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1. LiMIT GROUP ANALYSIS

Power system capability limits within the Central North Island Bay region are described in this section.

11 NETWORK OVERVIEW
The Central North Island region is the area bordered by and including Mangahao and Mangamaire in
the south and Ongarue in the north. The region is supplied by 220 kV and 110 kV transmission

circuits with interconnecting transformers located at Bunnythorpe. The region is also a main corridor
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for 220 kV transmission circuits through the North Island.

The Central North Island region is shown geographically and schematically below.
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The capability of assets in the region is assumed to be that declared by asset owners as at 2™ July

2010. The committed assets included in the analysis are shown in the table below.

Asset Upgrade Impact Region Expected Date

Te Mihi Te Mihi switching station connecting the Te Central North Island September 2012
Mihi and Poihipi generating stations into the
WRK-PPI-WKM-1 220 kV circuit

Ngatamariki 4 x 20 MW geothermal plant connected to the Central North Island Jan-Mar 2013
NAP station that is teed into the OKI-WRK-2
110 kV circuit

Te Mihi 2 x 92 MW geothermal plant connected to the Central North Island End of 2012
Te Mihi switching station

Transmission and Generation Committed Assets

1.2 DEMAND AND GENERATION WITHIN THE LIMIT GROUP

The Central North Island region has approximately 1510 MW of generation capacity. EC prudent load
values indicate a 2011 winter peak load of 352 MW which is forecasted to grow/increase to 374 MW in
2013. Regional peak demand is significantly less than the regional connected generation capacity,

making the region an exporter of power over the National Grid to other demand centers. The Load

e TRANSPOWER .
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Duration Curves (LDC) for the region demand is shown in Figure 1. A power factor scatter graph for

the region is shown in Figure 2 and Figure 3.
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Figure 1. Central North Island regional power factor (winter)
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Figure 2. Central North Island regional power factor (summer)
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1.3 KEY ASSETS

131

Regional and local power system issues under normal operation are shown in the following table.

CRITICAL CONTINGENCIES

Detailed analysis for each issue can be found in the Appendix (Section 2). You can navigate to the

o Central North Island
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relevant issue by clicking on the section number in the right hand column of the following table.

Contingency

Power Syst em Issue

Management
Measures

Risk Assessment

Loss of a Tokaanu-
Whakamaru 220 kV circuit

Loss of the Bunnythorpe-
Tokaanu-1 220 kV circuit

Loss of a Bunnythorpe-
Wooaville 110 kV circuit

Loss of the Te Mihi-
Whakamaru 1 220 kV circuit

Loss of the Ohakuri-Wairakei-
1 220 KV circuit

Loss of one of the Maraetai-
Whakamaru 220 KV circuits

Bunnythorpe-Mataroa-1 110 kV circuit
exceeds stated capability during north
transfer

With Grid reconfiguration at Ongarue,
Tokaanu-Whakamaru 220 kV circuits may
exceed stated capability

The remaining Bunnythorpe-Tokaanu

220 kV, Rangipo-Tangiwai-1 220 kV or
Tangiwai-Bunnythorpe-1 220 kV circuits
may exceed stated capability during south
transfer

The remaining Bunnythorpe-Woodville
110 kV circuit exceed stated capability

Ohakuri-Wairakei-1, Atiamuri-Ohakuri 1,
and Atiamuri-Whakamaru 1 220 kV
circuits exceed stated capability during
north transfer

Rangipo-Tangiwai-1 220 kV circuit
exceeds stated capability during south
transfer

Te Mihi-Whakamaru-1 or Te Mihi-
Wairakei 220 kV circuits exceed stated
capability during north transfer and south
transfer

Rangipo-Tangiwai-1 220 kV circuit
exceeds stated capability during south
transfer

The remaining Maraetai-Whakamaru
220 kV circuit exceeds stated capability

Short term ratings
Security constraints

Grid reconfiguration

Short term ratings

Security constraints

Short term ratings

Te Apiti Runback scheme

Security constraints

Short term ratings

Security constraints

Short term ratings

Security constraints

Short term ratings

Special protection
scheme

Regional and Local Issues under Normal Operation

- TRANSPOWER
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North Transfer limited to

890/983 MW (summer/winter)

South transfer limited to

553/733 MW (summer/winter)

Limits will vary for generation,
HVDC, and load changes

Limits will vary for generation and
load changes

North transfer limited to 200/219
MW (summer/winter)

South transfer limited to 103 MW
(summer)

Maximum generation at Waipapa
and Maraetai of 204/246 MW
(summer/winter)
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1.3.2

CRITICAL OUTAGES
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Regional and local power system issues under outages are listed in the table below. You can navigate

to the relevant issue by clicking on the section number in the right hand column of the following table.

Outage

Stratforad-
Taumarunui-1 220
kV, Taumarunui-Te
Kowhai-1 220 kV,
or Huntly-Te
Kowhai-1 220 kV
circuits

Te Mihi-Wairakei-1
or Te Mihi-
Whakamaru-1 220
kV circuits

Tokaanu-
Whakamaru-1 220
KV circuit

Bunnythorpe-
Tokaanu-1 220 kV
circuit

Bunnythorpe-
Tangiwai-1 220 kV
circuit

Rangipo-Wairakei-1
220 kV circuit

Huntly-Stratford-1
220 KV circuit

Mangamaire-
Wooaville-1 110 kV
circuit

Bunnythorpe-
Wooaville-1 110 kV
circuit

Outage of a 110 kV
circuit between
Wooaville and
Wajpawa

Contingency

Loss of another circuit

Loss of another circuit

Loss of the Rangipo-
Wairakei-1 220 kV
circuit

Loss of another circuit

Loss of another circuit

Loss of a Tokaanu-
Whakamaru 220 kV
circuit

Loss of another circuit

Loss of the
Bunnythorpe-Tararua-
Linton 220 kV circuit
during HVDC south
flow

Loss of the other
circuit

Loss of a 110 kV
parallel circuit

© Transpower New Zealand Limited 2010

Power Syste m Issue

Tokaanu-Whakamaru 220 kV, Huntly-
Stratford-1 220 kV, Bunnythorpe-
Mataroa-1 110 kV, Mataroa-Ohakune-1
110 kV or Ohakune-National Park-1
110 kV circuits may exceed stated
capability

Atiamuri-Ohakuri-1 220 kV, Ohakuri-
Wairakei-1 220 kV, Rangipo-Tangiwai-
1 220 kV or Tangiwai-Bunnythorpe-1
220 kV circuits may exceed stated
capability

Loss of generation

The remaining Tokaanu-Whakamaru
220 kV circuit exceeds stated capability

The remaining Bunnythorpe-Tokaanu
220 kV circuit may exceeds stated
capability

Bunnythorpe-Tokaanu-1 or 2 220 kV,
Mataroa-Ohakune-1 110 kV, Hangatiki-
Ongarue-1 110 kV or Ongarue-National
Park-1 110 kV circuits may exceed
stated capability

Tokaanu-Whakamaru-1 or 2 220 kV or
Bunnythorpe-Mataroa-1 110 kV circuits
may exceed stated capability

Tokaanu-Whakamaru-1 or 2 220 kV,
Stratford-Taumarunui-1 220 kV,
Huntly-Te Kowhai-1 220 kV,
Bunnythorpe-Mataroa-1 110 kV,
Mataroa-Ohakune-1 110 kV or
Ohakune-National Park-1 110 kV
circuits may exceed stated capability

Bunnythorpe-Haywards-1 and 2 220 kV
or Rangipo-Tangiwai-1 110 kV circuits
may exceed stated capability

Voltage falls below advised asset
capability

Loss of supply to Dannevirke and/or
Waipawa

Regional and Local Issues under Outages

Management
Measures

Short term ratings
Security constraints

Grid reconfiguration

Short term ratings

Security constraints

Short term ratings

Security constraints

Short term ratings

Security constraints

Short term ratings

Security constraints

Short term ratings

Security constraints

Short term ratings

Security constraints

Short term ratings

Security constraints

Grid reconfiguration

Grid reconfiguration

Risk Assessment

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

TRANSPOWER -

Keeping the energy flowing

F'I

°
c
<
&
c
.
@)
Z
Ie
s
c
)
O




System Security Forecast 2010 Transpower New Zealand Limited
Revised Dec 2011

1.4 POWER SYSTEM CAPABILITY LIMITS ON LIMIT GROUP

141

Power system capability limits that apply to the region a grid exit or grid injection point (or a collection

POWER SYSTEM LIMITS

of such points) are shown in the following table. You can navigate to the relevant issue by clicking on
the section number in the right hand column of the following table.
Detailed

Analysis
Section

Contingency

Limit Group 2011 2012 2013
summer/ winter summer/ winter summer/ winter

o Central North Island

Loss of a Tokaanu- HLY-SFD-1 220kV, 890/983 MW 890/983 MW 890/983 MW 211
Whakamaru 220 kV circuit ~~ TMN-SFD-1 220kV,
o= BPE-TKU-1&2 220
o kV, TNG-BPE-1 220
E kV Transfer
o
w
a- Loss of a Bunnythorpe- HLY-SFD-1 220 kV, 553/733 MW 553/733 MW 553/733 MW 2.1.2
S Tokaanu 220 KV circuit SFD-TMN-1 220 kV,
== and BPE-TKU-1 & 2
il B 220 kV, BPE-TNG-1
2 3 220 kV Transfer
» | E
Loss of a Bunnythorpe- BPE-WDV 110 kV Limits will vary for Limits will vary for Limits will vary for 2.1.3

Wooaville 110 kV circuit transfer

generation, HVDC,
and load changes

generation, HVDC,
and load changes

generation, HVDC,
and load changes

Loss of the Te Mihi- THI-WKM-1 220 kV Limits will vary for Limits will vary for Limits will vary for 2.1.4
Whakamaru-1 220 kV Transfer generation and load generation and load generation and load
circuit changes changes changes
Loss of the Ohakuri- OHK-WRK-1 220 kV North transfer: North transfer: North transfer: 2.1.5
Wairakei-1 220 KV circuit Transfer 200/219 MW 200/219 MW 200/219 MW
South transfer: South transfer: South transfer:
103 MW (summer) 103 MW (summer) 103 MW (summer)
Loss of one of the Waipapa and 204/246 MW 204/246 MW 204/246 MW 2.1.6
Maraetai-Whakamaru 220 Maraetai
KV circuits
Power System Capability Limits
15 ASSUMPTIONS ON THE POWER SYSTEM

Wairakei Ring Project - The new double circuit transmission line connecting Whakamaru-Te Mihi-
Wairakei rated at 903/994 MVA which is expected to commissioning in 2013 is not included in this SSF
study.

- TRANSPOWER
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1.6

The following GXPs will lose supply/generation when the listed outages occur and the corresponding

LOSS OF SUPPLY/ GENERATION DURING OUTAGES

contingent event arises.

Grid Exit Point Contingent Event Special Conditions

Mataroa and
National Park

Taumarunui

Te Kowhai and

Outage of the Stratford-Taumarunui-1
220 kV circuit

Outage of the Stratford-Taumarunui-1

Loss of a 110 kV circuit between
Bunnythorpe and Ongarue

Loss of the Taumarunui-Te Kowhai-1
220 kV circuit

Loss of the Huntly-Te Kowhai-1 220 kV

Loss of supply occurs if Te

Taumarunui 220 kV circuit circuit Rapa Co-generation does not
successfully island with Te
Kowhai and Taumarunui loads.
Te Kowhai Outage of the Taumarunui-Te Kowhai-1 Loss of the Huntly-Te Kowhai-1 220 kV -
220 kV circuit circuit
Tangiwai Outage of the Bunnythorpe-Tangiwai-1 Loss of the Rangipo-Wairakei-1 220 kV -
220 kV circuit circuit
Tangiwai Outage of the Rangipo-Tangiwai-1 Loss of the Bunnythorpe-Tangiwai-1
220 kV circuit 220 kV circuit
Tangiwai Outage of the Rangipo-Wairakei-1 Loss of the Bunnythorpe-Tangiwai-1 -
220 kV circuit 220 kV circuit
Rangipo Outage of the Rangipo-Tangiwai-1 Loss of the Wairake-Rangipo-1 220 kV -
220 kV circuit circuit
Rangipo Outage of the Rangipo-Wairakei-1 Loss of the Rangipo-Tangiwai-1 220 kV -

Mataroa, National
Park and/or
Ohakune

Mangahao

Ohaaki and Nga
Awa Purua and
Ngatamariki

Te Mihi and Poihipi

220 kV circuit

Outage of a 110 kV circuit between
Bunnythorpe and Ongarue

Outage of one of the Bunnythorpe-
Mangahao circuits

Outage of Ohaaki-Wairakei-1 110 kV
circuit

Outage of the Te Mihi-Wairakei-1 220 kV
circuit

circuit
Loss of another circuit between

Bunnythorpe and Ongarue

Loss of the other circuit

Loss of the other circuit

Loss of the Te Mihi-Whakamaru 220 kV
circuit

Loss of Supply/Generation under Outages

© Transpower New Zealand Limited 2010

Loss of supply occurs if the
generation in Mangahao and
Mangahao load do not
successfully island
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2. APPENDIX
2.1 REGIONAL ISSUES UNDER NORMAL OPERATION
2.1.1 Loss oF A TOKAANU-WHAKAMARU 220 KV CIRCUIT
Grid Power System Issue Causing Factor Indicative Limit Operational Back to
Point Measures Limit
Group
Central Bunnythorpe-Mataroa-1 Loss of a Tokaanu- 890/983 MW Short term 1.4.1
North 110 kV circuit exceeds stated Whakamaru 220 kV circuit (summer/winter) ratings,
Island capability during north transfer Security
constraints,
With Grid reconfiguration at Grid

Ongarue, Tokaanu-
Whakamaru 220 kV circuits
may exceed stated capability

reconfiguration

MOK

Qw0 ] (]

|
t=]

.

The Tokaanu-Whakamaru 220 kV transmission circuits are two of the five circuits transferring power

from the south of the North Island to load centers in the north.

Power system capability limits are required on the transfer from Bunnythorpe north for the loss of one
of the Tokaanu-Whakamaru 220 kV circuits to ensure that the Bunnythorpe-Mataroa-1 110 kV circuit
does not exceed its stated capability. This limit can be increased if grid reconfiguration is offered by
the Grid Owner at Ongarue (removing the Arapuni-Ongarue-1 110 kV circuit). Following this

reconfiguration:

A Power transfer north is next limited by the capability of the remaining Tokaanu-Whakamaru
220 kV circuit

A Mataroa, Ohakune, National Park and Ongarue stations are on reduced security.

e TRANSPOWER .
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2.1.1.1 Assumptions

The following assumptions are made in the analysis:

A The Tokaanu Inter Trip Scheme is available (Tokaanu 220 kV bus is opened following the loss
of a Tokaanu-Whakamaru 220 kV circuit).
A Tokaanu generation is dispatched at 210 MW

2.1.1.2 Power System Analysis due to Asset Capability

The north power transfer is limited by the capacity of the Bunnythorpe-Mataroa-1 110 kV circuit. This
limit is around 890/983 MW (summer/winter) when Tokaanu generation output is at 210 MW with the
remaining Tokaanu-Whakamaru 220 kV circuit loaded up to 95%. Grid reconfiguration (removing the
Arapuni-Ongarue-1 110 kV circuit) may not always be recommended and will only apply under the
correct grid circumstances as the power system limits are constrained by the remaining Tokaanu-

Whakamaru 220 kV circuit.

2.1.1.3 Effect of the Wellington - Taranaki regional demand

The amount of power available to be transferred north through the Tokaanu-Whakamaru 220 kV
circuits is dependent on the amount of demand in the Central North Island, Waikato, Hawkes Bay, Bay
of Plenty and Taranaki regions. Part of the HVDC north transfer must supply the Wellington regional
demand, which reduces the amount available for north transfer from Bunnythorpe. Likewise, Taranaki
generation must supply the Taranaki regional demand, which reduces the amount of power available

for north transfer.

The high transfer is only possible at times of low demand in the Wellington and Taranaki regions
where surplus electrical power is available to be transferred north. Taranaki generation or HVDC flow
can be utilized to manage the loading of Bunnythorpe-Mataroa-1 110 kV circuit, or the remaining

Bunnythorpe-Whakamaru 220 kV circuit to avoid exceeding stated capability limits.

2.1.1.4 Effect of the loss of a Tokaanu  -Whakamaru 220 kV circuit on other Central

North Island circuits

The Tokaanu inter trip scheme reconfigures the grid by opening the Tokaanu 220 kV bus following the
loss of a Tokaanu-Whakamaru 220 kV circuit to reduce the loading on the remaining circuit. When
the Tokaanu bus is open, power flow over other parallel circuits through the Central North Island
increases. Critical circuits that may exceed stated capability following the loss of a Tokaanu-
Whakamaru 220 kV circuit are the Bunnythorpe-Mataroa-1 110 kV circuit and the Bunnythorpe-
Tokaanu 220 KV circuits.

2.1.15 Sensitivities
The loading of Bunnythorpe-Mataroa-1 110 kV circuit, and the remaining Tokaanu-Whakamaru 220 kV

circuits is dependent on the level of generation at Tokaanu and in the Taranaki region, as well as

- TRANSPOWER B
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HVDC transfer and wind generation connected to Bunnythorpe through outgoing radial circuits. The
impact of generation is determined by using sensitivity factors that show the effect 100 MW increase

in generation has on each of the circuits noted above.

In deriving the sensitivity factors, the following assumptions have been made:

A The Otahuhu combined cycle power station is used to balance supply and demand in the
system.
A Generation at all stations is held constant, except for at Otahuhu and the station for which the

sensitivity is measured.

2.1.1.6 Bunnythorpe -Mataroa -1 110 kV circ uit

The sensitivity factors noted below show the dependency of the loading on the remaining

Bunnythorpe-Mataroa-1 110 kV circuit

Generation/System Configuration Sensitivity Factor (p.u.)

HVDC inflow 0.15

Tokaanu generation at the bus connected to the 0.15
remaining Tokaanu-Whakamaru 220 kV circuit

Tokaanu generation at the bus with Tokaanu- 0.12
Whakamaru 220 kV circuit removed

Taranaki load 0.054

2.1.1.7 Tokaanu - Whakamaru 220 kV circuit
The sensitivity factors noted below show the dependency of the loading in the remaining Tokaanu-
Whakamaru 220 KV circuit.

Generation/ System Configuration Sensitivity Factor (p.u.)

HVDC inflow 0.24

Tokaanu generation at the bus connected to the 0.24
remaining Tokaanu-Whakamaru 220 kV circuit

Tokaanu generation at the bus with Tokaanu- 0.80
Whakamaru 220 kV circuit removed

Taranaki 0.21

The sensitivity factor for Tokaanu generation on the remaining Tokaanu-Whakamaru 220 kV circuit is
0.80. This shows that the Tokaanu generation has the largest effect on Tokaanu-Whakamaru 220 kV

circuit loading.

2.1.1.8 Operational Measures

The following operational measures may apply:

A Application of security constraints
A Grid reconfiguration
e TRANSPOWER -
© Transpower New Zealand Limited 2010
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2.1.1.9 Summary of Power System  Capability Limits

The Tokaanu-Whakamaru 220 kV circuits are major circuits that transfer power north of Whakamaru.
For the loss of a Tokaanu-Whakamaru 220 kV circuit, the power system capability limit on transferring
north in both summer and winter is limited by the capability of the Bunnythorpe-Mataroa-1 110 kV

circuit. The limit may be extended by grid reconfiguration at Ongarue.

If grid reconfiguration is not offered, loading on the remaining Tokaanu-Whakamaru 220 kV circuit
can be managed by reducing generation at Tokaanu; however, this generation has less effect on the

Bunnythorpe-Mataroa-1 110 kV circuit.

During South transfer, the loss of one of the Tokaanu-Whakamaru 220 kV circuit will cause the
Bunnythorpe-Tokaanu circuit connected to the busbar with the remaining Tokaanu-Whakamaru
220 kV circuit to exceed stated its capability. Grid reconfiguration should be disabled during south
transfer, as power flow south should be shared between Bunnythorpe-Tokaanu 1 and 2 220 kV
circuits and thus increasing the power system limit of the overall capability. More on this can be found

in section 2.1.2.

- TRANSPOWER B
© Transpower New Zealand Limited 2010
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capability during south transfer

g 2.1.2 LOSS OF A BUNNYTHORPE-TOKAANU 220 KV CIRCUIT

C—G Grid Power System Issue Causing Factor Indicative Limit Operational
1) Point Measures
e

e

S

@] Central The remaining Bunnythorpe- Loss of a Bunnythorpe- 553/733 MW Short term 1.4.1
s North Tokaanu 220 kV, Rangipo- Tokaanu 220 kV circuit (summer/winter) ratings

—_ Island Tangiwai-1 220 kV or .

E Tangiwai-Bunnythorpe-1 220 Security

-E KV circuits may exceed stated constraints
Q

WEM

MO

WD [Tk
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The Bunnythorpe-Tokaanu 220 kV transmission circuits are two of the five main circuits that constitute

2

the main corridor in the North Island for power transfer through this main 220 kV transmission

corridor depending on the system conditions.

Power system capability limits are required on the transfer from the combined circuits from Huntly and
Tokaanu under south transfer conditions to avoid the remaining Bunnythorpe-Tokaanu 220 kV or
Rangipo-Tangiwai-1 220 kV circuits exceeding stated capability following the loss of one of the
Bunnythorpe-Tokaanu 220 kV circuits. With the commissioning of New Zealand Inter Island HVDC
Pole 3 project in 2012/2013, the available HVDC capacity for north and south transfer will increase

extensively and may cause the remaining four circuits to overload.

2.1.2.1 Assumptions

The following assumptions are made in the analysis:

A South flow conditions
A Tokaanu generation is dispatched at 210 MW
e TRANSPOWER .
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2.1.2.2 Power System Analysis due to Asset Capability

Power system capability limits on the transfer between Huntly and Stratford, Tokaanu and
Bunnythorpe are required to avoid the remaining Bunnythorpe-Tokaanu 220 kV or Rangipo-Tangiwai-
1 220 kV circuit to exceed the stated capability during south transfer, following the loss of a
Bunnythorpe-Tokaanu 220 kV circuit. Rangipo-Tangiwai-1 220 kV circuit will become the binding
constraint first following the loss of the Bunnythorpe-Tokaanu-1 220 kV circuit. An indicative power
system capability limit on the transfer from Huntly to Stratford and Tokaanu to Bunnythorpe is

553/733 MW (summer/winter) under south transfer conditions.

2.1.2.3 Effect of the Wellington - Taranaki regional demand

The amount of power available to be transferred south through Huntly-Stratford-1 220 kV, Huntly-Te
Kowhai-Taumarunui-1 220 kV, Wairakei-Rangipo-Tangiwai-Bunnythorpe-1 220 kV and Whakamaru
Tokaanu-Bunnythorpe 220 kV circuits is dependent on the amount of demand in Taranaki and
Wellington regions. The power transfer is only possible at times of high demand in Wellington and
Taranaki regions with the HVDC flowing south. Taranaki generation and HVDC flow can be utilized to
manage the loading of Rangipo-Tangiwai-1 220 kV or the remaining Bunnythorpe-Tokaanu 220 kV

circuits to avoid exceeding stated capability limits.

2.1.24 Operational Measures
The power system issue is managed by the application of security constraints.
2.1.25 Sensitivity  Studies

The loading of Rangipo-Tangiwai-1 220 kV or the remaining Bunnythorpe-Tokaanu 220 kV circuits is
dependant on several factors, such as HVDC transfer, level of generation at Tokaanu, Rangipo and Te

Apiti, as well as demand in Wellington and Taranaki regions.

In deriving the sensitivity factors, the following assumptions have been made:

A The Otahuhu combined cycle power station is used to balance supply and demand in the
system.
A Generation at all stations is held constant, except for at Otahuhu and the station for which the

sensitivity is measured.

Rangipo-Tangiwai-1 220 kV circuit

The sensitivity factors noted below show the dependency of the loading on the Rangipo-Tangiwai-1

220 kV circuit.

Generation/  System Sensitivity Factor
Configuration

HVDC Flow 0.27
Tokaanu Generation -0.023
Te Apiti Generation -0.25
- TRANSPOWER B
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Generation/  System Sensitivity Factor
Configuration

Rangipo Generation 0.30
Wellington Load 0.27
Taranaki Load 0.19

The table above shows that the average sensitivity factor for Rangipo generation on the Rangipo-
Tangiwai-1 220 KV circuit is approximately 0.3. This indicates that Rangipo generation has the largest
effect on Rangipo-Tangiwai-1 220 kV circuit loading. Apart from that, an increase in Tokaanu and

Te Apiti generation will have the effect of reducing the loading on the circuit.

Bunnythorpe-Tokaanu-1 220 kV circuit

The sensitivity factors noted below show the dependency of the loading on the remaining

Bunnythorpe-Tokaanu 220 kV circuit.

Generation/  System Sensitivity Factor
Configuration

HVDC Flow 0.33
Tokaanu Generation 0.13
Te Apiti Generation -0.31
Rangipo Generation -0.094
Wellington Load 0.34
Taranaki Load 0.24

The loading on the remaining Bunnythorpe-Tokaanu 220 kV circuit is sensitive to changes in
Wellington load with sensitivity factor of 0.3359. In contrast, an increase in Te Apiti and Rangipo

generation output will have the effect of relieving the loading on the circuit.

e TRANSPOWER .
© Transpower New Zealand Limited 2010

Keeping the energy flowing



System Security Forecast 2010 Transpower New Zealand Limited
Revised Dec 2011

-

2.1.3 Loss oF A BUNNYTHORPE-WOODVILLE 110 KV CIRCUIT =
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Following the upgrade of the Mangamaire-Masterton and Mangamaire-Woodville 110 kV circuits, the
Bunnythorpe-Woodville 110 kV circuits are the next circuits in the area most likely to exceed stated

capability under contingent conditions.

The power transfer on the Bunnythorpe-Woodville 110 kV circuits can be from Bunnythorpe to
Woodville or Woodville to Bunnythorpe dependent on the level and direction of HVDC transfer. The

level of transfer is also affected by Te Apiti generation and Wellington load.

2.1.3.1 Assumptions

The following assumptions are made:

A Te Apiti Runback Scheme is normally disabled. This scheme is used to reduce loading on the
remaining Bunnythorpe-Woodville 110 kV circuit under north transfer conditions but has the
opposite effect under south transfer.

A Mangamaire Overload Trip and Auto-changeover Scheme (OTAS) is normally disabled (this
scheme is not critical with the re-conductoring of the Masterton-Mangamaire-Woodville 110

kV circuits).

2.1.3.2 Pow er System Analysis due to Asset Capability

HVDC North Transfer Analysis

The loading and power flow direction through Bunnythorpe-Woodville circuits are governed by three

factors listed in the following:

A The combined load demand at Dannevirke, Waipawa and Woodville

- TRANSPOWER B
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A The combined Wellington load and HVDC injection

A Te Apiti generation output injected at Woodville

Under HVDC north transfer scenario, two system conditions arise that can result in the remaining
Bunnythorpe-Woodville circuit exceeding stated capability for the loss of one of the other circuit. The

two system conditions can be briefly described as:

A High Te Apiti generation, high HVDC north transfer with low Wellington load
A Low Te Apiti generation, low HVDC north transfer with high Wellington load

With high HVDC north transfer and low Wellington load, Te Apiti generation is channels via the
remaining Bunnythorpe-Woodville 110 kV circuit to the main power grid. The loading of the
remaining Bunnythorpe-Woodville 110 kV can be managed by decreasing Te Apiti generation output

or decreasing HVDC north transfer.

Electrical power can flow from the main power grid via the Bunnythorpe-Woodville 110 kV circuit to
Woodville to feed the loads at Dannevirke, Waipawa, Woodville and Wellington regions under high
Wellington load and low HVDC north transfer. Under this scenario, the remaining Bunnythorpe-
Woodville 110 kV circuit may exceed stated capability if there is low generation output from Te Apiti

wind farm. The overload condition can be alleviated by increased HVDC north transfer.

HVDC South Transfer Analysis

Under low Te Apiti generation scenario, the demand at Dannevirke, Waipawa, Woodville and
Wellington region is supplied from the grid via the remaining Bunnythorpe-Woodville 110 kV circuit.
This can cause the remaining Bunnythorpe-Woodville 110 kV circuit to exceed stated capability if the

Wellington load is high with high HVDC south transfer.

The overload condition can be managed by decreasing HVDC south transfer or opening the Masterton-

Mangamaire 110 kV circuit but this would put load at Mangamaire on n security.

2.1.3.3 Operational Measures

Te Apiti runback scheme is normally disabled during HVDC south transfer.

Security constraints are applied to limit Te Apiti generation or HVDC transfer to avoid the loading on
the remaining Bunnythorpe-Woodville 110 kV circuit exceeding stated capability following the loss of

the other Bunnythorpe-Woodville 110 kV circuit. In both cases, short term ratings are applied.

Another option to limit n-1 contingent loading on the Bunnythorpe-Woodville 110 kV circuit, would be
to open the Woodville-Mangamaire 110 kV circuit post contingency, but careful coordination would be
required as the benefit of this would be dependent on the direction of flow on the Bunnythorpe-
Woodville 110 kV circuits and whether Te Apiti is generating. It would also put Mangamaire load on n-

security.
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2.1.4 Loss oF THE TE MIHI-WHAKAMARU-1 220 KV CIRCUIT
Grid Power System Issue Causing Factor Indicative Limit Operational
Point Measures
Central Ohakuri-Wairakei-1, Atiamuri- Loss of the Te Mihi- Limits will vary for Short term ratings 1.41
North Ohakuri-1, and Atiamuri- Whakamaru-1 220 kV generation and load . .
Island Whakamaru-1 220 kV circuits circuit changes Security constraints

exceed stated capability during
north transfer
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Under north transfer conditions the loss of Te Mihi-Whakamaru-1 220 kV circuit may cause the
Ohakuri-Wairakei-1, Atiamuri-Ohakuri-1, and Atiamuri-Whakamaru-1 220 kV circuits to exceed their
stated capability during summer and winter seasons. This transmission issue will be more prevalent

with the additional generation planned for the region.

2.14.1

North and south flow conditions were studied. Bay of Plenty loads are assumed to total 403 MW, with

Assumptions

124 MW at the Kawerau bus. Atiamuri generation is assumed to be 64 MW and Ohakuri generation is
assumed to be 100 MW.

2.1.4.2 Power System Analysis due  to Asset Capability

Power system limits will vary for generation and load changes in the region

2.1.4.3 Operational Measures
Operational measures to manage the issue are the use of short term ratings and the application of

security constraints.

2.1.4.4 Sensitivity Studie s
The loading on Ohakuri-Wairakei-1, Atiamuri-Ohakuri-1, and Atiamuri-Whakamaru-1 220 kV circuits is

dependent on the level of local generation as well as demand in BOP region.

In deriving the sensitivity factors, the following assumptions have been made:
A
A

The Huntly power station is used to balance supply and demand in the system.
Generation at all stations is held constant, except for at Huntly and the station for which the

sensitivity is measured.
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Atiamuri-Ohakuri-1 220 kV circuit

The sensitivity factors noted below show the dependency of the loading on the Atiamuri-Ohakuri-1

220 kV circuit.
Generation/  System Sensitivity Factor
Configuration

Te Mihi & Poihipi generation 0.74
Ohaaki generation 0.73
Nga Awa Purua generation 0.65
Wairakei generation 0.76
Aratiatia generation 0.71
Ohakuri generation 0.88
Atiamuri generation -0.12
Bay of Plenty demand -0.11

The table above shows that the average sensitivity factor for Ohakuri generation on the Atiamuri-
Ohakuri-1 220 kV circuit is approximately 0.88 (a 1 MW change in generation increases circuit loading
by 0.88 MW). The negative sign indicates an increase in Atiamuri generation will have the effect of

reducing the loading on the circuit.

Atiamuri-Whakamaru-1 220 KV circuit

The sensitivity factors noted below show the dependency of the loading on the Atiamuri-Whakamaru-
1 220 kV circuit.

Generation/  System Sensitivity Factor
Configuration

Te Mihi & Poihipi generation 0.69
Ohaaki generation 0.68
Nga Awa Purua generation 0.61
Wairakei generation 0.69
Aratiatia generation 0.68
Ohakuri generation 0.78
Atiamuri generation 0.80
Whakamaru generation -0.08
Bay of Plenty demand -0.76

As expected the loading on the Atiamuri-Whakamaru-1 circuit is most sensitive to changes in Atiamuri

generation and BOP demand with sensitivity factor of 0.76.
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Ohakuri-Wairakei-1 220 kV circuit

©
The sensitivity factors noted below show the dependency of the loading on the Ohakuri-Wairakei-1 %
220 kV circuit. L
e
.
Generation/  System Sensi tivity Factor (@)
Configuration zZ
Te Mihi & Poihipi generation 0.78 E
o
. ) c
Ohaaki generation 0.78 (D]
O
Nga Awa Purua generation 0.70 7
Wairakei generation 0.80
L ) o
Aratiatia generation 0.79 o
p—
S =
Ohakuri generation -0.10 o
&5
o | &g
Bay of Plenty demand 0.09 = =
g
=4
As expected the loading on the Ohakuri-Wairakei-1circuit is most sensitive to changes in Wairakei < -
w | E

generation but less sensitive to Ohakuri generation and BOP demand.
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2.1.5 Loss oF THE OHAKURI-WAIRAKEI-1 220 KV CIRCUIT
Grid Power System Issue Causing Factor Indicative Limit Operational
Point WEESIES
Central Te Mihi- Wairakei or Te Mihi Loss of the Ohakuri-  North transfer: Short term ratings 1.4.1
North -Whakamaru 220 kV circuits Wairakei-1 220 kV 200/219 MW . .
Island exceed stated capability circuit (summer/winter) Security constraints

during north transfer

CNID TKU WA 1 |~EsD s TUI . CWRAD

Under north transfer conditions, the loss of Ohakuri-Wairakei-1 220 kV circuit may cause the Te Mihi-
Wairakei or Te Mihi -Whakamaru 220 kV circuits to exceed stated capability during summer and winter
seasons. This overload is due to the extra generation installed in the Wairakei area over the past few
years. Generation is planned to increase in this area over the next few years increasing the risk that

this transmission issue may occur.

2.15.1 Assumptions
North and south flow conditions were studied. Bay of Plenty loads are assumed to total 403 MW, with
124 MW at the Kawerau bus. Atiamuri generation is assumed to be 64 MW and Ohakuri generation is

assumed to be 100 MW.

2.1.5.2 Power System Analysis due to Asset Capability
Indicative power system limits on the transfer from Wairakei to Ohakuri are 200/219 MW
(summer/winter). These limits will be affected by the flow coming from Tarukenga, Edgecumbe, and

Kawerau.

2.1.5.3 Operational Measures
Operational measures to manage the issue are the use of short term ratings and the application of

security constraints.
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2.1.6 LOsSs OF ONE OF THE MARAETAI-WHAKAMARU 220 KV CIRCUITS '8
Grid Power System Issue Causing Factor Indicative Limit Operational C—U
Point W EEIES l)
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The loss of one of the Maraetai-Whakamaru 220 KV circuits may cause the remaining circuit to exceed

stated capability.

Indicative power system capability limits for the Maraetai and Waipapa generation are approximately
204/246 MW for the stated capability of the remaining Maraetai-Whakamaru 220 kV circuit of
202/246 MVA.

The operational measures to manage the power system issue are the use of short term ratings and

the Maraetai generation run back scheme.
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2.2 REGIONAL & LocAL | SSUESUNDER OUTAGES

221

OUTAGE OF THE STRATFORD-TAUMARUNUI-1 220 KV, TAUMARUNUI-TE KOWHAI-1
220 KV, OR HUNTLY-TE KOwWHAI-1 220 KV CIRCUITS AND LOSS OF ANOTHER CIRCUIT

Power System Issue Causing Factor Indicative Operational Back to
Limit Measures Limit
Group
Central Tokaanu-Whakamaru 220 kV, Outage of the Stratford- N/A Short term ratings 1.3.2
North Huntly-Stratford-1 220 kV, Taumarunui-1 220 kV, . .
Island Bunnythorpe-Mataroa-1 110 kV, Taumarunui-Te Kowhai-1 Security constraints

Mataroa-Ohakune-1 110 kV or
Ohakune-National Park-1 110 kV
circuits may exceed stated

220 kV, or Huntly-Te
Kowhai-1 220 kV circuits and
loss of another circuit

Grid reconfiguration

capability
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An outage of the Stratford-Taumarunui-1 220 kV, Taumarunui-Te Kowhai-1 220 kV, or Huntly-Te
Kowhai-1 220 kV circuits and the loss of another circuit may cause parallel circuits in the Central North

Island region to exceed stated capability.

The loss of a Tokaanu-Whakamaru 220 kV circuit may result in the remaining Tokaanu-Whakamaru
220 kV, Huntly-Stratford-1 220 kV and Bunnythorpe-Mataroa-1 110 kV circuits exceeding stated
capability. Apart from that, the loss of Huntly-Stratford-1 220 kV may cause the Bunnythorpe-
Mataroa-1 110 kV, Mataroa-Ohakune-1 110 kV or Ohakune-National Park-1 110 kV circuits to exceed
stated capability.
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The operational measures to manage this power system issue are the use of short term ratings, the

©
application of security constraints and reconfiguration of parallel 110 kV circuits between Bunnythorpe %
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2.2.2 OUTAGE OF THE TE MIHI-WHAKAMARU OR TE MIHI-WAIRAKEI 220 KV CIRCUITS AND

LOSS OF ANOTHER CIRCUIT

Indicative Limit Operational

Measures

Power System Issue

Causing Factor

Central Ohakuri-Wairakei-1 220 kV, Outage of the Te Mihi- N/A Short term 1.3.2
North Rangipo-Tangiwai-1 220 kV or Whakamaru or Te Mihi- ratings
Island Tangiwai-Bunnythorpe-1 220 kV Wairakei 220 kV circuits and .

circuits may exceed stated loss of another circuit Security

capability constraints

Loss of generation
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During an outage of Te Mihi-Whakamaru or Te Mihi-Wairakei 220 kV circuits, the loss of the other
circuit in the Central North Island region may cause parallel circuits to exceed their stated capability.

This event will also cause the loss of generation at Te Mihi and Poihipi.

The effect of the outage and the loss of another circuit are shown in the following table:

Te Mihi-Whakamaru or  Loss of the Tokaanu-Whakamaru-1 North Ohakuri-Wairakei-1 220 kV circuit may exceeds
Te Mihi-Wairakei 220 220 kV circuit stated capability
kV circuits

South Rangipo-Tangiwai-1 220 kV circuit may exceeds

stated capability

Loss of the Ohakuri-Wairakei-1 North and South

220 kV circuit

Rangipo-Tangiwai-1 220 kV and Tangiwai-
Bunnythorpe-1 220 kV circuits exceed stated
capability

Ohakuri-Wairakei-1 220 kV circuit exceeds stated
capability

Loss of the Rangipo-Tangiwai-1
220 V circuit

North and South

Operational measures to manage the power system issue are the use of short term ratings and the

application of security constraints.
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2.2.3 OUTAGE OF A TOKAANU-WHAKAMARU 220 KV CIRCUIT AND LOSS OF THE RANGIPO-
WAIRAKEI-1 220 KV CIRCUIT

Power System Issue Causing Factor Indicative Limit Operational Back to

Measures Limit Group

Central The remaining Tokaanu- Outage of a Tokaanu- N/A Short term 132
North Whakamaru 220 kV circuit may Whakamaru 220 kV circuit ratings
Island exceed stated capability and loss of the Rangipo- i

Wairakei-1 220 kV circuit Security

constraints

MOK
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An outage of one of the Tokaanu-Whakamaru 220 KV circuits and the loss of the Rangipo-Wairakei-1

220 kV circuit may cause the remaining circuit to exceed stated capability.

Operational measures to manage this power system issue are to disable the Tokaanu Inter Trip
Scheme (to avoid islanding of Tokaanu generation), the use of short term ratings and the application

of security constraints.
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'g 2.2.4 OUTAGE OF A BUNNYTHORPE-TOKAANU 220 KV CIRCUIT AND LOSS OF ANOTHER
© CIRCUIT
72}
o Power System Issue Causing Factor Indicative Limit Operational
E Measures
S
o
Pz
— Central Bunnythorpe-Tokaanu-1 or 2 Outage of a Bunnythorpe- N/A Short term 1.3.2
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During an outage of a Bunnythorpe-Tokaanu 220 KV circuit, the loss of the Rangipo-Wairakei-1 220 kV
or Bunnythorpe-Tangiwai-1 220 kV circuits may cause the remaining Bunnythorpe-Tokaanu 220 kV

circuit to exceed stated capability under south transfer conditions.

Operational measures to manage the outage are the use of short term ratings and the application of

security constraints.
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2.2.5 OUTAGE OF THE BUNNYTHORPE-TANGIWAI-1 220 KV CIRCUIT AND LOSS OF ANOTHER
CIRCUIT

Power System Issue Causing Factor Indicative Limit Operational Back to

Measures Limit Group

Central Bunnythorpe-Tokaanu-1 or 2 Outage of the Bunnythorpe- N/A Short term 1.32
North 220 kV, Mataroa-Ohakune-1 Tangiwai-1 220 kV circuit ratings
Island 110 kV, Hangatiki-Ongarue-1 and loss of another circuit :
110 kV or Ongarue-National Park- Security
constraints

1 110 kV circuits may exceed
stated capability

MOk

WD [Tk

An outage of the Bunnythorpe-Tangiwai-1 220 kV circuit and loss of another circuit may cause parallel

circuits in the Central North Island region to exceed stated capability.

The effect of the outage and the loss of another circuit are shown below:

Bunnythorpe-Tangiwai-1 Loss of the Bunnythorpe-Tokaanu- South The remaining Bunnythorpe-Tokaanu 220 kV,

220 kV circuit 1 220 kV circuit Hangatiki-Ongarue-1 110 kV or Ongarue-
National Park-1 110 kV circuits may exceed
stated capability

Loss of the Tokaanu-Whakamaru-1 North Mataroa-Ohakune-1 110 kV circuit may exceeds
220 kV circuit stated capability
South The remaining Whakamaru-Tokaanu 220 kV

circuit may exceeds stated capability depending
on Tokaanu generation

Operational measures to manage this power system issue are the use of short term ratings and the

application of security constraints.
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2.2.6 OUTAGE OF THE RANGIPO-WAIRAKEI-1 220 KV CIRCUIT AND LOSS OF A TOKAANU-

WHAKAMARU 220 KV CIRCUIT

Power System Issue Causing Factor Indicative Limit Operational Back to
Measures Limit
Group
Central Tokaanu-Whakamaru-1 or 2 220 kV.  Outage of the Rangipo- N/A Short term 1.32
North or Bunnythorpe-Mataroa-1 110 kV Wairakei-1 220 kV circuit ratings
Island circuits may exceed stated and loss of a Tokaanu- .
capability Whakamaru 220 kV circuit Security

constraints
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An outage of a Rangipo-Wairakei-1 220 kV circuit and loss of a Tokaanu-Whakamaru 220 kV circuit
may cause the remaining Tokaanu-Whakamaru 220 kV and Bunnythorpe-Mataroa-1 110 kV may

exceed stated capability

Operational measures to manage this power system issue are the use of short term ratings and the

application of security constraints.
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2.2.7 OUTAGE OF THE HUNTLY-STRATFORD-1 220 KV CIRCUIT AND LOSS OF ANOTHER '8
CIRCUIT ®©
1)
Power System Issue Causing Factor Indicative Limit Operational
Measures ,E
S
o
Z
Central Tokaanu-Whakamaru-1 or 2 Outage of the Huntly- N/A Short term 1.3.2 —
North 220 kV, Stratford-Taumarunui-1 Stratford-1 220 kV circuit ratings ®
Island 220 kV, Huntly-Te Kowhai-1 220 kV,  and loss of another circuit . ..:
Bunnythorpe-Mataroa-1 110 KV, Security c
Mataroa-Ohakune-1 110 kV or constraints )
Ohakune-National Park-1 110 kV O
circuits may exceed stated o
capability
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An outage of the Huntly-Stratford-1 220 kV circuit and loss of another circuit may cause parallel

circuits in the Central North Island region to exceed stated capability.
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The effect of the outage and the loss of another circuit are shown below:

Huntly-Stratford-1 220 kV circuit Loss of the Tokaanu-Whakamaru-1 220 kV The remaining Tokaanu-Whakamaru 220 kV,
circuit Stratford-Taumarunui-1 220 kV, Huntly-Te Kowhai-1
220 kV or Bunnythorpe-Mataroa-1 110 kV circuits
may exceed stated capability

Loss of the Stratford-Taumarunui-1 220 kV Bunnythorpe-Mataroa-1 110 kV, Mataroa-Ohakune-1
circuit 110 kV or Ohakune-National Park-1 110 kV circuits
may exceed stated capability

Loss of the Rangipo-Wairakei-1 220 kV circuit ~ Huntly-Te Kowhai-1 220 kV or Mataroa-Ohakune-1
110kV circuits may exceed stated capability

The operational measures to manage this power system issue are the use of short term ratings and

the application of security constraints.
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2.2.8 OUTAGE OF THE MANGAMAIRE-WOODVILLE-1 110 KV CIRCUIT AND LOSS OF THE '8
BUNNYTHORPE-TARARUA-LINTON 220 KV CIRCUIT @

(72}

Grid Exit Power System Issue Causing Factor Indicative Operational —
Point Limit Measures ,E
S

o

Z

Central North Bunnythorpe-Haywards-1 and 2  Outage of the Mangamaire- N/A Short term 1.3.2 —
Island and 220 kV or Rangipo-Tangiwai-1 Woodville-1 110 kV circuit and ratings ©
Wellington 110 kV circuits may exceed loss of the Bunnythorpe- : =
stated capability Tararua-Linton 220 kV circuit Security c

during HVDC south flow constraints 8

SYSTEM OPERATOR

TRANSPOWER NZ LTD

An outage of the Mangamaire-Woodville-1 110 kV circuit and loss of the Bunnythorpe-Tararua-Linton
220 kV circuit during HVDC south flow may cause the Bunnythorpe-Haywards-1 and 2 220 kV or
Rangipo-Tingawai-1 110 kV circuits to exceed their stated capability.

Operational measures to manage the power system issue are the use of short term ratings and the

application of security constraints.
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g 2.2.9 OUTAGE OF ONE OF THE BUNNYTHORPE-WOODVILLE 110 KV CIRCUITS AND LOSS OF
@© THE OTHER CIRCUIT
n
o Grid Exit Power System Issue Causing Factor Indicative Limit Operational Back to
E Point Measures Limit Group
S
(@]
Z Woodville, Voltage falls below advised Outage of one of the Grid
o Dannevirke,  asset capability Bunnythorpe-Woodville 110 reconfiguration
(0} Waipawa kV circuits and loss of the
= and remaining circuit
c Mangamaire
Q
)
m 1
& aw
<C
o
w
m 1
o | 8
e :
=
w |5 - >
> =
o | E

During an outage of the Bunnythorpe-Woodville 110 kV circuits, the loss of the remaining circuit may

cause the voltage to fall below advised asset capability at Woodville, Dannevirke, Waipawa and

Mangamaire. This assumes that the Mangamaire to Woodville circuit is close.

Operational measures include the Grid Owner offering grid reconfiguration by moving the system open
point to Waipawa. A system split between Waipawa and Dannevirke would maintain 110 kV bus

voltage at Woodville, Dannevirke, Waipawa and Mangamaire to within acceptable limits.
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OUTAGE OF A 110 KV CIRCUIT BEWTEEN WOODVILLE AND WAIPAWA AND LOSS OF
ANOTHER CIRCUIT

2.2.10

Indicative Limit Operational

Measures

Grid Exit
Point

Power System Issue

Causing Factor

Outage of a 110 kV circuit N/A Grid

between Woodville and reconfiguration
Waipawa and loss of a

parallel 110 kV circuit

Dannevirke
and/or
Waipawa

Loss of supply

T =

@

.-
-

1 1

[ —
I

NPL

e : t
an-e 0E

An outage of a 110 kV circuit between Woodville and Waipawa and loss of the remaining parallel
circuit will result in a loss of supply to Dannevirke and/or Waipawa depending on the location of the

outage.

Operational measures may include grid reconfiguration (dependent on which outage is occurring) by

closing the open point between Fernhill and Waipawa.
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