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The North American Electric Reliability Corporation (“NERC”) hereby provides
comments regarding the September 2015 technical paper prepared by the Los Alamos National
Laboratory (“LANL”) titled Review of the GMD Benchmark Event in TPL-007-1 (“LANL
Report”), 1 filed by the Foundation for Resilient Societies in the above-captioned docket on
September 30, 2015. 2 NERC submits these comments as the Commission-certified electric
reliability organization responsible for the development and enforcement of mandatory
Reliability Standards, 3 including the proposed Reliability Standard TPL-007-1 – Transmission
System Planned Performance for Geomagnetic Disturbance (“GMD”) Events.
NERC welcomes the additional discussion brought about by the LANL Report and the
opportunity to comment on the analysis and recommendations. NERC encourages rigorous
review of all aspects of this important Reliability Standard and appreciates the U.S. Department
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of Energy and the LANL undertaking an independent review of the benchmark GMD event
developed by NERC for use with proposed TPL-007-1 (“Benchmark GMD Event”).
However, NERC maintains that the proposed Benchmark GMD Event provides a
scientifically sound, technically justified approach for identifying GMD impacts with the
potential to cause “instability, uncontrolled separation, or cascading failures of the Bulk-Power
System” in accordance with Order No. 779. 4 Therefore, NERC reiterates its request that the
Commission approve the proposed standard, without modification, as just, reasonable, not
unduly discriminatory or preferential, and in the public interest, consistent with the Notice of
Proposed Rulemaking. 5
I.

COMMENTS
The LANL Report provides the results of a review and analysis of the proposed

Benchmark GMD Event; specifically: (i) the estimate of the 1-in-100 year geoelectric field
magnitude; (ii) the scaling of the Benchmark GMD Event based on geomagnetic latitude; and
(iii) the effect of earth conductivity data on scaling the Benchmark GMD Event. The LANL
Report identifies several concerns and makes recommendations for certain aspects of the
Benchmark GMD Event to be reanalyzed.
Following careful consideration of the LANL Report, NERC maintains that the proposed
Benchmark GMD Event provides a reasonable and technically-supported scientific and
engineering approach to evaluating the potential impacts of a severe GMD event on reliability.
NERC provides its comments on specific aspects of the LANL Report below. NERC looks
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forward to working with the sponsor of the report, the U.S. Department of Energy, Office of
Electricity Delivery and Energy Reliability, to identify areas for further research and
collaboration as part of its ongoing efforts to advance the understanding of the potential
reliability impacts of severe GMD events.
A.

The Reference Peak Geoelectric Field
1.

LANL Report

The LANL Report analyzes the same International Monitor for Auroral Geomagnetic
Effects (“IMAGE”) magnetometer data set used in the development of the proposed Benchmark
GMD Event; however, LANL states that its analysis of this data set has differed at each step
from the analysis employed in the proposed Benchmark GMD Event in order to address certain
statistical concerns that it has identified. 6 The LANL Report recommends that certain aspects of
the proposed Benchmark GMD Event be reanalyzed according to LANL’s recommended
approach.
Among other things, the LANL Report recommends that the Benchmark GMD Event be
“reanalyzed with consideration for the time correlations between IMAGE magnetometer samples
(or other datasets) to develop a statistically meaningful definition of an independent GMD
event.” 7 As observed in the LANL Report, “[t]he physics of the electrojet during a GMD event
creates time correlations in the resulting geo-magnetic and geo-electric fields.” 8 The report states
that such correlations could create biases in statistical analysis because data that are counted as
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independent and discrete events are actually related to other events in the data set; as a result,
these events may be over-counted and skew the analysis. 9
Using its recommended, alternative approach, LANL calculates a 1-in-100 year peak
geoelectric field value of 13.2 V/km (average), with a range of 8.4 V/km to 16.6 V/km,
compared to the proposed Benchmark GMD Event value of 8 V/km. 10
2.

NERC Comments

NERC offers two observations of the analysis contained in the LANL Report. First, as
NERC explained in its prior filings in this proceeding, the proposed Benchmark GMD Event was
developed using a technically-justified approach that uses area magnetic field data to determine
the 1-in-100 year peak geoelectric field. 11 An important distinction between the proposed
Benchmark GMD Event and other estimates of a 1-in-100 year GMD event, including the
estimate presented in the LANL Report, is the consideration given to regional scales appropriate
for the Bulk-Power System.
The 1-in-100 year peak geoelectric field values in the LANL Report are calculated from
individual station data, rather than area magnetic field data. Like other estimates of 1-in-100 year
peak geoelectric fields for single geographic points, the results are higher than the proposed
Benchmark GMD Event. However, and as discussed more fully in NERC's NOPR Comments,
applying a single-point maximum geoelectric field over the entire area of a power system would
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consistently overestimate geomagnetically induced currents (“GICs”) above the levels expected
from a 1-in-100 year GMD event. 12 As a result, GMD Vulnerability Assessments would be
unduly pessimistic, representing conditions more extreme than a 1-in-100 year GMD event.
NERC and industry, through the standards development process, determined that an
appropriately defined 1-in-100 year GMD event was a conservative planning criterion that would
address the risks from a GMD event on the order of the March 1989 event and reasonably protect
against more extreme events. 13
In contrast to the LANL estimated 1-in-100 year event, the proposed Benchmark GMD
Event makes use of area magnetic field data to determine the 1-in-100 year peak geoelectric field
magnitude. In doing so, GIC calculations derived from the Benchmark GMD Event would not be
biased by observed, temporary, and localized peak geoelectric fields at individual geographic
points. Instead, GMD Vulnerability Assessments based on the Benchmark GMD Event would
realistically identify potential instability, uncontrolled separation, and cascading in the BulkPower System caused by a 1-in-100 year GMD event, consistent with the Commission's
guidance in Order No. 779.
Second, the proposed Benchmark GMD Event addresses the concerns described in the
LANL Report of statistical bias caused by time correlated data. The development of the proposed
Benchmark GMD Event included extreme value analysis to determine the 95% confidence
bound of the 1-in-100 year peak geoelectric field. 14 The extreme value analysis was performed
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on a data set consisting of daily maximum geoelectric field amplitudes. 15 Because the maximums
are daily values, the analysis is not biased by short time correlations as described in the LANL
Report. Results of the extreme value analysis indicate that the proposed Benchmark GMD Event
peak geoelectric field is above the 95% confidence bound for a 1-in-100 year event. 16
B.

Latitude Scaling Factor
1.

LANL Report

The LANL Report also analyzed the proposed Benchmark GMD Event latitude scaling
factor used to tailor the GMD Vulnerability Assessments to entity-specific locations. Observing
that there is significant uncertainty in latitude scaling because there are no recorded storms the
size of the Benchmark GMD Event, the report concluded that a physical model is needed to
derive scaling factors from the available historical data. The LANL Report recommends adding a
factor-of-two margin to the scaling factors used in the proposed standard for conservatism until
such time as a model is developed. 17
2.

NERC Comments

The latitude scaling factor in proposed Reliability Standard TPL-007-1 accurately models
the drop in geoelectric field that has been exhibited in analysis of major recorded geomagnetic
storms. 18 While the events in this data set are not equivalent size to the Benchmark GMD Event,
they capture the maximum observed shift in the latitude boundary of the auroral electric current
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systems that drive severe GMDs. 19 The scaling factors represent the maximum expansion of the
auroral electric current systems observed for major storms since the late 1980s.
NERC is committed to advancing the understanding of the reliability risks posed by
severe GMDs and will continue to pursue modeling enhancements for assessing GMD impacts.
NERC supports the Commission's objectives for continued research 20 and agrees that future
research should examine latitude scaling of geoelectric fields by assessing additional data and
information. This effort could include development of models to further "extrapolate the small to
moderate disturbance data currently in the historical record to disturbances as large as the TPL007-1 Benchmark [GMD] Event," as suggested in the LANL Report. 21 However, while physical
models may be able to provide additional insights in the future, the currently-available recorded
data provides a strong technical basis for approval of the proposed TPL-007-1 Reliability
Standard.
C.

Earth Conductivity
1.

LANL Report

The LANL Report observes that proposed Reliability Standard TPL-007-1 includes
several possible approaches for adapting the Benchmark GMD Event to a local area using
models for earth conductivity. Noting that “[m]ore work needs to be done to generate betterdefined Earth layer conductivity data sources” for use in the proposed standard, the report
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recommends that that the standard should use the worst-case earth conductivity configurations
where specific detailed data is not known. 22
2.

NERC Comments

The proposed Benchmark GMD Event includes default scaling factors for earth
conductivity based on publicly-available earth models. 23 Some of the earth models contain
ranges of conductivity values in some layers, rather than distinct conductivity values, due to
complexities in the Earth's composition. The earth conductivity scaling factors used in proposed
TPL-007-1 are based on the analysis and “assigned value” that lies within these ranges based on
the geophysical analysis described in a 2012 study by the Electric Power Research Institute. 24
NERC agrees that more research into earth conductivity models is needed, and is working
with research partners and industry to enhance these models in the future. 25 However, NERC
maintains that the scaling factors contained in the proposed Benchmark GMD Event are derived
from technically justified models resulting from peer-reviewed research and currently available
information. This strong technical justification supports approval of the proposed TPL-007-1
Reliability Standard as written.
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II.

CONCLUSION
NERC respectfully requests that the Commission consider these comments and approve

the proposed TPL-007-1 Reliability Standard as just, reasonable, not unduly discriminatory or
preferential, and in the public interest.
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