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SUMMARY: The Federal Energy Regulatory Commission (Commission) proposes to
approve Reliability Standard TPL-007-1 (Transmission System Planned Performance for
Geomagnetic Disturbance Events). Proposed Reliability Standard TPL-007-1 establishes
requirements for certain entities to assess the vulnerability of their transmission systems
to geomagnetic disturbance events (GMDs), which occur when the sun ejects charged
particles that interact and cause changes in the earth’s magnetic fields. Entities that do
not meet certain performance requirements, based on the results of their vulnerability
assessments, must develop a plan to achieve the requirements. The North American
Electric Reliability Corporation (NERC), the Commission-certified Electric Reliability
Organization, submitted the proposed Reliability Standard for Commission approval in
response to a Commission directive in Order No. 779. In addition, the Commission
proposes to direct that NERC develop modifications to the benchmark GMD event
definition set forth in Attachment 1 of the proposed Reliability Standard so that the
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definition is not based solely on spatially-averaged data. The Commission also proposes
to direct NERC to submit a work plan, and subsequently one or more informational
filings, that address specific GMD-related research areas.
DATES: Comments are due [INSERT DATE 60 days after publication in the
FEDERAL REGISTER].
ADDRESSES: Comments, identified by docket number, may be filed in the following
ways:
• Electronic Filing through http://www.ferc.gov. Documents created electronically
using word processing software should be filed in native applications or print-toPDF format and not in a scanned format.
• Mail/Hand Delivery: Those unable to file electronically may mail or hand-deliver
comments to: Federal Energy Regulatory Commission, Secretary of the
Commission, 888 First Street, NE, Washington, DC 20426.
Instructions: For detailed instructions on submitting comments and additional
information on the rulemaking process, see the Comment Procedures Section of this
document
FOR FURTHER INFORMATION CONTACT:
Regis Binder (Technical Information)
Office of Electric Reliability
Federal Energy Regulatory Commission
888 First Street, NE
Washington, DC 20426
Telephone: (301) 665-1601
Regis.Binder@ferc.gov
Matthew Vlissides (Legal Information)
Office of the General Counsel
Federal Energy Regulatory Commission
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NOTICE OF PROPOSED RULEMAKING
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1.

Pursuant to section 215 of the Federal Power Act (FPA), 1 the Commission

proposes to approve Reliability Standard TPL-007-1 (Transmission System Planned
Performance for Geomagnetic Disturbance Events). Proposed Reliability Standard
TPL-007-1 establishes requirements for certain entities to assess the vulnerability of their
transmission systems to geomagnetic disturbance events (GMDs), which occur when the
sun ejects charged particles that interact and cause changes in the earth’s magnetic fields.
Entities that do not meet certain performance requirements, based on the results of their
vulnerability assessments, must develop a plan to achieve the requirements. The North
American Electric Reliability Corporation (NERC), the Commission-certified Electric
Reliability Organization (ERO), submitted the proposed Reliability Standard for
Commission approval in response to a Commission directive in Order No. 779. 2 The
1
2

16 U.S.C. 824o.

Reliability Standards for Geomagnetic Disturbances, Order No. 779, 78 FR
30,747 (May 23, 2013), 143 FERC ¶ 61,147, reh’g denied, 144 FERC ¶ 61,113 (2013).
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Commission also proposes to approve one definition for inclusion in the NERC Glossary
of Terms submitted by NERC as well as the proposed Reliability Standard’s associated
violation risk factors and violation severity levels, implementation plan, and effective
dates. 3
2.

In addition, as discussed below, the Commission proposes to direct NERC to

develop modifications to Reliability Standard TPL-007-1 and submit informational
filings to address certain issues described herein.
3.

Geomagnetic disturbances are considered to be “high impact, low frequency”

events. 4 In other words, while the probability of occurrence of a severe geomagnetic
disturbance may be low, a geomagnetic disturbance of sufficient magnitude could have
potentially severe consequences to the reliable operation of the Bulk-Power System. 5
Such events could cause widespread blackouts and cause damage to equipment that could
result in sustained system outages. 6 On that basis, it is important that NERC, planning

3

NERC, Glossary of Terms Used in NERC Reliability Standards (April 2015)
(NERC Glossary), available at http://www.nerc.com/files/glossary_of_terms.pdf.
4

See NERC Petition at 3; see also NERC Petition, Ex. D (White Paper on GMD
Benchmark Event Description) at 5.
5

Order No. 779, 143 FERC ¶ 61,147 at P 15 (quoting NERC comment that “as a
high-impact, low frequency event, GMDs pose a unique threat to Bulk-Power System
reliability, and NERC is committed to working with stakeholders and the Commission to
address these challenges consistent with its responsibilities as the ERO”).
6

Id. PP 3, 16 (citing NERC, 2012 Special Reliability Assessment Interim Report:
Effects of Geomagnetic Disturbances on the Bulk Power System at 69 (February 2012)
(GMD Interim Report); Oak Ridge National Laboratory, Electromagnetic Pulse: Effects
(continued ...)
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coordinators, transmission planners, transmission owners and generator owners take
appropriate actions to prepare to withstand potentially harmful geomagnetic disturbances.
For that reason, Order No. 779 required NERC to identify what severity GMD events
(i.e., benchmark GMD events) responsible entities will have to assess, and that NERC
should technically support its choice. In the proposed reliability standard, NERC set the
benchmark GMD event as a “1-in-100 year” event.
4.

We believe, based on information available at this time, that the provisions of

proposed Reliability Standard TPL-007-1 are just and reasonable and address the specific
parameters for the Second Stage GMD Reliability Standards on geomagnetic disturbance
events, as set forth in Order No. 779. For example, the proposed Reliability Standard
requires responsible entities to maintain system models needed to complete “GMD
Vulnerability Assessments” (Requirements R1 and R2), 7 have criteria for acceptable
system steady state voltage performance during a benchmark GMD event (Requirement
R3), and complete a GMD Vulnerability Assessment once every 60 calendar months,
based on the benchmark GMD event definition described in Attachment 1 of the
proposed Reliability Standard (Requirement R4). Further, if an applicable entity

on the U.S. Power Grid: Meta-R-319 at page 1-14, Tables 4-1, 4-2, 4-3 (discussing atrisk transformers) (January 2010)).
7

NERC proposes to define the term GMD Vulnerability Assessment to mean a
“documented evaluation of potential susceptibility to voltage collapse, Cascading, or
localized damage of equipment due to geomagnetic disturbances.” See NERC Petition,
Ex. B (Implementation Plan for TPL-007-1) at 1.
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concludes, based on the GMD Vulnerability Assessment, that its system does not meet
specified performance requirements, it must develop a corrective action plan that
addresses how the performance requirements will be met (Requirement R7). We propose
to determine that the framework of the proposed Reliability Standard, as outlined above,
is just and reasonable and provides a basis for approval. We believe that, when tested
against an appropriate benchmark GMD event, compliance with the proposed Reliability
Standard should provide adequate protection for an applicable entity’s system to
withstand a geomagnetic disturbance based on a 1-in-100 year GMD event design.
5.

Our primary concerns with the proposed Reliability Standard pertain to the

benchmark GMD event described in Attachment 1 of the proposed Reliability Standard.
While there is limited historical geomagnetic data and the scientific understanding of
geomagnetic disturbance events is still evolving, we have concerns regarding the
proposed Reliability Standard’s heavy reliance on spatial averaging. Thus, while
proposing to approve proposed Reliability Standard TPL-007-1, we also propose to direct
NERC to make several modifications to better ensure that, going forward, the study and
benchmarking of geomagnetic disturbance events are based on a more complete set of
data and a reasonable scientific and engineering approach. Further, we propose specific
revisions to Requirement R7 of the proposed Reliability Standard to ensure that, when an
applicable entity identifies the need for a corrective action plan, the entity acts in a timely
manner.
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Background
A.

6.

-5-

Section 215 and Mandatory Reliability Standards

Section 215 of the FPA requires the Commission to certify an ERO to develop

mandatory and enforceable Reliability Standards, subject to Commission review and
approval. Once approved, the Reliability Standards may be enforced in the United States
by the ERO, subject to Commission oversight, or by the Commission independently. 8
B.
7.

GMD Primer

GMD events occur when the sun ejects charged particles that interact and cause

changes in the earth’s magnetic fields. 9 Once a solar particle is ejected, it can take
between 17 to 96 hours (depending on its energy level) to reach earth. 10 A geoelectric
field is the electric potential (measured in volts per kilometer (V/km)) on the earth’s
surface and is directly related to the rate of change of the magnetic fields. 11 The
geoelectric field has an amplitude and direction and acts as a voltage source that can
cause geomagnetically-induced currents (GICs) to flow on long conductors, such as

8

16 U.S.C. 824o(e).

9

GMD Interim Report at i-ii. On April 30, 2015, the Space Weather Operations,
Research, and Mitigation Task Force, under the auspices of the National Science and
Technology Council, sought comment on a draft 2015 National Space Weather Strategy,
which is designed to “articulate high-level strategic goals for enhancing National
preparedness to space weather events.” National Science and Technology Council;
National Space Weather Strategy, 80 FR 24,296 (Apr. 30, 2015).
10

GMD Interim Report at ii.

11

Id.
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transmission lines. 12 The magnitude of the geoelectric field amplitude is impacted by
local factors such as geomagnetic latitude and local earth conductivity. 13 Geomagnetic
latitude is the proximity to earth’s magnetic north and south poles, as opposed to earth’s
geographic poles. Local earth conductivity is the ability of the earth’s crust to conduct
electricity at a certain location to depths of hundreds of kilometers down to the earth’s
mantle. Local earth conductivity impacts the magnitude (i.e., severity) of the geoelectric
fields that are formed during a GMD event by, all else being equal, a lower earth
conductivity resulting in higher geoelectric fields. 14
C.
8.

Order No. 779

In Order No. 779, the Commission directed NERC, pursuant to FPA

section 215(d)(5), to develop and submit for approval proposed Reliability Standards that
address the impact of geomagnetic disturbances on the reliable operation of the BulkPower System. The Commission based its directive on the potentially severe, widespread impact on the reliable operation of the Bulk-Power System that can be caused by
GMD events and the absence of existing Reliability Standards to address GMD events. 15

12

Id.

13

NERC Petition, Ex. D (White Paper on GMD Benchmark Event Description) at

14

Id.

15

Order No. 779, 143 FERC ¶ 61,147 at P 3.

4.
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Order No. 779 directed NERC to implement the directive in two stages. In the

first stage, the Commission directed NERC to submit, within six months of the effective
date of Order No. 779, one or more Reliability Standards (First Stage GMD Reliability
Standards) that require owners and operators of the Bulk-Power System to develop and
implement operational procedures to mitigate the effects of GMDs consistent with the
reliable operation of the Bulk-Power System. 16
10.

In the second stage, the Commission directed NERC to submit, within 18 months

of the effective date of Order No. 779, one or more Reliability Standards (Second Stage
GMD Reliability Standards) that require owners and operators of the Bulk-Power System
to conduct initial and on-going assessments of the potential impact of benchmark GMD
events on Bulk-Power System equipment and the Bulk-Power System as a whole. The
Commission directed that 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. 17 Order No. 779 explained that,
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

16

Id. P 2.

17

Id.
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equipment, or otherwise, as a result of a benchmark GMD event. The Commission
directed that the development of this plan could not be limited to considering operational
procedures or enhanced training alone, but should, subject to the potential impacts of the
benchmark GMD events identified in the assessments, contain strategies for protecting
against the potential impact of GMDs based on factors such as the age, condition,
technical specifications, system configuration, or location of specific equipment. 18 Order
No. 779 observed that these strategies could, for example, include automatically blocking
GICs from entering the Bulk-Power System, instituting specification requirements for
new equipment, inventory management, isolating certain equipment that is not cost
effective to retrofit, or a combination thereof.
D.
11.

Order No. 797

In Order No. 797, the Commission approved Reliability Standard EOP-010-1

(Geomagnetic Disturbance Operations). 19 NERC submitted Reliability Standard EOP010-1 for Commission approval in compliance with the Commission’s directive in Order
No. 779 corresponding to the First Stage GMD Reliability Standards. In Order No. 797A, the Commission denied the Foundation for Resilient Societies’ (Resilient Societies)
request for rehearing of Order No. 797. The Commission stated that the rehearing

18
19

Id.

Reliability Standard for Geomagnetic Disturbance Operations, Order No. 797,
79 FR 35,911 (June 25, 2014), 147 FERC ¶ 61,209, reh’g denied, Order No. 797-A,
149 FERC ¶ 61,027 (2014).
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Reliability Standard satisfies the directive in Order No. 779 corresponding to the
Second Stage GMD Reliability Standards. 23
13.

NERC states that proposed Reliability Standard TPL-007-1 applies to planning

coordinators, transmission planners, transmission owners and generation owners who
own or whose planning coordinator area or transmission planning area includes a power
transformer with a high side, wye-grounded winding connected at 200 kV or higher.
NERC explains that the applicability criteria for qualifying transformers in the proposed
Reliability Standard is the same as that for the First Stage GMD Reliability Standard in
EOP-010-1, which the Commission approved in Order No. 797.
14.

The proposed Reliability Standard contains seven requirements.

15.

Requirement R1 requires planning coordinators and transmission planners to

determine the individual and joint responsibilities in the planning coordinator’s planning

23

We note that Resilient Societies has submitted to NERC, pursuant to Section 8.0
of the NERC Standards Process Manual, an appeal alleging certain procedural errors in
the development of proposed Reliability Standard TPL-007-1. See NERC Rules of
Procedure, Attachment 3A (Standards Process Manual), Section 8.0 (Process for
Appealing an Action or Inaction). The appeal is currently pending NERC action. On
May 12, 2015, Resilient Societies submitted a request for stay of the proceedings in
Docket No. RM15-11-000, asking that the Commission refrain from issuing a notice of
proposed rulemaking until NERC acts on Resilient Societies’ appeal. We deny Resilient
Societies’ request. We see no irreparable harm in issuing a proposal for public comment
as we do today. Rather, we will consider any necessary issues pertaining to the appeal
before or in a final rule issued in this proceeding.
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area for maintaining models and performing studies needed to complete the GMD
Vulnerability Assessment required in Requirement R4. 24
16.

Requirement R2 requires planning coordinators and transmission planners to

maintain system models and GIC system models needed to complete the GMD
Vulnerability Assessment required in Requirement R4.
17.

Requirement R3 requires planning coordinators and transmission planners to have

criteria for acceptable system steady state voltage limits for their systems during the
benchmark GMD event described in Attachment 1 (Calculating Geoelectric Fields for the
Benchmark GMD Event).
18.

Requirement R4 requires planning coordinators and transmission planners to

conduct a GMD Vulnerability Assessment every 60 months using the benchmark GMD
event described in Attachment 1 to the proposed Reliability Standard. The benchmark
GMD event is based on a 1-in-100 year frequency of occurrence and is composed of four
elements: (1) a reference peak geoelectric field amplitude of 8 V/km derived from
statistical analysis of historical magnetometer data; (2) a scaling factor to account for
local geomagnetic latitude; (3) a scaling factor to account for local earth conductivity;
and (4) a reference geomagnetic field time series or wave shape to facilitate time-domain

24

Proposed Reliability Standard TPL-007-1, Requirements R2, R3, R4, R5, and
R7 refer to planning coordinators and transmission planners as “responsible entities.”
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analysis of GMD impact on equipment. 25 The product of the first three elements is
referred to as the regional geoelectric field peak amplitude. 26
19.

Requirement R5 requires planning coordinators and transmission planners to

provide GIC flow information, to be used in the transformer thermal impact assessment
required in Requirement R6, to each transmission owner and generator owner that owns
an applicable transformer within the applicable planning area.
20.

Requirement R6 requires transmission owners and generator owners to conduct

thermal impact assessments on solely and jointly owned applicable transformers where
the maximum effective GIC value provided in Requirement R5 is 75 amperes per phase
(A/phase) or greater.
21.

Requirement R7 requires planning coordinators and transmission planners to

develop corrective action plans if the GMD Vulnerability Assessment concludes that the
system does not meet the performance requirements in Table 1 (Steady State Planning
Events).
II.

Discussion

22.

Pursuant to section 215(d) of the FPA, the Commission proposes to approve

Reliability Standard TPL-007-1 as just, reasonable, not unduly discriminatory or

25

See Proposed Reliability Standard TPL-007-1, Att. 1; see also NERC Petition,
Ex. D (White Paper on GMD Benchmark Event Description) at 5.
26

at 5.

NERC Petition, Ex. D (White Paper on GMD Benchmark Event Description)
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preferential, and in the public interest. The proposed Reliability Standard addresses the
directives in Order No. 779 corresponding to the development of the Second Stage GMD
Reliability Standards. Proposed Reliability Standard TPL-007-1 does this by requiring
applicable Bulk-Power System owners and operators to conduct initial and on-going
vulnerability assessments regarding the potential impact of a benchmark GMD event on
the Bulk-Power System as a whole and on Bulk-Power System components. 27 In
addition, the proposed Reliability Standard requires applicable entities to develop and
implement corrective action plans to mitigate any identified vulnerabilities. 28 Potential
mitigation strategies identified in the proposed Reliability Standard include, but are not
limited to, among other things, the installation, modification, or removal of transmission
and generation facilities and associated equipment. 29 Accordingly, proposed Reliability
Standard TPL-007-1 constitutes an important step in addressing the risks posed by GMD
events to the Bulk-Power System.
23.

While proposed Reliability Standard TPL-007-1 addresses the Order No. 779

directives, pursuant to FPA section 215(d)(5), the Commission proposes to direct NERC
to develop modifications to the Reliability Standard concerning: (1) the calculation of
the reference peak geoelectric field amplitude component of the benchmark GMD event

27

See Order No. 779, 143 FERC ¶ 61,147 at PP 67, 71.

28

Id. P 79.

29

Id.
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definition; (2) the collection of GIC monitoring and magnetometer data; and (3) deadlines
for completing corrective action plans and the mitigation measures called for in
corrective action plans. In addition, to improve the understanding of GMD events
generally and address the specific research areas discussed below, the Commission
proposes to direct that NERC submit informational filings. These proposals are
discussed in greater detail below.
24.

The Commission seeks comments from NERC and interested entities on these

proposals.
A.

Benchmark GMD Event Definition

NERC Petition
25.

NERC states that the purpose of the benchmark GMD event is to “provide a

defined event for assessing system performance during a low probability, high magnitude
GMD event.” 30 NERC explains that the benchmark GMD event represents “the most
severe GMD event expected in a 100-year period as determined by a statistical analysis
of recorded geomagnetic data.” 31 The benchmark GMD event definition is used in the
GMD Vulnerability Assessments and thermal impact assessment requirements of the
proposed Reliability Standard.

30

NERC Petition at 15.

31

Id.

