAHDE &1 la@ QOGO 'QA QO ®
VALUE OF CONSUMER RELIABILITY

The VCR or VoLL is an economic cost of the amount of electricity that is prevented from bppligduo consumers
due to the outage caused by electricity assets.

A number of studies have been undertaken to determine the value consumers place on electricity supply based on
stratification by metrics such as load type (e.g. residential, commerdanaustrial) and geographic location. WSP has
used the VoLL used by Aurora for the assessment as $abie4.3. This sets out a different VoLL for the two
networks.

As a way of checking the VoLL used, WSP has compared the values used by Aurora against the values published by the
Electricity Authority (EA) on the 23 July 2033From the EA study, the VoLL for Christchurch has been used as the

closest equivalent to Dedinand escalated to 2018 dollars. It is noted that the Aurora VoLL for Dunedin is similar to

the average EA VoLL when adjted to 2018 dollars, and the Moapplied in Central is similar to the large non

residential VoLL from the EA study which is refkive of the types of customers on that network. This indicates the

Aurora VoLL is suitable for use in this review.

3 Electricity Authority, Investigation into the Value of Lost Load in New Zealafgport on methodology and key findings, 23
July 2013

Project No PS109832 WSP
Independent review of electricity networks
Final report Page 19

Aurora Energy



Table 4.3 Value of Lost Load ($/MWh)

CONSUMER TYPE EA VOLL ($ EA VOLL (% CPI\EU’\IT(_?RRAAVSLL( $ DAUUE(;RSIV(I\)]LL( $
Residential $14,818 $15,988 $12,000 $20,000
Small nonresidential $69,761 $75,268 $12,000 $20,000
Medium nonresidential $46,686 $50,372 $12,000 $20,000
Large norresidential $10,940 $11,804 $12,000 $20,000
Weighted average $18,690 $20,166 $12,000 $20,000

The approach to calculating the energy at risk has been undertaken using one of two methods based on the asset type anc
the data available for the asset type.

DISTRIBUTION ASSETS

Distribution assts have a lower impact on unserved energy and can typically be replaced in a short period of time.
Aurora provided us with unserved energy values by using its GIS to calculate the impact of an asset failure for each
distribution asset. The approach fouhd hearest isolation point upstream of the asset being assessed and calculated the
SAIDI impact based on all customers downstream of that isolation point losing supply for a period of four hours to
represent an indicative outage duration. This calculagdliBl value that reflected the number of customers and

duration of time they would be affectéthe assumption of four houfsr each outages appropriate based on their

historical performance and suitable when considering a fleet wide analysis

WSP leveaged this analysis to convert the SAIDI value back to customer minutes off supply, then using the average
demand per customer calculated the unserved energy. This was then multiplied by the VoLL to derive an economic cost
of each asset failing.

ZONE SUBSTATIONS

Energy at risk is assessed atomesubstation level using demand data availftoen SCADA, transfer capacity
available at each individual zone substati@idundancyand nameplate capacity. The key information sources and how
they are used include:

T substation demand: extracted from SCADA and used to develop a load duration curve (LDC) for the substation. The
LDC is the arrangement of the hourly demand data fihest to lowest to show the proportion of time throughout
the year that a specific level of demand is experienced

T asset capacities: extracted from asset databases these include the nameplate rating, and redundatcies (i.e. N
capacity if relevant)

T transkr capacity: based on engineering assessment of the substation and feeder configuration, this specifies the
amount of load that can be supplied from an adjacent substation

T time to restore supply: this was b arsspedificeubstagonsgi neer i ng
T forecast load growth: growth forecasts provided by Aurora.

The amount of energy that would not be supplied in the event of an outage is calculated using the LDC and the N, N
N-2 capacity of the substation as appropriate, atigvor the transfer capacity. The energy multiplied by the VoLL to
calculate an economic cost of the outage.
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SUB TRANSMISSION ASSETS

Energy at riskor sub transmission assédased on thdemandat the relevant substatiamcluding allowance for load
transfers, and uses the expected duration for restoration of the sub transmissionsgpahalysis considered the
difference in restoration times based on the asset type of overhead conductor or underground cable, andthe N or N
redundancy of the subansmission circuit.

4.3.3 ENVIRONMENT

The Resource Management Act 1991 (RMA) sets out the requirements Aurora must meet with respect to environmental
management. The RMA also sets out penalties for failure to comply or meet the requirements The Pesaliasated
into three grades of severity and infringement notices. These are described below:

T Grade 1 offences carry a maximum penalty for a person of imprisonment for up to 2 years or a fine up to $300,000.
Entities are subject to a fine of up to $600,@0@ there is provision for an additional penalty of up to $10,000 for
every day during which the offence continu€kese offences relate to activities that make use of land or undertake
activities on land without consent or in contravention of a digttast

T Grade 2 offences carry a maximum penalty of $10,000 and, if the offence is a continuing one, a further fine up to
$1,000 for every day during which the offence contintiégse offences relate to contravention of an order made by
the Environmental Qart, particularly regarding protection of sensitive information and noise

T Grade 3 offences carry a maximum penalty of $130@se offences related tadlful obstruction of people
exercising powers under the Amt contravention of a summons or an ordgpravide information

T As an alternative to criminal proceedings a Council may serve an infringement notice where an infringement offence
has been committed. The person culpable will required to pay an infringement fee of up to $1000.
CALCULATION OF ENVIRONMENTAL RISK

Historical data on environmental incidents is used to assess the risk posed by each asset class. In addition, the type of
asset and potential to cause an incident even if not observed historically, is considered. This includes, for example,
corsideration of oil containing assets, thieications and mitigating designs, as well as equipment containing SF6 gas.

4.3.4 MAPPING CONSEQUENCE TO THE MATRIX

To ensure comparability with the Aurora risk approach, we have adopted rankings for the economienoatedqu
align with Aurorabds appr abatisetaout haweNSR has mapped the assessmet 6fth8 Al
criticality to align with the economic consequence.

Table 4.4 WSP Consequence of Failure Ranking
SAFETY INDEX
CONSEQUENCE / SAFETY INDEX ECONOMIC CONSEQUENCE
(DISTRIBUTION, (ENERGY AT RISK
RITICALITY RANKIN (ZONE SUBSTATION ’
CRITIC G ASSETS) SUBTRANSMISSION AND ENVIRONMENT)
PROTECTION ASSETS)
5 Fatality of morghan 3 |N/A >$50m
workers
4 Fatality ofbetween 1 to | Fatality of between 1to 3  [$10m to $50m
3 workers people
3 Serious injuries Serious injuries $2m to $10m

4 Information regarding environmental penalties was provided by Aurora.
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SAFETY INDEX

CONSEQUENCE / SAFETY INDEX ECONOMIC CONSEQUENCE
(DISTRIBUTION, (ENERGY AT RISK

CRITICALITY RANKING | (ZONE SUBSTATION ’

c ASSETS) SUBTRANSMISSION AND ENVIRONMENT)
PROTECTION ASSETS)

2 Minor injury Minor injury $150k to $2m

1 No impact No impact G$150k
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5 NETWORKSRLI ENCE

This section considers network resiliemeé¢ t h s peci fic regard to the wunique | oc
learnt from recent high impact events.

5.1 DEFINITION OF NETWORK RESILIENCE

Network resilience refetto the ability of the network to withstand or recover from high impact ev€heperformance

of each asset in the supply chain is important to achieving good performance, but it is the way that the supply chain as a
whole reacts to events that determines resilience. Henttgs reportthe emphasi®f resilience is placedn theimpact

on the system as a whole rather tharndividual components.

When discussing resilience, the events referred to are very low frequency but with very high impsipicaiiy,

include events such as earthquakes, floods and other natural hahesks events are often referred to by time periods

(e.g. a 1 in 10§ear flood, or earthquakes expected once every 1000 years) rather than the number of events per day or
per year.

Common failures due to asset condition, vegetation or localised evenssdfiras) that only impact a small number of
assets or group of customers are discussed under network relialskgtion7 at the network level and in the specific
asset sections for each asset class preseattdd this report, as required.

5.2 RESILIENCE RISK MAPS

The Dunedin and Central networks are located in inherently risky regions with respect to natural hazards. Due to the
terrain, proximity to the coast and beiimgseismically active locations, the rigsince of the Dunedin and Central Otago
networks needs to be considered with regard to a number of different risk factors. The main natural hazards based on the
historical data include:

T Earthquake fault lines

T Tsunami affected areas

T Seismic liquefaction pential
T Landslides

T Flood areas

Additionally, hoar frost and iceccur frequently in thenlandregions and can occasionally impact the network to a
significant degree.

Our approach to assessment of resilience is based on a GIS view of the assets amcti@arards to which they are
subject. These hazards are showRigure5.1 with the two largest population centres, Dunedin and Queenstown, shown
as inserts to provide more detalil.

Figure5.2 shows a close up of the Dunedin city area to provide additional detail on the sub transmission cables that are
located in the area and the natural hazards. The figures highlight the nurabsetsfthat are located in each risk area
and the number of different risks that exist in the Dunedin and Central Otago teBionedin supplies 56.5% of

5 The data used for the GIS risk layers was sourced from Otago Regional Guiuscilwww.orc.govt.nz/managiraur-
environment/mapanddata
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customers on the network and 38.6% of all customers are located in the Dunedin chetaéedviews of maps are
provided inAppendix C

Project No PS109832 WSP
Independent review of electricity networks
Final report Page 24

Aurora Energy



= — — - ,
A7 r/ P ",\10 0 10 20 30 40 km
» o - c— _ )
-~
o e P .
AL 2 A5 Hazard UG & OH Line Probability
~ ) ’z‘f/ Legend:
s ¢ OHLineSegment
/ — 33 KV
| — 66 KV
UGLineSegment
== =33 kV
mmae 66KV
‘| Flood Hazard Area
Flood Hazard Area
- | Active Faults - Buffer 100m
“| B Active Faults - Buffer 100m
Tsunami Affected Area
1 Il Tsunami Affected Area
| Liquefaction
[ |Low to none
[ lLow
| 7 Moderate
0 High
I Very high
Landslides
o [ | Low to none
o [ | Low
[ Moderate
[ High

Sources: Esri, USGS, NOAA

Figure 5.1 Overview of natural hazards in Aurorads network areas
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Figure 5.2 Dunedin network region hazard map

To demonstrate the significance of these hdgaa summary of major events has been provid@alie 5.1 andTable

5.2. Table 5.1 shows there have been 43 significant natural events in New Zealand in the past 155t affécting
the South Island and in the proximity of the Otago regi@hle5.2 shows the annual average number and frequency of
earthquakes in New Zealand.

Table 5.1 Number of natural hazard events in New Zealand since 1843 (excluding earthquakes)
NATURAL HAZARD ALL NEW ZEALAND SOUTH ISLAND
Weather 13 2
Landslide 9 4
Flooding 8 1
Tsunami 8 4
Volcanic 3 0
Wildfire 2 1
Total 43 12

Source: Wikipediahttps://en.wikipedia.org/wiki/List_of natural_disasters_in_New_Zealand
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