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Introduction  

tǳǊǎǳŀƴǘ ǘƻ ǘƘŜ CŜŘŜǊŀƭ 9ƴŜǊƎȅ wŜƎǳƭŀǘƻǊȅ /ƻƳƳƛǎǎƛƻƴΩǎ όάC9w/έ ƻǊ ά/ƻƳƳƛǎǎƛƻƴέύ bƻǘƛŎŜ ƻŦ 

Proposed Rulemaking (άDa5 NOPRέ) issued on May 16, 2015,1 the Foundation for Resilient 

Societies όάwŜǎƛƭƛŜƴǘ {ƻŎƛŜǘƛŜǎέύ respectfully submits /ƻƳƳŜƴǘǎ ƻƴ ǘƘŜ /ƻƳƳƛǎǎƛƻƴΩǎ ǇǊƻǇƻǎŀƭ 

to approve the framework of Reliability Standard TPL-007-1 of the North American Electric 

Reliability Corporation (NERC) ŀǎ άjust and reasonable,έ to approve specific requirements of the 

standard, and to direct NERC to develop modifications to Reliability Standard TPL-007-1 and 

submit informational filings. 

  

                                                           
1 Reliability Standard for Transmission System Planned Performance for Geomagnetic Disturbance Events, Notice of 
Proposed Rulemaking (NOPR), 151 FERC ¶ 61,134 (May 14, 2015ύ όάDa5 bhtwέύΣ 80 FR 29990 (May 26, 2015). 
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Background  

In FERC Order 779, FERC directed NERC to develop Second Stage Geomagnetic Disturbance 

(GMD) Reliability Standards:1 

The Second Stage GMD Reliability Standards must identify benchmark GMD events that 

specify what severity GMD events a responsible entity must assess for potential impacts 

on the Bulk-Power System. If the assessments identify potential impacts from benchmark 

GMD events, the Reliability Standards should require owners and operators to develop 

and implement a plan to protect against instability, uncontrolled separation, or cascading 

failures of the Bulk-Power 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 will show in this comment, both the Benchmark GMD Event and the assessment criteria 

to identify potential impacts from the Benchmark GMD Event are fatally flawed. As a result, it is 

exceedingly unlikely that GMD Vulnerability Assessments by owners and operators will result in 

any significant protection against instability, uncontrolled separation, or cascading failures of 

the Bulk-Power System, except by voluntary action beyond the requirements of this standard. 

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

The fundamental framework of Standard TPL-007-1 is defective because it overlaps a low solar 

ǎǘƻǊƳ ǘƘǊŜŀǘ ƻǊ άBenchmark GMD Event,έ expressed in volts per kilometer, with a very high 

assumed invulnerability of transformers (also known as άGeomagnetically Induced Current (GIC) 

withstand ratingέύ expressed in amps per phase. Only transformers having a lower withstand 

rating than the modeled GIC from the Benchmark GMD event would undergƻ άǘƘŜǊƳŀƭ 

ŀǎǎŜǎǎƳŜƴǘέ ǘƻ ŘŜǘŜǊƳƛƴŜ if hardware protection might be required. 

If Standard TPL-007-1 were to use the same units of measure for both the assumed transformer 

invulnerability (GIC withstand rating) and the Benchmark GMD Event, it would be obvious that 

                                                           
1 Reliability Standards for Geomagnetic Disturbances, Docket No. RM12-22-000; FERC Order No. 779, 143 FERC ¶ 
61,147 (aŀȅ мсΣ нлмоύ όάC9w/ hǊŘŜǊ ттфέύΣ 78 FR 30747 (May 23, 2013), p. 2. 
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these limits have been imprudently set and are inconsistent with available real-world data. 

Unfortunately, the methodology implicit in the standardΩǎ ŦǊŀƳŜǿƻǊƪ is inherently difficult for 

the casual observer to understand, perhaps intentionally so. We can illustrate with an analogy 

to automobile crash testing. 

For example, suppose the National Highway Traffic Safety Administration (NHTSA) asked 

automobile manufacturers to set a standard to determine if automobiles should have airbags 

installed as a ǇǊƻǘŜŎǘƛǾŜ ƳŜŀǎǳǊŜ ŀƎŀƛƴǎǘ άƘƛƎƘ ǎǇŜŜŘ ŎǊŀǎƘŜǎΦέ CǳǊǘƘŜǊ ǎǳǇǇƻǎŜ ǘƘŀǘ ǘƘŜ bI¢{! 

avoided a mandate to the industry by not specifying the miles per ƘƻǳǊ ƻŦ ŀ άƘƛƎƘ ǎǇŜŜŘ ŎǊŀǎƘέ 

but instead let the auto industry set this benchmark. Finally suppose that the NHTSA also let 

the auto industry determine a threshold limit for assumed resilience or invulnerability of cars 

and their occupants to crashes. For example, this threshold limit for assumed invulnerability to 

crashes might be 15 miles per hour. 

As a first step, the automobile industry might propose a reasonable ŦƛƎǳǊŜ ŦƻǊ ŀ άƘƛƎƘ ǎǇŜŜŘ 

ŎǊŀǎƘέ ōȅ ǘŀƪƛƴƎ ŀ ǎǳǊǾŜȅ ƻŦ ǘƘŜ ǊŀŘŀǊ Ǝǳƴ ǊŜŀŘƛƴƎs on major highways to determine the upper 

speeds at which people actually drive. Using upper speeds, the resulting benchmark fƻǊ ŀ άƘƛƎƘ 

ǎǇŜŜŘ ŎǊŀǎƘέ ƳƛƎƘǘ be quite substantialτfor example, 75 miles per hour. If this were the άhigh 

speed crash benchmark,έ all cars would probably need airbags installed. As an alternative, if the 

auto industry were to average the speed of travel on all types of roads, the benchmark could be 

considerably lowerτfor example, 50 miles per hour. 

In the analogous case of Standard TPL-007-1, if the Benchmark GMD Event were to be set at the 

maximum threat level that had been estimated by the respected space weather scientists 

previously engaged in the NERC standard-setting process (30-40 volts/kilometer), many 

transformers might need hardware protection. Instead, the NERC Standard Drafting Team, 

consisting all of industry representatives except for one scientist, downwardly averaged the 

Benchmark GMD Event to 8 volts/kilometer. And instead of using maximum readings of 

geomagnetic disturbances recorded in the United States, the NERC standard-setting team 

opted to use averaged data from Northern Europe over a limited time period lacking any major 

solar storms. 
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Returning to the automobile airbag analogy, as a second step the industry might set a threshold 

limit for assumed invulnerability of cars and their occupants to crashes. Suppose in the absence 

of test data, this limit was initially set at 15 miles per hour. However, with the apparent goal of 

avoiding cost and redesign hassle of airbag implementation, further suppose the auto industry 

decided to reference tests of three automobile designs for crash resilience. After examining 

tests on only three automobile designsτthe first test at 17 miles per hour, the second test 

without crash test dummies in the car and at 200 miles per hour, and the third test at speeds 

and conditions unavailable in a published paper or otherwiseτthe industry then extrapolated 

the results to determine that every automobile design would protect human occupants at 

crashes up to 75 miles per hour. 

In the analogous case of Standard TPL-007-1, the assumed invulnerability of transformers to 

damage from GIC was set in initial drafts of the standard at 15 amps per phase. When industry 

representatives in the ballot body refused to vote in favor of a standard with this low GIC 

withstand threshold, the industry found tests on only three transformer designs and then 

extrapolated the results to conclude that all transformer designs are invulnerable to GIC up to 

75 amps per phase. Notably, none of the transformer tests referenced actually injected 

currents of 75 amps into a transformer under fully operational electrical load conditionsτthis 

asserted invulnerability to solar storms was based on paper studies using mathematical models. 

Returning to the automobile airbag analogy, if the benchmark for a high-speed crash were set 

at 50 miles per hour and the assumed invulnerability of cars and their occupants to crashes 

were set at 75 miles per hour, then no cars would require airbags, because the vulnerability 

threshold (75 mph) exceeds the stress threshold (50 mph). The imprudent result would be 

obvious to the publicτby personal real world observation, most people would know that cars 

commonly travel over 50 miles per hour and that passengers often die in crashes at speeds well 

below 75 miles per hour. 

However, in the analogous case of Standard TPL-007-1, because the units for the solar storm 

threat and associated Benchmark GMD Event (in volts per kilometer) have been expressed 

differently than the units of assumed transformer invulnerability to GIC (in amps per phase), 
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the imprudent result is not obvious to most casual observers. In fact, to make the units 

equivalent for comparison, one must have access to proprietary data of electric utilities and 

sophisticated modeling software.2 Likewise, members of the public do not commonly observe 

GIC readings nor do they see transformers overheat and catch fire during solar storms.  

In this docket comment, we will show that for nearly all transformers in two major networks, 

the modeled threat to large power transformers is below the assumed level of invulnerability. 

Moreover, we will show that purportedly invulnerable transformers in a major network, PJM 

Interconnection, have already experienced failure during solar storms far smaller than the 

Benchmark GMD Event. 

Modeling of GIC Impacts 

As utilities model their networks iƴ ŀŘǾŀƴŎŜ ƻŦ ǘƘŜ ǎǘŀƴŘŀǊŘΩǎ ŜŦŦŜŎǘƛǾŜ date and selectively 

release the results, it is becoming clear that the assumed transformer invulnerability to solar 

storms under the standardΩǎ άwithstand ratingέ ƻŦ 75 amps is almost always greater than the 

modeled GIC under the Benchmark GMD Event. As a result, the number of transformers 

needing thermal assessment under Standard TPL-007-1 would be trivial. It is also becoming 

clear that when networks are modeled using a more prudent benchmark event of 20 V/km and 

a more justifiable threshold for thermal assessmentτfor ŜȄŀƳǇƭŜΣ ǘƘŜ άол !ƳǇǎ !ǘ-Risk 

¢ƘǊŜǎƘƻƭŘέ in the FERC-sponsored Metatech-R-319 report3τsignificant numbers of 

transformers would need thermal assessment and potential hardware protection. 

Below we present modeling results for three major networks: PJM Interconnection (PJM), 

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

                                                           
2 The 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 below readings 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 standard-setting process, withheld from independent scientific study, and withheld from 
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 
standard-setting. 
3 "Metatech R-319, Geomagnetic Storms and their Impact on the US Power Grid," John Kappenman, Metatech 

Corporation, Oak Ridge National Laboratory, January 2010, available at 
http://web .ornl.gov/sci/ees/etsd/pes/pubs/ferc_Meta-R-319.pdf, last accessed on July 26, 2015,   

http://web.ornl.gov/sci/ees/etsd/pes/pubs/ferc_Meta-R-319.pdf
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NERC Benchmark GMD Event shows only two transformers in their network would need 

thermal assessment.4 Central 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 53%, would need thermal assessment under a 20 V/km benchmark 

event. ATC modeling shows that 24 out of 62 transformers, or 39%, would need thermal 

assessment under a 20 V/km benchmark event ǿƛǘƘ ŀ ол ŀƳǇ άŀǘ-Ǌƛǎƪέ ǘƘǊŜǎƘƻƭŘ. 

PJM System 

As an example, we show modeling of estimated GIC for transformers during the benchmark 

solar storm within the PJM system spanning from Illinois to New Jersey. The modeling results 

below, presented by NERC Standard Drafting Team Chair Frank Koza, show that only two 

transformers in the PJM system have modeled GIC above the assumed transformer 

invulnerability of 75 amps.5 Restated, only two transformers out of approximately 560 extra 

high voltage transformers within the PJM system would need vulnerability assessmentτall 

other transformers within PJM would be assumed to be immune from GIC during the 

Benchmark GMD Event. 

                                                           
4  A third transformer is modeled at over 74 amps per phase, so effectively three of about 560 extra high voltage 
transformers in the PJM system need formal assessment under the proposed TPL-007-1 standard. 
5 άb9w/ Da5 wŜƭƛŀōƛƭƛǘȅ {ǘŀƴŘŀǊŘǎΣέ CǊŀƴƪ YƻȊŀΣ tWaΣ /ƘŀƛǊ ƻŦ b9w/ Da5 {ǘŀƴŘŀǊŘ 5ǊŀŦǘƛƴƎ ¢ŜŀƳΣ Lb[ {ǇŀŎŜ ²ŜŀǘƘŜǊ 
Workshop, Idaho Falls, ID, April 8, 2015, accessible at 
https://secureweb.inl.gov/gmdworkshop/pres/F_Koza_NERCGMDReliabilityStandards.pdf, last accessed July 26, 2015. The 
CǊŀƴƪ YƻȊŀ ǇǊŜǎŜƴǘŀǘƛƻƴ ƛǎ ǎŜǇŀǊŀǘŜƭȅ ŦƛƭŜŘ ƛƴ ǘƘƛǎ 5ƻŎƪŜǘ ŀǎ wŜǎƛƭƛŜƴǘ {ƻŎƛŜǘƛŜǎΩ Reference Document No. 4. 

https://secureweb.inl.gov/gmdworkshop/pres/F_Koza_NERCGMDReliabilityStandards.pdf
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Figure 1: tŀƎŜ мф ŦǊƻƳ ǇǊŜǎŜƴǘŀǘƛƻƴ ǘƛǘƭŜŘ άb9w/ Da5 wŜƭƛŀōƛƭƛǘȅ {ǘŀƴŘŀǊŘǎΣ CǊŀƴƪ YƻȊŀΣ tWaΣ /ƘŀƛǊ ƻŦ 
b9w/ Da5 {ǘŀƴŘŀǊŘ 5ǊŀŦǘƛƴƎ ¢ŜŀƳΣ Lb[ {ǇŀŎŜ ²ŜŀǘƘŜǊ ²ƻǊƪǎƘƻǇΣ LŘŀƘƻ CŀƭƭǎΣ L5Σ !ǇǊƛƭ уΣ нлмрΦέ6 

As might be expected, tWaΩǎ modeling result is out of line with other published studies such as 

the Metatech R-319 study conducted by Oak Ridge National Laboratory and sponsored by FERC. 

The Metatech study showed approximately 330 transformers at risk, out of approximately 560 

transformers in total, within the states of Pennsylvania, New Jersey, Delaware, Maryland, 

Virginia, West Virginia, Kentucky, Ohio, and Indiana, and Illinois that roughly overlay the PJM 

network.7 

                                                           
6 Area abbreviations are as follows: AEP is American Electric Power, DVP is Dominion, CE is ComEd, DEO&K is Duke 
Energy Ohio and Kentucky. Notably, PSEG, owner of the Salem 1 and 2 nuclear plants with failed transformers 
during Ga5 ŜǾŜƴǘǎΣ ƛǎ ƴƻǘ ŀƳƻƴƎ tWa ά¢ǊŀƴǎŦƻǊƳŜǊǎ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ DL/ǎέ ŀƴŘ ƴƻǘ ŀōƻǾŜ ŀ ƳŀƴŘŀǘƻǊȅ 
transformer Screening Criterion.  
7 PJM transformer at-Ǌƛǎƪ ŜǎǘƛƳŀǘŜǎ ŘŜǾŜƭƻǇŜŘ ŦǊƻƳ άол !ƳǇ !ǘ-wƛǎƪ ¢ƘǊŜǎƘƻƭŘέ ǘŀōƭŜǎ ƻƴ ǇŀƎŜǎ п-15 and 4-15 of 
άDŜƻƳŀƎƴŜǘƛŎ {ǘƻǊƳǎ ŀƴŘ ¢ƘŜƛǊ LƳǇŀŎǘǎ ƻƴ ǘƘŜ ¦Φ{Φ tƻǿŜǊ DǊƛŘΣέ hŀƪ wƛŘƎŜ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΣ ŀǾŀƛƭŀōƭŜ ŀǘ 
http://web.ornl.gov/sci/ees/etsd/pes/pubs/ferc_Meta-R-319.pdf, last accessed on July 26, 2015, filed as a 
reference document on FERC Docket No. RM15-11-000. 

http://web.ornl.gov/sci/ees/etsd/pes/pubs/ferc_Meta-R-319.pdf
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Had the NERC Standard Drafting Team collected and analyzed GIC data for transformers within 

the PJM network, and transformers in other areas of the United States, these data would have 

shown that the Benchmark GMD Event and its associated scaling factors for latitude and ground 

models have been set to estimate GIC levels far below real world observations. In fact, the July 

30, 2014 analysis of John Kappenman and William Radasky in the NERC standard-setting 

commentΣ ά9ȄŀƳƛƴŀǘƛƻƴ ƻŦ b9w/ Da5 {ǘŀƴŘŀǊŘǎ ŀƴŘ ±ŀƭƛŘŀǘƛƻƴ ƻŦ DǊƻǳƴŘ aƻŘŜƭǎ ŀƴŘ DŜƻ-

Electric Fields Proposed in this NERC GMD Standard,έ ǎƘƻǿǎ that real world GIC readings are 

two to five times higher than what the NERC ground model and latitude scaling factors in the 

Benchmark GMD Event would predict.8 

Had the NERC Standard Drafting Team collected, analyzed, and disclosed failure data for all 

transformers within the PJM network, and for transformers in other areas of the United States, 

these data would have shown that multiple transformer failures have occurred during 

geomagnetic storms far smaller than the storm of the Benchmark GMD Event. According to 

b9w/Ωǎ ƻǿƴ ƛƴŎƛŘŜƴǘ ǊŜǇƻǊǘΣ ǘƘŜ tƘŀǎŜ ά!έ and Phase ά/έ Denerator Step Up (GSU) 

transformers at the Salem 1 nuclear plant in New Jersey failed during the 13 March 1989 solar 

storm.9 The magnitude of the March 1989 storm was about one-quarter of the magnitude of 

the Benchmark GMD Event and one-fifth the magnitude of the 1-in-100 year event estimated in 

the Metatech R319 report. Yet these same transformers, modeled by PJM at less than 75 amps 

during the Benchmark GMD Event, are exempted from mandatory thermal assessment and any 

consideration of required hardware protection under the NERC-FERC proposed standard. By 

PJM modeling and NERC standard setting, the Salem 1 nuclear plant transformers have now 

become invulnerable to solar storms: 

 

                                                           
8 Examination of NERC GMD Standards and Validation of Ground Models and Geo-Electric Fields Proposed in this 
NERC GMD Standard,έ John Kappenman and William Radasky, Comment in NERC GMD Phase 2 Standard Setting, 
July 30, 2014. 
9 άaŀǊŎƘ моΣ мфуф DŜƻƳŀƎƴŜǘƛŎ 5ƛǎǘǳǊōŀƴŎŜΣέ bƻǊǘƘ !ƳŜǊƛŎŀƴ 9ƭŜŎǘǊƛŎ wŜƭƛŀōƛƭƛǘȅ /ƻǳƴŎƛƭΣ Wǳƭȅ фΣ мффлΣ ŀǾŀƛƭŀōƭŜ ŀǘ 
http://www.nerc.com/files/1989-Quebec-Disturbance.pdf, last accessed on July 26, 2015, p. 19. 

http://www.nerc.com/files/1989-Quebec-Disturbance.pdf
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Figure 2: Melted Windings of Phase 1A Transformer at Salem Nuclear Plant 
 in New Jersey in Aftermath of March 1989 Solar Storm 

Source: Photo as displayed on page 2-29 of Metatech-R-319 Report 

 

Central Maine Power 

Because the NERC Standard Drafting Team set the Benchmark GMD Event at a fraction of 

observed data and because the assumed transformer invulnerability or άGIC withstandέ is a 

high 75 amps, one would expect that only a few transformers might need protection under the 

requirements of the standard in other regions of the U.S. In fact, Central Maine Power (CMP) 

has modeled their system ǳƴŘŜǊ ǘƘŜ άb9w/ м-in-млл ȅŜŀǊ .ŜƴŎƘƳŀǊƪέ and found only one 

transformer in their whole network that would need assessment for solar storm vulnerability: 

the transformer at Chester, Maine.10 

                                                           
10 "2014 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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Effective GIC A/phase for Maine 
transformers 

D
e

g
re

e
 

A
m

p
 M

a
x 4.53 V/km 14 V/km 20 V/km 23.5 V/km 29 V/km 

NERC 1 in 
100 year 
Benchmark 

Study team 
assumed 1 
in 50 year 
event 

Study team 
assumed 1 
in 100 year 
event 

Study team 
assumed 1 
in 200 year 
event 

Study team 
assumed 1 
in 500 year 
event 

2 
winding 
delta - 
wye 

Chester SVC 18/345 kV 162 76 235 336 395 487 
Yarmouth GSU 22/345 kV 
#4 144 49 152 217 255 315 
Keene Road GSU 115/345 
kV 160 32 98 140 165 204 

2 
winding 

Auto 
Xfmrs 

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 

Mason 345/115 kV #1 111 6 20 28 33 41 
Macguire Road 345/115 
#1 30 27 83 120 139 172 
Keene Road 345/115 kV 
#1 160 6 18 26 31 38 

3 
winding 

Auto 
xfmrs 

Coopers Mill 345/115 kV 
#3 30 35 109 155 182 225 

Surowiec 345/115 kV #1 38 17 52 75 88 108 

Albion Road 345/115 #1 30 60 186 266 313 386 

Larrabe Rd 345/115 #1 135 48 149 213 250 308 

 
Table 1: Effective GIC in transformers for variations in geoelectric field11 

For a 20 V/km geoelectric field event in Maine, the CMP modeling shows that 8 transformers, 

or 53%, would need thermal assessment and potential hardware protection with a 75 amp 

ǘƘǊŜǎƘƻƭŘ ŦƻǊ ǘƘŜǊƳŀƭ ŀǎǎŜǎǎƳŜƴǘΦ /atΩǎ ƳƻŘŜƭƛƴƎ ǊŜǎǳƭǘ ƛǎ ŎƻƴǎƛǎǘŜƴǘ in end result with the 

Metatech R-319 study sponsored by FERCτthe Metatech study also showed that 8 

transformers wouƭŘ ōŜ άŀǘ Ǌƛǎƪέ in Maine, ŀƭōŜƛǘ ǳƴŘŜǊ ǘƘŜ άол !ƳǇ !ǘ-wƛǎƪ ¢ƘǊŜǎƘƻƭŘέ 

scenario.12 

Just as we see discordance between modeled GMD impacts within the PJM system and 

transformer failures in the real world, we see also discrepancies between modeled risk and 

real-world data in Maine. GMD modeling of the Chester transformer by John Kappenman and 

                                                           
11 Ibid. 
12 FERC Commissioners should also take into account the total absence of NERC Benchmark GMD Event modeling 
ƻŦ ŀ άŎƻŀǎǘŀƭ ŜŦŦŜŎǘέ ƛƳǇŀŎǘƛƴƎ ǘǊŀƴǎŦƻǊƳŜǊǎ ǇǊƻȄƛƳŀǘŜ ǘƻ ǎŀƭƛƴŜ ǿŀǘŜǊ ōƻŘƛŜǎΦ  .ƻǘƘ ǘƘŜ tWa ŀƴŘ /at 
ǘǊŀƴǎƳƛǎǎƛƻƴ ǎȅǎǘŜƳǎ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ άŎƻŀǎǘŀƭ ŜŦŦŜŎǘǎέ ǘƘŀǘ ƛƴŎǊŜŀǎŜ ǉǳŀǎƛ-DC currents in coastal zone EHV 
ǘǊŀƴǎŦƻǊƳŜǊǎΦ {ŜŜ ά/ƻŀǎǘŀƭ 9ŦŦŜŎǘέ {ŜŎǘƛƻƴ ƻŦ ǘƘŜǎŜ ŎƻƳƳŜƴǘǎ, infra. 



 
 

10 
 

William Radasky, in their July 30, 2014 comment to NERC, estimates GIC of approximately 300 

amps per phase during a severe solar storm of 5,000 nT/minute, four times the GIC that would 

be estimated using the NERC Benchmark GMD Event.13 

The table below supplied by Central Maine Power shows real-world impacts within Maine over 

the past twenty-five years, including numerous equipment trips, which are inconsistent with 

the modeled result that only one transformer in Maine might need hardware protection. In 

fact, the disclosure by Central Maine Power shows GIC of up to 58 amps/phase during storms14 

that were a fraction of the GMD Benchmark Event. 

  

                                                           
13 άExamination of NERC GMD Standards and Validation of Ground Models and Geo-Electric Fields Proposed in this 
NERC GMD Standard,έ John Kappenman and William Radasky, Comment in NERC GMD Phase 2 Standard Setting, 
July 30, 2014. 
14 /9b¢w![ a!Lb9 th²9w /hat!b¸Τ {a5 !/¢L±L¢¸ !w/IL±9Τ !ǳƎǳǎǘ мффм ǘƻ tǊŜǎŜƴǘ 5ŀǘŜǎέ ŀǎ ǇǊŜǎŜƴǘŜŘ ǘƻ 
Maine State Legislature Joint Energy and Utilities Committee in March 2013, filed as a reference document on 
FERC Docket No. RM15-11-000. 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 figure is divided by three 
for a result of 58 amps per phase. 
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Table 2: Real-world GMD impacts in Maine over past twenty-five years. 
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American Transmission Company 

American Transmission Company (ATC), a large electric utility that operates high-voltage 

electric transmission for much of Wisconsin, performed GIC modeling of their system using 

tƻǿŜǊ²ƻǊƭŘϰ ǎƻŦǘǿŀǊŜΦ Modeling results for a variety of geoelectric field scenarios were 

presented in February 2013 at a GMD Task Force meeting held by NERC.15  

UƴŘŜǊ ŀ άол ŀƳǇ !ǘ-Risƪ ¢ƘǊŜǎƘƻƭŘέ ŀƴŘ нл ±κƪƳ ŀƴŘ ōŜƭƻǿ geoelectric field scenarios, a large 

proportion of ATC transformers would need thermal assessment.16 In fact, 30% of ATC auto-

transformers would need thermal assessment. Sixty-seven percent of ATC member Generator 

Step Up (GSU) transformers would need assessment. In total, of 62 ATC transformers, 24 (39%) 

would need thermal assessment. Notably, these ATC model results are largely consistent with 

the Metatech R-319 study sponsored by FERC. The Metatech study showed 27 transformers in 

Wisconsin would be at risk under a 30 amp threshold, approximately 59% of MVA capacity at 

the time of the study. 

When a less stringent 75 amp threshold is applied to the ATC model results for geoelectric 

fields 20 V/km and below, the number of transformers needing thermal assessment is far 

lowerτonly 19% of ATC transformers would need assessment; 13% of autotransformers and 

19% of GSU transformers. And under a 75 amp thermal assessment threshold and 2 V/km 

geoelectric field scenario (2 V/km geoelectric field would approximate the Benchmark GMD 

event scaled to Wisconsin), zero transformers in the ATC network would need thermal 

assessment.  

  

                                                           
15 b9w/ Da5 ¢ŀǎƪ CƻǊŎŜ ǇǊŜǎŜƴǘŀǘƛƻƴ άDŜƻƳŀƎƴŜǘƛŎŀƭƭȅ LƴŘǳŎŜŘ /ǳǊǊŜƴǘ όDL/ύ ²Ƙŀǘ !¢/ ƛǎ ŘƻƛƴƎ ŀōƻǳǘ ƛǘΣέ 
ŜȄŎŜǊǇǘŜŘ ŦǊƻƳ ǎƭƛŘŜ ŎƻƳǇŜƴŘƛǳƳ άDa5 ¢ŀǎƪ CƻǊŎŜ tƘŀǎŜ нΣ YŜƴ 5ƻƴƻƘƻƻΣ ¢ŀǎƪ CƻǊŎŜ /ƘŀƛǊƳŀƴΣ Lƴ-Person 
Meeting, February 25-27, 2013, p. 16 of ATC presentation. 
16 ¢ƘŜ !¢/ DL/ ǘŀōƭŜ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ άƴŜǳǘǊŀƭ ŀƳǇǎέ ǘƘŀǘ ŎƻƳōƛƴŜ ŎǳǊǊŜƴǘǎ ŦǊƻƳ ŀƭƭ ǘƘǊŜŜ ǇƘŀǎŜǎ ǿƘƛƭŜ ǘƘŜ ŀǘ-risk 
ǘƘǊŜǎƘƻƭŘ ŦƻǊ ŀ ǎƛƴƎƭŜ ǘǊŀƴǎŦƻǊƳŜǊ ǿƻǳƭŘ ōŜ άŀƳǇǎ ǇŜǊ ǇƘŀǎŜΦέ ¢ƻ ƳŀƪŜ ŎƻƳǇŀǊƛǎƻƴǎΣ ǘƘŜ άо0 amp At-Risk 
¢ƘǊŜǎƘƻƭŘέ ǎŎŜƴŀǊƛƻ ǿƻǳƭŘ ƴŜŜŘ ǘƻ ōŜ ƳǳƭǘƛǇƭƛŜŘ ōȅ ŀ ŦŀŎǘƻǊ ƻŦ о ŦƻǊ ŀ ǊŜǎǳƭǘ ƻŦ фл ŀƳǇǎ ƛƴ ǘƘŜ ƴŜǳǘǊŀƭΦ 
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Hence, it should not shock FERC Commissioners that, with the NERC proposed hardware 

protection standard already submitted by NERC and under review by FERC, the owners of the 

generation facility within the ATC transmission system with the highest projected amps of GIC 

during a severe GMD event ς NextEra Point Beach ς opted not to purchase neutral ground 

blocking equipment or other protective equipment when installing a replacement 345 kV GSU 

transformer in the Spring of 2015.17 

  

                                                           
17 The new Siemens GSU transformer at Point Beach was installed without GMD hardware protective equipment 
during the Spring 2015 maintenanŎŜ ƻǳǘŀƎŜΦ  ! ǎŜƴƛƻǊ ŜƴƎƛƴŜŜǊ ƻŦ bŜȄǘ 9Ǌŀ Wǳƴƻ .ŜŀŎƘ ǿŀǎ ŀ ƳŜƳōŜǊ ƻŦ b9w/Ωǎ 
GMD Task Force and would have known that the NERC-proposed standard would exempt Point Beach from 
ƳŀƴŘŀǘƻǊȅ ƘŀǊŘǿŀǊŜ ǇǊƻǘŜŎǘƛƻƴǎΦ {ŜŜ ά{ǳƳƳŀǊȅ DL/ ¢ŀōƭŜ ŦƻǊ !¢/ D{¦ ǘǊŀƴǎŦƻǊƳŜǊǎΣέ infra, showing the Point 
Beach GSU transformer as having the highest magnitude modeled GIC for East-West geoelectric fields postulated 
at either 2400 nT/sec (sic nT/minute) or 4800 nT/sec (sic nT/minute). 
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2V/km North 1V/km South 10V/km North 6V/km South 20V/km North 12V/km South

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 27.6 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 -0.9 108.8 -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 -25.5 -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 -1.1 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 -6.9 145.0 -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 85.0 148.2 170.0 296.4

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

Summary GIC table for ATC auto-transformers

345 kV Auto-Transformers

480 nt/sec storm 2400 nt/sec storm 4800 nt/sec storm
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Table 3: GIC values for Auto-Transformers and Generator Step-Up Transformers 
in the American Transmission Company network 

  

2V/km North 1V/km South 10V/km North 6V/km South 20V/km North 12V/km South

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 -152.0 490.6 -304.0

Columbia (WPL) 345/22 #1 49.5 -30.7 247.7 -153.5 495.4 -306.9

Cypress 345/35 #1 -19.9 -7.1 -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 97.1 157.6 194.2 315.3

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 95.1 154.0 190.2 308.0

Oak Creek North 345/25 #1 6.1 9.8 30.4 48.9 60.8 97.8

Oak Creek North 345/25 #1 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 64.1 181.1 128.2 362.2

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

480 nt/sec storm 2400 nt/sec storm 4800 nt/sec storm

Summary GIC table for ATC member GSUs

345 kv GSU's
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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 magnitude 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. Nonetheless, two impacts occurred at lower geomagnetic 

latitudeτthe Contra Costa, California substation transformer failure and tripping of the 

Blackwater HVDC link. 

As part of the standard-setting process, NERC should have requested data on electric grid 

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 standard for 

collection of relevant data on grid impacts during GMD events and incorporation of  these data 

into the standard-setting process. 

 

 
 

Table 4: Select Impacts of GMD on Electric Grid Facilities 
 

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 PlantWiscasset ME Transformer damageResilient 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 HVDCRadisson Quebec HVDC Trip L. Bolduc article, 2002 

04/29/91 Maine Yankee Nuclear PlantWiscasset ME Transformer fire Resilient Societies

05/28/91 Radisson-Sandy Pond HVDCRadisson Quebec HVDC Trip Boteler, et.al article, 1998

10/27/91 Radisson-Sandy Pond HVDCRadisson 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 HVDCRadisson Quebec HVDC Trip Boteler, et.al article, 1998

11/10/98 Seabrook Nuclear Plant Seabrook NH Transformer damagePacific 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 Status

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

Significant Electric Grid Impacts During Geomagnetic Disturbance Events
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Figure 3: Select Locations of GMD Impacts on Electric Grid Facilities 

Defects in Standard TPL-007-1 

Technically Unjustified GMD Benchmark Event 

In FERC Order 779, (p. 47): 

ñ71. In drafting the Commission ordered that benchmark GMD events be technically 

justified because responsible entities should not be required to assess GMD events (or 

protect against GMD events) ñmore severeò than the benchmark GMD (i.e., the rate of 

change in the GMDs magnetic fields), duration, geographic footprint of the GMD, how 

the GMDôs intensity varies with latitude, system configuration, and the orientation of the 

magnetic fields produced by the GMD.ò 

In FERC Order 779, (p. 2): 

ñThe Second Stage GMD Reliability Standards must identify ñbenchmark GMD eventsò 

that specify what severity GMD events a responsible entity must assess for potential 

impacts on the Bulk-Power 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., responsible entities should not be required to assess 

GMD events more severe than the benchmark GMD events).ò 

The tolerant wording of this Commission order provided an incentive for NERC and members of 

the Standard Drafting Team to set a standard with a Benchmark GMD Event low enough for 

vulnerable transformers to escape mandatory hardware protection. As a regulatory body, it 
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should be the duty of the Commissioners to recognize this end-run around the intent of the 

Commission and to instead ensure a technically justified Benchmark GMD Event. 

Fortunately, the wording of FERC Order 779 (p. 47) provides good detail on the factors to be 

considered in setting the Benchmark GMD Event, including but not limited to varying severity of 

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

ƻŦ ǘƘŜ Da5Σ Ƙƻǿ ǘƘŜ Da5Ωǎ ƛƴǘŜƴǎƛǘȅ ǾŀǊƛŜǎ ǿƛǘƘ ƭŀǘƛǘǳŘŜΣ ǎȅǎǘŜƳ ŎƻƴŦƛƎǳǊŀǘƛƻƴΣ ŀƴŘ ǘƘŜ 

orientation of the magnetic fields produced by the GMD: 

102. We recognize that there is currently no consensus 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 have a strong technical basis. 

In our specific comments below, we show how NERC and the Standard Drafting Team have 

been systematically imprudent in consideration of nearly every important factor, resulting in a 

Benchmark GMD EǾŜƴǘ ǿƛǘƘƻǳǘ ŀ άǎǘǊƻƴƎ ǘŜŎƘƴƛŎŀƭ ōŀǎƛǎΦέ 

Severity of GMD in 1-in -100 Year Reference Storm 

In the GMD NOPR (p. 21), the Commission appropriately recognized that geoelectric field values 

used in assessments should reflect the real-world impact of a GMD event: 

35. The geoelectric field values used to conduct GMD Vulnerability Assessments and 

thermal impact assessments should reflect the real-world impact of a GMD event on the 

Bulk-Power System and its components. 

However, in standard setting, NERC and the Standard Drafting Team assiduously avoided 

collecting and/or analyzing real world data from within the United States and Canada, including 

magnetometer readings from United States Geological Service (USGS)18 and Natural Resources 

Canada observatories;19 measured and estimated geoelectric field data in published sources;20 

                                                           
18 Natural Resources Canada has geomagnetic and geoelectric field data available for display and download at 
http://www.geomag.nrcan.gc.ca/plot-tracee/geo-i-en.php.  
19 USGS has geomagnetic data available for display and download at http://geomag.usgs.gov/products/.  
20 For an example of published work on GMD data and impacts back to 1847, see "The Effects of Geomagnetic 
Disturbances on Electrical Systems at the Earth's Surface - An Update," Boteler, David, et.al, 37th COSPAR Scientific 
Assembly. Held 13-20 July 2008, in Montréal, Canada. (2008) p.353. 

http://www.geomag.nrcan.gc.ca/plot-tracee/geo-i-en.php
http://geomag.usgs.gov/products/
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and measured GIC data from EPRI,21 government-owned utilities (such as Tennessee Valley 

Authority (TVA) and Bonneville Power Administration (BPA),22 and private utilities (such as 

PSEG, the owner of the Salem 1, Salem 2, and Hope Creek nuclear plants).23 

The Standard Drafting Team also avoided using real-world 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, and the Generating Availability Data System (GADS) 

and Transmission Availability Data System (TADS) databases held by NERC itself. NERC 

ŎƻƴǘǊŀŎǘŜŘ ǿƛǘƘ {ǘƻǊƳ !ƴŀƭȅǎƛǎ /ƻƴǎǳƭǘŀƴǘǎΣ LƴŎΦ ŦƻǊ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ǘƘŜ ǊŜǇƻǊǘ ά!ƴ !ƴŀƭȅǎƛǎ ƻŦ 

the Equipment Vulnerability from Severe Solar Storms, Storm-R-ммнΣέ ό!ǳƎǳǎǘ нрΣ нлммύ ōǳǘ ǘƘƛǎ 

report has apparently been withheld from public disclosure by confidentiality agreement. Had 

NERC and the Standard Drafting Team collected and analyzed available real-world data, they 

would have likely found that the severity of GMD in 1-in-100 Year reference storm had been set 

far below a technically justified ƭŜǾŜƭ ŀƴŘ ǿƛǘƘƻǳǘ άǎǘǊƻƴƎ ǘŜŎƘƴƛŎŀƭ ōŀǎƛǎΦέ 

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

38. Next, the record submitted by NERC and other available information manifests a 

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

their potential effect on the Bulk-Power System. For example, NERCôs proposal is based 

on data from magnetometers in northern 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 available, but additional data-gathering is needed. To address this limitation on 

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

analysis on these issues. 

When a NERC committee of respected space weather scientists estimated a reference storm in 

February 2013,24 the άpreliminary resultsέ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ǘƻ ōŜ a maximum geoelectric field 

                                                           
21 9twL Ƙŀǎ ƻǇŜǊŀǘŜŘ ƛǘǎ {¦b.¦w{¢ ƴŜǘǿƻǊƪ ƻŦ DL/ ƳƻƴƛǘƻǊǎ ǎƛƴŎŜ мффмΤ ǎŜŜ άSunburst Network for Geomagnetic 
Currentsέ ŀǾŀƛƭŀōƭŜ ŀǘ 
http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?ProductId=000000000001023278. 
22 Resilient Societies has obtained GIC data from both TVA and BPA using the Freedom of Information Act. BPA 
currently publishes real-time GIC data on its website at 
http://transmission.bpa.gov/business/operations/gic/gic.aspx. 
23 Resilient Societies requested GIC data from PSEG in 2011 and this request was declined. 

http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?ProductId=000000000001023278
http://transmission.bpa.gov/business/operations/gic/gic.aspx
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of 30-40 V/km, as this slide from a contemporaneous presentation to the GMD Task Force 

presentation shows:25 

 

Figure 4: Slides from NERC GMD Task Force presentation  
 

²ƘŜƴ Da5 ¢ŀǎƪ CƻǊŎŜ ¢ŜŀƳ о ƛƴƛǘƛŀǘŜŘ ŘǊŀŦǘƛƴƎ ƻŦ ǘƘŜ ά!ǇǇƭƛŎŀǘƛƻƴ DǳƛŘŜέ ŀƴŘ ƎŀǾŜ ŀ 

contemporaneous presentation in Vancouver in July 2013, the reference geoelectric field had 

been downwardly adjusted to a range ōŜǘǿŜŜƴ р ±κƪƳ ŀƴŘ нл ±κƪƳΦ !ǘ ǘƘƛǎ Ǉƻƛƴǘ ǘƘŜ ά{ŎƛŜƴŎŜ 

                                                                                                                                                                                           
24 {ŜŜ ǇǊŜǎŜƴǘŀǘƛƻƴ ǎƭƛŘŜǎ ƻŦ άDa5 ¢ŀǎƪ CƻǊŎŜ tƘŀǎŜ н YŜƴ 5ƻƴƻƘƻƻΣ ¢ŀǎƪ CƻǊŎŜ /ƘŀƛǊƳŀƴΣ Lƴ-Person Meeting, 
February 25-нтΣ нлмоέΣ ǇΦ рн ŀƴŘ ƻǘƘŜǊ ǊŜƭŜǾŀƴǘ ƳŀǘŜǊƛŀƭ ŀǾŀƛƭŀōƭŜ ŀǘ 
http://www.nerc.com/docs/pc/gmdtf/MeetingSlides_25Feb_final.pdf Φ {ǇŀŎŜ ǿŜŀǘƘŜǊ ǎŎƛŜƴǘƛǎǘǎ ƻƴ ǘƘŜ ά/ǳǊǊŜƴǘ 
{ŎƛŜƴŎŜ ¢ŜŀƳέ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ ǘƘŜ ол-40 V/km geoelectric filed estimate included A. Pulkkinen (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). 
25 {ŜŜ άResponse to NERC Request for Comments on Geomagnetic Disturbance Planning Application GuideΣέ 
Resilient Societies, Comments to NERC GMD Task Force, August 9, 2013, filed as a record of standard-setting, p. 65 

http://www.nerc.com/docs/pc/gmdtf/MeetingSlides_25Feb_final.pdf















































































































