TPL-007-1 — Transmission System Planned Performance Buringfor Geomagnetic
DisturbaneesDisturbance Events

Standard Development Timeline

This section is maintained by the drafting team during the development of the standard and will
be removed when the standard becomes effective.

Development Steps Completed

1. The Standards Committee accepted the Standard Authorization Request (SAR) submitted by
the Geomagnetic Disturbance Task Force (GMD TF) and approved Project 2013-03
(Geomagnetic Disturbance Mitigation) on June 5, 2013.

2. The SAR was posted for informal comment from June 26, 2013 through August 12, 2013.

Description of Current Draft

This draft-is the first pestingdraft of the proposed standard-Reliability Standard. It is posted for a
3045-day ifermal-comment and initial ballot.

Anticipated Actions Anticipated Date

45-day Formal Comment Period with Initial Ballot June 2014
45-day Formal Comment Period with Additional Ballot August 2014
Final ballot October 2014
BOT adoption November 2014
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Effective Dates

The definition shall become effective on the first day of the first calendar quarter after the date
that this standard is approved by an applicable governmental authority or as otherwise provided
for in a jurisdiction where approval by an applicable governmental authority is required for a
standard to go into effect. Where approval by an applicable governmental authority is not
required, the definition shall become effective on the first day of the first calendar quarter after
the date this standard is adopted by the NERC Board of Trustees or as otherwise provided for in
that jurisdiction.

The Requirements shall become effective as described in the Implementation Plan beginning on
the first day of the first calendar quarter that is 12 months after the date that this standard is
approved by an applicable governmental authority or as otherwise provided for in a jurisdiction
where approval by an applicable governmental authority is required for a standard to go into
effect. Where approval by an applicable governmental authority is not required, the
Requirements shall become effective as described in the Implementation Plan beginning on the
first day of the first calendar quarter that is 12 months after the date this standard is adopted by
the NERC Board of Trustees or as otherwise provided for in that jurisdiction.

Compliance shall be implemented over a 4-year period as described in the Implementation Plan.

Version History

Version Action Change

Tracking
1 TBD Project 2013-03 (Phase 2) N/A

Definitions of Terms Used in Standard

This section includes all newly defined or revised terms used in the proposed standard. Terms
already defined in the Reliability Standards Glossary of Terms are not repeated here. New or
revised definitions listed below become approved when the proposed standard is approved.
When the standard becomes effective, these defined terms will be removed from the individual
standard and added to the Glossary.

Geomagnetic Disturbance Vulnerability Assessment or GMD Vulnerability Assessment:

Documented evaluation of potential susceptibility to voltage collapse, Cascading, or localized
damage of equipment due to geomagnetic disturbances.
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A. Introduction

1.  Title: Transmission System Planned Performance for Geomagnetic Disturbance
Events

2. Number: TPL-007-1
3. Purpose: Establish requirements for Transmission system planned performance during

geomagnetic disturbance (GMD) events-within-the-Near-Term-TFransmission-Planning
=lorzon,

4.  Applicability:
4.1. Functional Entities:

4.1.1 Planning Coordlnator W|th a Planmngreeetdmate#glannmg area that
includes a pew A Ay Ay
eenneetedrat—zeew aC|I|ty or hrgheFFacmtles speC|f|ed in 4 2;

4.1.2 Transmission Planner Wlth a Imnsm%&enﬂannmgglannmg area that
includes A A A
eenneetedrat—ZGOJN aCIllty or mgherFacHltles specmed in 4 2

4.1.3 _Transmission Owner who owns a Facility or Facilities specified in 4.2;

4.1.4 Generator Owner who owns a Facility or Facilities specified in 4.2.

4.2. Facilities:

4134.2.1 Facilities that include power transformer(s) with a-high side, wye-
grounded winding eonnected-atwith terminal voltage greater than 200 kV

Rationale: Instrumentation transformers and station service transformers do not have
significant impact on GIC flows; therefore, they are not included in the applicability for this

standard.

5. Background:

During a GMD event, geomagnetically-induced currents (GIC) may cause transformer
hot-spot heating or damage, loss of Reactive Power sources, increased Reactive Power
demand, and Misoperation, the combination of which may result in voltage collapse
and blackout.

B. Requirements and Measures
R1. Each PIannlng Coordinator-and-, in conjunction W|th each of its Transmlssmn P
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models-within-srespective-area-forPlanners, shall identify the individual and joint

responsibilities of the Planning Coordinator and each of the Transmission Planners in the
Planning Coordinator’s planning area for maintaining models and performing the studies

needed to complete ﬂerMD Vulnerablllty Assessment—lhemeelelseh%aseelata

M1. Each Planning Coordinator-ang—Fransmissien-Planner, in conjunction with each of its
Transmission Planners, shall provide documentation on roles and responsibilities, such as
meeting minutes, agreements, and email correspondence that identifies that agreement
has been reached on individual and joint responsibilities for maintaining models and
performing the studies needed to complete GMD Vulnerability Assessment(s) in
accordance with Requirement R1.

R2. Responsible entities as determined in Requirement R1 shall maintain System models and
geomagnetically-induced current (GIC) System models of the responsible entity’s
planning area for performing the studies needed to complete GMD Vulnerability
Assessment(s). [Violation Risk Factor: Medium] [Time Horizon: Long-term Planning]

M2. Responsible entities as determined in Requirement R1 shall have evidence in either
electronic or hard copy format that it is maintaining ae-System models and

geomagnetlcally-lnduced current (GIC) System models Mthﬁm&mspeetafearea—uﬁng

mqmmdmieemaﬂemeeee@aneewﬁh%eqwtememe%of the responSIbIe entltv S

planning area for performing the studies needed to complete GMD Vulnerability
Assessment(s).

Rationale for Requirement R1R2:

A GMD Vulnerability Assessment requires a-de GIC System model to calculate GIC flow
which is used to determine transformer Reactive Power absorption and transformer thermal
response. BetatsGuidance for developing the GIC System model are provided in the GIC
Application Guide developed by the NERC GMD Task Force and available
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at: http://www.nerc.com/comm/PC/Geomagnetic%20Disturbance%20Task%20Force%20G
MDTF%202013/GIC%20Application%20Guide%202013 approved.pdf

The ae-System model specified in Requirement R2 is used in conducting steady -state power
flow analysis that accounts for the Reactive Power absorption of transformers due to GIC in
the System.

The projected System condition for GMD planning may include adjustments to pesture-the
System that are executable in response to space weather information. These adjustments could
include recalling or postponing maintenance outages, for example.

R2.R3.  R2Each-Planning-Cooerdinatorand-Fransmission-PlannerResponsible entities

as determined in Requirement R1 shall complete a GMD Vulnerability Assessment of
the Near-Term Transmission Planning Horizon for-its+espective-area-once every 60
calendar months. This GMD Vulnerability Assessment shall use studies_based on models
identified in Requirement R2, document assumptions, and document summarized results
of the steady state analysis. [Violation Risk Factor: High] [Time Horizon: Long-term
Planning]

3.1. Studies shall include the following conditions:

3.1.1. System peak Load for at least one year within the Near-tTerm
Transmission Planning Horizon:;

3.1.2. System Off-Peak Load for at least one year within the Near-tTerm
Transmission Planning Horizon.

3.2. Studies shall be conducted based on the benchmark GMD event described in
Attachment 1 to determine whether the system meets the performance
requirements in Table 1.

3.3. M2 —EachPlanning-The GMD Vulnerability Assessment shall be provided within
90 days of completion to the responsible entity’s Reliability Coordinator-and-,
adjacent Planning Coordinators, adjacent Transmission PlarnerPlanners, and to
any functional entity that submits a written request and has a reliability related
need.

3.3.1 If a recipient of the GMD Vulnerability Assessment provides
documented comments on the results, the responsible entity shall
provide a documented response to that recipient within 90 calendar days
of receipt of those comments.

M3. Responsible entities as determined in Requirement R1 shall have dated evidence such as
electronic or hard copies of its GMD Vulnerability Assessment meeting all of the
requirements in Requirement R2-R3. Responsible entities as determined in Requirement
R1 shall also provide evidence, such as email records, web postings with an electronic
notice of posting, or postal receipts showing recipient and date, that it has distributed its
GMD Vulnerability Assessment within 90 calendar days of its completion to its
Reliability Coordinator, adjacent Planning Coordinators, adjacent Transmission Planners,
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and to any functional entity who has indicated a reliability related need as specified in

Requirement R3. Responsible entities as determined in Requirement R1 shall also
provide evidence, such as email notices or postal receipts showing recipient and date, that
it has provided a documented response to comments received on its GMD Vulnerability
Assessment within 90 calendar days of receipt of those comments in accordance with
Requirement R3.

Rationale for Requirement R2R3:

The GMD Vulnerability Assessment includes steady -state power flow analysis and supporting
studies_using the models specified in Requirement R2 that account for the effects of GIC.

Performance criteria are specified in Table 1.
System peak Load and Off-peak Load must be examined in the analysis.
Distribution of GMD Vulnerability Assessment results provides a means for sharing relevant

information with other entities responsible for planning reliability. Results of GIC studies may

affect neighboring systems and should be taken into account by planners.

The GMD Planning Guide developed by the NERC GMD Task Force provides technical
information on GMD-specific considerations for planning studies. It is available at:

http://www.nerc.com/comm/PC/Geomagnetic%20Disturbance%20Task%20Force%20GMDT

F%202013/GMD%?20Planning%20Guide approved.pdf

RA4.

Each-Responsible entities as determined in Requirement R1 shall have criteria for

MA4.

acceptable System steady state voltage limits for its System during the benchmark GMD
event described in Attachment 1. [Violation Risk Factor: Medium] [Time Horizon:
Long-term Planning-Ceordinatorand-]

Responsible entities as determined in Requirement R1 shall have evidence such as

electronic or hard copies of the criteria for acceptable System steady state voltage limits
for its System in accordance with Requirement R4.

Rationale for Requirement R4:

System steady state voltage limits for GMD Vulnerability Assessment may by different from

the limits used in the TPL-001 Planning Assessment. The planner must adhere to established

limits that ensure the planned System achieves the performance requirements in Table 1.

R5.

Responsible entities as determined in Requirement R1 shall provide geomagnetically-

induced current (GIC) flow information to be used for the transformer thermal impact
assessment specified in Requirement R6 to each Transmission Plannerthat
determinesOwner and Generator Owner in the planning area that owns an applicable
power transformer. The GIC flow information shall include for each applicable power
transformer: [Violation Risk Factor: Medium] [Time Horizon: Long-term Planning]

5.1 Maximum effective GIC value for the worst case geoelectric field orientation for
the benchmark GMD event described in Attachment 1; and
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5.2 Effective GIC time series, GIC(t), calculated using the benchmark GMD event
described in Attachment 1 for each applicable power transformer where the
Maximum effective GIC value for the worst case geolectric field orientation
exceeds 15 Amperes per phase.

Mb5. Responsible entities as determined in Requirement R1 shall provide evidence, such as
email records, web postings with an electronic notice of posting, or postal receipts
showing recipient and date, that it has provided geomagnetically-induced current (GIC)
flow information to each Transmission Owner and Generator Owner that owns an
applicable power transformer as specified in Requirement R5.

Rationale for Requirement R5:
This GIC information is necessary for determining the thermal impact of GIC on transformers

in the planning area and must be provided to entities responsible for performing the thermal
impact assessment so that they can accurately perform the assessment.

The GIC flows provided in part 5.1 are used to screen the transformer fleet such that only
those transformers that experience an effective GIC flow of 15A or greater are evaluated.

The GIC flows provided by part 5.2 and 5.3 are used to convert the steady-state GIC flows to
time-series GIC data used for transformer thermal impact assessment. Additional guidance is
available in the Thermal Impact Assessment white paper:

http://www.nerc.com/pa/Stand/Pages/Project-2013-03-Geomagnetic-Disturbance-
Mitigation.aspx

R6. Each Transmission Owner and Generator Owner shall conduct a thermal impact
assessment for each of its solely and jointly owned applicable power transformers where
the maximum effective geomagnetically-induced current (GIC) value provided in
Requirement R5 part 5.1 is 15 Amperes or greater per phase. The thermal impact
assessment shall: [Violation Risk Factor: High] [Time Horizon: Long-term Planning]

6.1. Be based on the effective GIC flow information provided in Requirement R5; and

6.2. Document assumptions used in the analysis; and

6.3.  Describe suggested actions and supporting analysis to mitigate the impact of
GICs, if any; and

6.4. Be performed and provided to the responsible entities as determined in
Requirement R1 within 12 calendar months of receiving GIC flow information
specified in Requirement R5.

M6. Each Transmission Owner and Generator Owner shall have evidence such as electronic or
hard copies of its thermal impact assessment for all of its applicable solely and jointly
owned power transformers where maximum effective geomagnetically-induced current
(GIC) value provided in Requirement R5 part 5.1 is 15 Amperes or greater per phase as
specified in Requirement R6.

Rationale for Requirement R6:
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The thermal impact assessment may be based on manufacturer-provided GIC capability
curves, thermal response simulation, or other technically justified means. A process for
conducting the assessment is presented in the Transformer Thermal Impact Assessment
white paper posted on the project page.

http://www.nerc.com/pa/Stand/Pages/Project-2013-03-Geomagnetic-Disturbance-
Mitigation.aspx

R3.R7. Responsible entities as determined in Requirement R1that conclude through the
GMD Vulnerability Assessment conducted in Requirement R2R3 that #stheir System
does not meet the performance requirements of Table 1 shall develop a Corrective Action
Plan addressing how the performance requirements will be met. The Corrective Action
Plan shall: [Violation Risk Factor: High] [Time Horizon: Long-term Planning]

3171 List System deficiencies and the associated actions needed to achieve
required System performance. Examples of such actions include:

e [nstallation, modification, retirement, or removal of Transmission and
generation Facilities and any associated equipment.

e Installation, modification, or removal of Protection Systems or Special
Protection Systems.

e  Use of Operating Procedures specifying how long they will be needed as
part of the Corrective Action Plan.

e Use of Demand-Side Management, new technologies, or other initiatives.

8-1—Be reviewed in subsequent GMD Vulnerability Assessments fer-continued

vahidity-and-implementation-status-of-identified-until it is determined that the
System Facilitiesand-Operating-Procedures:
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H-anyteBe provided within 90 days of completion to the responsible entity’s
Reliability Coordinator, adjacent Planning Coordinators, adjacent Transmission

PIanners, and Imnsmis&en@wne%an&@enerater—@mmemwﬁ&respeeﬂw

ealendapday&eﬁeempleuen—andrto any functlonal entlty that submlts a wntten
eguest and has a rellablllty related needand—submﬁ&awnﬁe#wequesﬁeHhe

33+7.3.1. 61 —If arecipient of the GMDB-Vulnerabiity-Assessmentresuits

Corrective Action Plan provides documented comments on the results, the

respectivePlanning-Coordinater-erTransmisston-Plannerresponsible

entity shall provide a documented response to that recipient within 90
calendar days of receipt of those comments.

emaH—neHeesl\/l? Responsible entities as determined in Requirement R1 that

conclude through the GMD Vulnerability Assessment conducted in Requirement R3 that
the responsible entity’s System does not meet the performance requirements of Table 1
shall have evidence such as electronic or hard copies of its Corrective Action Plan as
specified in Requirement R7. Responsible entities as determined in Requirement R1 shall
also provide evidence, such as email records, web postings with an electronic notice of
posting, or postal receipts showing recipient and date, that it has distributed its GMB
Mulnerabiity-Assessmentresults-and-Corrective Action Plan, if any, tewithin 90 calendar
days of its completion to its Reliability Coordinator, adjacent Planning Coordinators-and,
adjacent Transmission Planners-within-90-days-of-completion, and to any functional
entity who has indicated a reliability related need within-30-days-of a-writtenreguest:
Each-Planning-Cooerdinater-and-TFransmission-Planneras specified in Requirement R7.

Responsible entities as determined in Requirement R1 shall also provide evidence, such
as email notices or postal receipts showing recipient and date, that it has provided a

documented response to comments received on its GMB-\ulnerability-Assessment

resultsCorrective Action Plan within 90 calendar days of receipt of those comments in
accordance with Requirement R5R7.
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Steady State:
a. The System-shallremain-stable.Voltage collapse, Cascading and uncontrolled islanding shall not occur.
b. Censequential-Load Lloss as well as generation loss is acceptable as a consequence of P8the planning event.

c. Planned System adjustments such as Transmission configuration changes and re-dispatch of generation are allowed if such
adjustments are executable within the time duration applicable to the Facility Ratings.

d. System steady state voltages shall be within acceptable limits as established by the Planning Coordinator and the
Transmission Planner in accordance with Requirement R4.

Table 1 —Steady State Planning Events

Interruption of

with Outages

information?, and then
2. GMD event?

event3

Category Initial Condition Event Firm Transmission
Service Allowed Load Loss Allowed
PSS 1. System as may be Reactive Power compensation devices
G postured in response to | and other Transmission Facilities
- space weather removed as a result of Protection
GMD Event System operation during the GMD Yes* Yes?

Table 1 — Steady State Performance Footnotes

1. The System condition for GMD planning may include adjustments to posture the System that are executable in response to space
weather information.

2. The GMD conditions for the planning event-P8 are described in Attachment 1 (Benchmark GMD Event).

3. Protection Systems may trip due to the effects of harmonics. P&GMD planning analysis shall consider removal of equipment that
the planner determines may be susceptible.
. .

SerV|ce may be needed to meet BES performance requ|rements during studied GMD conditions but should not be used as the
primary method of achieving required performance. GMD Operating Procedures should be based on predetermined triggers from
studied GMD conditions so that the likelihood and magnitude of Nen-Censeguential-Load Lloss or curtailment of Firm
Transmission Service is minimized during a GMD event.

Draft 1: Apri23;June 3 2014
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Attachment 1
Calculating Geoelectric Fields for the Benchmark GMD Event

The benchmark GMD event! defines the geoelectric field values used to compute
geomagnetically-induced current (GIC) flows that are needed to conduct a GMD Vulnerability
Assessment. It is composed of the following elements: (1) a reference peak geoelectric field
amplitude of 8 VV/km derived from statistical analysis of historical magnetometer data; (2)
scaling factors to account for local geomagnetic latitude; (3) scaling factors to account for local
earth conductivity; and (4) a reference geomagnetic field time series or waveshape to facilitate
time-domain analysis of GMD impact on equipment.

The regional geoelectric field peak amplitude to be used in GMD Vulnerability Assessment, Epeak,
can be obtained from the reference geoelectric field value of 8 V/km using the following
relationship

Epeak = 8 X a X ﬁ(V/km)

where a is the scaling factor to account for local geomagnetic latitude, and B is a scaling factor to
account for the local earth conductivity structure.

Scaling the Geomagnetic Field

The benchmark GMD event is defined for geomagnetic latitude of 60° and it must be scaled to
account for regional differences based on geomagnetic latitude. Table 2-12 provides a scaling
factor correlating peak geoelectric field to geomagnetic latitude. Alternatively, the scaling factor
o can be computed with the empirical expression

T =0:001e @1 ¢ — 0,001 845V

where L is the geomagnetic latitude in degrees and 0.1 <a <1

For large planning areas that cover more than one scaling factor from Table 2, the most
conservative (largest) value for a should be used in scaling the geomagnetic field. Alternatively,
a planner could use a tool that is capable of performing analysis using a non-uniform or
piecewise uniform geomagnetic field.

1 The benchmark GMD event description is available on the Project 2013-03 Geomagnetic Disturbance Mitigation
project page:http://www.nerc.com/pa/Stand/Pages/Project-2013-03-Geomagnetic-Disturbance-Mitigation.aspx
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Table : Geomagnetic Field Scaling Factors
Geomagnetic Latitude Scaling Factorl
(Degrees) (ar)
<40 0.10
45 0.2
50 0.3
5554 0.65
56 0.6
57 0.7
58 0.8
59 0.9
260 1.0

Scaling the Geoelectric Field

The benchmark GMD event is defined for the reference Quebec earth model described in Table
1-34. The peak geoelectric field, Epeak, to be used in a GMD Vulnerability Assessment may be
obtained by either

e Calculating the geoelectric field for the ground conductivity in the planning area and the
reference geomagnetic field time series scaled according to geomagnetic latitude, using
a procedure such as the plane wave method described in the NERC GMD Task Force
GIC Application Guide?; or

e Using the earth conductivity scaling factor  from Table 1-23 that correlates to the
ground conductivity map in Figure 1-% or Figure £-2. Along with the scaling factor o, 8
is applied to the reference geolectric field using the following equation to obtain the
regional geoelectric field peak amplitude Epeak to be used in GMD Vulnerability
Assessment. When a ground conductivity model is not available the planning entity
should use a 3 factor of 1 or a technically-justified value.

Epeak= 8 X a X B(V/km)

The earth models used to calculate Table £-23 for the United States were obtained from publicly
available magnetotelluric data that is published on the U. S. Geological Survey website®. The
models used to calculate Table 4-23 for Canada were obtained from Natural Resources Canada
(NRCan) and reflect the average structure for large regions. NRCan also has developed some
models for sub-regions which should be used when available. Because all models in Table 1-23
are approximations, a planner can substitute a technically justified earth model for its planning
area when available.

2 Available at the NERC GMD Task Force project page:
http://www.nerc.com/comm/PC/Pages/Geomagnetic-Disturbance-Task-Force-(GMDTF)-2013.aspx

3 Available at http://geomag.usgs.gov/conductivity/
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For large planning areas that cover more than one scaling factor from Table 3, the most
conservative (largest) value for B should be used in scaling the geoelectric field. Alternatively, a
planner could use a tool that is capable of performing analysis using a non-uniform or piecewise
uniform geoelectric field.
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S

Figure 1-2: Physiographic Regions of Canada

4 Additional map detail is available at the U.S. Geological Survey (http://geomag.usgs.gov/)
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Table Geoelectric Field Scaling Factors

USGS Scaling Factor
Earth model (B)
AK1A 0.56
AK1B .0.56
AP1 0.33
AP2 0.82
BR1 0.22
CL1 0.76
co1 0.27
CP1 0.81
CP2 0.95
CS1 0.41
IP1 0.94
1P2 0.28
IP3 0.93
IP4 0.41
NE1 0.81
PB1 0.62
PB2 0.46
PT1 1.17
SL1 0.53
SU1 0.93
BOU 0.28
FBK 0.56
PRU 0.21
BC 0.67
PRAIRIES 0.96

SHIELD 1.0

ATLANTIC 0.79

Table : Reference Earth Model (Quebec)

Layer Thickness (km) Resistivity (Q-m)

15 20,000
10 200
125 1,000
200 100
0 3
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Reference Geomagnetic Field Time Series or Waveshape®
The geomagnetic field measurement record of the March 13-14 1989 GMD event, measured at
NRCan’s Ottawa geomagnetic observatory is the basis for the reference geomagnetic field

waveshape to be used whenperforming-thermal-analysis-of pewer-transformersto calculate the

GIC time series, GIC(1), required for transformer thermal impact assessment.

The geomagnetic latitude of the Ottawa geomagnetic observatory is 55°; therefore, the amplitude
of the geomagnetic field measurement data were scaled up to the 60° reference geomagnetic
latitude (see Figure £-3) such that the resulting peak geoelectric field amplitude computed using
the reference earth model was 8 VV/km (see Figs. -4 and 1-5). Sampling rate for the geomagnetic
field waveshape is 10 seconds.® To use this geoelectric field time series where a different earth
model is applicable, it should be scaled with the appropriate conductivity scaling factor (.

4.8

5.6

48t .

1 | 1 | 1 | 1 1 1 | _
00:00 03:00 0800 0900 1200 1500 1800 21:.00 00:00 03:00 OB:00
Tirne (UT)

5 Refer to the Benchmark GMD Event Description for details on the determination of the reference geomagnetic
field waveshape: http://www.nerc.com/pa/Stand/Pages/Project-2013-03-Geomagnetic-Disturbance-Mitigation.aspx

® The data file of the benchmark geomagnetic field waveshape is available on the NERC GMD Task Force project
page: http://www.nerc.com/comm/PC/Pages/Geomagnetic-Disturbance-Task-Force-(GMDTF)-2013.aspx
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Figure 1-3: Benchmark Geomagnetic Field Waveshape. Red Bn (Northward), Blue Be
(Eastward)
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Figure 2-5: Benchmark Geoelectric Field Waveshape — En (Northward)
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1.  Compliance Monitoring Process

1.1.

1.2.

1.3.

1.4.

Compliance Enforcement Authority

As defined in the NERC Rules of Procedure, “Compliance Enforcement
Authority” means NERC or the Regional Entity in their respective roles of
monitoring and enforcing compliance with the NERC Reliability Standards

Evidence Retention

The following evidence retention periods identify the period of time an entity is
required to retain specific evidence to demonstrate compliance. For instances
where the evidence retention period specified below is shorter than the time since
the last audit, the CEA may ask an entity to provide other evidence to show that it
was compliant for the full time period since the last audit.

The Planning Coordinator, Transmission Planner, Transmission Owner, and
Generator Owner shall keep data or evidence to show compliance as identified
below unless directed by its Compliance Enforcement Authority to retain specific
evidence for a longer period of time as part of an investigation:

The responsible entities shall retain documentation as evidence for five years.

If a Planning Coordinator, Transmission Planner, Transmission Owner, or
Generator Owner is found non-compliant, it shall keep information related to the
non-compliance until mitigation is complete and approved or for the time specified
above, whichever is longer.

The Compliance Enforcement Authority shall keep the last audit records and all
requested and submitted subsequent audit records.

Compliance Monitoring and Assessment Processes:
Compliance Audits

Self-Certifications

Spot Checking

Compliance Violation Investigations

Self-Reporting

Complaints Text

Additional Compliance Information

None
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Table of Compliance Elements

Time
Horizon

Lower VSL

Violation Severity Levels

Moderate VSL

High VSL

Severe VSL

R1 Long-term

Low

Planning

N/A

N/A

The Planning
Coordinator, in

conjunction with each
of its Transmission
Planners, failed to
determine and identify
individual or joint
responsibilities of the
Planning Coordinator
and each of the
Transmission Planners
in the Planning
Coordinator’s planning
area for maintaining
models and performing
the studies needed to

complete GMD
Vulnerability
Assessment(s).

Long-term
Planning

Medium

The responsible entity’s
aeentity did not
maintain System
models and
geomagnetically-
induced current (GIC)
model failed to include
fouror-mereSystem
models of the elements

Draft 1: Apri+23June 3, 2014
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withresponsible entity’s
planning area for
performing the MODB

: .
s_ta dards-incluc g
|te|nsne_|s|ese E.ed' the
Plan-studies needed to
complete GMD
Vulnerability
Assessment(s).

Long-term
Planning

High

The responsible entity
completed a GMD
Vulnerability
Assessment but it was
more than 60 calendar
months and less than or
equal to 64 calendar

The responsible entity
completed a GMD
Vulnerability
Assessment but it was
more than 64 calendar
months and less than or
equal to 68 calendar

The responsible entity's
completed GMD
Vulnerability
Assessment failed to
nelude-enesatisfy two
of the fellowing-Parts

ofelements listed in

The responsible entity's
completed GMD
Vulnerability
Assessment failed to
include-tweosatisfy three
of the following-Parts

ofelements listed in
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months since the last
GMD Vulnerability

months since the last
GMD Vulnerability

Requirement R2:—Part
2R3 Parts 3.1 o

Requirement R2:—Part
2R3 Parts 3.1 o

one of the elements
listed in Requirement
R3R5 parts 35.110 5.2

Assessment. Assessment:; 2:2through 3.3; 2:2through 3.3;
OR OR OR
The responsible entity's The responsible entity | The responsible entity
Vulnerabilit . Vulnerability .
Assessment failed to Assessment butitwas | Assessment but it was
ctstyoneofclemns | T A | ore ten 72 e
listed in Requirement | to 72 calend months since the last
R3 Parts 3.1 through equal to 7.2 calendar GMD Vulnerability
33 months since thg _Iast Assessment:
. GMD Vulnerability
Assessment. OR
The responsible entity
does not have a
completed GMD
Vulnerability
Assessment.

R4 Long-term Medium N/A N/A N/A T_he respon5|blt_e en_t|ty
Plannin did not have criteria for
mlannmng acceptable System

steady state voltage
limits for its System
during the benchmark
GMD event described
in Attachment 1 as
required.

R3R5 | Long-term | HighMedium N/A N/A The responsible entity's The responsible entity's

i Corrective Action GCorrective-Action
Plannin Ve
: Plarentity failed to Planentity failed to
eomply-withprovide eomply-withprovide

two of the elements
listed in Requirement
R3R5 parts 35.1t0 5.2

Draft 1: Apri-23June 3, 2014

Page 24 of 33




TPL-007-1 — Transmission System Planned Performance Burirgfor Geomagnetic BisturbaneesDisturbance Events

to each Transmission

to each Transmission

Owner and
3-2Generator Owner in

the planning area that
owns an applicable
power transformer.

Owner and
3.2Generator Owner in
the planning area that
owns an applicable
power transformer;

OR

The responsible entity
did not have-a
Corrective-ActionPlan
as-regquired-byprovide
geomagnetically-
induced current (GIC)
flow information to be
used for the transformer
thermal impact
assessment specified in
Requirement R3R6 to
each Transmission
Owner and Generator
Owner in the planning
area that owns an
applicable power
transformer.
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The responsible entity

The responsible entity

The responsible entity

I - - =
| AL ap sge .- -
F@Sp@ﬂ-&l-_bl—l—l-t—l-@%—f_@#
performingreguired
studies:
RS | Longterm | MediumHigh | et Y | et onD | disrioeiot o onD | disrioeron o OAD
Planning Vulnerabitity Vulnerability Vulnerability Vulnerabitity
Assessmentresultsand | Assessmentresultsand | Assessmentresultsand | Assessmentresultsand
_Genee' thves ‘.e“e“l lan _Seuee, Hve ’.‘et'e' ta _Seuee, Hve ’.‘et'e' ta _Genee' Hve ’.‘e“e“l lan
H-a s 0 aeljaee.l t , H-a ¥ 0 aeljaee_l t ’ H-a ¥ 0 aeljaee_l t ’ H-a ik 0 asljaee.nt ,
Ia.mm 9 ggg'd".'at.g's I IIE." ARG Sgg'd". at.e|s I IIE." ARG Sgg'd". at.e|s Ia.mm 9 ggg'd".'at.g's
and-Generator Owners | and-Generator Owners | and-GeneratorOwners | and-Generator Owners
Apphicability-Section Applicability-Section Applicability-Section Apphicability-Section
vt rcthon D0 e aonp i 00 che e s poee thon 20 cee | s e o Ddie g
borloesthoneroonn o | bullese oo oo e | Do ees oo oo e | o onipe s
collowi v following v following letion:
completion: completion: completion: The responsible entity

failed to conduct an

failed to conduct an

failed to conduct an

failed to conduct an

assessment of thermal

assessment of thermal

assessment of thermal

assessment of thermal
impact for more

impact for 5% or less of

impact for more than

impact for more than

than15% of its solely

its solely owned and

5% up to (and

jointly owned
applicable power

transformers where the

including) 10% of its

10% up to (and
including) 15% of its

owned and jointly
owned applicable

solely owned and
jointly owned

maximum effective
geomagnetically-

applicable power
transformers where the

solely owned and
jointly owned
applicable power
transformers where the

power transformers
where the maximum
effective
geomagnetically-
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induced current (GIC)

maximum effective

value provided in
Requirement R5 part

geomagnetically-
induced current (GIC)

maximum effective
geomagnetically-
induced current (GIC)

induced current (GIC)
value provided in
Requirement R5 part

5.1is 15 Amperes or

value provided in

greater per phase ;
OR
The responsible entity
distributedconducted an
assessment of thermal
impact of its GMB

i bili
Assessment
resultssolely owned and
_Genee' e ‘et.'e“l lan
H any 0 IH.' ctional
e It.'tl'e.sl.l a""l'g al I
who-reguestedjointly
owned applicable power
transformers where the
information-maximum

Requirement R5 part

value provided in
Requirement R5 part

5.1is 15 Amperes or
greater per phase;

5.1is 15 Amperes or

5.1is 15 Amperes or

greater per phase;

OR

The responsible entity
distributedconducted an
assessment of thermal

greater per phase;

OR

The responsible entity
distributedconducted an
assessment of thermal

impact of its GMDb

| i
Assessment
resultssolely owned and

who-reguestedjointly

owned applicable power

impact of its GMD

| i
Assessment
resultssolely owned and

who-reguestedjointly

owned applicable power

effective
geomagnetically-
induced current (GIC)

transformers where the
informationr-maximum
effective

value provided in
writingRequirement R5

geomagnetically-
induced current (GIC)

transformers where the
information-maximum

OR

The responsible entity

effective
geomagnetically-
induced current (GIC)

conducted an
assessment of thermal
impact of its solely

part 5.1 is 15 Amperes

value provided in

or greater per phase but
twasdid so more than

writirgRequirement R5
part 5.1 is 15 Amperes

value provided in
writirgRequirement R5

owned and jointly
owned applicable

part 5.1 is 15 Amperes

power transformers

30-days-butl?2 calendar | or greater per phase but | or greater per phase but | where the maximum
months and less than or | #-wasdid so more than | #-wasdid so more than | effective

equal to 40-days 40-daysbutl3 calendar | 50-days-butld calendar | geomagnetically-
folowing-the-reguestl3 | months and less than or | months and less than or | induced current (GIC)
calendar months of equal to 56-days equal to 66-days value provided in
receiving GIC flow followingtherequest14 | followingtherequestl5 | Requirement R5 part

calendar months of

calendar months of

5.1is 15 Amperes or
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information specified in

receiving GIC flow

Requirement R5;
OR

The responsible entity

srosdoddocioned

responsefailed to
documented-comments

received-froma
recipientinclude one of
Assessmentresults-and
butitwas-more-than-30
copabul lose thon o
cotn-to0das
following-the
receiptrequired
elements as
specifiedlisted in
PartRequirement R6
parts 6.1- through 6.4.

information specified in

receiving GIC flow
information specified in

greater per phase but
did so more than 15

Requirement R5;
OR

The responsible entity

provided-a-documented

responsefailed to
documented-comments

received-froma
recipientinclude two of
Assessmentresults-and
Seu.eetne, ‘e“e'l tas
cive bl poethon o
equal-to-50-days
fellowing-the
reeeiptrequired
elements as
specifiedlisted in
PartRequirement R6
parts 6.1 through 6.4.

Requirement R5;
OR

The responsible entity

provided-a-documented

responsefailed to
documented-comments

e
recipientinclude three of

e
Assessmentresults-and

. . lan
but-itwas-morethan-50
cive bl poethon o
equal-to-60-days
fellowing-the
reeeiptrequired
elements as
specifiedlisted in
PartRequirement R6
parts 6.1- through 6.4.

calendar months of
receiving GIC flow
information specified in
Requirement R5;

OR

The responsible entity
Srulnorabiliby
Assessmentresults-and
Hany-failed to

havi liabili
related-reed-whe

reguested-include four
of the
nformationrequired
elements as listed in

writing-butitwas-more
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PartRequirement R6
parts 6.1;

through 6.%:4.

R7

Long-term
Planning

High

The responsible
entityentity's Corrective
Action Plan failed to
ineludecomply with one
of the reguired-elements
as-Hsted-in Requirement

R7 parts 7.1 through

The responsible
entityentity's Corrective
Action Plan failed to
ineludecomply with two
ormere-of the required
elements as-Hsted-in
Requirement R7 parts
7.1 3
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- e oR oR : o
high S'IEsl w_sfl' B it . , , higth-sidle-
higher-N/A assessment-of assessmentof ratee200-k\V-or

thermatimpact-for thermakimpactfor higher—The
fore-than-5%-tp1t0 | mere-than10% up-te | fesponsible entity's
fand inetueing) 0% | (and including)15% | Corrective Action Plan
Stsalebawaod ofits-selely-owned failed to comply with
and jointly owned anejeintly-owned three of the elements in
poewer-transformers : ¢ Requirement R7 parts
w&h—Hrgh—ade,—\we- . . . 7.1and 7.3;
greunded-wineings SN OR
rated—200-KVof grounded-windings The responsible entity
rated-200-k\-or :
higher . did not have a
L3 higher7.3. Corrective Action Plan
as required by
Requirement R7.
Re pI g ' srosdotson o e providodheom o s providodhcom o s srosdotson o e
' assessmentof thermal assessmentof thermal assessmentof thermal assessmentof thermal
- Lanni : he Planni : he Planni - lanni
copabul lose thon o o0 e b poe oy AP0 ke b poe thon L0k ol oudne e
- - - QR - -
. .
d'd. ROLprovide a-copy
oS ASSESSHE tof
then .al HApact t.e the
lanning gg.g'd. Hatof
Planner
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C. Regional Variances
None.

D. Interpretations
None.

E. Associated Documents
None.
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Application Guidelines

Guidelines and Technical Basis
Benchmark GMD Event (Attachment 1)

The benchmark GMD event defines the geoelectric field values used to compute GIC flows that
are needed to conduct a GMD Vulnerability Assessment. A white paper that includes the event
description, analysis, and example calculations is available on the Project 2013-03 Geomagnetic
Disturbance Mitigation project page:

http://www.nerc.com/pa/Stand/Pages/Project-2013-03-Geomagnetic-Disturbance-
Mitigation.aspx

Requirement R1R2

A GMD Vulnerability Assessment requires a de-GIC System model, which is a dc representation
of the System, to calculate GIC flow-whieh-s. In a GMD Vulnerability Assessment, GIC
simulations are used to determine transformer Reactive Power absorption and transformer
thermal response. Details for developing the GIC System model are provided in the NERC GMD
Task Force guide: Application Guide for Computing Geomagnetically-Induced Current in the
Bulk Power System. The guide is available at:

http://www.nerc.com/comm/PC/Geomagnetic%20Disturbance%20Task%20Force%20GMDTF
%202013/GIC%20Application%20Guide%202013 approved.pdf

Requirement R2R3

The GMD Planning Guide developed by the NERC GMD Task Force provides technical
information on GMD-specific considerations for planning studies. It is available at:

http://www.nerc.com/comm/PC/Geomagnetic%20Disturbance%20Task%20Force%20GMDTF
%202013/GMD%20Planning%20Guide approved.pdf

The diagram below provides an overall view of the GMD Vulnerability Assessment process:

. Potential
Geomagnetic Geoelectric Mitigation |-
Field Field Measures
A
l i / Fail
> > Bus
Bit) c Edan:: o E(t) s df GIc Tra'r‘lnsf;)r:ner vars | power Flow | V01298 Assessment Operating
onductivi > ystem > ode o - = - P d
Model Modol (Electrical) Analysis Line Loading & Criteria Pass ror;(:‘dures
var Reserves Mitigation
A Measures
(if needed)
Transformer Temp(t)
Model
GIc(t) (Thermal) | Hot Spat Temp

Requirement R3R5

The transformer thermal impact assessment specified in Requirement R6 is based on GIC time

series information for the Benchmark GMD Event. This GIC information is determined by the

planning entity through simulation of the GIC system model and must be provided to the entity
responsible for conducting the thermal impact assessment.
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Application Guidelines

The maximum effective GIC value provided in part 5.1 is used to screen the transformer fleet
such that only those transformers that experience an effective GIC flow of 15A or greater are
evaluated.

The effective GIC time series, GIC(t), provided in part 5.2 is used to conduct the transformer
thermal impact assessment (see white paper for details).

The peak GIC value of 15 amps per phase has been shown through thermal modeling to be a
conservative threshold below which the risk of exceeding known temperature limits established
by technical organizations is low. Additional information is available in the transformer thermal
impact assessment white paper:

http://www.nerc.com/pa/Stand/Pages/Project-2013-03-Geomagnetic-Disturbance-
Mitigation.aspx

Requirement R6

The thermal impact assessment of a power transformer may be based on manufacturer-provided
GIC capability curves, thermal response simulation, or other technically justified means. A
process for conducting the assessment is presented in the white paper posted on the project page.

http://www.nerc.com/pa/Stand/Pages/Project-2013-03-Geomagnetic-Disturbance-
Mitigation.aspx

The threshold criteria and transformer thermal impact must be evaluated on the basis of effective
GIC. Refer to the white paper for additional information.

Requirement R7

Technical considerations for GMD mitigation planning are available in Chapter 5 of the GMD
Planning Guide. Additional information is available in the 2012 Special Reliability Assessment
Interim Report: Effects of Geomagnetic Disturbances on the Bulk-Power System:

http://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/2012GMD.pdf
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