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Background

In FERC Order 779, FERC directed NERC to develop SecoiEeStaggnetic Disturbance
(GMD) Reliability Standards

The Second Stage GMD Reliability Standards must ideb&éfichmark GMD eventhat
specify what severity GM events a responsible entity massess for potential impacts

on the BulkPower System. If the assessments identify potential impacts from benchmark
GMD events, the Reliability Standards should require owners and operators to develop
and implement a plaio protect against instability, uncontrolled separation, or cascading
failures of the BulkPower System, caused by damage to critical or vulnerable Bulk
Power System equipment, or otherwise, as a result of a benchmark GMD event.
(Emphasis added.)

As we Wil show in this comment, both thBenchmark GMD Eveanhd theassessment criteria
to identify potential impacts from the Benchmark GMD Eveat fatallyflawed.As a result, it is
exceedingly unlikelthat GMD Vulnerability Assessmetttg owners and operairs willresult in
anysignificantprotection against instability, uncontrolled separation, or cascading failures of

the BulkPower System, except by voluntary actlmeyond therequirements of this standard

Framework of Standard TPL -007-1
Overlapping Thesholds for Solar Storm Threat and Assumed Invulnerability of Transformers

The fundamental framework of Standard T#7-1 is defective because it overlapsow solar
a2 N)Y ( BeNdhrhaik GRDEvabexpessed in volts pekilometer, witha very hig
assumednvulnerability of transformersalso known asGeomagnetially Induced CurrenGIG
withstand rating expressed in anmgpperphase Only transformers having lower withstand

rating than the modeled Giftom the Benchmark GMD evenbuldunderg®2 & G K S NXY I f
I a4SaayYSyd ¢ if iagware Prot&iol rhighBbe required.

If Sandard TPLOO7-1 were to use the same units of measure for both #ssumedransformer

invulnerability GICwithstand ratng) and theBenchmark GMD Event, it would bbvious that

! Reliability Standards for Geomagnetic Disturban8exket No. RM122-000; FERC Order No. 7123 FERC
61,147@l @ Mc I HAMO U ¢ TERRBAWTAMay RN, p. 2.
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theselimits have been imprudently seind are mconsistent withavailablerealworld data.
Unfortunately, the methodology implicit in the stand&di T NJ igrirghérentNddifficult for
the casual observer to understand, perhaptentionallyso.We can illustrate with an anady

to automobile crash testing.

For example, suppose thidational Highway Traffic Safety AdministratidHTSAxsked

automobile manufacturers to set a standard to determine if automobiles should have airbags
installedas JNR 4 SOGA DS YSI &dzNB | AFAYyald daKAIK ELISSR C
avoided a mandate to the indusy by not specifying the milesp& 2 dzZNJ 2 ¥ | G KA 3IK alLJ
but instead let the auto industry set this benchmark. Finally suppose that tieSksolet

the auto industry determine threshold limit forassumed resilience or invulnerabiliy cars

and their occupants to crashdsor example,histhreshold limit for assumed invulnerabilitg

crashegnight be 15 miles penour.

As a first stp, the automobile idustry might propose reasonabld A 3dzNBE F2 NJ | a KA Ik
ON} aKé¢ o6& Gl 1Ay3 | & dadhh§jé highwaysiddStermiheRigopdr 3 dzys NB
speeds atvhich people actually drivéJsing upper speedsh¢ resulting benchm&f2 NJ I a KA 3 K

4 LISS R O Nbegiitesubstardak tor example, B miles pethour. If this were theshigh
speed crastbenchmarkg all cas wouldprobablyneed airbags installed\s an alternativef the
auto industry were to average the speed of traveladitypes of oads, the benchmark could be

considerabljjowert for example, 50miles per hour.

In the analogous case of Standard -DRE-1, if the Benchmark GMDvEnt were to beset at he
maximum threatevel that hadbeenestimatedby the respected spaogeather scientists
previously engaged in the NERC stanesetling proces$30-40 volts/kilometer) many
transformers might need hardware protection. Insteétte NERC Standard Drafting Team
consistingall of industry representativeexcept for one scidrst, downwardly averagethe
Benchmark GMD Evett 8 volts/kilometer And instead of using maximum readings of
geomagnetic disturbanceagcorded in the United States, the NERC standatting team

opted to use averaged data from Northern Eurapeer a imited time period lacking any major

solar storms



Returning to the automobile airbag analogy,aasecond step the industry migkét a threshold

limit for assumed invulnerability of cars and their occupants to crashes. Suppose in the absence
of test datg this limit was initiallysetat 15 miles pehour. However, with the@pparentgoal of
avoidng costand redesign hassle of airbagplementation further supposethe auto industry
decided toreferencetests ofthree automobile designs for crash rgsnce. After examining

tests ononlythree automobiledesigns the first test at 17 miles per hour, the second test

without crash test dummies in the car aati200miles per hour, and the third test apeed

and conditionsunavailable in a published paper atherwiser the industry then extrapolated

the results to determine thagévery automobile desigmould protecthumanoccupants at

crashes up t@5 miles per hour

In the analogous case of Standard -DRI-1, the assumedhvulnerability of transformers to
damage from GIC was skt initial drafts of the standarct 15 amps pephase When industry
representativesn the ballot bodyrefused to voten favor ofa standard with this loviIC
withstand threshold, the industry fountests ononlythree transformer dsignsand then
extrapolatal the results to conclude thall transformer designare invulnerable to GIC up to
75 amps pephase Notably, none of the transformer testsferencedactualy injected
currents of 75 ampato a transformer undefully operational electricaload conditions this

assertednvulnerabilityto solar stormavasbased on paper studies using mathematical models

Returning to the automobile airbag analogy, if the benchmark for a-fygled crash were set
at 50 miles per hour and thesaumed invulnerability of cars and their occupants to crashes
were set at 75 miles per houhen no cars would require airbags, becatise vulnerability
threshold(75 mph) exceeds the stress threshold (50 mghg imprudent result would be
obvious to tle publia by personateal world observation, most people would know that cars
commonly travel oveb0 miles per hour and that passengerseof die in crashes at speeds well

below 75 miles per hour.

However, n the analogous case of Standard -DBIZ-1, becausethe units for the solar storm
threat and associated Benchmark GMD Euv@mtvolts perkilometer) have been expressed

differently than the units of assumed transformer invulnerabilityGtC(in amps pephase),



the imprudent result is not obviou® most casual observer In fact, to make the units
equivalent for comparison, one must have access to proprietaty of electric utilities and
sophisticated modeling softwareLikewise, members of the public do not commonly observe

GIC readingsor do theysee transformers overheat arghtch fireduring solar storms

In this docket comment, wwill show that fornearlyall trangormers in twomajor networks,
the modeled threat tdargepower transformesis below the assumed level of invulnerability.
Moreover, we will show thapurportedlyinvulnerabletransformersin a major network, PJM
Interconnectionhave already experienced failure during solar storms far smaller than the

Benchmark GMD Event

Modeling of GIC Impacts

Asdutilities model their networksyf I R@F y OS 2 F (i K Sateaidsefe®iveNR Q& ST F ¢
release the results, it is becoming clear that #ssumed transformer invulnerability to solar

stormsunder the standar@ @vithstand rating 75 &mps iflmost alwaygreater than the

modeled GC under thdBenchmarkGMD EventAs a result, the number of transformers

needingthermal assessmentinder $andard TPEOO7-1 would betrivial. It is also becoming

clear that when networks are modeled using a more prudent benchmark event\éfk2® and

a more justifiable threshold for thermal assessmerfor SE | YLJ S> i K-Riskdéon ! YLJA

¢ K NB aiKtAe FRRGponsored MetatechR319 repordt significant numbers of

transformers would need thermal assessment and potential hardware protection.

Below we presenmodeling results for three major ne@brks: PJMnterconnection (PJM)

Central Maine Power, and American Transmission Company (ATC). PJM modeling under the

2The electric utility industry is in possession of GIC readings that would likely show the modelled GIC for the
Benchmark GMD Event at particular transformer locations are belodimga that have been already observed

during smaller solar storms. However, GIC data that could expose the NERC standard as technically unjustified has
been withheld from the standardetting process, withheld from independent scientific study, and witthtiedm

public view. For example, the Electric Power Research Institute (EPRI) has GIC readings from locations in the U.S.
and Canada dating back to 1991, but nearly all of this data has been held as confidential and not used in NERC
standardsetting.

8 "Metatech R319, Geomagnetic Storms and their Impact on the US Power Grid," John Kappéfetetech

Corporation, Oak Ridge National Laboratory, January 2010, available at

http://web .ornl.gov/sci/ees/etsd/pes/pubs/ferc_Met&-319.pdf last accessed on July 26, 2015,
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NERC Benchmark GMD Event shows only two transformers in their network would need
thermal assessmerftCentral Maine Power modeling shows that only one transformer out of

15 in their network would need thermal assessment under the NERC Benchmark GMD Event,
but that 8 transformers, or 5%, would need thermal assessment under a 20 V/km benchmark
event. AT@nodeling shows that 24 out of 62 transformers, o£@9vould need thermal

assessment under a 20 V/km benchmark everit G K | oNdA & {YELJ J0K-NIB & K2 £ R

PJM System

As an examplave show modeling of estimated GIC for transforsduring the benchmark
solarstorm within thePJM systenspanning from lllinoiso New JerseyThe modelingesults
below, presented byNERC Standard Drafting Team CReank Kozashowthat only two
transformers in thePJM systenmave modeled GIC above the assunteshsformer
invulnerability of 75 amps’. Restatedpnly two transformers out of approximateB60extra
high voltage transformers within the PIM system would need vulnerability assessraknt
other transformers within PJM would ssumed to be immune from Gdldring the

Benchmark GMD Event

4 A third transformer is modeled at over 74 amps per phase, so effectively thra@oot 560 extranigh voltage
transformers in the PJM system need formalesssnent under the proposed TB07-1 standard.

5¢b9w/ Da5 wStAlLoAfAGE {ilFYRIFENR&ZE CNI Yyl Y21 FZ twaz [/ KFANI 2F

Workshop, Idaho Falls, ID, April 8, 2015, accessible at
https://secureweb.inl.gov/gmdworkshop/pres/F_Koza NERCGMDReliabilityStandardasp@fccessed July 26, 2015. The
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NERC PJM Preliminary Thermal Assessment

N
NORTH AMERICAN ELECTRIC

Results

* Transformers with the highest GICs (divide by 3 phases; peak
electric field in PJIM is ~3V/km)

Avg Neutral Avg Neutral
Current, pu (3 Amps (3

Transformer Description Area phase) phase)

765/26 #2 AEP 1.147 86.557
765/26 #1 AEP 1.059 79.952
500/22 #1 PIM 0.645 74.491
765/345 #1 AEP 0.919 69.322
765/138 #2 AEP 0.883 66.610
765/500 #1 AEP 0.870 65.680
500/22 #1 DVP 0.565 65.260
345/25 #5 CE 0.388 64.975
500/25 #1 PIM 0.554 63.982
500/22 #1 PIM 0.554 63.982
500/230 #1 DVP 0.539 62.256
500/22 #1 PIM 0.539 62.219
345/138/34.5# 1 CE 0.369 61.810
765/345/33 #1 CE 0.726 54.762
345/22 #8 DEO&K 0.320 53.517
500/230 #2 DVP 0.443 51.158
500/230 #1 DVP 0.442 51.062
765/345 #3 AEP 0.651 49.102
345/34.5 #1 AEP 0.283 47.431

19 RELIABILITY | ACCOUNTABILITY
Figurel:t  3S wmMdp FTNRY LINBas )/ GAz2y GAGESR ab9w/ Dab5 w$S:
bow/ Da5 {4l yRINR NI F y ¢SFYZ Lb[ {LIFO®S 2SI GK

As might be epected,t Waniddelingresult is out of line with other published studies such as

the Metatech R319 study conducted by Oak Ridge National Laboratory and sponsored by FERC.
The Metatet study showed approximately 33@ansformers at riskout of approximaely 560
transformers in totalwithin the states of Pennsylvania, New Jersey, Delaware, Maryland,
Virginia, West Virginia, Kentucky, Ohio, and Indjamal Illinoighat roughlyoverlay the PIM

network.’

6 Area abbreviations are as follows: AEP is American Electric Power, DVP is Dominion, CE is ComEMQUXEO&K is

Energy Ohio and Kentuckotably, PSEG, owner of the Salem 1 and 2 nuclear plants with failed transformers

duing@5 S@Syidasx Aa y20 FY2y3 tWa a¢NIYyaAaF2N¥SNE gAGK GKS
transformer Screening Criterion.

"PIMtransformeraNA &1 SaidA Yl GSa RS @S R2]LISIRK NEBNRKY? faReth atdlamdfS &l 2y LI
GDS2YIAyStiy@® LEKBNNALYLI OGa 2y GKS ! o{® t26SNI DNARZ¢ hi
http://web.ornl.gov/sci/ees/etsd/pes/pubs/ferc_MeteR-319.pdf last accessed on July 26 120filed as a

reference document on FER®cket No. RM14.1-000.
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Hadthe NERC Standard Drafting Team colleeted analyzedGIC datdor transformers within

the PIM network, and transformers in other areas of the United StHtesedatawould have

shown that the Benchmark GMD Event and its associated scaling factors for latitude and ground
models hae been set to esthate GIC levels far below real world observatidns$act, the July

30, 2014 analysisf John Kappenman and William Radaskihe NERC standasktting

commenE A9 EIYAYlIGA2Yy 2F bow/ Dab5 {il yRINRa IyR
Electric Fields Bposed n this NERC GMD Standard a Kiataeal world GIC readings are

two to five timeshigherthan what the NERC ground model alatitude scaling factorsiithe

Benchmark GMD Eventould predict?8

Hadthe NERC Standard Drafting Teemiected,analyzd, and discloseéhilure data forall
transformers within the PIJM network, arfidr transformers in other areas of the United States,
thesedata would have shown thanultiple transformer failurehave occurred during
geomagnetistorms far smaller than # storm of the Benchmark GMD EveAtcording to
bow/ Qa 2¢y Ay OAR®& yhind PNS&IR &detor StspSUp (GBU)a S
transformerisat the Saleni nuclear plant in New Jersey failed during tt@March 1989 solar
storm.’ The magnitude of the Mahc1989 storm was about orguarter of the magnitude of
the Benchmark GMD Event and ofiith the magnitude of the 4n-100 year evenéestimatedin
the Metatech R319eport. Yetthesesame transformes, modeledby PJMat less than 75 amps
during the Benchmi& GMD Eventare exempted frommandatorythermal assessment arahy
consideration ofequiredhardware protectiorunder theNERE&-ERC proposedandard By
PJM modeling andlERGtandard settingthe Saleni nuclear plant transformes havenow

becane invdnerable to solar storms:

8 Examination of NERC GMD Standards and Validation of Ground Models a&tkeGeic Fields Proposed in this

NERC GMD Standa&dohn Kappenman and William RadasBgmment in NERC GMD Phasg&tandard Setting,

July 30, 2014

dal NOK MoX mMdpyd DS2YFIYySGAO 5A80dz2NDIFyOSz¢ b2NIK ! YSNRC
http://www.nerc.com/files/19893QuelecDisturbance.pdflast accessed on July 26, 2015, p. 19.
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Figure2: Melted Windings of Phase 1A Transformer at Salem Nuclear Plant
in New Jersey in Aftermath of March 1989 Solar Storm
SourcePhoto as diglayed on page-29 of MetatechR-319 Report

Central Maine Power

Because th&lERC Standard Drafting Team setBemchmark GMD Eveat a fraction of
observed datand because the assumécnsformer invulnerability o6GIC withstanédisa
high75 amps onewould expectthat only afew transformers might neegrotection under the
requirements of the standard iather regions of the U.S. In fact, Central Maine Po{@P)
has modeled theisystemdzy RS NJ (i K-@mah 9 &5 MJ anf i6ud&orly onk ¢
transformer in their whole network that would need asse®ent forsolar stormvulnerability.

the transformer at Chester, Ma@°

102014 Maine GMD/EMP Impacts Assessment, A Report Developed for the Maine Public Utilities Commission,"
Central Maine Power Co., December 2014, available as a reference document, p. 26.
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o 351453 V/km| 14 V/km | 20 V/km | 23.5 V/km | 29 V/km
%’_’ p= Sudy team | Study tean | Study team | Study team
. . @ & NERC1lin | assumedl1 | assumed 1 | assumed 1 | assumed 1
Effective GIC A/phagder Maine | E 100 year in 50 year | in100 year | in200 year | in 500 year
transformers Benchmark | event event event event
2 e — B N
- armou
winding | 4 e a0 R OB BB @B
ella- | Keene Road GSU 115/34
wye | kv 160 32 B8 140 165 204
Orrington 345/115 kV #1 64 4 14 20 23 29
Orrington 345/115 kV #2 64 4 12 17 20 25
South Gorham 345/115
kV#1 60 1 3 5 6 7
South Gorham 345/115
KV #2 60 12 36 51 60 74
2 Mason 345/115 kV #1 111 6 20 28 33 41
" Macguire Road 345/115
winding | o 7| B B OB
Auto Keene Road 345/115 kV
Xfmrs | #1 160 6 18 26 31 38
Coopers Mill 345/115 kV
E 30 35 109 155 182 225
winding Surowiec 345/115 KV #1 38 17 52 75 B8 108
Auto | Albion Road 345/115#1 | 30 60 186 266 313 886
xfmrs | Larrabe Rd 345/115 #1 135 48 149 213 250 308 |

Tablel: Effective GIC in transformers for variations in geoelectric fiéld

For a 20 V/kngeoelectric fieldeventin Maing the CMP modeling shows that 8 transformers,
or 53%, would ned thermal assessment and potential hardware protection with a 75 amp
GKNBaK2f R FT2NJ 0KSNXYIf | &4aSaayYiseghd sull wvathth® a
Metatech R319 study sponsored by FERtDe Metatech study also showeHat 8

0S iaManeNR@SEG dzy RSNWAXKS @Gromb a2l R4

Y2RSf

transformers wodi R

scenariot?

Just as we sediscordancébetween modeledsMDimpacts within the PJMystemand
transformer failuresn the real world we seealso discrepancidsetween modeled risk and

rea-world datain Maine.GMD nodelingof the Chestertransformerby John Kappenman and

1 |bid.

12 FERC Commissioners should also take into account the total absence of NERC Benchmark GMD Event modeling

2F I a0zl adlt STFSOGE AYLI OGAy3a GNIYEAF2NNYSNAR LINRBEAYLGS
GNI yavYArAaarzy aeadSvya (laNB (XKdzai2 ISOLOuNBEs mEaagiatizbigEHY STF SO
GNFYyaF2NYSNE® {SS a/2FadttinfaFFSOGE {SOlA2Yy 2F (KS&AS 02
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William Radaskyn their July 30, 2014 comment to NER&imates GIC of approximatel$00
amps per phase during a severe solar storm of 5,000 nT/minute, four timed@taa® would
be estimated using the NERC Benchmark GMD Evént.

Thetable belowsupplied by Central Maine Powshows realworld impacts within Mainever

the past twentyfive years, including numerous equipment tripg)ichare inconsistent with

the modekdresult that only one transforer in Maine mighheed hardware protection. In

fact, the disclosure by Central Maine Power shows GIC of up to 58 amps/phase during*étorms

that werea fraction of the GMIBenchmak Event

13 ¢Examinatiorof NERC GMD Standards and Validation of Ground Models anBl€gdc Fields Proposed in this

NERC GMD Standadohn Kappenman and William Radas€pmment in NERC GMD Phase 2 Standard Setting,

July 30, 2014

“/9b¢w![ a!Lb9 th29w /hat!b, T {ab !/ ¢LxL¢, !'w/ I LxO9T ! dz
Maine State Legislature Joint Energy and Utilities Committdéarch 2013, filed as a reference document on

FER®ocket No. RM1A.1-000. On June 21, 2001, the Central Maine Power SMD Activity Archive shows GIC of

173.4 amps in the neutral of the Chester, Maine transformer. To get amps per phase, this figudeis lojvihree

for a result of 58 amps per phase.

10



CENTRAL MAINE POWER COMPANY
SMD ACTIVITY ARCHIVE

August 1991 to Present Date
{Chester SVC SUNBURST equipment in service since March of 91)

Chester SVC
Storm Transformer
Rating Event Date % Storm Severity Comments
(Top 10) DC Neutral
(4)
Hydro Quebec Blackout — All Orrington caps trip;
1 3/13/89 N/A Severe Yarm 4 and MY gen vars went over +300 MVAR
each; Orrington caps would not close back in
6/3/91 42.9 Major Impacts to CMP unknown/not documented
6/17/91 31.7 Major Impacts to CMP unknown’not documented
7/9/91 20.7 Moderate Impacts to CMP unknown’not documented
7/13/91 274 Moderate Impacts to CMP unknown/not documented
10/1/91 27.7 Moderate Impacts to CMP unknown’not documented
10/29/91 43 Major Impacts to CMP unknown’/not documented
11/8/91 47 Major Impacts to CMP unknown’not documented
2/3/92 473 Major Impacts to CMP unknown/not documented
2/8-27/92 51.2 Major Impacts to CMP unknown’/not documented
5/10/92 50 Major Impacts to CMP unknown/not documented
4/3/93 19.9 Moderate Impacts to CMP unknown’/not documented
9/13/93 26.2 Moderate Impacts to CMP unknown’not documented
2/21/94 31 Major Impacts to CMP unknown/not documented
4/17/94 18 Moderate Impacts to CMP unknown’/not documented
5/2/94 33.5 Major Impacts to CMP unknown/not documented
/23/92 33.8 Major Impacts to CMP unknown/not documented
2/21/94 31 Major Impacts to CMP unknown’not documented
5/1/94 33.5 Major Impacts to CMP unknown’not documented
9/8/94 42 Major Impacts to CMP unknown’/not documented
4 5/4/98 743 Severe 22“;&’, tcipped wt/Orcugton; Orxington By @)
8 [ 10/22/99 [ 61.3 [ Severe [ NKI
1/28/00 -12 Minor NKI
2/12/00 -12 Minor NKI
SVC filter banks trip; distribution customers
3 4/6/00 81.7 Severe UPS’s not functioning properly in North Coastal
areas
5/24/00 52 Major NKI
MS2 declared by ISO; Orrington KC3 trip; 7TkV
2 7/15/00 -76 Severe swing on 345kyv system: many Auto xfmr LTC
operations
\ : Surowiec KC2 trip - no apparent reason other
10 8/11/00 4238 Major o a
9 9/17/00 -39.3 Major NKI
10/5/00 -28.4 Moderate NKI
Entire month of December saw constant minimal
12/00 N/A N/A activity; nothing greater than 5A neutral peak and 4.1
6% harm peak but activity was present entire month
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CENTRAL MAINE POWER COMPANY
SMD ACTIVITY ARCHIVE

August 1991 to Present Date
Chester SVC SUNBURST equipment in service since March of 91)

S Chester SVC
o Transformer
Rating Date i Storm Severity Comments
(Top 10) DC Neutral s
&) MIS G1 but think d faul 1
_ trip but think it was due to faulty contro
. i i S board — no other evidence for trip
4/11/01 -30.9 Major NKI
e Z P May be an anomaly — one time spike with very little
Gilnid o Bnjor activity before or after spike
A iz May be an anomaly — one time spike with very little
M1/ 4 299 " D 2 )
6/21/01 - Severe activity before or after spike
: T ——
6/25/01 <5 tSlpxkf.e of 6™ harm and very little neutral current
owing
9/30/01 193 Moderate NKI
10/21/01 -21.3 Moderate NKI
7 11/5/01 63.6 Severe NKI
5 11/24/01 89.9 Severe Chester SVC filter banks trip
4/17-18/02 -15.0 Moderate NKI
4/19-20/02 21.1 Moderate NKI
9/4/02 17.0 Moderate NKI
5/29-30/03 60.6 Severe NKI; 5/29/03: Kp of 8
1024 to 11/5/03 080 AR NKI:; 10/29/03 Very large GIC flow but no impacts
seen by CMP
7/24-27/04 52.5 Major NKI; 7/27/04
11/7-10/04 -88.0 Severe NKI; 11/9/04
1/17-22/05 52.2 Major NKI; 1/21/05
5/15/05 83.1 Severe NKI
8/24/05 96.9 Severe Chester SVC Filter banks tripped
9/11/05 334 Major NKI
12/14-15/06 | 3735 [ Major | NKI: 12/14/06
1/11-13/08 12.1 Minor NKI; 1/11/08 Associated with Kp of 6
1/17-19/08 399 Major NKI; 1/18/08 Associated with Kp of 6
3/25-28/08 8.6 Minor NKI; 3/27/08 Associated with Kp of 6
4/20 to 5/1/08 149 Minor NKI; 4/20/08 Associated with Kp of 6
3/31/09 10.5 Minor
6/24-25/09 {8 Minor NKI; 6/25/09 Associated with Kp of 6
4/5-710 | 18.6 [ Moderate | NKI; 4/5/10 Associated with Kp of 6
6/4/11 5.0 Minor NKI
6/5-8/11 2.6 Minor NKI; 6/8/11 Associated with Kp of 6
8/5-6/11 11.1 Minor NKI; 8/5/11 Associated with Kp of 7
9/9/11 3.7 Minor NKI; Associated with Kp of 6
9/26-27/11 247 Moderate NKI; 9/26/11 Associated with Kp of 7
10/24-25/11 22.1 Moderate NKI; 10/24/12 Associated with Kp of 6
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CENTRAL MAINE POWER COMPANY
SMD ACTIVITY ARCHIVE

August 1991 to Present Date
Chester SVC SUNBURST equipment in service since March of 91)

Chester SVC
S Transformer
Rating Date = Event Severity Comments
DC Neutral s
(Top 10) (A)
1/24-25/12 7.3 Minor NKI; 1/25/12 Associated with Kp of 6
3/7-9/12 13.6 Minor NKI:; 3/9/12 Associated with Kp of 7
3/12-15/12 5.7 Minor NKI:; 3/12/12 Associated with Kp of 6
4/23-24/12 6.1 Minor NKI; 4/23/12 Associated with Kp of 7
6/16-18/12 20 Moderate NKI; 6/16/12 Associated with Kp of 6
7/13-16/12 54 Minor NKI; 7/15/12 Associated with Kp of 6
9/5/12 3.8 NKI:; Associated with Kp of 6
9/30 to 10/1/12 7.1 Minor NKI; 10/1/12 Associated with Kp of 7
10/8-11/12 12.6 Minor NKI; 10/11/12 Associated with Kp of 6
10/11/12 12.6 Minor NKI; Associated with Kp of 6
10/13/12 2.8 NKI: Associated with Kp of 6
11/16/12 37.9 Major NKI; Associated with Kp of 6
11/14/12 6.3 Minor NKI: Associated with Kp of 6

o Event Severity class based on Chester SVC SUNBURST 2000 GIC Recording standards/criteria
o Storm ratings are based on magnitude of both the transformer neutral and 6% harmonic currents as well as the
effect the storm had on CMP’s system
o N/A — Chester SVC recording instrumentation not installed at this time or data not available
e NKI-No Known Impacts to grid

Table2: Realworld GMD impacts in Maine over past twendfjve years.
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American Transmission Company

American Transmission Compdayi C)a large electric utility thabperates higkvoltage
electric transmissiofior much of Wisconsin, performed Gl@deling of their system using
t 26 SNP 2 NI R Modaliaghrésudts folIa dariety of geoelectric field scenarios were
presented in February 2013 at a GMD Task Force meeting held by*NERC.

UWRSNI I &R ¢XKNBAK2f RE |y Reoalettic fisldjc¥harlogafargé St 2 &
proportion of ATC transformers would need thermal assessrfantfact, 3Q%6 of AT@uto-
transformerswould need thermal assessmeiixtyseven percent of ATC member Generator

Step Up (GSU) transformaemould need assessment. fatal, of 62 ATC transformers, 24 (39%)

would need thermal assessmemotably,these ATC model results dergely consistent with

the Metatech R319 study sponsored by FERC. The Metatech study showed 27oimaers in
Wisconsin would be at risk unde3@ amp thresholdapproximately 59% of MVA capacity at

the time of the study.

When a less stringent 75 amp threshold is applied to the ATC model riesulisoelectric
fields 20 V/km and beloywthe number of transformers needirtbermal assessmens far
lowert only 19% of ATC transformers would need assessmEBivo of autotransformers and
19% of GSU transformersnd under a 75 amp thermal assessment threshold and 2 V/km
geoelectric field scenario (2 V/km geoelectric field would approximate the BencHaMEx
event scaled to Wisconsin), zero transformers in the ATC network weeld thermal

assessment.

Bhow/ Dab5 ¢Fal C2NOS LINBaSyidldirzy aDS2YF3ySGAOltfe
SEOSNLIISR FNRY &t ARS O2YLISyRAdzY aDa5 ¢l &)

Meeting, February 227, 2013, p. 16 of ATC presentation.
Be¢KS 1'¢/ DL/ GlroftS A&a LINBaSyids
GKNBaK2fR F2NJ I &aAy3ftS GNIyatFz
CKNBaKz2ft Ré¢ a0SyFrNR2 ¢g2dzZ R ySSR

LYy R
PEONDS t K &8
R AY aySdzi Nt Fkriskldaé GKI G
N

X¥SNJ 62 difaRp AF8sk & | YLI& LISNJ |
G2 0SS Ydzf GALX ASR o6& | T



Hence,it should not shock FERC Commissioners that, with the NERC proposed hardware
protection standard already submitted by NERC and under review Iy, FidRowners of the
generation facility within theATCGtransmissiorsystem withthe highest projected ampsf GIC
duringa severe GMD evemtNextEra Point Beaahopted not to purchase neutral ground
blocking equipment or other protective equipment whemstalling a replacement 345 kV GSU

transformer in the Spring of 2015.

" The new Siemens GSU transformer at Point Beach was installed without GMD hardware protective equipment

during the Spring 2015 mainten@&S 2 dzi I 3 S @ I aSyA2N) Sy3IAySSNI 2F bSEG 9N
GMD Task Force and would have known that the NEBR@bsed standard would exempt Point Beach from
YIEYRFG2NE KFENRgSIFINB LINRGISOlGA2yad {SS igffdhéwingtBPot. / ¢ of S
Beach GSU transformer as having the highest magnitude modeled GIC fa@vésagieoelectric fields postulated

at either 2400 nT/sec (si€T/minute) or 4800 nT/sec (sitT/minute).
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Summary GIC table for ATC auto-transformers

480 nt/sec storm

2400 nt/sec storm

4800 nt/sec storm
2V/km North 1V/km South 10V/km North 6V/km South 20V/km North 12V/km South

345 kV Auto-Transformers N-S Field | E-W Field N-S Field E-W Field N-S Field E-W Field
Arcadian 345/138 #1 -0.7 -12.8 -3.3 -64.2 -6.5 -128.4
Arpin 345/138 #1 3.0 -4.2 15.0 -20.8 30.1 -41.6
Arrowhead 230/230 #1 30.9 -7.6 154.3 -38.1 308.7 -76.2
Arrowhead 345/230 #1 31.9 -25.5 159.6 -127.5 319.1 -255.1
Bain 345/138 #4 -2.2 3.1 -10.9 15.4 -21.9 30.7
Bain 345/138 #5 0.0 2.9 -0.1 14.3 -0.2 28.7
Columbia 345/138 #1 3.0 2.6 15.2 12.8 30.4 25.5
Columbia 345/138 #2 9.2 7.7 46.2, 38.7 92.3 77.5
Columbia 345/138 #3 3.1 2.6 15.4 12.9 30.7] 25.8
Dead River 345/138 #1 8.2 4.6 41.2 23.2 82.3 46.5
Dead River 345/138 #1A 9.8] 5.5 48.9 27.4 97.9 55.3
Edgewater 345/138 #1 -0.2 23.3 -1.0 116.6 -2.0 233.3
Edgewater 345/138 #2 -0.2 21.8 -0.9 108.§ -1.8 217.5
Fitzgerald 345/138 #1 5.0 -23.5 -25.0 -117.7 -50.0 -235.4
Forest Junction 345/138 #2 12.8 1.4 64.2 7.1 128.3 14.1
Gardner Park 345/115 #1 -3.2 5.0 -16.2 25.1] -32.4 50.1
Gardner Park 345/115 #2 -3.2 5.0 -16.2 25.1] -32.5 50.3
Granville 345/138 #1 -18.5 1.8 -92.5 9.2 -184.9 18.4
Granville 345/138 #1 6.0 2.2 29.8 11.2 59.5 22.5
Kewaunee 345/138 #1 0.0 3.0 0.0 14.8 0.1] 29.7
Kewaunee 345/138 #2 0.0 8.3 0.1] 41.7 0.2 83.4
Morgan 345/138 #1 -10.5 12.4 -53.0 61.9 -105.9 123.8
N. Appleton 345/138 #2 5.1] -1.9 25.5 -9.3 51.0 -18.7
N. Appleton 345/138 #3 6.3] -5.8 31.7 -29.2 63.3 -58.4
N. Appleton 345/138 #1 9.4 -0.5 46.8 -2.7 93.6 -5.4
N. Madison 345/138 #1 -3.4 -5.1 -17.2 -25.4 -34.3 -50.8
N. Madison 345/138 #2 -3.4 -5.1] -17.2 -25.95 -34.5 -51.0
Oak Creek North 345/138 #1 -9.7 22.9 -48.6 114.7 -97.3 229.3
Oak Creek North 345/138 #2 -10.8 25.4 -53.8 126.9 -107.7 253.8
Oak Creek North 345/230 #2 -1.5 1.9 -7.4 9.7 -14.7 19.5
Oak Creek North 345/230 #1 -1.14 1.5 -5.7 7.4 -11.3 14.8
Paddock 345/138 #1 -4.6 -13.4 -22.9 -66.8 -45.8 -133.7
Plains 345/138 #1 14.5 -1.4 72.5 -6.9 145.Q -13.9
Racine 345/138 #1 -4.2 3.7 -21.2 18.7 -42.3 37.4
Racine 345/138 #2 -15.9 4.7 -79.5 23.7 -159.1 47 4
Rockdale 345/138 #1 1.7 2.3 8.4 11.3 16.7] 22.6
Rockdale 345/138 #2 7.4 10.0 36.9 49.8 73.7 99.5
Rockdale 345/138 #3 5.1] 6.8 25.3 34.2 50.6 68.4
Rocky Run 345/115 #1 -1.2 -0.8 -5.9 -4.2) -11.9 -8.4
Rocky Run 345/115 #2 -2.7 -1.9 -13.4 -9.6 -26.9 -19.1
Rocky Run 345/115 #3 -1.7 -1.2 -8.4 -6.0 -16.8 -11.9
Saukville 345/138 #1 17.0 29.6 85.0 148.2 170.Q 296.4
South Fond Du Lac 345/138 #1 0.2 0.8 1.2 3.8 2.3 7.6
South Fond Du Lac 345/138 #2 0.2 0.7, 1.1 3.7 2.3 7.4
Stone Lake 345/161 #1 -50.7] -22.8 -253.4 -114.0 -506.9 -228.1
W. Middleton/Cardinal 345/138 #1 7.9 -36.2 39.6 -181.0 79.3 -361.9
Werner West 345/138 #1 -28.1 -26.8 -140.7 -134.0 -281.5 -267.9
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Summary GIC table for ATC member GSUs

480 nt/sec storm

2400 nt/sec storm
2V/km North 1V/km South 10V/km North 6V/km South 20V/km North 12V/km South

4800 nt/sec storm

345 kv GSU's N-S Field | E-W Field N-S Field E-W Field N-S Field E-W Field
Columbia (WPL) 345/22 #1 49.1 -30.4 245.3 -152.Q 490.6 -304.0
Columbia (WPL) 345/22 #1 49.5 -30.7 247.7 -153.9 495.4 -306.9
Cypress 345/35 #1 -19.9 -7.]] -99.5 -35.5 -198.9 -71.0
Edgewater (WPL) 345/22 #1 11.3 18.3 56.4 91.5 112.8 183.1]
Edgewater (WPL) 345/22 #1 19.4 31.5 97.1 157.9 194.2 315.3
Gardner Park 345/19 #1 10.2 -20.7 50.9 -103.3 101.9 -206.7
Kewaunee 345/20 #1 19.0 30.8 95.1] 154.G 190.2 308.0
Oak Creek North 345/25 #1 6.1 9.8 30.4 48.9 60.8 97.8
Oak Creek North 345/25 #] 6.3 10.2 31.6 50.9 63.2 101.8
Pleasant Prairie 345/24 #1] -12.2 4.2 -60.9 21.1 -121.8 42.2
Pleasant Prairie 345/24 #1 -12.1 4.2 -60.7 21.0 -121.3 42.0
Point Beach 345/19 #1 12.8 36.2 64.1 181.1 128.2 362.7
Point Beach 345/19 #1 14.5 36.4 72.7] 182.2 145.4 364.3
SEC 345/18 #1 -19.0 0.3 -94.8 1.7] -189.5 3.3
SEC 345/18 #1 -18.8 0.3 -94.0 1.7] -188.0 3.3

Table3: GIC values for Autdransformers and Generator Stdpp Transformes

in the American Transmission Company network
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Electric Grid Impacts during GMD Events

Resilient Societies compiled a list of significant electric grid impacts during GMD events. The
impacts include transmission substations, HVDC links, and nuclear power plants. All impacts
occurred during storms that were a fraction of the magde of the Benchmark GMD Event.

The impact at the Seabrook nuclear plant in November 1998 was a vibration related event. The
impacts were concentrated in areas where the coastal effect enhancement of GMD fields is
operative and at higher latitudes. Nonedless, two impacts occurred at lower geomagnetic
latitudet the Contra Costa, California substation transformer failure and tripping of the

Blackwater HVDC link.

As part of the standargetting process, NERC should have requested datemtricgrid

impacts during solar storms from electric utilities. Had this been done, it would have likely
shown that requirements and measures of the standard will not protect against GMD events
lower than the Benchmark GMD Event. We ask the Commission to remand the stdodar
collection of relevant data on grid impacts during GMD events and incorporatitimesedata

into the standardsetting process.

Significant Electric Grid Impacts During Geomagnetic Disturbance Eve

Storm
Date Electric Grid Facility City State Impact Source
03/13/89 Contra Costa Substation Los Medanos CA Transformer failure IEEE Survey
03/13/89 Maine Yankee Nuclear Plek¥iscasset ME Transformer damagdResilient Societies
03/13/89 Salem 1 Nuclear Plant Lower Alloways Creek NJ Transformer failure NERC 3/89 GMD Report
09/19/89 Salem 2 Nuclear Plant Lower Alloways Creek NJ Transformer failure NERC 3/89 GMD Report
03/24/91 Radisson-Sandy Pond HVRadisson Quebec HVDC Trip L. Bolduc article, 2002
04/29/91 Maine Yankee Nuclear Plek¥iscasset ME Transformer fire Resilient Societies
05/28/91 Radisson-Sandy Pond HVRadisson Quebec HVDC Trip Boteler, et.al article, 199
10/27/91 Radisson-Sandy Pond HVIIRadisson Quebec HVDC Trip ORNL/Sub/90-SQS8
10/28/91 Blackwater HVDC Tie Clovis NM HVDC Trip ORNL/Sub/90-SQS8
10/28/91 Radisson-Sandy Pond HVIIRadisson Quebec HVDC Trip Boteler, et.al article, 199
11/10/98 Seabrook Nuclear Plant  Seabrook NH Transformer damag#acific NW Lab Report
04/06/00 Chester SVC Chester ME UPS Malfunctions Central Maine Power
07/15/00 Hope Creek Nuclear Plant Artificial Island NJ Downrating to 55% NRC Power Reactor Stat
11/24/01 Chester SVC Chester ME SVC Trip Central Maine Power
07/15/12 Seabrook Nuclear Plant  Seabrook NH Downrating to 68% Reuters News Service

Table4: Select Impacts of GMD on Electric Grid Facilities
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Figure3: Select Locations of GMD Impacts on Electric Grid Facilities

Defects in Standard TPL-007-1
Technically UnjustifiedsMD Benchmark Event

In FERC Order 77@®. 47):

fi71.In drafting theCommission ordered theenchmark GMD eventsetechnically

justified becauseesponsible entitieshould not be required asses&MD eventyor

protect againgEMD event$ fimore sever@thanthebenchmarkGMD (i.e., the rate of
change in the GMDs magnetic fields), duration, geographic footprint of the GMD, how

t h e &iktEnSity varies with latitude, system configuration, and the orientation of the
magnetic fields produced by the GMD.

In FERC Order 77@. 2):

AiThe Second Stage GMD Reliability Standards
that specify what severitgMD events a responsible entity must assess for potential

impacts on the BulPower System. The benchmark GMD events must be technically

justified because the benchmark GMD events will define the scope of the Second Stage

GMD Reliability Standards (i.e.esponsible entities should not be required to assess

GMD events more severe than the benchmark GMD events).

Thetolerant wording of thisCommissiororder provided a incentive for NERC and members of

the SandardDrafting Teano set a standardavith a Bechmark GMD ¥ent low enougHor

vulnerabletransformersto escapemnandatoryhardware protectionAs a regulatory body, it
19



should be thaduty of the Commissioners to recognize this end around the intenof the

Commission antb insteadensure aechnicdly justified Benchmark GMDrént.

Fortunately, he wording of FERC Order 779 (p. 47) provides good detail on the factoes t

considered in setting the Benchmark GMD Eyéntluding but not limited to varying severity of

the GMD (i.e., the rate of chaagn the GMDs magnetic fields), duration, geographic footprint

2T (KS Da53 K2g (0KS Da5Qa AydSyairiue GFNASAE gA
orientation of the magnetic fields produced by the GMD:

102 We recognize that there is currently no aarsus on benchmark GMD events, and

the Commission does not identify specific benchmark GMD events for NERC to adopt.
Instead, this issue should be considered in the NERC standards development process so
that any benchmark GMD events proposed by NERC hat®iag technical basis.

In ourspecificcommensbelow, we show how NERC and the Standard Drafting Team
beensystematically imprudent in consideration of nearly everpamtant factor, resulting in a
Benchmark GMDES Yy (i g A G K2dzi | ad&®aidNRy 3 GSOKYAOFE ol
Severity of GMD in 1-in-100 Year Reference Storm

In the GMD NOPR (p. 21), the Commission appropriately recognizecethedegtric fieldvalues
used in assessmenshould reflect the realorld impact of a GMD event

35. The geoelectric field valuesed to conduct GMD Vulnerability Assessments and
thermal impact assessments should reflect thewedt impact of a GMD event on the
Bulk-Power System and its components.

However, in standard setting, NERC and the Standard Drafting Team assiduowsy avoi
collecting andor analyzing real world datirom within the United Statesnd Canadaincluding

magnetometer readings from United States Geological Service (83G&Natural Resources

Canada observatori¢/d measured and estimated geoelectrielfl daa in published source®

18 Natural Resources Canada has geomagnetic and geoelectric fieldvdal@ble for display and download at
http://www.geomag.nrcan.gc.ca/pletracee/geci-en.php

9 USGS has geomagnetic data available for display and downldgdigh Aigeomag.usgs.gov/products/

20For an example of published work on GMD data and impacts back to 1847 rse&ffects of Geomagnetic
Disturbances on Electrical Systems at the Earth's SwfacdJpdate,” BotelerDavid et.al, 37th COSPAR Scientific
Assembly. Held 20 July 2008, in Montréal, Canad2008) p.353

20


http://www.geomag.nrcan.gc.ca/plot-tracee/geo-i-en.php
http://geomag.usgs.gov/products/

andmeasured GIC data from EPRjpvernmentowned utilities(such as Tennessee Valley
Authority (TVA)and Bonneville Power AdministratigBPA,?? and private utilities(such &
PSEGhe owner of the Salem 1, Salelnand Hope @eknuclear planty?3

The Standard Drafting Team also avoided usingweald GMD impact data from a variety of

sources, including published reports, the Licensee Event Report (LER) database available from

the U.S. Nuclear Regulatory Commission, and3erating Availability Data System (GADS)

and Transmission Availability Data System (TAR&)bases held by NERC itsHIERC

O2y (NI OGSR 6AGK {G2NXY !ylIteara /2yadZ Glydaz L
the Equipment Vulnerability from Sere Solar Storms, StorRMMH Z € 6! dz3dzA G Hp I H
report has apparently been withheld from public disclosure by confidentiality agreerieok.

NERC and the Standard Drafting Team collected and analyzed availablendadata, they

would have ikely found that theseverity of GMD in 4n-100 Year referenceg@am hadbeenset

far below a technically justifietl S@St | yR gAGK2dzi dadNRBy3a G§SOKYA:

The Commission was right to propose in the GMD NOPR (p. 23)

38. Next, the record submitted B\ERC and other available information manifests a

need for more data and certainty in the knowledge and understanding of GMD events and

their potential effectonthe BuRower Syst em. For exampl e, N E
on data from magnetometers in mantn Europe, from a relatively narrow timeframe with

relatively low solar activity, and with little or no data on concurrent GIC flows. Similarly,

the adjustments for latitude and ground conductivity are based on the limited information
currently availablebut additional datgathering is needed. To address limstation on

relevant information, we propose to direct that NERC conduct or oversee additional

analysis on these issues.

When aNERC committee of respected space weather scientists estimatddramee stormn
February20132“the dpreliminary results ¢ SNB R S { & Nixinyngévelactdic fieldS

A9t wlL KIFa&a 2LISNFGSR AdGa {!b. ! w{¢ Susbirs Bevdprk BriGednhgheticr 2 y A G 2 NJ
Current¢ | @I AfFoftS I
http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?Productld=000000000001023278

22 Resilient Societies has obtained GIC data from both TVA and BPA using the Freedom of InfAchaBiBA

currently publishes reaime GIC data on its website at

http://transmission.bpa.gov/business/operations/gic/gic.aspx

2 Resilient Societies requested GIC data from ABRGL1 and this request was declined.
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of 3040 V/km, as this slide from@ntemporaneougpresentation to the GMD Task Force

presentationshows?®

Figure4: Sldes from NERC GMD Task Force presentation

2 KSy Dab5 ¢l &l C2NOS ¢SIY o AYAGAFGSR RN} FOGAYy3
contemporaneous presentation in Vancouver in July 2013, the reference geoelectric field had

been downwardly adjustedto arangeS G 6 SSy p k1Y FYR HAn *k]1Y® I {

2SS LINBaSyidlraAazy &t ARSA 2F aDab5 ¢l &1 PerbiDMeetingil 8S H Y S)
February 25+ TZ HAMO0£ 3 LIP pH YR 2GKSNI NBftS@FIyd YFEGSNRFE | @A
http://www.nerc.com/docs/pc/gmdtf/MeetingSlides 25Feb final.p#f { LI OS ¢S G KSNJ a0ASy (A&l s
{ OASY OS ¢St Yé I -40 VikiK Geoelediri¢ fled 2stimate in@udéd Rulkkinen (NASA/CUA), W.

Murtagh (NOAA), C. Balch (NOAA), J. Gannon (USGS), D. Boteler (NRCan), R. Pirjola (NRCan), D. Baker (U. of
Colorado), and A. Thomson (BGS/EURISGIC).

51 S Response to NERC Request for Comments on Geomagnetic Disturbance Planning Applicatiod Guide

Resiliem Societies, Comments to NERC GMD Task Faugeist 9, 2013filed as a record of standasktting, p. 65
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