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- Takeaways

 Who is Transpower
« GIC Context & risk
« What are we doing
« Plans for the future
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Ta ke aways
No human health impacts at ground level - only to technical infrastructure, but with effects varying across the
country and lasting from 24 to 36 hours. If you already have an emergency plan for dealing with disruptions to
your lifeline services from flooding, earthquake, volcanic eruption, or tsunami, then you already have an
effective plan for extreme space weather.

« GPS positioning and time services, LEO satellite and some terrestrial comms (HF, VHF radio) will be impacted,
any functions relying on these will be degraded during the event.

« Transpower is the electricity sector coordinating entity, takes the industry technical/operational lead with
government agencies (DPMC, NEMA, ODESC) during event response.

« Known historical phenomena. Last extreme event 1859, before grids existed. Growing scientific and engineering
understanding of the HILP risk posed to modern interconnected systems and each affected asset owner, which
must be addressed collaboratively to provide electricity to end consumers.

« Tight collaboration between scientific community and electricity participants required (Transpower close
involvement since 2016 & Solar Tsunami Project 2019/20). Electricity Industry Space Weather Working Group
established 2023, after science could provide answers to engineering questions. Goal to provide a coherent
industry response and assurance to Government that the risk is adequately addressed and mitigated.

« Design level event is 1:100 with Transpower designing for 1:450 flooding, 1:2500 earthquake, 1:300 year wind
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Aotearoa, New Zealand

« Land area 220,000sgkm/108,000sgml
10,467km/6,504ml 12hrs LAX

18,770km/1 1,660rﬁ<,| 28hrs LHR

+  GDP NZ$262B/US$155B K [ /\ |
- : . _ | 2,200km/1,400ml ¥,
+ Seismically active, maritime, volcanic, flat lands to mountains | 3 Shrs / _ l

(3,750m/12,500) fiords Y

«  Population 5.2M

« Rainfall 300mm/2,800mm pa
« Average Solar resource 11-14MJ/m2/day \
+ Average Wind 4-6m/s windfarm capacity factors 0.32-0.48

+ Plan for many natural hazards earthquakes, tsunamis, e
volcanic, flooding, space weather
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NZ electricity industry is horizontally split
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Transmission network

NZ$4.9 billion regulated transmission assets

Sole Transmission System Owner & Operator in New Zealand
Approximately 11,000 kilometres of transmission lines
1,200MW HVDC Bi-Pole, 600km link

178 substations

27 distribution customers

10 large industrial direct-connect customers

6 large grid-connected generator customers

Installed generation capacity 9,271 MW

Peak demand 7,000MW,

Annual generation 43,503 GWh

82% Renewable generation
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How does it interact with electricity network?

" What Causes Geomégn_etic Induc_ed Current (GIC)?

1 |
CME is ejected Magnetic particles N ‘/ﬂ
solar winds. surface cause a

from the sun . distributed

and carried by across the Earth’s 3
rapidly changing -

~ magnetic field. O

The magnetic field
interacts with the
Earth’s conductivity,
resulting in ground
voltage differences.

4

Q

The flow of GIC
is seen across
transmission lines.

o
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A planet sized generator using Faradays law.
An electric current produces a magnetic field
The magnetic field produces a voltage in the ground

Voltage differences (10-30V/km) between the ground
points drives a current between them

The current takes the path of least resistance either the
ground or long metal connection like our transmission
lines

This is why it is mostly a generator and transmission
issue (generators connected to ends of lines)

Saturates transformers, heating, reactive power draw,
equipment damage and voltage collapse

Transformer

YGic



CORONAL MASS EJECTIONS

COSMIC RAYS

SOLAR CELL DEGRADATION

/1

ASTRONAUT RADIATION

SOLAR ENERGETIC PROTONS

*‘?&i

SINGLE EVENT UPSET

PN

s SOLAR FLARE RADIATION

RADIATION DAMAGE

ENERGETIC RADIATION
BELT PARTICLES

ENHANCED IONOSPHERIC
CURRENTS AND DISTURBANCES

NAVIGATION ERRORS = > e 2

HF RADIO WAVE DISTURBANCE

CREW AND PASSENGERS > & g
RADIATION e e
SIGNAL SCINTILLATION GEOMAGNETVICALLY
AURORA AND OTHER - ——— s

INDUCED CURRENTS
ATMOSPHERIC EFFECTS

IN POWER SYSTEMS

DISTURBED RECEPTION




The physical threat
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Tho Aurseal Dispiay In Boxten.
Besrow, Friday, Sept 2,

There was another display of the Avrora last
uight, so brilifent that at about one o'cleek ordfuary
print could be read Ly the lightt The cffcot contin.
ued (lrough this furencon, considerably affecling the
workirg of the telegraph lires, Tne aurcrat cur-
rents (zom enst Lo wesl ware a0 reguisr that the ope-
rators on the Fiustesn lizes were ablo to hiold commu-
pieation and tiarsmit eesseges over the iine betwaen
this city snd Portiaid, the usual butterfes belng dis.
copthned from (e wire. The same effects were ox-
litlied upon the Cage Cod and other Uues,

Environment @ the time

« Carrington event 1859

Bulledale & Refton 1886/8

Ehe New Jjork Eimes
Published: September 3, 1850
Copyright © The New York Times

Repair crew 1902 for the 1897 11kV
42km Buffalo-Niaggra




Event magnitude and return period PROBABIITY OF OCCURING IN NEXT 50 YEARS

* Alpine fault 75%
Solar storms one of the few global-scale natural e Extreme CME 64%
catastrophes that impact interconnected ] ]
systems. * Mt Taranaki eruption 30-50%

Hikurangi fault 25%

Other natural hazards we plan for floods 1:450,
seismic 1:500-1:2500, wind 1:150-300, snow
1:150-500 (AS/NZS 1170 IL2-IL4)

==

L , : : Current UK extreme
NERC Guidelines of 2013 & 2019 only assess 6000 K| [ | et g L_JJ(‘)() -
impacts at 1:100 years, and is under done post erarmieasaton g

5000 nT/min event
Gannon
) peak for a 100 year
CME return period reduced from 1:1200 year to 9000 X pogs oo ek
1:100-150 year = %k “Very Large” is Hydro-Quebec in March 1989 from Ottawa ‘ return perio
é (*=blackout at 390 nT/min, ® =biggest in storm 550 nT/min)
Our “extreme storm” modelling based on UK = 4000 'i&’*
study that suggests the 1:100-250 year return g Y "Extreme" is the OLD UK-determined range (1000-6000 nT/min)
. . . - 1.2 for a Carrington Level event (100-200 year return period)
period is 1000 to 6000 nT/min; we selected T
4000 nT/min. = .I This example is the 23 July 2012 CME which missed Earth,
L . B 3000 Miss simulated by Ngwira et al. (max 1500 nT/min)
NOAA space weather predictions and real-time -S—j
alerts are on a scale of Gl-G5, with all events 0 * Range of UK government"reasonable worst case" extreme
>350nT/min class as G5, . Q * This is what we will be using for our extreme Storm
. . 5, 2000 simulations.
Not seen an Earth-directed extreme CME since g A “Gannon” May 24 (280-340nT/min) Near
“Carrington” event in 1859, but there has been M1
extreme CMEs heading in other directions. 1000 *,
\ @ Aa@ llto L
N PITE Wi T | - Small to Large geo-
{ We’re for New Zealand. T mai Aotearoa. ————— o o TN > st &Y

N magnetic disturbances
NZ observations 2001-2020 Extreme Scenarios = -




NOAA geomagnetic storm scale

Scale

NZ Extreme event 4,000nT/min

Near miss 2012 1,500nT/min

Hydro Quebec 550nT/min
Gannon 390-420nT/min

Transpower mitigation plan initiates
switching

Transpower mitigation plan monitors
Aurora visible from Christchurch

Description

Effect

Physical
measure

Average Frequency
(1 cycle = 11 years)

Extreme

Power systems: Widespread voltage control problems and protective system problems can occur, some grid
systems may experience complete collapse or blackouts, Transformers may experience damage.

Spacecraft operations: May experience extensive surface charging, problems with orientation,
uplink/downlink and tracking satellites.

Other systems: Pipeline currents can reach hundreds of amps, HF (high frequency) radio propagation may be
impossible in many areas for one to two days, satellite navigation may be degraded for days, low-frequency
radio navigation can be out for hours, and aurora has been seen as low as Florida and southern Texas
(typically 40° geomagnetic lat.).

Kp=9

4 per cycle
(4 days per cycle)

Severe

Power systems: Possible widespread voltage control problems and some protective systems will mistakenly
trip out key assets from the grid.

Spacecraft operations: May experience surface charging and tracking problems, corrections may be needed
for orientation problems.

Other systems: Induced pipeline currents affect preventive measures, HF radio propagation sporadic,
satellite navigation degraded for hours, low-frequency radio navigation disrupted, and aurora has been seen
as low as Alabama and northern California (typically 45° geomagnetic lat.).

Kp = 8,
including a
9-

100 per cycle
(60 days per cycle)

Strong

Power systems: Voltage corrections may be required, false alarms triggered on some protection devices.
Spacecraft operations: Surface charging may occur on satellite components, drag may increase on low-
Earth-orbit satellites, and corrections may be needed for orientation problems.

Other systems: Intermittent satellite navigation and low-frequency radio navigation problems may occur, HF
radio may be intermittent, and aurora has been seen as low as Illinois and Oregon (typically 50° geomagnetic
lat.).

Kp=7

200 per cycle
(130 days per cycle)

Moderate

Power systems: High-latitude power systems may experience voltage alarms, long-duration storms may
cause transformer damage.

Spacecraft operations: Corrective actions to orientation may be required by ground control; possible
changes in drag affect orbit predictions.

Other systems: HF radio propagation can fade at higher latitudes, and aurora has been seen as low as New
York and Idaho (typically 55° geomagnetic lat.).

Kp=6

600 per cycle
(360 days per cycle)

G1

Minor

Power systems: Weak power grid fluctuations can occur.

Spacecraft operations: Minor impact on satellite operations possible.

Other systems: Migratory animals are affected at this and higher levels; aurora is commonly visible at high
latitudes (northern Michigan and Maine).

1700 per cycle
(900 days per cycle)
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Recent damaging events
North America 13 March 1989

« CME 3-5 times smaller than an “extreme event”

* 1.5 minutes Hydro-Quebec system collapsed, transformers damaged

NZ 6th November 2001 14:53pm

« CME 20-30 times smaller than an “extreme event”
HWB T4 destroyed (unrepairable), ISL SVC tripped

Variation of the Earth's magnetic field
Measured at GNS Science's geomagnetic observatory in Canterbury

The compared to storms in 1989and 2001
Day0 Dayl Day2 Day3 Day4

Horizontal component of magnetic field
6001 measured in units of nano-teslas (nT)

‘M

TO STORM

13 MARCH 1989 0745 UT

o = Alarms
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. Satellite Operations & Major Storms
Changes pvertime What Changed?

@ Major Solar Storms

Sun has 11 year cycle

Extreme storms can occur at anytime

Most occurring descending phase
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Space is getting a lot busier

=
Payloads Launched per Year

Loss of time, position and sky is real

1960 1970 1980 1990 2000 2010 2020
Frequency of G5 (Extreme) Storms within Noar
Phases of SC17-SC24

Ascending
18%

Rapid expansion in low LEO (400-1000 km).
Satellite operations have changed a lot.

- o Starlink: 50,000 collision avoidance maneuvers in the first half of 2024.

Min 37%

2%

Descending
43%

( We’re for New Zealand. T mai Aotearoa. ) (1 7)




Risks to the electricity industry

Extreme event —1:100 to 1:250 year return period

A 4

Geomagnetic storm: GICs in 220kV and 110kV network (primarily)

\ 4

A 4

! !

Generators

DC saturation in
transformers causes
harmonics in
generators leading to
thermal faults

Circuit Breakers

DC and harmonic
currents in HV circuit
breakers causes
catastrophic failure in
the arcing chamber

Transformers

Transformer saturation
causing large reactive
power flows and
voltage instability

DC current causes
magnetic saturation
and thermal damage.

Primary asset damage — days to years to repair
Pre-emptive (or forced) outages

Harmonics cause
maloperation of
protection and control
systems

A 4

Solar radiation storm

A 4

Satellites

Loss of satellite
communications
(including SatPhones)
and disruption to GNSS
& ICT services

Cascade failure — 24 to 72 hours to restore

Operational difficulties

@
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5000

000

Generic 3-limb transformer GIC withstand capability

Model of NZ Power System

» All generator and transmission ccts, -
transformers, and earth grids g,

» 1989 Event scaled to 4,000nT/min with Rogers

latitude correction :

« GIC profile by unit, triaged IEEE C57 and our
derived current limits

MAR 1989 31hr GIC Event (Scaled 4,000nT & Corrected EYR Rogers)

[ R — AHIE e HNRASD TS R AVLT] —m VR BEN TZF e VBN 126
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Ttransformer threat assessments

Hitachi Energy, Dr Girgis & Mats Bernesjo undertook independent design
checks, GIC magnetic assessment, design susceptibility, structural thermal
impacts, winding thermal impacts.

27 units at risk of catastrophic failure

150
100

500 T T T T T T T
450+ .
c? 400+ .
£ a5l 28 min 31 min i
g ;
2 300F 4
g
= 250F 1
’é,: 200 Temperature
©
-
o
&)

50

9t3 435 44 445 45 ‘ 455 46 46.5 47
Time (hours)

Figure 4 Open in figure viewer | ¥ PowerPoint

Example showing geomagnetically induced current (GIC)/temperature
relationship. The Blue line indicates temperature and the red is the magnitude of
GIC/phase. From Marti et al. (2013).

700
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Figure-4-—Calculated-Thermal-response-of-T6-Transformers-at-Halfway-Bush-to-GIC-Signature-of-Figure-2
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Figure-6-—Calculated-Hot-Spot-Temperature-of-Structural-parts-of-North-Makarewa T 1-& T2 Transformers**
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INER SCADA[EMS]  NDCSCS-RLTPLFOS (A) TRANSFORMER DC NEUTRAL CURRENTS G)'.Zr Tx

SCADA & GIC

* Original HVDC link installed 1965

* First 12 GIC monitors installed 1992 as part HVDC upgrade, expanded after 2001 event

* Monitor GIC currents at 72 TX over 29 sites country wide, based on initial modelling

* Adding 10 more TX at 7 sites HEN T1, T3 SFD T10, RDF T1 & T2, KAW T12, KIK T1, WIL T8, STK T1 &
T2, based on results of solar tsunami modelling, 20+ years real time data

(@

\
A\

{ We're for New Zealand. T mai Aotearoa. ) (22}




Joint testing DC Injection Testing

° Two injection campaigns 2023 & 2025
° 4 periods of 2hrs at 700A DC

° Monitoring multiple 3 phase transformers for GIC, vibration, audio and VLF
radio

° Details of 15t and 2" campaigns

. https://solartsunamis.otago.ac.nz/2023/01/first-injection-campaign/

A
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Operational switching plan - predicted result

Using actual data to:

Validated and published plan PR-DP-252 & PR-DP-1077

Extrapolate to compare to historical record

Compare to NERC & Carrington events

Scenario using scaled 1989 event, winter peak demand, full security,
objective minimise total system GIC and peak GIC in most at threat SFD¥'30% (110 A)
assets, by switching assets out of service

RDFYV/ 35% (220 A)
WHIY29% (150 A)

B rransrowen cecumant s Issied EE vransrowen J———

Operations Division Operations Division v V27% (100 A)

PK DP 1077 Industry msponse to a geomagnetic storm PR-DP-252 Manage Geomagnetic Induced Currents
5 f POl 0w g s it Sy O G
e e e e a8 e e B i

Document Status:  [ssued Document Status:  Issued

Published Date: 17/07/2024 Published Date: 5/07/2023

* O\
CcYD 28"/&5220 A)

MAN'14% (QO A) /
! %) 4

> Nst% (390 A)
NMAY 25% (60 A) o

WPI hooo (80 A)

o Name7 25 Maroge Goomagren s Corensdoc T
i cose PROP-2SIVG Perorn

€ 2021 rapower New Zesand Uned O
o o P PGP T i esgoms 8 Qoomagoet i o =rr o
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Information sharing & collaboration

° Development and hosting of shared industry knowledge basket for joint collaboration
E @ D | . CraigRodger_USSpaceWxWorksh: X »‘:’,/ Pages | The Volt X * Industry GIC Knowledge Store - b X —|— — =) b4
< C (R %) https://transpowernz.sharepoint.com/sites/external/gampd236e/SitePages/Home.aspx @ A &3 = 'lb

£ Search this site

— Industry GIC Knowledge Store # EDIT LINKS
s Ndustry GIC Knowledge Store
Home

About

ECHO, External Collaboration Hub Online, is Transpower’'s SharePoint Online environment for collaboration with authorised external stakeholders.

GIC data

Industry Response

Transpower information . H
Contact
This service is managed and the use of this service is governed under the Andrew Renton
Genesis Transpower external site-usage and access policies. Senior Principal Engineer
Harmonic Analytics
Mercury Site Users
Meridian Brendan Olsen -~

C ( e i Otago University Brighid Kelly
Byron George

University of Wellington

Carina Toscano

University of Canterbury Ch lle Braml
antelle Bramley

Solar Flare Report Cobues Nel



Operational situational awareness tools

° Developing displays for TX GIC,
TX Temp, present and
predicted solar wind/magnetic
field change

Read Me Transformer Ground Induced Current

GNS Magnetometer vs GIC

ISl TRANSPOWER Solar Flare - Coronal Mass Ejections | Transformer Ground Induced Current 3 March 2025

Site Canevrve
= o 3/3/72025 83700 AN 3/3/2025 1220200 A

Al A Muttipie selections N 37372025 37372008 185 314

GORLTRANS. 112HV_Ashnoge. WM G Maximum GC Minimum

B HWBtrens T3_LVWHST O

Region B HWBTRANS.T3_NCTDAMP 37372025 124800 AM 37372025 &56:00 AM
Musitiple selections ~ B HWBTRANS.TE_NCTDAMP 5378 4402

INV.TRANS.T1_NCTDAMP Temperature Maximum Temperature Minimum

INVrars TIWTT
INVTRANS.T3_NCTDAMP
INVitrars. TS WTY
INVTRANS.TS_NCTDAMP

Ground Induced Current

SOMTRANS.TZ_NCTDLAMS
NMATRANS.TI_NCTD.AMP
HWETRANS.TS_NCTD.AME

Average of GIC

Daun-r; NZ
Temperature

MWB.LranaT3_LVONMST

Average of Temperature

1 ™

4
00 AN 100 AN 400 A 20 AN A00 AM
Date/tame NI

SONTRANS TZWTLY

NOAA Solar wind Regional Transformer GiC Real Time GIC Predictions (place holder)
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Possible event timeline

&

\ I , L1, SOHO, ACE, DSCOVR
- - % 1.5m km
Light 5s
, I \ CME 15-45min
150m km
Light 8.3min

CME 16-48hrs

~
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Possible event timeline

L1, SOHO, ACE, DSCOVR

% 1.5m km
Light 5s
CME 15-45min
150m km

A

v

Light 8.3min
CME 16-48hrs

« When an event occurs scientists and NOAA will be aware of it within 10min, with WATCH notices issued
of "G4 or Greater” (highest prediction possible)

« Effectively blind until L1 where first instruments are available to measure velocity, density, polarity to
confirm magnitude is small G5 (Gannon 350-500nT/min) or Design Level G5 (4,000nT/min). NOAA will
issue a WARNING notice at this point

@

\
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Possible event impact today

> -12hrs PR-DP-1077 @ -3hrs PR-DP-1077 & PR-DP-252
g CIMS Standup IMT — Implement mitigations

»

L1, SOHO, ACE, DSCOVR

% 1.5m km
Light 5s

CME 15-45min

CME detected magnitude unknown CME magnitude G5++ unknow CME magnitude confirmed

« When an event occurs scientists and NOAA will be aware of it within 10min, with WATCH notices issued of
“G4 or Greater” (highest prediction possible)

« Effectively blind until L1 where first instruments are available to measure velocity, density, polarity to

confirm magnitude is small G5 (Gannon 350-500nT/min) or Design Level G5 (4,000nT/min). NOAA will
issue a WARNING notice at this point

« Confirmation of event occurs after it is practical to undertake any mitigations or to mange with lighter touch

@

\
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B rransrowen ———

PR-DP-10

77 Industry response to a geomagnetic storm

Document Status: Issued

Mitigation response plan

Published Date: 17/07/2024

* Transpower have a procedure to "manage geomagnetically induced currents”
(PR-DP-252), published to reduce magnitude GIC in transmission system. It
covers monitoring space weather, outage recalls, calling GEN, and switching to
reduce GICs.

» Asset owners generally plan to connect more assets so GIC is shared across
more neutrals, lessening its effect — successful in up to moderate events, but

B rransrowen N
in extreme events will put more assets at risks.
- ey Operations Division
« Generators have now prepared their own business response plan. Outputs of ER-DP:252 Manage Geomagneticinduced Currents
these are input to Transpower's whole of industry (PR-DP-1077) and

Document Status: Issued

Transpower (PR-DP-252) response plans.

Published Date: 5/07/2023

* The new joint industry response plan is published (PR-DP-1077). Includes
event trigger, pre-impact coordination, identification of asset owner
equipment removal levels, Government co-ordination, demand management
and reference to restoration sequences.

@
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How an event would play out today

» -12hrs PR-DP-1077

<

0,

»d

-3hrs PR-DP-1077 & PR-DP-252

<«

CME detected magnitude unknown

T-12 Trigger event (WATA99) / Scientific

T-11

T-10

T-9

community signal its big

Industry conference held (Possible
extreme event)

IMTs stood up
Customer Advice Notice (CAN) sent

IMT coordination meetings (every 2
hours)

Industry conference held (outline
response plan)

CAN requesting assets made available,
return outages

L]

CME magnitude G5++ unknown

Advise NEMA of likely impacts
Recall assets from outage

Mobilise service providers / emergency
generators / Tx cooling (fans/pumps)

Commence ramp down of at-risk
geothermal generation

Demand management if required (GE)

IMT coordination meeting (Go/No
Go for Grid Emergency)

Declare Grid Emergency
Switch out GIC circuits

»
!

L1, SOHO, ACE, DSCOVR

% 1.5m km é
< Ty

CME magnitude confirmed

Determine / communicate demand
management

Single frequency keepers selected
Protect black start generation units
Shut down remaining at-risk generation
Demand management as required

Storm passes L1 satellite / confirm
how extreme storm will be

Storm hits — ongoing management of
system, including demand
management, responding to faults, until
all clear given
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“Gannon” 10-12 May ‘24, Mag Field and GIC LEM monitoring results

A1 Solar Flare Combined

10 — 12 May 2024
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Peak GIC with switching plan implemented

+ Work in Progress undertaking back calculation to see impact with/without switching plan & with/without SDN
T2

« SDN T2 Tripped 05:28

1o

110 10-May-2024 00:00 - 12-May-2024 23:59UT
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Operational response summary
Friday 10 May:

» 09:15: NEMA contact control room in relation to ‘solar flare watch’. No action
as only a ‘watch’ and trigger is ‘warning’ or ‘alert’

Saturday 11 May:

« 04:53: First NOAA ‘solar flare warning’ (G2 - moderate) issued. More
warnings and alerts follow

* 05:28: South Dunedin transformer trips (turns out to be unrelated)

+ 05:58: NOAA Alert K8-9

* 06:19: Transformer GIC alarms trigger at several sites (sign of storm)

+ More NOAA warnings and current alarms occur

* 09:00: Grid Emergency Notice (GEN) issued. Enable switching of circuits in SI
e 11:37: NOAA ‘ALERT’ (K9/G5 - extreme) issued

+ 12:01: Second GEN issued. Enable switching of circuits in NI

* 13:30: SO Industry briefing — inform industry

*+ 14:50: NOAA 'ALERT’ (G5 - extreme) issued, more warnings and alerts§
follow

Sunday 12 May:

« Continue to monitor storm, after consultation with Otago Uni decide to end
GENs on Monday morning 04:00

Monday 13 May:
* 04:00: GENs ended
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Improvements for event management 0-5 years

> -12hrs PR-DP-1077 @ -3hrs PR-DP-1077 & PR-DP-252
g CIMS Standup IMT ~— Implement mitigations _
\ I , New early warning constellation L1, SOHO, ACE, DSCOVR
NL 2 .
- e A e % ———————————————— > % <Lomkmy
Fv Light 5s
, I \ 15-20m km CME 15-45min
h Light 50s "
;_'/‘-;/.; CME 2-3hrs N
: ! \\\ : TN -
CME detected magnitude unknown v (AR
CME magnitude G5++ know CME impact confirmed
Event management » Do Nothing
»  Wait for L1
« Improved and permanent
magnetometer array > Callit with
certainty

« Supported 24/7/365 science
advice
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GIC blocking device

Can be installed on transformer neutral to block GICs

Currently prototypes only we have nhumber 4 being installed

Large footprint; not suitable for some sites (e.g. Manapouri)

ATC Wisconsin reporting it has worked well for last 8 years (for small GICs to date).
NZ$1.5-2M install per transformer.

High Voltage Transforme
300 MVA, 345 kV /138 kV |

SIS Tt e o
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Development of local/regional impacts for NEMA

Local Auckland Impact

PR-DP-252 & PR-DP-1077
 BHL-WKM_A removed from service
* RDF-WRK_A removed from service

Sites that have elevated mean GIC >200-300A

« This level is higher than desired needs close and active monitoring and could cause
loss of supply. Peak currents up to 550A

* Henderson 1ph (HEN 140MW), Glenbrook 3ph (GLN 110+80MW), Pakuranga 3ph
(PAK 160MW) most susceptible sites,

» If loss of supply occurs then will remain off for duration of event 24-36hrs

Sites that have mean GIC <200-300A

* Rest of AKL sites 70-150A higher than preferred but manageable

* Should be of low risk e.g. Takanini, Penrose, Otahuhu, Wiri, Mangere etc with minimal
chance of disruption

Installing additional sensors at OTA, GLN, HEN, power system studies to
consider mitigations effectiveness

Even if Auckland sites fully available may have supply disruption should wider
Grid impacts require response that reduces generation and therefore demand
management required

Silverdale |
o ANA S S

A

Auckland

& bson Street

AN £ 2\
. Penrose [
| ¢

Key
@ Hydro

Thermal

~) Wind

@ Sub/Switching Station
— 50 kV, 66 kV
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w— 350 kV
w— 400 kV
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