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Milestone 1-Hazard Mapping
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Milestone 1 – Possible trajectories



Milestone 1 – Examples of Possible Outcomes
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Milestone 1: Agreed Scenario

Stage 1: Initial Assessment

• Line Patrol

• Damage Assessment

• Component Status

Stage 2: Network Repairs

• Crew Availability

• Vehicle Routing

• Mutual assistance

Stage 3: Network Re-energisation

• Network energisation

• Load Pick-up

Stage 2: Islanding

• Blackstart Planned

• Transitional

Stage 3: Resynchronization

Island



9

Recap – NZ Electrical Power System
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Recap – Power System Variables

Frequency: Generation = Demand

• Voltage: 415V, 11KV, 33KV, 66KV, 110KV, 220KV: Acceptable Limits 0.95-1.05

• Frequency: 50Hz: Acceptable Limits 48.5-51.5Hz

https://www.rs.tus.ac.jp/j.kondoh/english.html

https://www.rs.tus.ac.jp/j.kondoh/english.html
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Islanding

• Islanding: Condition in which a section of
the grid (transmission or distribution) is
energized and operational, whilst
disconnected from the main grid
(transmission or distribution).

• Formation of islands

▪ Blackstart - Re-energization of 
components 

▪ Transitional – Components remain 
energized after separation from the 
grid.

• Blackstart Islanding is preferred n case of 
disasters as damage assessment is required 
to determine status of network components
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Westpower: SouthWestland Network

Power Station Power Capacity (MW) Blackstart Capability

McKays Creek 1.1 No

Kaniere Forks 0.5 No

Amethyst 7.4 Yes

Wahapo 3.1 Yes

Fox 0.5 No

Zone Substations Peak Demand (MW)

Hokitika* 19.576

Ross 0.500

Waitaha 0.350

Hari Hari 0.980

Wahapo 0.100

Whataroa 0.782

Franz Josef 2.212

Fox Glacier 1.016

* Load at Hokitika is inclusive
of all the loads of the South
Westland Network



Generator Modelling

Synchronous Machine

Governor

AVR, Excitation Limiters

PSS

Δw 

ΔVout 

Δw 

ΔPm 

Δif 

Δif 

Transmission Line Modelling

Component Modelling
Transformer Modelling

Load Modelling
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33 kV Network Energization: Voltage

• Sequential energization of zone substation transformers and
overhead lines. Voltages are within safe limits

• Example: Energization of Franz Josef transformer

Franz Josef transformer 

energization



15

33 kV Network Energization: Frequency

• Frequency drop as a result of large transformer energization
but within acceptable limits

• Example: Energization of Franz Josef transformer

Franz Josef transformer 

energization

Franz Josef Transformer 

energization
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Load pickup
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Load pickup

• Different scenarios at the Hari Hari 11kV feeder .
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Sequential Load Pickup

• Maximum load step: 0.5 MW

• Load composition: 75% - static, 25% - Motor



19

Transitioning to Islanding

• Island detection necessary mainly for
safety and to enable the DER to
change operating modes.

• Amethyst uses frequency (Active
Power Mismatch) change for
islanding detection.

• Voltage and voltage angle will be
investigated.

• Amount of Load at Hokitika to be
varied.

Island Detection 
Methods

Remote MethodsLocal Methods

• Overvoltage/
Undervoltage 
Protection

• Overfrequency/
Underfrequency

• Impedance 
Detection

• Rate of Change 
of Frequency

• Local Angle

• Fourier 
Transform based

• Wavelet 
Transform based

• S-transform 
based

• Kalman Filter 
based

PassiveActive
Communication 

Based 
Signal Processing 

Based
Intelligence Based

• Angle Difference
• Slip and 

Acceleration
• PLC
• Transfer Trip
• SCADA 

• Time domain
• Frequency 

domain
• Time-Frequency 

domain
• Pattern 

Recognition

• NN
• Decision 

Trees
• SVM

Topology Based



20

Transitioning to Islanding

Scenario 1: Hokitika Load – 9MW, 1.28 MVAr
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Transitioning to Islanding

Scenario 2: Hokitika Load – 4.5MW, 0.64 MVAr
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Transitioning to Islanding

Scenario 3: Hokitika Load – 0.99MW/0.14MVAr



Westcoast Electricity Network Resilience 

Earthquake scenarios:
• Central Hypocenter
• Northern Hypocenter
• Southern Hypocenter
• Empirical Southern Hypocenter

…

Blackstart 
Study

Detailed 
Modelling

Protection 
Assessment

Transition to 
Islanded mode

Hazard Mapping

Electrical 
Analysis 

Resilience 
Framework

In summary



Ebad Ur-Rehman
Farrukh LatifDuncan Maina

Samad Shirzadi

Safa Al-Sachit

Energy Communication: Resilience group



NZ Fixed Communication Infrastructure and Services
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Coverage

ConnectionsCapacity

Services

➢ Voice
➢ Internet
➢ Cloud/Datacentres
➢ Enterprise Services
➢ Emergency 

Response Services
➢ Mission Critical 

Services
➢ Defence Services
➢ IOT
➢ VR
➢ AI
➢ TV/On Demand 

Content



Method for Seismic Risk Analysis (SRA) and Hazard Mapping
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Milestone 2:West Coast Case Study
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Northern Hypocenter Southern Hypocenter

Central Hypocenter Empirical S. Hypocenter

AF8 Earthquake Hazard Scenarios

Chorus CO

Chorus Central Offices (Assets)Fragility Curves for Central Offices



CO Risk Quantification using Geo-Spatial Mapping (AF8 
Empirical)



CO Risk Quantification using Geo-Spatial Mapping 
(AF8 Central)



CO Risk Quantification using Geo-Spatial Mapping 
(AF8 Southern)



CO Risk Quantification using Geo-Spatial Mapping 
(AF8 Northern)



Milestone 2: Summary Results 



Westcoast Central Offices(CO) Resilience and Availability 
Quantification

Loss and Availability Quantificationunavailability for AF8 Scenarios 



Milestone 2:  Conclusion

From the above analysis, hazard mapping is important to estimate the

level of damage that can be caused by the specific disaster. The

estimation can then be used to drive policy decisions with regards to

network investments. The investments can either be in the form of

assets robustness (which has been the common practice) or re-

architecture the network topology to improve the end to end

resilience of network thus services. From West Coast Communication

infrastructure resilience assessment, it can be noted that there is a

higher risk of losing Grey Mouth (tier 2 central office) in case of Central

and Southern Hypocenter MMI9 AF8 scenarios than the other two AF8

scenarios under study.





Energy-Communication-Data Infrastructure through the Lens of Seismicity
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IEEE ISGT-ASIA 2017

CIGRE AUCKLAND 2017

EEA 2018

AUPEC 2018

CIGRE NZ FORUM 2019

EEA 2019

http://sites.ieee.org/isgt-asia-2017/home/
http://cigreauckland2017.org.nz/
https://www.eea.co.nz/Site/news-events/conferences/eea-conference-2018.aspx
https://aupec2018.org.nz/
http://cigre.org.nz/PastEvents.html
https://www.eea.co.nz/Site/news-events/conferences/eea-conference-2019.aspx
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Electricity Distribution Resilience Framework through West Coast Alpine Fault Scenario

Nirmal Nair (PI), Andrew Austin (AI), Farrukh Latif (ME, Chorus), Samad Shirzadi (PhD), 

Duncan Maina (PhD), Yang Liu (Postdoc), Daniel Blake (Postdoc), Liam Wotherspoon (RNC DI, 

Lead)
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