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“Electricity Network Assessment during
Alpine Fault Event: microgrid as a solution
for restoration” (Samad Shirzadi Deh

| Kohneh)
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» Assct Management Load shedding Experience “Disaster related recovery of power
networks” (Duncan Maina)
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"Electric Power Distribution Systems
> Islanding Resilience Modelling Toolbox" (Leo Liu)

Reference [7]



https://wiki.canterbury.ac.nz/download/attachments/54102450/Presentation_PSRGS_Samad_13Nov2017%20-%20Copy.pdf?version=1&modificationDate=1511120195847&api=v2
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Resilience in Power Systems (Electricity)

Ability of a Power System to withstand extraordinary and high impact-low probability events

Key Features:

» Keep operating or stay standing in the face of disaster
e Withstand low-probability but high-consequence events

e Get things back to normal as fast as possible after a disaster

e Contingency plans and emergency operations D

Robustness

Rapid Recovery

e Absorb new lessons from a catastrophe
Introduce of new tools and technologies for boosting robustness, resourcefulness
and recovery before the next crisis

Adaptability

Reference [2]
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Power System’s “Short” and “Long” term
resilience

Cascadf events

f

: ) |
Preconditions  Steady-state progression High-speed Restoration
cascade | . \

Robustness/ Response/
Resictanca Resourcefulness/Redundancy Recovery

Resilient
Power System
State

Short-term Resilience
(prior, during and post blackout)

(post-blackout learning/adaptability)

Long-term Resilience |‘
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Nominal Asset Life

Age

Health Index

$S920.d uoiepelsaq

Current Condition
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PoF

Health Index Score and Range

HI1

Hi2
}
i
2 b
HEALTH SCORE

HI3

HI4

HI5

- New or as new

HI2 | Good or serviceable condition

HI3 | Deterioration, requires assessment or monitoring

HI4 | Material deterioration, intervention requires
consideration

- End of serviceable life, intervention required

2 3 Reference [4]
PoF = k-[1+H1-c+(HI'f) +(HI"')]

3!
where:
1” PoF = probability of failure per annum
Hi = health index
Reference [4] k & ¢ = constants Reference [8]




National

SCIieNCE

Challenges

RESILIENCE
TO NATURE'S

CHALLENGES

Lifeline Criticality Assessment

Criticality is the measure of the consequences of asset failure

Criticality is rated in the following categories: Step 1 [ Activity Analysis

Identification of Activities| = Interviews

) Network Performance

Prioritization of Activities | 4= [nterviews

y
- SafEty Step 2 [ Infrastructure Analysis (Zone of Influence)
D Environ mental Identification of critical infrastructure
Identification of Zone of Influence
) Financial '

Step 3 — Assistance Level of Infrastructure

Identification of critical infrastructure
and Alternatives for Each Activity
Measurement of
Assistance Level

&= nterviews

Step 4 — Calculation of Relative Level of Criticality

Reference [3]
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Criticality Index

Low Criticality 0% to 75% of Avg
H Average Criticality 75% to 125% of Avg
C3 High Criticality 125% to 200% of Avg
H Very High Criticality >200% of Avg

Reference [4]
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“» Primary Equipment's

= Transformers

= Switchgear

e Circuit Breakers replacement

* Reclosers

replacement after failure refurbishment

= Transmission and Distribution
e QOverhead lines

100 %

Reliability
°  Poles repair
after failure

e Underground cables
* Substation Busbars

degenerated

“» Secondary Equipment's

schematic

= Protective Relays

0 % =1«

Initial operation Remaining life 0

= Communication Devices
Reference [1]

= Backup Batteries

= Others
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Case study on Relays

RELAY ASSET Number In | Average | Median | Standard
2015 YEAR END Service Age Age Dewatlon

Microprocessor 19,379
Solid State 2,935 20 20-5 9
Electromechanical 12,763 41 41 18
TOTAL 35,077
Age of Relay Fleet
::ZZ -\ 2013 Data
= 1400 - \ e _— P
3 1200 S s I | —ss
- 1000 \ reglonn hevond —
g o \_ expected life
g 800 : \ .
é 400 —_—
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200 O — RN
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Approach
»Conduct Tests ‘Risk & | .
. . y s Criticality ntegration an
1. Partial discharge : : Interval based ‘Condition hased’ Analysis based
Reactive (e.g. maintain based’ intaing (e.g. maintain/
2. Ductor reading based’ o e e (e.g. maintain 8-
(e.g. repair/ nterval (e.g. maintain/ replace assets replace assets
3. Insulation resistance replace on fail) | replace at asset | replace based with the on algorithmic
life) on condition) highest risk and outcomes/
4. Tan-Delta greatest prediction)

importance)

»Asset management framework

Develop an “infrastructure resilience rating” system in the longer term indicating resilience to
natural hazards of the infrastructure serving a community. This rating system will help drive
public policy in infrastructure investment and provide building owners with knowledge of
externalities when investing in building resilience.

Reference[5]
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Approach

Identify the type of Asset
and hazards

|

y

GIS mapping

|j

Conduct Tests

4

Collect data

A

Asset health Index

Algorithm

\ 4

Criticality Index

A 4

Resilience rating

A

22.
23.
24,
25.
26.
27.
28.
29.

Orion New Zealand
Electricity Ashburton
Alpine Energy

MNetwork Waitaki
Aurora Energy
OtagoMNet Joint Venture
The Power Company
Electricity Invercargill

PN OMON

Top Energy
Northpower

Vector

Counties Power
WEL Networks
Powerco

Waipa Networks
The Lines Company
Unison Networks

. Horizon Energy Distribution
. Eastland Network

. Centralines

. Scanpower

14. Electra

. Wellington Electricity

. Nelson Electricity

. Malborough Lines

. Network Tasman

. Buller Electricity

. Mainpower New Zealand

. Westpower [7]
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Research Questions

m o O » 2

What is the life cycle distribution of electricity assets?

How will a specific investment profile affect the asset’s health?

How to strengthen the current power system assets?

What role do you see the asset health index guide playing in the future?

—» Evaluation| Planning

How to relate the asset management, criticality and infrastructure resilience rating?

Asset Management

Protection

A 4

Restoration

A

Hardening
Assets

Load shedding

A 4

A 4

Experience

h 4

Islanding
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Ongoing Activities

» Studying the health and lifeline of underground cables effected by Canterbury earthquake.

» Mapping the data with GIS maps to improve resilience during such events.

» Plot fragility curves to determine the damaged caused by earthquake events.

» Does the infrastructure resilience rating depend upon the type of shock.

» Assess the age and criticality of the assets.

Broadsasting
ry

i
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Wastewater

Comments

® (Water Supply

Bunedin Airport self sifficient 3-d doys with bockup generaton for terminol bullding and contral tower phe 500,0001 water,
and on site wastewater treatmentdisposal. Fuel critical but 3-4 days storoge ond larger aircraft could retuel o1 destination
airports. Rood accen witicol but virport serviced from 3 directions providing olterates i ane closed.

-

Mt Cargil Transmission Focility i self wificient for geasraton / fusl for 20 + day.

Diisributors and generoton rely o Transpowsr network being aperational. Fuel, racds ond telecceim bacome more criticol
(1] in coordinating and emergency reipome sitsation.

(Con graviry fead or use oir comprassors /pumps 1o wpply trom tarminals (could oo ba wsed ot fuel sations but would be
mmetered wopty| 1 slectricity follure. Woter required ot flammable thes (perrol) but teld comoimad =oter wpplies now
roquirad. Al lval comes in via ship ond diributed vio roods.

Gon comes in vio roll ond port and i distributed by pipe ond road - Fryan Street is the moin rood 16 and from the terminal
Water supply requirad for fire fighting, thaugh ahematives are 1ea water pump (it slactriciry oparatiag) or Hre servica
appliance (i availoble).

Electricity backup an for emergency fumctions, > 24 hours would have significant impoct on operations. 2/3 of carge b
romported 10 / Hrom the port by rail, the rest by road. Rood oho required 1or Mot occess. Fuel required for ship bunkering.
Water swpply requined for staff but could bring in.

Roads critienl for ransfer of freight and powengen. Blectricity critical for network control. Fusl reguired to operote troim.

Roads 3({3j3f3|a

Main dependency i between NITA ond locol rood outhorities. While trattic lights require electricity, monwol raffic
management caa oo ond in other places troffic should revert 1a namol road rule.

Telecomms AR ERE

leqmelo(l\d bt moin sites haove Wwb&wwbm\hdumnww backup that con operote 4-60 hours.
natwork i highly many 1akcos raly an othar's asets. Roods required for access 1o

sites - more critical in janies.

Wastewster afajr|ajs

Dunedin's main Musselburgh PS b the only ewer PS with backup generotion on sile.  Most PS hove emergency storoge in dry
condn i 2 0ndd B hours ond desigred spill strntiess 10 dischorge overtlows sately 16 woterways, Traotment

Water Supply al3I|MNja|3

Waier ctmaal plants o act have 0n alte gaserators, ralying on ireated rlorage reservalr (typically
ol mainain wply unil electricity rmtored. Relione on telecommic ofiom o sutomoted control,

loss of which could cavse reduction in water qualty.

Reference [11] oo o

tor sarvice 10 function but some bockup or pan hancrien. 3 = Nor required for service 1o funcrion. 0 = Not Applicable:
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