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The tap changers installed in these transformers are designed to boost
voltages rather than lower, and only have three taps to reduce the output
voltage.

In addition, Power and Water is aiming to maintain the 22kV busbar voltage
below 22.0kV to cater for voltage rise in the low voltage network caused by
rooftop solar systems. The tap changers on the low voltage distribution
transformers in the Katherine network are primarily designed for boosting
voltages and this has resulted in voltages outside of the compliance range on
the low voltage network, especially during low load period in the Dry season.

Studies indicate! that the current system design is not capable of reducing
cannot reduce the system voltage to below 22.0kV during low load periods in
Katherine.

Unless controlled, high network voltages have the potential to cause damage
both to Power Networks’ and Customers’ equipment. It will also reduce the
ability for customers to operate rooftop solar systems due to high network
voltages. In addition, PWC will not achieve is compliance obligations to
maintain system voltage limits.

3.4 Risk Analysis

Figure 3 shows the current rating, inherent rating (in 2024, ie. Is no
action is taken in the interim), and the residual (post-treatment) risk
ratings associated with power quality issues in Katherine:

(i) Current rating: The current rating (2017) is assessed to be
“Medium” because of the existing voltage profile, voltage
excursions outside the defined limits are “Possible”. The
consequence is classed as “Moderate” as the negative affect to
corporate image would be once-off negative media attention and
localised community impacts and customer concerns.

(ii) Inherent rating: If nothing is done in the next regulatory period,
the probability of significant voltage issues by 2024 is “Likely” due
to the increasing number of rooftop solar installations, and the
number of unaddressed customer complaints will result in
prolonged adverse media attention and customer condemnation
weeks. This consequence is classed a “Major”. The overall risk
rating is therefore “Very High”.

(iii)Residual rating: The proposed project will address the probability
and consequence of future voltage issues in Katherine. Therefore,
the likelihood of an event is “Unlikely™ and the impact of the event
will be significantly lessened, to a level classified as “Minor”. The
overall risk rating is therefore “Low".

! NPR1701 Katherine Voltage Investigation
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8.2.2 Preferred Option

The preferred option (Option 2) is the installation of a switched reactive
compensation at Katherine Zone Substation.

This option best fulfils the project objectives of lowering the system voltage at
Katherine 22kV bus and allows PWC to comply with the “Networks Planning
Criteria and Technical Code”.

The switched reactive compensation will be connected to the 22kV
switchboard and can be automatically or manually controlled by System
Control.

There is little risk of public opposition to the construction activity associated
with this project as it is located in a rural area.

The new reactive compensation will be designed in consideration to the
existing PWC substation standards and will be similar to the capacitive
compensation installed in the zone substations. This will maximise
constructability and reduce design risk.

9 PROJECT OUTLINE

9.1 Project Description

This project is to install a switched 22kV reactor with two 5SMVAr stages at
Katherine Zone Substation. The reactor is to be connected to the existing
22kV switchboard.

9.1.1 Scope Inclusions
The scope of the project includes:
e Procure and install a 22kV shunt reactor unit with two 5MVAr stages.

o Install cables from the reactor unit to the spare circuit breaker on the
22kV switchboard.

e Install and commission associated protection and control systems
required for the operation of the reactor unit.

9.1.2 Scope Exclusions

e Works not part of the project scope.

9.1.3 Assumptions

e The existing DC and 415V supplies capacity at the substation is
adequate for the new shunt reactor.
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APPENDIX A

DETAILED FINANCIAL ANALYSIS
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Tariff cover

This project capex (2021/22 expenditure) will be submitted as part of the
2019 Regulatory Proposal to the AER. The AER’s Final Determination will
provide the approved level of net capital expenditure for the 2019-24 period.
In so far as the Regulated Networks annual capital expenditure program
remains at this level (or lower), Networks will earn a guaranteed rate of
return through standard control service charges until the commencement of
the next regulatory control period in 2024-25.
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APPENDIX B

DETAILED RISK REGISTER

Refer:
PRK31430 Risk Analysis Katherine Voltage Support
PWC Ref: D2018/17687
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APPENDIX C

SUMMARY PROJECT PROGRAM
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APPENDIX D

PLANNING REPORT

Refer:
NPR1701 Katherine Voltage Investigation
PWC Ref: D2017/365443
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13 Executive Summary

This report documents a study to investigate voltage issues that have been reported
at Katherine. .

This report discusses the following options to ensure that network voltage remains
within Network Planning Criteria limits. The particular issue addressed in this report
is the higher than nominal voltage observed on the Katherine 132 kV busbar during
periods of light load, and the fact that these higher voltages are reflected in supply

voltages supplied to customers connected to the distribution network supplied from
Katherine zone substation.

Do Nothing

Installation of reactive plant

Installation of synchronous condenser

Contract Katherine Power Station to provide voltage control services.

P =

Option 4 is the preferred option, as it requires no capital investment. Negotiations
will be required to come to technical and commercial arrangements with one or both
of the power station operators.

Detailed technical study will be required to determine the precise control strategy
which should be employed. Preliminary load flow studies have shown that voltage
control services provided by Katherine Power Station would be sufficient to maintain
Katherine 22 kV busbar steady state within the required range.
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17 Network Planning Criteria

The relevant clauses in the Power Networks Network Technical Code and Network
Planning Criteria, July 2012 that apply to this study are:

Part A — Legislative Requirements
Part B — Network Technical Code
1.7  Obligations
2.3 Power frequency voltage levels
3 Technical requirements for equipment connected to the network
4.2  Power system security principles
4.3  Power system security obligations and responsibilities
4.5  Control of network voltages
8 Disconnection and reconnection of plant and equipment
Part C — Network Planning Criteria

The purpose of Network Planning Criteria is to strike a balance between each User’s
need for a safe, secure, reliable, high quality electricity supply and the desire for this
service to be provided at minimal cost. At the same time, environmental and social
considerations shall be taken into account.

13 Introduction

14 Supply contingency criteria

15  Steady state criteria

18  Construction standards criteria

19 Environmental criteria

Of particular importance for this study is chapter 3 of the Network Technical Code,
‘Technical requirements for equipment connected to the network’, and chapter 15 of
the Network Planning Criteria ‘Steady state criteria’. Clause 15.2 of the Network
Planning Criteria specifies the steady state power frequency voltage limits that apply
to the Power and Water network.

Clause 3.3.2.1 discusses the reactive power capability requirements for generation
units connected to the network.
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18 Introduction

18.1 Background

Electricity supply to Katherine and surround areas is via a single radial overhead
132 kV ling, originating at Channel Island Power Station (CIPS), and connected via
Manton, Batchelor and Pine Creek.

Figure 1 below is extracted from the Network Management Plan’, and shows a
simplified single line diagram of the network.

> D2017/263214 - Network_Management_Plan_2013-14_to_2018-19
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18.2 Existing Network

The 132 kV network from Channel Island Power Station to Katherine is
approximately 290 km long. This represents a charging reactance of approximately
13 MVAr. Network modelling results show that this line will generate a voltage rise of
approximately 6 % when no load or generation is connected.

18.3 Scope of Study

The scope of study is to determine the required actions to be able to meet the
steady state voltage requirements of section 15.2 of the Network Planning Criteria in
the Katherine area under all load conditions.

The study will consider possible options to delay capital expenditure and operational
measures to maintain acceptable voltage levels.

19 Network modelling results

A Sincal model” of the network from Channel Island Power station CIPS to Katherine
was used to analyse the likely outcomes of various voltage control strategies. The
model represents CIPS as an infinite busbar.

Network conditions were analysed for load conditions as tabulated below. Data is
based on recorded SCADA data from January 2016 to August 2017.8

Load Case System load (MVA)
Maximum Load 45.9

Minimum Load 9.3

Average Load 25.4

The full detail of the network modelling is available in a spreadsheet”.

’ H:\Power Network Management\Network Planning\Transmission system studies\NPR1701 Katherine
Voltage\Katherine Voltage Investigation.sin

8 H:\Power Network Management\Network Planning\Transmission system studies\NPR1701 Katherine
Voltage\Darwin Katherine SCADA Analysis.xlsm

° D2017/526712 - NPR1701 Supporting Document - Katherine Voltage Sincal Results.xisx
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The key results in this investigation were the voltage at Katherine 22 kV busbar and
the tap position of the Katherine 132/22 kV. The aim was to have the busbar voltage
at or below 100% of nominal while the transformer tap changers were not at their
limiting tap position. The table below shows voltage and tap position at minimum
load conditions, which is the most onerous case. Tap 3 on the Katherine 132/22 kV
transformers is the limiting tap which produces the lowest possible 22 kV voltage.

Description KA 22 kV KA 132/22 Tap
voltage % Position

1 | Base Case 102.2 3

2 | PCPS voltage control @132 kV. (18 MW 100.5 3
@0.8PF)

3 | KA 2 x2.5MVAr reactors 99.6 1

4 | KA 2 x5 MVAr reactors 99.6 1

5 | KA 5 MVAr synchronous condenser 99.6 1

6 | KPS voltage control @ 22 kV. 100.0 2
(7 MW @ 0.8 PF)

Note that one tap position is equivalent to approximately 1.1 % of nominal voltage.
By observation cases 3, 4, 5 and 6 in the above table meet the requirement of
achieving a maximum of 100 % of nominal voltage while not being on limiting tap
position.

Cases 3, 4 and 5 show identical voltage and tap position, since in each case a total
of 5 MVAr of shunt reactance is switched in.

. Case 2 is slightly outside the required outcome, and obviously Case 1 with no
additional voltage control measures is not acceptable.

Further study will be required to finalise the rating required prior to implementation
of the options. The MVAr and MW ratings selected are the minimum required in the
modelling to achieve acceptable outcomes.

It will be prudent to confirm that modelling results match real world voltage
measurements prior to committing to any solution.

The results indicate that three options for voltage control at Katherine busbar are
likely to be feasible:

1. Switched Shunt Reactors
2. Katherine synchronous condensor
3. Katherine Power Station voltage control
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Note that the model was setup with CIPS busbar voltage set at 102.5% of nominal
voltage.

20 Options Considered

20.1 Do Nothing

This option is not considered reasonable since voltages above limits have been
experienced in the Katherine network.

20.2 Installation of reactive plant

Sincal studies have shown that 2 x 2.5 MVAr shunt reactors installed at Katherine
22 kV busbar would be adequate to ensure that steady state busbar voltage does
can be controlled to maintain a value less than 1.00 per unit of nominal voltage.

20.3 Installation of a synchronous condenser

The installation of a synchronous condenser at Katherine of 10 MVAr would have the
same effect on steady state voltage as the equivalent rating shunt reactors as
discussed in section 20.2 above.

A synchronous condenser would have additional benefits by improving inertia in the
system. Issues of system inertia and stability are beyond the scope of this study.
This is likely to be the most expensive of the options considered

20.4 Contract with Pine Creek or Katherine Power Stations to
provide voltage control services

20.4.1.1 Current use of generator voltage control

In order to control overvoltage at Katherine 22 kV busbar, Katherine Power station is
occasionally requested by System Control to provide voltage control services by
running generation when it would not normally be in operation. This has been an
ad-hoc process in the past with no financial compensation to the power station
operator.

Voltage control services are required by Power Networks, and will likely be most
cheaply obtained by contracting with the power station operator. This arrangement
should be added to the connection agreement between the power station operator
and Power Networks.

20.4.1.2 Proposed scheme

Reactive power control on the generator units at Katherine power station should be
set to control the 22 kV busbar voltage to an acceptable bandwidth. If the generator
transformers are set on fixed taps it may be possible for the generators to be set to
control their own terminal voltage to provide the same outcome. It is important to
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note that it is good electricity industry practice for these control changes to be
implemented using automatic settings that do not require manual intervention.

20.4.1.3 Technical investigations required

As part of the technical investigation into implementing this option, it will be
necessary to investigate in detail the interaction between the automatic voltage
regulation (AVR) control of the 132/22 kV transformers at Katherine substation, with
the proposed generator voltage control settings. It will be preferable to rely on
transformer AVRs as the primary voltage control system, and the generators to
provide additional control, when the transformer tap changers are at or near their
limiting tap position.

Note that the proposed arrangement does not mean that generation must be
constantly running at Katherine power station. It may be possible to implement a
system which automatically brings units online when the 132/22 kV transformers
approach their maximum or minimum tapping position. Such a system would then
send an ‘enable voltage control’ signal to the power station. The total time that this
control signal is asserted could be used as a basis for paying a fee for voltage
control services.

20.4.1.4 Possible Commercial arrangements

Power Networks should consider a commercial arrangement with a monthly payment
to the power station operator for having the voltage control facility available, and an
hourly rate for when voltage control is enabled.

20.4.1.5 Alternative scheme using Pine Creek Power station

If negotiations with Katherine Power Station are cannot be concluded, a similar
scheme may be possible at Pine Creek power station, although the present analysis
has shown that more than 18 MW of generation with a minimum power factor
capability of 0.8 would be required.

21 Recommended Strategy

A business case should be prepared detailing an NPV analysis of the options which
have been identified as possible. The NPV should identify the maximum commercial
rates at which option 20.4, contracting for voltage control services is the most
attractive option. This analysis will be used as a basis for negotiations with the
power station operator. -

Commercial rates to be considered in the NPV analysis are:

o Capital contribution to the power station operator for the design and
installation of the scheme
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e Monthly fee for the availability of the scheme
e Hourly fee for the operation of the scheme

22 PSS Sincal Load Flow Model

A detailed Sincal network model® is available which was used to analyse the issues
discussed in this report.

23 Conclusions and Recommendations

A business case should be prepared to analyse the options which have been
identified as possible.

10 H:\Power Network Management\Network Planning\Transmission system studies\NPR1701
Katherine Voltage\Katherine Voltage Investigation.sin
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