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Standard Development Timeline

This section is maintained by the drafting team during the development of the standard and
will be removed when the standard is adopted by the NERC Board of Trustees (Board).

Description of Current Draft
This is the second draft of the proposed standard being posted for a formal 45-day comment
period and additional ballot.

Completed Actions Date

Standards Committee approved Standard Authorization Request January 20, 2021
(SAR) for posting

SAR posted for comment March 4 — April 2, 2021
45-day formal or informal comment period with ballot September — November 2022
Anticipated Actions Date

45-day formal or informal comment period with additional ballot | April —June 2023

10-day final ballot July 2023
Board adoption August 2023

Draft 2 of MOD-025-3
April 2023




Standard-MOD-025-2025-3 — Verification and-Data-Reporting-of Generator-Real and Reactive
Power Capability and-Synchronous-Condenser-Reactive-Power-Capabilityfor BES Facilities

New or Modified Term(s) Used in NERC Reliability Standards

This section includes all new or modified terms used in the proposed standard that will be
included in the Glossary of Terms Used in NERC Reliability Standards upon applicable
regulatory approval. Terms used in the proposed standard that are already defined and are
not being modified can be found in the Glossary of Terms Used in NERC Reliability Standards.

The new or revised terms listed below will be presented for approval with the proposed
standard. Upon Board adoption, this section will be removed.

Term(s):

None.
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A. Introduction

1.

Title: Verification and-DataReportineof Generator-Real and Reactive Power
Capability and-Synechrenous-Condenser Reactive PowerCapabilityfor BES Facilities

Number: MOD-025-2025-3

Purpose: To ensure that accurate information on generatorgross-andnetBulk
Electric System (BES) Facility Real and Reaetive Power-ecapabilityand-synehronous

condenser-Reactive Power capability is available for planning models used to assess
BullEleetrie-System(BES)- reliability.
Applicability:

4.1. Functional entitiesEntities:

4.1.1 Generator Owner

4.1.2 Transmission Owner that-ownssynehronous-condenser(s)

4.1.3 Transmission Planner

4.2. Facilities: For the purpose of this standard, the terms- “applicable Facility” or

“Facility” shall mean any one of the following:

4.2.1 Individual generating unitgreater-than20-MVA(grossnameplate rating)
directly-connected-to-the Bulk Eleetrie Systemresource identified

through Inclusion 12 of the BES definition.

4.2.2 Generating plant/Facility identified through Inclusion 12 of the BES
definition.

4.2.3 Generating plant/Facility greater-than75-MVA(gross-ageregate
nameplaterating)-directly-conneeted-to-the Bulk Eleetrie-Systemof

dispersed power producing resources identified through Inclusion 14 of
the BES definition.

4.2.4 Dynamic reactive devices identified through Inclusion I5 of the BES
definition with a gross (individual or aggregate) nameplate rating
greater than 20 MVA including, but not limited to:

4.2.4.1 Synchronous condenser; and

4.2.4.2 Flexible alternating current transmission system (FACTS)
devices.

4.2.5 High-voltage direct current (HVDC) terminal equipment including:
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4.2.5.1Voltage source converter (VSC).

4.2.6 Facilities meeting an exclusion of the BES definition are exempt as an
applicable Facility.

5. Effective Date: see Implementation Plan.
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B. Requirements and Measures
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Requirements

R1.

Each Generator Owner shall previde-itsFransmissionPlannerwith-verification
ofverify the Real Power and Reactive Power capability of its applicable Facilities and
inform its Transmission Planner as follows: [Violation Risk Factor: Medium] [Time
Horizon: Long-term Planning]

1.1. Verify the Real Power capability, if applicable, of its generatingunitsapplicable
Facilities in accordance with Attachment 1.

1.2. Verify the Reactive Power capability of its applicable Facilities in accordance

with Attachment 1.

1.3. Submit the following information, in accordance with Attachment 2, to the
Transmission Planner within 30 calendar days after the verification date. The
verification date, as specified in Attachment 2, should represent the date that
the engineering review or engineering analysis is complete. The verification
date is the basis of the recurring periodicity.

1.3.1. Simplified one-line diagram representing the applicable Facility;

1.3.2. Composite capability curve and associated PQ data table; and

1.3.3. Documentation of the underlying assumptions, design criteria, and
methods for the chosen verification methodology from Attachment 1.

M1. R2-Each Generator Owner shall previde-its FransmissionPlanner-with
vertfieation-ofthehave evidence that it verified Real Power and Reactive Power

capability of itseach applicable Faeilities-asfolows:Hiolation RiskFactor:
bt e e e e

2—1—FaC|I|tv, such as WWMW}M&%M

2—2—Sﬂbm+t—arcompleted Arttachment 2{ora-tormcontatptne the same formationas
identifiedinAttachment2)-attachments or summary report(s); and have evidence

that it submitted the information within 30 calendar days after the verification date
to its Transmission Planner W}ﬂ%ﬂ—%«%ﬂ%ﬂé&f—dﬁf&ﬁ#&ﬁh%ﬁ@%}%dﬂt&th&d&ta—}s

h+sféeﬁea4—epe1¢aﬂemi—dafeam accordance WIth Reqwrement R1

R3-Each Transmission Owner shall previde-itsFransmissionPlanner-with-verifieation
oftheverify the Real Power and Reactive Power capability of its applicable Facilities

and inform its Transmission Planner as follows: [Violation Risk Factor: Medium]
[Time Horizon: Long-term Planning]
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2.1. Verify the Real Power capability, if applicable, of its applicable Facilities in
accordance with Attachment 1.

2.2. 34-Verify the Reactive Power capability of its applicable Facilities, in

accordance W|th Attachment 1;-the Reactive Powereapability-efits-synehronots

2.3. Submit the following information, in accordance with Attachment 2, to the
Transmission Planner within 30 calendar days after the verification date. The
verification date, as specified in Attachment 2, should represent the date that
the engineering review or engineering analysis is complete. The verification
date is the basis of the recurring periodicity.

2.3.1. Simplified one-line diagram representing the applicable Facility;

2.3.2. Composite capability curve and associated PQ data table; and

2.3.3. Documentation of the underlying assumptions, design criteria, and
methods for the chosen verification methodology from Attachment 1.

M2. MJ—Each GeneratorTransmission Owner willshall have evidence that it peltfe%med—the

Power and Reactlve Power capabllltv of each appllcable Facility, such as completed
attachments; or summary report(s); and wil-have evidence that it submitted the
information within 9930 calendar days after the verification date to its Transmission

Plannerssuch-as-dated-electronic-matlmessages-ormatlreeeipts- in accordance with
Requirement R1R2.

R3. Each Transmission Planner shall review the information submitted by each

Generator Owner or Transmission Owner in accordance with Requirement R1, R2,
or R4 and provide a written response to the submitter within 90 calendar days from
receiving each submission. The written response shall contain one of the following:
[Violation Risk Factor: Lower] [Time Horizon: Operations Planning]

e Notification that the Transmission Planner has reviewed the information
and has not identified any technical concerns with the Real and Reactive
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M3.

Power capability information submitted by the Generator Owner or
Transmission Owner; or

Notification that the Transmission Planner has reviewed the information
and has identified a technical concern, including the basis for the technical
concern.

Each Transmission Planner shall have evidence, such as a summary of items

reviewed and dated correspondence of the notification, that it reviewed the
information submitted and provided notification to the Generator Owner or
Transmission Owner within 90 calendar days in accordance with Requirement R3.

Each Generator Owner or Transmission Owner receiving a notification of a
technical concern under Requirement R3 shall provide a written response to its
Transmission Planner within 90 calendar days from receiving a notification. The
written response shall contain one of the following: [Violation Risk Factor: Lower]
[Time Horizon: Operations Planning]

e Updated capability information in accordance with Requirement R1 or R2;

e A plan to update the capability information in accordance with Requirement
R1 or R2; or

Technical justification and supporting evidence for maintaining the existing
capability information in accordance with Requirement R1 or R2.

M3.-Each Generator Owner or Transmission Owner wilshall have evidence that it

peffefmed—the—veﬂﬁeaﬁeﬂ—saelﬁs—a—eemp}e%edﬁ%&aehmem%ef esgonded to the

messages—er—masrl—feeei-ptsPlanner WIthln 90 calendar davs in accordance W|th

Requirement R3R4.
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C. Compliance
1. Compliance Monitoring Process

1.1. Compliance Enforcement Authority

+ “FheRegtonat-Entity shalbserveasthe-Compliance enforcementauthorttytilessthe-appheable
en&ty—r&e&vﬂed—epefated—er—eeﬂ&eﬂed—bﬁnforcement Authorlty" means NERC or the Reglonal

gevemmen%al—&u%he&tyshaﬂ—sew&asﬂ&%@% or any entltv as otherW|se de5|gnated by an

Applicable Governmental Authority, in their respective roles of monitoring and/or enforcing
compliance with mandatory and enforceable Reliability Standards in their respective

jurisdictions.

1.2. Evidence Retention: The following evidence retention periedsperiod(s) identify
athe 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 eemplianee-audit, the
Compliance Enforcement Authority may ask an entity to provide other evidence
to show that it was compliant for the full-timefull-time period since the last
audit.

The Generator Owner-and-Transmisston-Owner-shall-eachapplicable entity shall
keep the-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:.

e TheEach Generator Owner shall fem}&th%La{est—MgD-O%—A&aehmeﬁt—z

aﬁdvﬁkeep data or evidence of Requirement R1 since the most current
verification for each applicable BES Facility.

Each Transmission Owner shall keep data or evidence of Requirement
R2 since the most current verification for each applicable BES Facility.

Each Transmission Planner shall keep data or evidence of Requirement
R3 for a rolling 12 month period.
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e IfaFach Generator Owner erand Transmission Owner isfound

lea-gershall keep data or evidence of Requlrement R4 for a rollmg 12

month period.
1.3. T—h%Comleance Monltormg and Enforcement Au%he%ﬁsy%hal—l—keep—th%l—as{—aﬁé&

defmed in the NERC Rules of Procedure, ”Compllance Monltormg and
Enforcement Program” refers to the identification of the processes that will be
used to evaluate data or information for the purpose of assessing performance
or outcomes with the associated Reliability Standard.

L3 Compliance Monitori 1A p
ol "
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2-Violation Severity Levels

R#

R1.

Lower VSL

The applicable entity provided

Violation Severity Levels

Moderate VSL

The applicable entity provided

High VSL

The applicable entity provided

Severe VSL

The applicable entity provided
all items in Requirement R1
Part 1.3, but did so greater

all items in Requirement R1

all items in Requirement R1

all items in Requirement R1

than 270 calendar days after

Part 1.3, but did so between

Part 1.3, but did so between

Part 1.3, but did so between

the verification date.

31 and 90 calendar days after

91 and 180 calendar days after

181 and 270 calendar days

the verification date.

the verification date.

after the verification date.

OR
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Lower VSL

OR

The Generator-Owner
performedapplicable entity

verified the Real and Reactive
Power verificationcapability in

Violation Severity Levels

Moderate VSL

OR

The Generator
Ownerapplicable entity
verified the Real and Reactive
Power capability;per
Attachment1-and-submitted
be datad ..

more than 33 10 66 percent of
the-data in Part 1.1 and 1.2,
but failed to include the
information required in
Requirement R1, Part 1.3.1.

High VSL

OR

The Generator
Owmerapplicable entity
verified the Real and Reactive
Power capability;per
Sl Lo b b ]
B e e e
from-67to99-percentofthe
data in Part 1.1 and 1.2, but
failed to include the
information required in
Requirement R1, Part 1.3.3.

OR

The GenperatorOwner
performedapplicable entity

verified the Real and Reactive

Part 1.1 and 1.2, per

Attachment 1;-Periodietty-for
e

Feation” | Lori .
S-yearrequirement) Section 1
Item 3, but did so in-mere-than
66between 120 calendar

months butless-than-er-equal
to-69and 126 calendar months.

OR

OR

The Geperator Owaer
performedapplicable entity

verified the Real and Reactive

Power verificationcapability in
Part 1.1 and 1.2, per

Attachment 1;-Periodicity-for
conducling & new

Feation ] Lo s
(5 vear requirement) Section 1
Item 3, but did so in-more-than
69between 127 and 132
calendar months-butlessthan

or equal to 72 months.

Power verificationcapability in
Part 1.1 and 1.2, per

Attachment 1;-“Periodietty-for
conducting a new

Feation” ] Lori >
(5 vear requiremcnt) Section 1
Item 3, but did so #nr-meore-than
F2between 133 and 138
calendar months-butlessthan

or equal to 75 months.

Severe VSL

The GeneratorOwner-fatled
to-verifyapplicable entity
verified the Real and Reactive
Power capability;per
Attachment-lofan
appheable-ceneratineunit in
Part 1.1 and 1.2, but failed to
include the information
required in Requirement R1,
Part 1.3.2.

OR

The Semersios Caener
performedapplicable entity
verified the Real and Reactive
Power verificationcapability in
Part 1.1 and 1.2, per

Attachment 1,Periodictty-for

conducling & new
Fieation” | Lori .

(5-yearrequirement) Section 1

Item 3, but did so in more than
75138 calendar months.

OR

The Geperator-Owner
performedapplicable entity

verified the Real and Reactive
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Lower VSL

The SepertorOseper
performedapplicable entity
verified the Real and Reactive
Power verificationcapability in
Part 1.1 and 1.2, per
Attachment 1;-Periodietty-for
e

to13-calendarmonths Section
1Iitem 2, 4, or 5, but did so
between 181 and 270 calendar

days.

Violation Severity Levels

Moderate VSL

OR

The Generator
CDeemer
performedapplicabl
e entity verified the
Real and Reactive
Power
verificationcapabilit
yinPart1l.1and 1.2,
per Attachment 1;

“Poriod .

Section 1 Item 2, 4, or 5, but

OR

High VSL

The Generator
s
performedapplicabl
e entity verified the
Real and Reactive
Power
verificationcapabilit
yinPart1l.1and 1.2,
per Attachment 1;

“Poriodicity &

Section 1 Iltem 2, 4, or 5, but

did so between 271 and 360

did so between 361 and 450

calendar days.

calendar days.

Severe VSL

Power verificationcapability in
Part 1.1 and 1.2, per

Attachment 1,-Periodictty-for
conducling & new

Feation ] L2 o3
e
requirerent) Section 1 Item 2,

4, or 5, but did so in more than
145450 calendar menthsdays.

OR

The applicable entity failed to
verify the Real and/or Reactive
Power capability in Part 1.1
and 1.2.

R2.

The Generator
Ownerverified-and
recorded-the

The Generator
Owmnerverifiedand
recorded-the
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Lower VSL

The applicable entity provided

Violation Severity Levels

Moderate VSL

The applicable entity provided

High VSL

The applicable entity provided

Severe VSL

The applicable entity provided
all items in Requirement R2
Part 2.3, but did so greater

all items in Requirement R2

all items in Requirement R2

all items in Requirement R2

than 270 calendar days after

Part 2.3, but did so between

Part 2.3, but did so between

Part 2.3, but did so between

the verification date.

31 and 90 calendar days after

91 and 180 calendar days after

181 and 270 calendar days

the verification date.

OR

the verification date.

OR

after the verification date.

OR

OR

The applicable entity verified
the Real and Reactive Power
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Lower VSL

The Generator
Owmerapplicable entity
verified the Real and Reactive
Power capability in Part 2.1
and 2.2, per Attachment 1 and
submitted-the-data-but-was
..
el ].g 12 i 4l

dataSection 1 Item 3, but did

Violation Severity Levels

Moderate VSL

The Generator
Owwnerapplicable entity
verified the Real and Reactive

Power capability;per
Attachmentt-and-submitted

fobbmereant o the o i

Part 2.1 and 2.2, but failed to

High VSL

The Generator
Oswwnerapplicable entity
verified the Real and Reactive
Power capability;per
Attachment 1 and-submitted
.
99 £thed gi_n

Part 2.1 and 2.2, but failed to

include the information

between 120 and 126 calendar

required in Requirement R2,

include the information
required in Requirement R2,

months.

Part 2.3.1.

Part 2.3.3.

Severe VSL

capability in Part 2.1 and 2.2,
but failed to include the
information required in
Requirement R2, Part 2.3.2.

OR

The Crosores omape Ll
to-verify-theapplicable entity
verified the Real and Reactive
Power capability in Part 2.1
and 2.2, per Attachment 1 ef

S e e ]

OR OR OR ofsyhchronrouscondenser

The Generator The applicable entity verified | The applicable entity verified mSectlon 1 Item 3, but did

Ownerperformed | the Real and Reactive Power the Real and Reactive Power s0 in more than 138 calendar

the Reactive Power | capability in Part 2.1 and 2.2, | capability in Part 2.1 and 2.2, months.

e per Attachment 1 Section 1 per Attachment 1 Section 1 OR

Attachment1; Item 3, but did so between Item 3, but did so between The G 0

“Periodicityfor 127 and 132 calendar months. | 133 and 138 calendar months. .

. performed-theapplicable
eeﬂéuetmg—’a}—ﬂew The Generator The Generator entity verified the Real and
verifieationitem+ Ownerperformed Ownerperformed | Reactive Power
oF Hefh2 (5-year the Reaetive Power the Reactive Power | verificationcapability in Part
fwgm%ﬁ)—bﬂ% verificationper verificationper 2.1 and 2.2, per Attachment 1;
did-so-in-more-than Attacl 1 Attacl 1 “Poriodicitvf T
66-calendarmonths 13 s ~ndio: 13 sadios . . .
bt Logs 4 “Periodieity for “Periodieityfor new-verification item

conduetinga-new conductinga-new | Section 1 or-itemltem 2-(, 4, or
equal-to-69-months: b e | vertfieation™ Hem 1 | 5 year requirement), but did
e e




Lower VSL

The applicable entity verified
the Real and Reactive Power
capability in Part 2.1 and 2.2,
per Attachment 1 Section 1
Item 2, 4, or 5, but did so
between 181 and 270 calendar

days.

Violation Severity Levels

Moderate VSL

Lidso |
69 calendarmeonths
butless-than-or

OR

The applicable entity verified

High VSL

Lidsod |
72 calendarmonths
butlessthanor

OR

The applicable entity verified

the Real and Reactive Power

the Real and Reactive Power

capability in Part 2.1 and 2.2,

capability in Part 2.1 and 2.2,

per Attachment 1 Section 1

per Attachment 1 Section 1

Item 2, 4, or 5, but did so

Item 2, 4, or 5, but did so

Severe VSL

so in more than 75450
calendar menthsdays.

OR

The applicable entity failed to
verify the Real and/or Reactive
Power capability in Part 2.1
and 2.2.
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Lower VSL

Violation Severity Levels

Moderate VSL

between 271 and 360 calendar

High VSL
between 361 and 450 calendar

days.

days.

Severe VSL

R3. The Transmission Planner The Transmission Planner The Transmission Planner The Transmission Planner
provided a written response to | provided a written response to | provided a written response to | failed to provide a written
the submitter, but it was the submitter, but it was the submitter, but it was response to the submitter.
provided between 91 to 120 provided between 121 to 150 | provided between 151 to 180 OR
calendar days after receiving | calendar days after receiving | calendar days after receiving |~
the verified model the verified model the verified model The Transmission Planner
information. information. information. provided a written response to

the submitter but it was
provided more than 180
calendar days after receiving
the verified model
information.
socesad e P s socesad e P fs
synchronous syhchronous synchronous syhchronous
condenser-but condenser-but condenserunit-but condenser-but
Planner more-than Plannermore-than Planner more-than Plannermore-than
e A ke e e
P e P e




Violation Severity Levels

Lower VSL Moderate VSL High VSL Severe VSL
recordedfora recordedfora recordedfora date the datais
b e s b e e e b e L sl Lo
1 he datai 1 he data 1 he datai Gieati )
selected-for selected-for selectedfor historical
Geati . Gieati ) Geati . onal data
hﬂ{eﬂ?a} h—l—SFGH-Gﬂ-} h:rs%eﬂea} The applicable entity failed to
eperational data: eperational-data: operational-data: provide a written response to
OR OR its Transmission Planner.
The T .. The T . The T .. OR
The Transmission
B e e B verify the Reactive
Attachment-1-and Attachment1-and Attachment1-and -
submitted-the-data submitted-the-data submitted-the-data
g an applicable
b hoblbme e o Lo B e |
including 33 : data: ! y
percent-of the-data: ’
OR OR
The-Fransmission The-Fransmission The T .
FheFransmission Ownerperformed Ownerperformed o g 1
Lo R e . : ) .
. : erificetion-per erification per Attachment1-
| L “Poriodicitv i “Poriodicityf :
“PE '5 .:]‘E‘tfl fe £ Eelﬁ]dﬂetiﬂg a-new eeﬂd”eﬁﬂg I hew . ﬁ . 9y - ]
i . ﬁ . 99 : ] ﬁ l 29 ‘ ]




Lower VSL

to13-calendar-months-The
applicable entity provided a
written response to its
Transmission Planner, but it
was provided between 91 to
120 calendar days after
receiving a notification of
technical concern.

Violation Severity Levels

Moderate VSL

The applicable entity provided

High VSL

The applicable entity provided

a written response to its
Transmission Planner, but it

a written response to its
Transmission Planner, but it

was provided between 121 to

was provided between 151 to

Severe VSL

The applicable entity provided
a written response to its
Transmission Planner, but it
was provided greater than 180
calendar days after receiving a
notification of technical
concern.
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R# Violation Severity Levels

Lower VSL Moderate VSL High VSL Severe VSL
150 calendar days after 180 calendar days after
receiving a notification of receiving a notification of
technical concern. technical concern.

D. Regional Variances
None.

E. Associated Documents
Reliability Guideline Power Plant Model Verification and Testing for Synchronous Machines, July 2018.

NATF Reporting and Verification of Generating Unit Reactive Power Capability for Synchronous Machines Reference,
September 2020.
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Version History

Version Date Action Change
Tracking
1 12/1/2005 1. Changed tabs in footer. 01/20/06
2. Removed comma after 2004 in
“Development Steps Completed,” #1.
3. Changed incorrect use of certain hyphens
(-) to “en dash” (-) and “em dash (—).”
4. Added “periods” to items where
appropriate.
5. Changed apostrophes to “smart” symbols.
6. Changed “Timeframe” to “Time Frame” in
itemD, 1.2.
7. Lower cased all instances of “regional” in
section D.3.
8. Removed the word “less” after 94% in
section 3.4. Level 4.
2 February 7, Adopted by NERC Board of Trustees Revised per
2013 SAR for Project
2007-09 and
combined with
MOD-024-1
2 March 20, FERC Order issued approving MOD-025-2.
2014 (Order becomes effective on 7/1/16.)
3 TBD Adopted by NERC Board of Trustees Revised per
SAR for Project
2021-01
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MOD-025-3 Attachment 1

Section I. Periodicity fer-conducting-anewof verification:
The periodicity ferperfermingto verify the Real and Reactive Power capability verifieationfor
each applicable BES Facility is as follows:

1. The applicable entity designates the verification date and notates the verification

date in a summary report (refer to Attachment 2). The verification date should
represent the date that the engineering review or engineering analysis is complete.
The verification date is the basis of the recurring periodicity.

2. Verify each new applicable Facility within 180 calendar days of its commercial
operation date.
3. Verify each existing applicable Facility at a periodicity not to exceed 120 calendar

months from the last verification date, unless it meets the following condition:

e The Facility has been on a planned or unplanned outage of 180 days or
greater, which overlaps its scheduled verification date. Verify the applicable
Facility within 180 calendar days of its return to service date.

4. Verify an existing applicable Facility within 180 calendar days of the discovery of a
change that affects its Real Power or Reactive Power capability by more than a 10
percent increase or decrease of the nameplate rating and is expected to last more
than 180 calendar days.
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1.

rerifieationindividuallyforeverygeneratine unt mehronous-conden erindividual
devices or generators greater than 20 MVA (gross nameplate rating) perform
verification on an individual basis.

N

For individual devices or generators 20 MVA (gross hameplate rating) or less that

are part of an applicable Facility greater than 75 MVA (gross hameplate rating) in
aggregate, perform verification on an individual unit basis or in the aggregate,
considering applicable modeling expectations of the respective Transmission
Planner.

|w

Create a simplified one-line diagram representing the Facility (refer to Attachment
2). Identify on the one-line diagram where the composite capability curve created
in Section Il, Items 6-8 is represented.

3.1. The simplified one-line diagram representing the Facility shall represent all
auxiliary equipment expected to be in-service for normal operation, including
dynamic and static reactive devices and auxiliary load, the generator step-up
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|

|

|9

(GSU), and/or system interconnection transformer(s), unit auxiliary
transformer(s), and station services auxiliary transformer(s).

If an applicable Facility has no leading or lagging capability, then it should be
reported with no leading or lagging capability.

The Generator Owner or Transmission Owner shall utilize and document one or
more of the following methodologies to verify the Facility Real and Reactive Power
capability for all equipment expected to be in-service for normal operation. The
engineering analysis or engineering review documentation shall include the
underlying assumptions, design criteria, and methods used to create the Facility’s
composite capability curve under Section Il, Items 6-8.

e Utilize staged testing data, in accordance with Section lll, obtained from a date
within 365 calendar days prior to verification date, and perform engineering
analysis as needed per Note 1, that validates the Facility capability; or

Utilize operational data, in accordance with Section lll, obtained from a date
within 365 calendar days prior to verification date, and perform engineering
analysis as needed per Note 1, that validates the Facility capability; or

Perform an engineering review of all Real and Reactive Power Facility
capability information including, but not limited to, in-service equipment
design limitations, excitation limiter settings, and operational limitations.

For an applicable Facility as identified in Section 4.2.1, 4.2.2, or 4.2.4.1, when
performing verification on an individual unit basis, create a graphical
representation of the steady-state composite capability curve (CCC) for the Real
Power and Reactive Power. The steady-state CCC shall include at a minimum the

following:

6.1. The generator nameplate steady-state Real Power and Reactive Power
capability curve, or the synchronous condenser nameplate steady-state
Reactive Power capability curve, provided by the equipment manufacturer. If
the equipment manufacturer curve is not available, the curve shall be derived
using the best available data.

6.1.1 The curve shall represent generator/synchronous condenser capability
at a nominal voltage of 1.0 per unit at the generator/synchronous
condenser terminal; and

6.1.2 The curve shall notate the operating conditions that dictate the power
capability, for example H2 pressure, ambient temperature, or other
conditions.

6.2. Excitation limiters, if more restrictive than the equipment nameplate
capability curve, at nominal voltage 1.0 per unit;
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6.3. Identification of any Real Power or Reactive Power operational limitations,* if
applicable;
6.4. Identification of the steady-state minimum (Pmin) and maximum (Pmax) Real

Power output at the generator terminal(s), based on the least restrictive
seasonal or operating conditions; and

6.5. Identification of final PQ curve, which defines the normal operating region.

For an applicable Facility as identified in Section 4.2.2 or Section 4.2.3, when
performing verification in aggregate, create a graphical representation of the
steady-state composite capability curve (CCC) for the Real Power and Reactive
Power. The steady-state CCC shall include at a minimum the following:

IN

7.1. The steady-state Real and Reactive Power capability curve represented as an
aggregate.

7.1.1 The curve shall represent Facility capability at a steady-state nominal
voltage of 1.0 per unit at the common point of connection; and

7.1.2 The curve shall notate the operating conditions that dictate the power
capability, for example H2 pressure, ambient temperature, or other
conditions.

7.2. Aggregate Facility capability includes all auxiliary equipment expected to be
in-service for normal operation, including dynamic and static reactive
resources and auxiliary loads;

7.3. Identification of any Real Power or Reactive Power operational limitations, if
applicable;
7.4. For inverter based resources, a description of all power plant controller and

inverter control functions during normal operating conditions that dictate the
aggregate Facility capability;

7.5. Identification of the steady-state minimum (Pmin) and maximum (Pmax) Real
Power output at the common point of connection, based on the least
restrictive seasonal or operating conditions; and

7.6. Identification of final PQ curve, which defines the normal operating region.

For an applicable Facility as identified in Section 4.2.4.2 and Section 4.2.5.1, create
a graphical representation of the steady-state composite capability curve (CCC) for
the Real Power and Reactive Power. The steady-state CCC shall include at a
minimum the following:

|90

1 such as generator cooling, vibration, de-rated rotor, de-rated GSU transformer, generator bus de-rating,
software limitations, or distributed control system (DCS) setpoints (outer-loop control system paths). This
excludes fuel availability, such as water levels for hydro, cloud cover for PV, wind speed, or river level for run of
river.
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8.1. The HVDC nameplate steady-state Real Power and Reactive Power capability
curve, or the FACTS device steady-state Reactive Power capability, provided
by the equipment manufacturer. If the equipment manufacturer curve is not
available, the curve shall be derived using the best available data.

8.1.1 The curve shall represent Facility capability at a steady-state nominal
voltage of 1.0 per unit at the common point of connection; and

8.1.2 The curve shall notate the operating conditions that dictate the power
capability, for example ambient temperature or other conditions.

8.2. Any limiters, if more restrictive than the equipment nameplate capability
curve(s), at nominal voltage 1.0 per unit;

8.3. Identification of any Real Power or Reactive Power operational limitations, if
applicable;
8.4. A description of all control functions during hormal operating conditions and

a description of any Facility overload capabilities that dictate the aggregate
Facility capability;

8.5. Identification of the steady-state minimum (Pmin) and maximum (Pmax) Real
Power output at the common point of connection, based on the least
restrictive seasonal or operating conditions; and

8.6. Identification of final PQ curve, which defines the normal operating region.

b

oo' YOy '. Cl Semess .

Section III. Staged test and operational data specifications:

1. Section Il applies when a staged test and/or operational data verification
methodology is utilized. If utilizing multiple methodologies to verify the Facility
capability, not all data points outlined in Section lll, Item 6, 7, 8, or 9 need to be
recorded.

|N

Record any staged test or operational data in Attachment 3 (or a form containing
the same information). If metering does not exist to measure specific values listed
in Attachment 3, provide an engineering estimate and associated calculations.
Refer to the associated labels depicted in the one-line diagram created in Section I,
Item 3. Record any additional data deemed necessary to perform engineering
analysis per Note 1.

|w

Staged testing or operating conditions should be maintained constant for a
sufficient time in order to ensure that the applicable Facility can perform at that
level of Real and Reactive Power during steady-state conditions.

All auxiliary equipment is expected to be in service for normal operation.

| | &

The Facility voltage/Reactive power control equipment is in the normal mode of
operation.
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6.

N

|%

|

For an applicable Facility with Real Power capability, not meeting the criteria of
Section lll, Part 7, 8 or 9, record measurements at the following four points:

6.1. Maximum lagging Reactive Power at maximum Real Power until a limit is
reached;?

6.2. Maximum leading Reactive Power at maximum Real Power until a limit is
reached;

6.3. Maximum lagging Reactive Power at minimum Real Power until a limit is
reached;

6.4. Maximum leading Reactive Power at minimum Real Power until a limit is
reached.

For an applicable Facility with no Real Power capability, record measurements at
the following two points (one over-excited point and one under-excited point):

7.1. Maximum lagging Reactive Power until a limit is reached;

7.2. Maximum leading Reactive Power until a limit is reached.

For an applicable Facility with equal minimum and maximum Real Power output
during normal operation, such as a nuclear unit, record measurements at the two
points in Items 8.1 and 8.2 below. The Facility need only perform staged testing or
provide operational data for Reactive Power at maximum Real Power output. If
applicable, provide the theoretical Reactive Power capability at minimum Real
Power output in accordance with Attachment 2.

8.1. Maximum lagging Reactive Power at normal operating Real Power until a limit
is reached;

8.2. Maximum leading Reactive Power at normal operating Real Power until a limit
is reached.

242 VerifyFor variable generating unitsresources, such as wind, solar, and+un-ef
river-hydre;-or run-of-river hydro, and non-variable generating resources, such as
battery energy storage systems, staged testing or operational data should be
recorded with at least 90 percent of the inverters/generators at a Facility on-line. If
staged testing or operational data capture of a Facility cannot be accomplished
while meeting the 90 percent inverter/generator threshold, document the
reason(s) the threshold was not met and test to the full available capability at the
time of the test. Maintain, as steady as practical, the maximum Real Power output
that the resource can provide at the time of the verification. Record measurements
at the two points in Items 9.1 and 9.2 below at the maximum Real Power output the
variable resource can provide at the time of the verification—Perform-verification-of

2 In addition, consider steady state thermal or mechanical limitations of Facility equipment to determine

whether it limits the Reactive Power capability during a staged test.
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a&d—Re&etwe—Pewer—ea—tpm—dum*g—veﬁﬁe&Heﬂs—staged test or operatlonal data

.1. Maximum lagging Reactive Power at normal operating Real Power until a limit

is reached;

9.2. 222 AtmaxdmumMaximum leading Reactive Power at normal operating Real

Power eutputcoleetmaximumleading reactive-valuesasseon-asuntil a limit is

reached.
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Under semerestrictive transmission system conditions, the data points obtained by-the Mwvar

verificationrequired-by-thestandard-willfrom a staged test or operational data might not
dupllcate the manufacturer supplled thermal capablllty curve (D curve) Hewever—the

epeﬁaﬁe&al—mwxet—bﬁepfesenm{weeﬁ%umt—sWhen the appllcable FaC|I|tv s reactive
capability lor extreme system conditions. See Note 2.

is Nete-2: While netrequired-by-thestandard;it-is-desirable-tonot fully demonstrated,
perform a simulation or engineering analysesanalysis to determine expected
applicable Faetlity-eapabilitiescapability under less restrictive system voltages-than
these-encountered-during the-verifieation. Even though this analysis will not verify the

complete thermal capability curve (D-curve), it provides a reasonable estimate of
applicable Facility capability that the Transmission Planner can use for modeling.
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MOD-925-025-3 Attachment 2 — BES Facility Capability Report

A completed report shall contain the following information at a minimum per Requirement
R1 and R2:

e Section I: One-line diagram of the applicable Facility
e Section ll: Composite capability curve and associated PQ data table
e Section lll: Documentation showing the engineering basis and verification

methodology

An example report is provided below. The report may vary based on the Facility being
represented.

Company: Reported By (hame):
Plant: Unit No.: Verification Date:

Section I. Provide simplified one-line diagram representing the applicable Facility showing
plant auxiliary Load connections. Identify on the one-line diagram where the composite
capability curve is represented.

Point of
Interconnection
_ Positive numbers indicate power
[ * flow in direction of arrow;
IE ] ,
gl | v . L
fé %Ej Generator Step Up :l | J
q == . ALCow.
= q Auxiliary or
Station Service
P Transformer(s) Other point(s) of
- | interconnection
—’S*_—J Unit Auxiliary —
q Transformer(s) Auxiliary or
Station Service

Transformer(s)

F
(Add).__. I

T Sleiw

Generator(s)

Aux bus
Aux bus
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Section Il. Provide composite capability curve as defined in Attachment 1, Section Il, with
associated PQ curve data table.

ty Curve @ 1.0 p.u. Voltage

(Added graphic S) Steam Turbine-Generator

4

350 +
Commsame |
300 +

250 +

200 +

150 +
100 +

so +

Reactive Power (MVAR)

s0 + 23

100 F

| UEL@1.0puVoltage

150 == /

200 F

250 F

300 F ! : } } ; ; !
0 50 100 150 200 250 300 350 400 450

Real Power (MW)

® Measured Data @  Engineering Analysis Results ( Extrapolated) e= == == Final PQ Curve

Figure 1: Example Composite Capability Curve for Synchronous Generator
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P (MW) Qmin (MVAr) Qmax (MVAr) Qmin Limit Qmax Limit

Pmin 150.0 -150.0 263.0 UEL @ 1.0 Vterm Ifd Rated

Pmin + 20% of range 185.0 -145.0 252.0 UEL @ 1.0 Vterm Ifd Rated
Pmin + 40% of range 220.0 -137.0 240.0 UEL @ 1.0 Vterm Ifd Rated
Pmin + 60% of range 255.0 -128.0 224.0 UEL @ 1.0 Vterm Ifd Rated
Pmin + 80% of range 290.0 -115.0 204.0 UEL @ 1.0 Vterm Ifd Rated
Breakpoint 317.1 -105.0 187.0 UEL @ 1.0 Vterm Ifd Rated
Pmax 325.0 -100.0 170.0 UEL @ 1.0 Vterm Ifd Rated

cow
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Figure 2: Example Composite Capability Curve for IBR Unit
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PQ Curve Data Table (template)

max min max min

o
3
Q
X

Description

E

(MVAR) (MVAR) Limiting Factor Limiting Factor

o
3
=]

Pmin +

(0.20*Range)

Range = (Pman
- Pmin)
Pmin +

(0.40*Range)

Pmin +

(0.60*Range)

Pmin +

(0.80*Range)

Pmax

Additional data
points such as
breakpoints
are optional.

1. Limiting factor: UEL/OEL, field current rating, distributed control system (DCS) limit, etc.

Section lll. Supplemental documentation of verification methodology.
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MOD-025-3 Attachment 3

One-line Diagram-Data Table— and Summary for Verification Information Reportineof Staged

Test or Operational Data

Nete: Reference Attachment 2 one-line diagram measurement points and direction of flow

arrows when recording Real and Reactive Power in data table. If the configuration of the

applicable Facility does not lend itself to the use of the diagram, tables, or summaries for
reporting the required information, changes may be made to this form, provided that all

required information @dentified-in MOD-025 Attachment D-is reported.

Company:

Plant:

Check all that apply:

[ ] Over-excited Esl{Maximum Load Reactive Power Verification

Reported By (name):

Unit No.:

Datesl Pesgets

[ ]Under-excited Eul{Maximum Load Reactive Power Verification

[ ] Over-excited Minimum Load Reactive Power Verification

[ ]Under-excited Minimum Load Reactive Power Verification

[]Real Power Verification
[ ]Staged Test Data
[]Operational Data

Data Table for Recording Measurements

Poin Voltage Re = Peintof eactive Comment
t interconnection Power
i P, ‘{lv h, n' A3 1, f 9 —
e — Sum multiple ger  gewindirection of arrow:
E N ¥ . t rher Orarep  numbersindicate power flowi rt
% A_A*:J Generator Step-Up i idual unit va
A %q VIVVY %: Au*}ha{y_e; 1 bn n | at
ﬁ( Statien-Serviee | ynit. Individual valiiec are
) : ~ * '\ﬁ Fransformerts) | nits or sy : nsers
i ANE [> 20 MVA.
T 22| Unit-Auxibiary
J ;sf_()la values, if i’ ﬁ Transh o E ] * ”
_____ % ‘_, T J . .
prd Gerersters) |5 55 [ Frmome
i Auxbus =
April 2023 Auxbus !
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B kv Mw Mvar | Sum multiple unit auxiliary transformers.
Identify calculated values, if any:
C kv MwW Mvar | Sum multiple tertiary Loads, if any.
Identify calculated values, if any:
D KV MW Mvar Sum multiple auxiliary and station service
transformers.
Identify calculated values, if any:
If multiple points of Interconnection, describe
E KV MW Mvar tche'sg for accurate mos:lelmg; r'e'port points
individually (sum multiple auxiliary
transformers).
F kv MW Mvar | Net unit capability

Identify calculated values, if any:
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Summary of VerificationTest / Operational Data

Date of Staged Test (or oldest Date of Operational Data):

o Dateof Verification———Verification-Start Time , Verifieation- End Time )
Staged Test or Operational Data

o Scheduled Voltage

e Transformer Voltage Ratio: GSU , Unit Aux , Station Aux , Other Aux

e Transformer Tap Setting: GSU , Unit Aux , Station Aux , Other Aux

Transformer Impedance: GSU ; Transformer X/R ratio: GSU

Generator or Exciter Field Current (synchronous only): Start , End

e Ambient conditions at the end of the verification period:
Air or inlet temperature:
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Humidity:

Cooling water temperature: Stator temperature:

Other data as applicable:

e Generator hydregencooling gas pressure at time of test (if applicable)

o Note:If the verification-valuestaged test/operational data did not reach the-thermat-capability
curve (D-curve), describe the reasenlimiting factor.

Testing Remarks:
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