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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 theGlossary of Terms Used in NERC Reliability Stangadsapplicable regulatory
approval. Terms used in the proposed standard that amesaly defined and are not being
modified can be found in th&lossary of Terms Used in NERC Reliability Standéelsew or
revised terms listed below will be presented for approval with the proposed standiah
Board adoption, this section will bemmved.

Term(s):
None.
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PRC-025-126 Generator Relay Loadability

A. Introduction

1. Title: Generator Relay Loadability
2. Number: PRC-025-12

3. Purpose: To setloadresponsive protective relaysassociated with generation
Facilitiesat a levelto prevent unnecessanytripping of generators duringa system
digurbance for conditiors that do not pose a risk ofdamageto the associated

equipment
4,  Applicability:

4.1. Functional Entities:
4.1.1. Generator Ownethat appliesloadresponsive protective relaysat
the terminals ofthe Elementdisted in24.2, Facilities
4.1.2. Transmision Owner that applies loagsponsive protective
relayselays at the terminals othe Elements listed i84.2, Facilities.
4.1.3. Distribution Provider that applies loa@sponsive protective

relaygelayd at the terminals othe Elementdisted in34.2, Facities.

4.2, Facilities: The following Elementassociated wittBulk Electric Syster(BES)
generating units and generating plantacludingthose generating units and
generating plantsidentified as Blackstart Resoursein the Transmission
Op e r asystemresoration plan

4.2.1.
4.2.2.
4.2.3.

4.2.4.

4.2.5.

Generating unit(s).
Generabr step-up (i.e., GSU}ransformer(s)

Unitauxiliary transformer(sjUAT that supply overall auxiliary power
necessary to keep generating unit(s) online.

Elements that connedhe GSUtransformer(s)to the Transnission
system that are used exclusively to export energy directly from a BES
generating unit or generating planexcept thatElementsmay also
supply generating plant loads

Elements utilized in the aggregation of dispersed power producing
resources

5. Effective Date: See Implementation Plan

! Relays include low voltagegtection devices that have adjustable settings.

2These transformers are variably referred to as station power, unit auxiliary transformer(s) (UAT), or station service
transformer(s) used to provide overall auxiliary power to the generator station whegénerator is running. Loss of these
transformers will result in removing the generator from service. Refer to the@R8<2 Guidelines and Technical Basis for
more detailed information concerning unit auxiliary transformers.
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PRC-025-126 Generator Relay Loadability

5.6. Background: After analysis of many of the major disturbances in the last 25 years on
the North American interconnected power system, generators have been found to have
tripped for conditions that did not apparently pes direct risk to those generatoasd
associated equipmemithin the time period where the tripping occurred@his tripping
has often beerdeterminedto haveexpandedhe scope and/oextendedthe duration
of that disturbanceThis was notedtobeasemus i ssue in th® August 2003
in the northeastern North American contineft.

During the recoverable phase of a disturbance, t

di sturbance” behavior preay hewidely depresheehnde sy st em vol t age

may fluctuate In order to support the system during thisansient phase of a
disturbance, this standard establishes criteria for setting {oEgponsiveprotective
relays such thandividual generators may provideeactive Powewithin their dynamic
capablity during transient time periods to help the system recover friva voltage
disturbance The premature orunnecessary tripping of generatorgsultingin the
removal of dynamic Reactive Povetacerbateshe severity of the voltage disturbance
and asa resultchangesthe character of thesystemdisturbance In addition,the loss of
Real Powecould initiate orexacerbag a frequencydisturbance

7. Standard Only Definition: None.

B. Requirements and Measures

R1. Each Germator Owner Transmission Owner, and Distribution Provideall apply
settingsthat arein accordance witfPR@)25-12 — Attachment 1 Relay Setting®neach
load-responsiveprotective relaywhile maintaining reliabléault protection. [Violation
Risk Fator: High [Time HorizontongTerm Planninh

M1. For each loagtesponsive protective relay, each Generator OwAeansmission Owner,
and Distribution Providershall have evidence (e.g, summaries of calculations,
spreadsheets, simulation reports, or settisfpeets)that settings were applied in
accordance with PR@5-12 — Attachment 1:Relay Settings

C. Compliance
1. Compliance Monitoring Process
6-1—Compliance Enforcement Authority

1.1. As—defined—in—the NERCRules—of Procedure,Comp |l i ance Enf orcement
Aut hor i t NERC oné¢ha Regional Entity any entity as otherwise

3 Interim Reporthiterim-Report:Causes of the August 14th Blackout in the United States and Canad&ada8la Power
System Outage Task Force, November 2003 (http://www.nerc.com/docs/docs/blackout/8kd@iReport.pdf).
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1.2

designated by an Applicable Governmental Authoiritheir respective roles
of monitoring andor enforcing compliance withhe-NERGnandatory and
enforceableReliability Standards their respectie jurisdictions

Evidence Retention: The following evidence retentiorperiodperiod(s)
identify the period of time an entity is required to retain specific evidence to
demorstrate complianceFor instances where the evidence retention period
specified belav is shorter than the time since the last audit, tBempliance
Enforcement Authority ©EA)-may ask an entity to provide other evidence to
show that it was compliant for the full time period since the last audit.

The Generator—Owner—Transmission—Owner,——dn—Distribution
Prevideapplicable entityshall keep data or evidence to show compliance as
identified below unless directed by it&SEACompliance Enforcement
Authority to retain specific evidence for a longer period of time as part of an
investigation:

9 The Generator Owner Transmission Owner, and Distribution Provider
shall retain evidence dRequirement RaAnd Measure M1for the most
recentthree calendar years.

{—If a Generator OwnerTransmission Owner, or Distribution Provider

found noncompliant, it stall keep information related to the nen

compliance until mitigation is complete and approved or for the time

specified above, whichever is longer.
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obloet Coprolinmen Elomonie
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Violation Severity Levels

R1

Lower VSL

N/A

Violation Severity Levels

Moderate VSL

N/A

High VsL

N/A

Severe VSL

The Generator Owner,
Transmission Owner,
and Distribution
Provider did not apply
settings in accordance
with PR@2512 ¢
Attachment 1: Relay
Setings, on an applied
load-responsive
protective relay.
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D. Regional Variances
None.
E=Interpretations
Nonre.
FE. ___ Associated Documents

NERC System Protection and Control Subcommiftég 26104 Considerations foPower Plant and Transmissioysg&m
Protection Codination—,0technical reference document, Revision 2. (Date of Publication: July 2015)

NERC System Protection and Control Subcommittéeif Auxiliary Transformer Overcurrent Relay Loadability During a
Transmission Depressed Voltage Condition (D &@ubkcationf March 2016

IEEE C37.162006,"“| EEEGuide for AC Generator ProtectidriDate of Publication2006)

IEEE C37.3172012 “IEEE Standard for Trip Systems forMmliage (1000 V and below) AC and General Purpose (1500 V
and below) DC Power CiitBreakers’ (Date of PublicationSeptember 18, 2012)

IEEE C37-2008 “IEEE Standard for Electrical Power System Device Function Numbers, Acronyms, and Contact
Designations (Date of PublicationOctober 3, 2008)
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Version History

. Change

W Tracking

1 August 15, Adopted by NERC Board of Trustees New

2013
1 July 17, 2014 | FERC order issued approving RRE1
2 April 19, 2017| Standards Committee acceptance of tH Project 201604
Standards Authorization Request
2 TBD Adopted by NERC Bmkof Trustees Revised
2 TBD FERC order issued approving PR&2
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PRC-025-2 — Attachment 1: Relay Settings

Introduction

This standard does not requirdné Generator OwnerTransmission Owner, or Distribution
Providerto use any of the praeective functons listedin Table 1 EachGenerator Owner
Transmission Owner, and DistributiBnoviderthat applies loagresponsiveprotectiverelayson
their respective Elementssted in234.2, Facilitiesshall use one of the followinQptionsin Table
1, Relay Lodability Evaluation Criteri@ “ T a b, to setehchlpad-responsiveprotective relay
elementaccording to its applicatioand relay typeThebus voltage ibased orthe criteria for
the various applications listed in Table 1

Generators

Synchronous enerator relaypickupsetting criteria values arderived fromt he uni t ' s
gross Real Power capability,iregawatts(MW), as reported to thdransmission Planngand
the u n i Reactive Power capabilityn megavoltamperereactive (Mvar), is determned by
calculating theMW valueb a s e d o n namépkatenegaioltampere MVA) ratingat rated
power factor If different seasonal capabilities are reported, the maximeapabilityshall be
used for the purposes of this standazd aminimum requiremen. The Generator Owner may
basesettings on a capability that is higher than what is reported to the Transmission Planner

Asynchronous generatorelay—pickdp setting criteria values(including invertetbased
installations)arederivedfromthes i t eregatenaagigumcomplex powercapability, inMVA,

as reported to theTransmission Planngincludingthe Mvar output of any static or dynamic
reactive power devicedf different seasonal capabilities are reported, the maximum capability
shall be used fortte purposes of this standard as a minimum requirement. The Generator Owner
may base settings on a capability that is higher than what is reported to the Transmission Planne

For the-appleationcasmplicatiors where synchronousand asynchronous generattypesare
combined on a generator steyp transformer or orElements that connedhe generator step

up (GSUjransformei(s)to the Transmission system that are used exclusively to export energy
directly from a BES generating unit or generating plantept that Elements may also supply
generating plant loads), the-pickupsetting criteria shall be determined by vector summing the
pickup setting criteria of each generator typeand using the bus voltage for the given
synchronous generator applicatiom@relay type

Transformers

ma X i

r.

Calculations using the GSU transformer turns ratio shall use the actual tap that is applied (i.e., in

service) forGSU transformerwith deenergizede-energizedtap changers (DET.GQ) load tap
changers (LT@)e usedthe calalations shall reflect the tap that results in the lowest generator
bus voltageWhen the <criterion specifies the use
nameplate impedance at the nomin@lSUransformerturns ratioshallbe used.

Applications that se more complex topology, such as generators connected to a multiple
winding transformer, are not directly addressed by the criteridable 1 These topologies can
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PRC-025-126 Generator Relay Loadability

result in complex power flows, and magquire simulation to avoid overly conservative
assimptions to simplify the calculation&ntities with these topologies should set their relays in
such a way that they do not operate for the conditiorsry addressed in this standard.

Multiple Lines

Applications that use more complex topology, such adtipie lines that connecthe generator
stepup (GSU) transformés) to the Transmission system that are used exclusively to export
energy directly from a BES generating unit or generating flamtept thatElements may also
supply generating plant loajisire not directly addressed by the criteria Table 1. These
topologies can result in complex power flows, and it may require simulation to avoid overly
conservative assumptions to simplify the calculations. Entities with these topologies should set
their relays in such a way that they do not operate for the conditions being addressed in this
standard.

Exclusions
The following protection systems are excluded frtira requirements of this standard:

1. Any relay elements that are in service only during start

2. Loadresponsiveprotective relay elementsthat are armed only when the generatas i
disconnected from the systen{e.g, nondirectional overcurrent elements used in
conjunction with inadvertent energization schemeand open breaker flashover
schemes)

3. Phase fault detector relaglementsemployed to supervisether loadresponsivephase
distance elementse(g.,in order to prevent false operation in the event ofl@ss of
potential) providedthe distance element is set in accordance with the critetitlioed in
the standard

4. Protectiverelayelements that are only enabled when other protection elements &g (
overcurrent elements that are only enabled duringda$ potential conditions)

5. Protective relay elements used only foSpecial-ProtectiorSystemBRemedial Action
Schemedhat are subject to one or more requirements in a NERC or Regional Reliability
Standard

6. Protection systems that detect generator overloads that are designed to coordinate with
the generator short time capability by utiliziag extremely inverse characteristic set to
operate no faster than 7 seconds218%of futeadfull loadcurrent(e.g, rated armature
current), and prevent operation below 1%bof full-load current?

7. Protection systems thaletect transformeroverloads ad are designed only to respond
in time periods which allovan operatorl5 minutes or greater to respond to overload
conditions.

8. Low voltage protection devices thab nothave adjustable settings

Table 1
Table 1lbeginning-en-the-next-paoelow is strucured and formattedto aid the reader with

identifying an option for a given loagsponsiveprotectiverelay.

4JEEEC37.1&2006, “ Gui de for AC Generator Protection,” Section 4.
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The first column identifies the application (e.g., synchronous or asynchronous generators,
generator stepup transformers, unit auxiliary trangfmers, Elements that connecthe GSU
transformel(s) to the Transmission system that are used exclusively to export energy directly
from a BES generating unit or generating plaBlements—may—also—supplhy—generating—plant
leads.). Dark blue horizontal bargxcluding the header which repeats at the top of each page
demarcatethe variousapplicatbns.

The second column identifighe load-responsivedistance or overcurrenprotective relayby
IEEElevice numberge.g, 21,50,51, 51¥C, 51WR,or 67) acceding to theapphedapplication in

the first column This also includes manufactupeotective device trip unitiesignations for long
time delay, shorttime delay, and instantaneous (e.q., L, S, andAljight blue horizontal bar
between therelay typess the demarcation between relay types for a given applicafidrese
light blue bars will contain no textexcept when the same application continues on the next page
of the table with a different relay type

The third column uses numeric and alphabetftions (i.e., index numbering) to identify the

available options for setting loasponsiveprotectiverelays according to the application and

appliedrelay type Another, shorterl i ght bl ue bar candrevedstogshet he word “ OR,”
reader that tte relay fothata ppl i cati on has one or more options (i.e.,
bus voltageand pickup-setting criteriain the fourth and fifth column, respectivelffhe bus

voltage column angsickup setting criteria columns provide the criteria foet@rmining an

appropriate setting.

The table is further formatted by shading groups relays associated with asynchronous

generator applications. Synchronous generator applications and the unit auxiliary transformer

applications are not shadedlso, intetional buffers were added to the table such that similar

options as possiblewould be paired together on a per page basiste that some applications

may haveanadditional pairing that might occur on adjacent pages.
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PRC-025-128 Generator Relay Loadability

Table 1. Relay Loadability Evaluation Criteria

Application

Synchronous
generating unit(s)
orincludingElements
utilized in the
aggregation of
dispersed power
producing resources

Relay Type

Phase distance
relay €.9.,21)—
directional toward
the Transmission
system

Option

Bus Voltage®

Generator bus voltage
corresponding td®.95 per unit of

Setting Criteria

The impedance element shall be set less than the calculate!
impedance derived from15% of:
(1) Real Power output 100% ofthe grossMW capability

la the highside nominal voltage times reported to the Transmission Planner, and
the turns ratio of the generator (2) Reactive Power output150% othe MW value, derived
step-up transformer from the generatornameplate MVAating at rated power
factor
OR
Calculated generar bus voltage The impedance element shall be set less than the calculate:
corresponding to 0.85 per unit impedance derive from 115% of:
nominal voltage on the highide (1) Real Power output 100% othe grossMW capability
1b terminals of the generator stepp reported to the Transmission Planner, and
transformer (including the (2) Reactive Power output150% othe MW value, derived
transformer turns ratio and from the generatornameplate MVAating at rated power
impedance) factor
OR
S|mul_ate(generator t_)us voltage . | The impedance elemershall be set less than the calculated
coincident with the highest Reactiv| . : )
Power output achieved during field impedance derived from 115% of. .
L (1) Real Power output 100% ofthe grossMW capability
1c forcing in response to a 0.85 per

unit nominal voltage on the high
side terminals of the generator stej

up transformer prior to fieleforcing

reported to the Transmission Planner, and
(2) Reactive Power outpetl00% othe maximumgrossMvar
output during fieldforcingasdetermined by simulation

The same application continues on the next page with a different relay type

5 Calculations using the generator stap (GSU) transformer turns ratio shall use the actual tap that is applied (i.e., in service) for GSU transforniarsitiyizede-
energizectap changers (DETC). If load tap changers (LTC) are used, the calculations shall reflect the tap that results in thedoatesbgs voltage. When the criterion

specifies

the use of

t he

G S Ue impedamcs dt the noreimal’ GSU turnspaticdshail lneeised. t h e

namepl at
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Table 1. Relay Loadability Evaluation Criteria

Application Relay Type Option

Bus Voltage®

Setting Criteria

The overcurrent element shall be set greater than 115%ef {
Generator bus voltage calculated current derived from:
corresponding td®.95 per unit of (1) Real Power output 100% of the gross MW capability
2a the highside nominal voltage times reported to the Transmission Planner, and
the turns ratio of the generator (2) Reactive Power output150% of the MW value, derived
step-up transformer from the generator nameplate MVA rating at rated power
factor
OR
Calculated generator bus voltage | The overcurrent element shall be set greaternhEl5% of the
Phaseime corresponding to 0.85 per unit calculated current derived from:
overcurrent relay nominal voltage on the highide (1) Real Power output 100% of the gross MW capability
(e.0.,50,51), or 2b terminals of the generator stepp reported to the Transmission Planner, and
Synchronous {51\*R) —voltage transformer (including the (2) Reactive Power outpst150% of the MW value, derived
generating unit(s) restrained transformer turns ratio and from the generator nameplate MVA rating at rated pawe
efincludingElements impedance) factor
utilized in the OR
aggregation of Simulated generator bus voltage o
dispersed power coincident with the highest Reactiv IQI?: lﬁ\;ggucr{ﬁrnetnilZrenr?\?et;?;:rlnt?e set greater than 115% of {
roducing resources i ing fi : .
P 9 P°Wer qutput achieved during field (1) Real Power output 100% of the gross MW capability
2c forcing in response to a 0.85 per e
. . . reported to the Transmission Planner or, and
unit nominal voltage on the high . )
) . (2) Reactive Power outpetl00% of the maximum gss Mvar
side terminals of the generator stej L . - . .
. ) . output during fieldforcing as determined by simulation
up transformer prior to fiéd-forcing
Phase time
overcurrent relay Generatorbus voltage
(€.0.51C)- cprres_pondlng to 1.ger uan of the Voltage control setting shall be set less than 75% of the
voltage controlled 3 high-side nominal voltage times the
. calculated generator bus voltage
(Enabled to operate turns ratio of the generator stepp
as a function of transformer
voltage)

A different application starts on the next page

14 of 128



PRC-025-128 Generator Relay Loadability

Table 1. Relay Loadability Evaluation Criteria

Application Relay Type Option Bus Voltage® Setting Criteria

rPeT:Szjg;i?f)c—e (C:;oerrr]:sraz)or: dki):s X)Olltag:r unit of the The impedance element shall be set less than the calculate!
> 8y E.0. orresp 9 ' . impedance derived from30% othe maximumaggegate

el t_o W_ard o h|gh-5|de_ e VEiEge Tres i nameplateMVA outputat rated power factofincluding the

A TMEmE Sl LTS () @1 i (e GElEr S Mvar output of any static or dynamic reactive power devices

sysem transformer

clj\t/]:rscsurreint o S;?:Sragor: dki)::s t\;olltaé]:r Unit of the | The overcurrent element shall be set greater than 130% of Merged Cells

Y orresp 9 ) . calculated current derived from the maximum aggregate

Asynchr.onous: (e.q., 5051), or 55a h|gh—5|de_ nominal voltage times the nameplate MVA output at rated power famt(including the
generating unit(s) {51\\R —voltage turns ratio of the generator stepp Mvar output of any static or dynamic reactive power deviceg
(including inverter restrained transformer 1
based installations) OR Inserted Cells
erincludingElements Generator bus voltage Thelower tolerance Gthe overcurrentelementtripping
Htilizedinithe corresponding to 1.@er unit of the | characteristicshall not infringe upon the resource capability
aggregation of Sb | highside nominal voltage times the (including the Mvar output ofhe resource andiny static or
dispersed power turns ratio of the generator steip | gynamic reactive power deviceSgeFigure A.
producing resources transformer

Phase time

overcurrent relay Generator bus voltage

(LB = C(_)rres_pondmg 1D (M2l umy G iz Voltage control setting shall be set less thé% of the

voltage controlled 6 high-side nominal voltage times the

. calculated generator bus voltage

(Enabled to operate| turns ratio of the generator stepp

as a function of transformer

voltage)

Phase distance
relay €.0.,21)—
directional toward
the Transmission
systemi-installed
on-generateside

A different application starts on the next page

7a

Generator bus voltage
corresponding td.95 per unit of
the highside nominal voltage timeg
the turns ratio of the generator
step-up transformer

The impedance element shall be set less than the calculated
impedance derived from 115% of:

(1) Real Power output 100% of the aggregate generation gro
MW reported to the Transmission Planner, and

(2) Reactive Power output150% of the aggregate generation
MW value, derived from the generator nameplate MVA rating
at rated power factor
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Table 1. Relay Loadability Evaluation Criteria

Application Relay Type Option Bus Voltage® Setting Criteria
otthe-GSU OR
transformer -
: Calculated generator bus voltage | The impedance element shall be set less than the calculated
Hihereiay-is . corresponding to 0.85 per unit impedance derived from 115% of:
. . ¢ nominal voltage on the highide (1) Real Power output 100% of the aggregate generation gro|
GSU-transformer 7b terminals of the generator stepup | MW repotted to the Transmission Planner, and
seOption14 transformer (including the (2) Reactive Power output150% of the aggregate generation
. transformer turns ratio and MW value, derived from the generator nameplate MVA rating
Relaysnstalled on impedance) at rated power factor
generatorside of the P p
Generator stegup OR
f i .
transformer(s) Slr_nul_ated ggnerator_bus voltage The impedance element shall be set less than the calculated
connected to coincident with the highest . : ;
) . impedance derive from 115% of:
synchronous Reactve Power output achieved .
L L | (1) Real Power output 100% of the aggregate generation gro|
generators during fieldforcing in response to & .
7c . . MW reported to the Transmission Planner, and
0.85 per unit nominal voltage on - .
L . (2) Reactive Power outputl00% of the aggregate generation
the highside terminals of the . S . .
maximum gross Mvar output during fiefdrcing as determined
generator stepup transformer ; ;
. . : by simulaton
prior to field-forcing
The same application continues on the next page with a different relay type
_ _ The overcurrent element shall be set greater than 115% of th
Relaysnstalled on Phaseime Generator bus voltage calculated current derived from:

generatorsid€ of the
Generator stepup
transformer(s)
connected to
synchronous
generators

overcurrent relay
(e.0., 50 051)+
installed-on

i f
the GSU
transformer

corresponding td.95 per unit of

(1) Real Power output 100% of the aggregate generation gro|

8a the highside nominal voltage timey MW reported to the Transmission Planner, and
the turns ratio of the generator (2) Reactive Power output150% of the agggate generation
step-up transformer MW value, derived from the generator nameplate MVA rating
at rated power factor
OR

51f the relay is installed on the hiegide of the GSU transformarse Option 14.

"If the relay is installed on the hiegide of the GSU transformer ugeption 15.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type
If the relay is
installed on-the

highrside of the

Option

Bus Voltage®

Calculated generator bus voltage
corresponding to 0.85 per unit
nominal voltage on the highide

Setting Criteria

The overcurrent element shall be set greater than 115% of tH
calculated current derived from:
(1) Real Power output 100% of the aggregate generation gro|

8b terminals of the generator stepp | MW reported to the Transmission Planner, and
transformer (hcluding the (2) Reactive Power output150% of the aggregate generation
transformer turns ratio and MW value, derived from the generator nameplate MVA rating
impedance) at rated power factor

OR
S|mu!ated ggnerator‘bus voltage The overcurrent element shall be set greater than 115% of tl
coincident with the highest - .
. . calculated current derived from:

Reactive Power output achieved 0 .
during fieldforcing in response to (1) Real Power outg —100% of the aggregate generation gro|

8c MW reported to the Transmission Planner, and

0.85 per unit nominal voltage on
the highside terminals of the
generator stepup transformer
prior to field-forcing

(2) Reactive Power outputl00% of the aggregate generation
maximum gross Mvar output during fiefdrcing as determined
by simulation

The same application continues on the next page with a different relay type

Relaysnstalled on
generatorside® of the
Generator stepup
transformer(s)
connected to
synchronous
generators

Phase directional
timeovercurrent
relay €.9.,67)—
directional toward
the Transmission
systemi-installed
on-generatoside

Generator bus voltage
corresponding td.95 per unit of

The overcurrent element shall be set greater than 115% of th
calculated current derived from:
(1) Real Power output 100% of the aggregate generation gro

9a the highside nominal voltage timey MW reported to the Transmission Planner, and
the turns ratio of the geneator (2) Reactive Power output150% of the aggregate generation
step-up transformer MW value, derived from the generator nameplate MVA rating
at rated power factor
OR

8f the relay is installed othe highside of the GSU transformer useption 16
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Table 1. Relay Loadability Evaluation Criteria

Relay Type

of the GSU
transformer

Application

GSU-transformer

menoshen 10

Option

Bus Voltage®

Calculated generator bus voltage
corresponding to 0.85 per unit
nominal voltage on the highide

Setting Criteria

The overcurrent element shall be set greater than 115% of tH
calculated current derived from:
(1) Real Power output 100% of the aggregate generation gro|

9b terminals of the generator stepp | MW reported to the TransmissioPlanner, and
transformer (including the (2) Reactive Power output150% of the aggregate generation
transformer turns ratio and MW value, derived from the generator nameplate MVA rating
impedance) at rated power factor
OR
S|mu!ated g(-.znerator‘bus voltage The overcurrent element shall be set greater than 115% of tl
coincident with the highest - .
. . calculated current derived from:
Reactive Power output achied .
during fieldforcing in response to 4 (1) Real Power output 100% of the aggregate generation gro|
9c 9 9 p 9 MW reported to the Transmission Planner, and

0.85 per unit nominal voltage on
the highside terminals of the
generator stepup transformer

prior to field-forcing

(2) Reactive Power outputl00% of the aggregate generation
maximum gross Mvar output during fiefdrcing as determined
by simulation

A different application starts on the next page
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Option

Relaysnstalled on
generatorside of the
Generator stepup
transformer(s)
connected to
asynchronous
generators only
(including inverter
based installations)

Phase distance

relay €.0.,21)—

directional toward
the Transnssion

Bus Voltage®

Setting Criteria

systemi-instalied (SERRELD k_)us velizg . The impedance element shall be set less than the calculated
corresponding to 1.@er unit of the | . : .

R f . impedance derived from 130% of the maximum aggregate

of the GSU 10 high-side nominal voltage times th . :
. nameplate MVA output at rated power factor (including the
transformer turns ratioof the generator stepup . . . .
} Mvar output of any static or dynamic reactiveyger devices)

H-the relay-is transformer
installed on the
high-side-of-the
GSU-transformer
useOption-17
Phaseime
overcurrent relay
(e.q., 50 o51)+
installed en Generator bus voltage
generatoisideof corresponding to 1.@er unit ofthe | The overcurrent element shall be set greater than 130% of th
the GSU 1 high-side nominal voltage times th¢ calculated current derived from the maximum aggregate
transformer turns ratio of the generator stepp | nameplate MVA output at rated power factor (including the
fthe relay-is transformer for overcurrent relays | Mvar output of any static or dynamic reactive power devices

installed-on-the

GSU-transformer

useOption18°

installed on the lowside

9f the relay is installed on the hiegide of the GSU transformarse Option 17.

10|f the relay is installed on the hiegide of the GSU transformarse Option 18.
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Table 1. Relay Loadability Evaluation Criteria

Application

transformefs)
connected to
asynehrenets
generators-only

¢ euel_ 9 ue_tes)

Unit auxiliary

transformer(s) (UAT)

Relay Type

Phase directional
Hmeovercurrent
relay ¢.0.,.67)—
directional toward
the Transmission
systemi-installed

ofthe-GSU
transformer

If the relay is
installed-on-the
. ;
GSU-transformer
Se@'ﬂt‘@ o) ] 91

Phasegime
overcurrent relay

(e.0., 50 051)

applied at the high

Option

13a

12

Bus Voltage®

Generator bus voltage
corresponding to 1.@er unit of the
high-side nominal voltage times th
turns ratio of the generator stepp
transformer

A different application starts

voltage of the unit auxiliary
transformer

Setting Criteria

The overcurrent element shall be set greater than 130% of th
calculated curent derived from the maximum aggregate
nameplate MVA output at rated power factor (including the
Mvar output of any static or dynamic reactive power devices

1.0 per unit of the winding nominal| The overarrent element shall be set greater than 150% of thq

calculated current derived from the unit auxiliary transformer
maximum nameplate MVA rating

OR

11|f the relay is installed on thieigh-side of the GSU transformearse Option 19.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Option

Bus Voltage®

Setting Criteria

side terminals of
the UAT, for which
operation of the

Unit auxiliary transformer bus

The overcurrent elem shall be set greater than 150% of the|
unit auxiliary transformer measured current at the generator

relay will cause the 13b g;?g&ggtﬁf:;?dmg tothe maximum gross MW capability reported to the Transmission

associated Planner

generator to trip

dillerent apprication Starts on the hext page

Relaysnstalled on the The impedance element shall be set less than the calculated
highside of the GSU | phase distance impedance derived from15% of:
transfo_rmer” including re;lay %21)_ 0.85 per uniof the linenominal (1) Real Power output 100%_ of_ the aggregate generation gro
relays installed o the | directional toward l4a voltageat the relay location MW reported to the Transmission Planner, and
remote end of linefor | the Transmission al e relay ocallo (2) Reactive Power output120% of the aggregate generation
Elements that connect | systemi installed MW value, derived from the generator nameplate MVA rating
the GSU transformer(s) on the highside of at rated power factor
to the Transmission the GSU OR
system that are used | transformer Simulated line voltaget the relay
exclusively to export locationcoincident with the highes| The impedance element shall be set less than the calculated
energy directly frona £ the relavis Reactive Power output achieved | impedance derived from 115% of:
BES generating unit or installed-on-the during fieldforcing in response to g (1) Real Power output 100% of the aggregate generation gro|
generating plant generatorside-of 14b | 0.85 per unitf the linenominal MW reported to the Transmission Planner, and
(except thatElements | 1,0 oy voltagesnat the high-side (2) Reactie Power output-100% of the aggregate generation
may also supply transformeruse terminalsemote endof the maximum gross Mvar output during fiefdrcing as determined
generating plant loads | Option 7 : rmdine by simulation

i) —connected to
synchronous
generators

prior to field-forcing

The same application continues on the next page with a different relay type

12|f the relay is installed on the generatside of the GSU transformarse Option 7.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relaysnstalled on the
high-side of the GSU
transformer,*2including
relays installed at the
remote end of the line
for Elements that
connect the GSU
transformer(s) to the
Transmission system
that are used
exclusively to export
energy directly from a
BES generating unit or
generating plant
(except thatElements
may also supply
generating plant loads
) —connected to
synchronous
generators

Relay Type

Phase
instantaneous
overcurrent
supervisory
element €.9.,50)—
associated with
currentbased,
communication
assisted schemes
where the scheme
is capable of
tripping for loss of
communications
nstalled-on-the

GSU-transformer
and/or phase time
overcurrent relay

(e.0.51)+

installed-on-the

GSU-transformer

H-therelay-s
installed-on-the
Genere sideal
the-GSU
transformer-use
Option8

Option

Bus Voltage®

0.85 per uniiof the linenominal

Setting Criteria

The overcurrent element shall be set greater than 115% of tH
calculated current derived from:
(1) Real Power output 100% of the aggregate generation gro|

15a voltageat the relay location MW reported to the Transmgon Planner, and
-al the relay focallo (2) Reactive Power output120% of the aggregate generation
MW value, derived from the generator nameplate MVA rating
at rated power factor
OR
Simulated line voltaget the relay
locationcoincident with the highes{ The overcurrent element shall be set greater than %l&f the
Reactive Paer output achieved calculated current derived from:
during fieldforcing in response to g (1) Real Power output 100% of the aggregate generation gro|
15b 0.85 per unitof the linenominal MW reported to the Transmission Planner, and

voltagesnat the high-side
terminalsemote endof the
generator-stepp-transformdine

prior to field-forcing

(2) Reactive Power outputl00% of the aggregate generation
maximum gross Mvar output during fiefdrcingas determined
by simulation

13|f the relay is installed on the generatside of the GSU transformarse Option 8.
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Table 1. Relay Loadability Evaluation Criteria

Application Relay Type Option Bus Voltage® Setting Criteria

The same application continues on the next page with a different relay type

Relaysnstalled on the o The overcurrent element shall be set greater than 115% of tH
highside of the Gsu | Phase diretional calculated current derived from:

transformer}*including %S 0.85 per unit of thdine nominal (1) Real Power output 100% of the aggregate generation gro
relays installed at the ! 16a i MW reported tothe Transmission Planner, and

remote end of the ling | SUPEIVISOry voltageat the relay location (2) Reactive Power output120% of the aggregate generation
for Elements that element ¢.0..67)— MW value, derived from the generator nameplate MVA rating
connect the GU associated with at rated power factor

transformer(s) to the | currentbased, OR

14|f the relay is installed othe generatorside of the GSU transformarse Option 9
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Table 1. Relay Loadability Evaluation Criteria

Application

Transmission system
that are used
exclusively to export
energy directly from a
BES generating unit or
generating plant
(except thatElements
may also supply
generating plant load)
—connected to
synchronous
generators

Relay Type

communication
assisted schemes
where the scheme
is capable of
tripping for loss of
communications
directional toward
the Transmission
systeminstalied-en
i i
GSU-transformer
and/or phase
directional time
overcurrent relay
(e.0.67)—
directional toward
the Transmission
systeminstalied-en

GSU-transformer

H-therelay-is
installed-on-the
generatoiside-of

Option

16b

Bus Voltage®

Simulated line voltaget the relay
locationcoincident with the highesi
Reactive Power output achieved
during fieldforcing in response to &
0.85 per unitof the linenominal
voltagesnat the high-side
terminalsemote endof the
generatorstepp-transformdme
prior to field-forcing

Setting Criteria

The overcurrent element shall be set gtelathan 115% of the
calculated current derived from:

(1) Real Power output 100% of the aggregate generation gro
MW reported to the Transmission Planner, and

(2) Reactive Power outputl00% of the aggregate generation
maximum gross Mvar output duringefd-forcing as determined
by simulation

A different application starts on the next page

24 of 128



PRC-025-128 Generator Relay Loadability

Table 1. Relay Loadability Evaluation Criteria

Bus Voltage®

Application Relay Type Option Setting Criteria

A different application starts on the next page

Relaysnstalled on the
high-side of the GSU
transformer® including
relays installedn the
remote end of lingfor
Elements that connect
the GSU transformer(s

Phase distance
relay €.0.,.21)—
directionaltoward
the Transmission
systeni-installed
on-the highside of
the GSU

1.0per unit of the line nominal

The impedance element shall be set less than the calculated
impedance derived from 130% of the maximum aggregate

;c;;?een;r:ﬁgts;':sdgz d ] 7 voltageat the relay location nameplate MVA output_at rated power fact_or (includimyt_
. Mvar output of any static or dynamic reactive power devices
exclusively to export I the relay-is
energy directly froma | ;. i ijad on the
BES generating unit or | cpcraioside of
generating plant the GS
(except thatElements | trarsformeruse
may also supply Optien10

15|f the relay is installed on the generatside of the GSU transformarse Option 10.
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Table 1. Relay Loadability Evaluation Criteria

Application Relay Type Option Bus Voltage® Setting Criteria

generating plant loads
—connected to
asynchonous
generators only
(including inverter
based installations)

The same application continues on the next page with a different relay type
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Bus Voltage®

Option

Setting Criteria

Relaysnstalled on the
hightside of the GSU
transformer®
including, relays
installedon the remote
end of the ine, for
Elements that connect
the GSU transformer(s
to the Transmission
system that are used
exclusively to export
energy directly from a
BES generating unit or
generating plant
(except thatElements
may also supply
generating plant loads
—connectedto
asynchronous
generators only
(including inverter
based installations)

Phase
instantaneous
overcurrent
supervisory
element €.0.,50)—
associated with
currentbased,
communication
assisted schemes
where the scheme
is capable of
tripping for loss of
comnunications
nstalled-on-the
GSU-transformer
and/or Phase time
overcurrent relay

(e.0.51)+

installed-on-the

GSU-transformer

H-therelay-is
installed-on-the
Genaresideal
the GSU
transformer-use
Option-11

1.0per unit of the line nominal

= voltageat the relay location

The overcurrent element shall be set greater than 130% of tH
calculated current derived from the maximum aggregate

nameplate MVA output at rated power factor (including the
Mvar output of any statior dynamic reactive power devices)

The same application continues on the next page with a different relay type

16 |f the relay is installed on the generatside of the GSU transformarse Option 11.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relaysnstalled on the

high-side of the GSU
transforme, !’ including

relays installedn the
remote end of the line
for Elements that
conned the GSU
transformer(s) to the
Transmission system
that are used
exclusively to export
energy directly from a
BES generating unit or
generating plant
(except thatElements
may also supply
generating plant loads
—connected to
asynchronous
generators onf
(including inverter
based installations)

Relay Type

Phase directional
instantaneous
overcurrent
supervisory
element €.0.,67)—
associated with
currentbased,
communication
assisted schemes
where the scheme
is capable of
tripping for loss of
communications
directional toward
the Transmission
systeminstalied-en

GSU-transformer
and/or Phase
directional time
overcurrent relay
(e.9..67)+
istalled-on-the

high-side-of-the
GSU-transformer

Lokt
nstalled-on-the
i f
the-GSU
transformer-use
Optien-12

Option

19

Bus Voltage®

1.0per unit of the line nominal
voltageat the relay location

Setting Criteria

The overcurrent element shall be set greater than 130% of tH
calculated current derived from the maximum aggregate
nameplate MVA output at rated power factor (Inding the
Mvar output of any static or dynamic reactive power devices

End of Table 1
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. OverloadArea
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This figure is for demonstration of Option 5b and does not mandate a specific type ¢

protective curve or device manufacture
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PRC-025-12 Guidelines and Technical Basis

Introduction

The document, “Considerations for Power Plant and Transmission System Protection
GoordinatiordPowe+—P+ant—and—Transmissi @ublistiegbythe m Pr ot ecti on Coordina:
NERC System Protection and Control Subcommittee (SPCS) provides extensive general discussion

about the protective functions and generator performance addressékinvthis standard. This

document was last revised in J@g12015.*8

The basis for the standard’s |l oadability criteria for relays
low-side of the generator stepp (GSU) transformer is the dynamic generating unitilog
values observed during the August 14, 2003 blackout, other subsequent system events, and
simulations of generating unit response to similar system conditions. The Reactive Power output
observed during fieldorcing in these events and simulations apgches a value equal to 150
percent of the Real Power (MW) capability of the generating unit when the generator is operating
at its Real Power capability. In the SPCS technical reference document, two operating conditions
were examined based on these evergnd simulations: (1) when the unit is operating at rated
Real Power in MW with a level of Reactive Power output in Mvar which is equivalent to 150
percent times the rated MW value (representing some level of fiefding) and (2) when the

unit is operaing at its declared low active Real Power operating limit (e.g., 40 percent of rated
Real Power) with a level of Reactive Power output in Mvar which is equivalent to 175 percent
times the rated MW value (representing some additional level of fietding)

Both conditions noted above are evaluated with the GSU transformerdiighvoltage at 0.85

per unit. These load operating points are believed to be conservatively high levels of Reactive
Power out of the generator with a 0.85 per unit higide voltag which was based on these
observations. However, for the purposes of this standard it was determined that the second load
point (40 percent) offered no additional benefit and only increased the complexity for an entity
to determine how to comply with thetandard. Given the conservative nature of the criteria,
which may not be achievable by all generating units, an alternate method is provided to
determine the Reactive Power output by simulation. Also, to account for Reactive Power losses
in the GSU transfmer, a reduced level of output of 120 percent times the rated MW value is
provided for relays applied at the higlide of the GSU transformer and on Elements that connect

a GSU transformer to the Transmission system and are used exclusively to expgytdirectly

from a BES generating unit or generating plant.

The phrase, “whil e maintaining reliable fault protection” in
Generator Owner, Transmission Owner, and Distribution Provider is to comply with this standard

while achieving its desired protection goals. Le@adponsive protective relays, as addressed

18
http://www.nerc.com/deestpetspetfiomm/PC/System%20Protection%20and%20Control%20Subcommittee%20SPCS%2020/S
PCS%20

Gen%20Prot#Coord%20Rev1%20Final%20@B-20120Coordination%20Techni®éaPOReference%20Documepdf.
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within this standard, may be intended to provide a variety of backup protection functions, both
within the generating unit or generating plant and on the Transmissystem, and this standard

is not intended to result in the loss of these protection functions. Instead, it is suggested that the
Generator Owner, Transmission Owner, and Distribution Provider consider both the requirement
within this standard and its deed protection goals, and perform modifications to its protective
relays or protection philosophies as necessary to achieve both.

For example, if the intended protection purpose is to provide backup protection for a failed
Transmission breaker, it may e possible to achieve this purpose while complying with this

standard if a simple mho relay is being used. In this case, it may be possible to meet this purpose

by replacing the legacy relay with a modern advantdhnology relay that can be set using
functions such as load encroachment. It may otherwise be necessary to reconsider whether this
is an appropriate method of achieving protection for the failed Transmission breaker, and
whether this protection can be better provided by, for example, applgitgeaker failure relay

with a transfer trip system.

Requirement R1 establishes that the Generator Owner, Transmission Owner, and Distribution
Provider must understand the applications of Attachment 1: Relay Settings, Table 1: Relay

Loadability Evaluato Cr i t eria (“Table 1”) in determini

of its loadresponsive protective relays to prevent an unnecessary trip of its generator during the
system conditions anticipated by this standard.

Applicability

To achieve theeliability objective of this standard it is necessary to include all-teagonsive
protective relays that are affected by increased generator output in response to system
disturbances. This standard is therefore applicable to relays applied by the @&@m@wner,
Transmission Owner, and Distribution Provider at the terminals of the generator, GSU
transformer, unit auxiliary transformer (UAT), Elements that connect a GSU transformer to the
Transmission system that are used exclusively to export energgtlgi from a BES generating
unit or generating plant, and Elements utilized in the aggregation of dispersed power producing
resources.

The Generator Owner’'s interconnection faci/l
or “ gener ansists of Elamaerdsbhétvyeenadhe GSU transformer and the interface with
the portion of the Bulk Electric System (BES) where Transmission Owners take over the
ownership. This standard does not use the i

ng

ity

ndu

Facii t y” consi stent wi t h -07 (Generatoo Rdquireménts Btrtloej e c t

Transmission Interface), because the term generator interconnection Facility implies ownership

by the Generator Owner . I nstead, tnentssthats t andar d
connect a GSU transformer to the Transmission system that are used exclusively to export energy

st
20

he setti

(i n some

1

refers

directly from a BES generating unit or generating plant”

also owned by the Transmission Owner or DistrimutProvider. The loatesponsive protective
relays in this standard for which an entity shall be in compligswe dependent on the location
and the application of the protective functions. Figures 1, 2, and 3 illustrate various generator
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interface connetions with the Transmission systemnd Figure 4 illustrateexamples of
Elements utilized in the aggregation of dispersed power resoutttass are in scope of the
standard

Figure 1

Figure 1 is a single (or set) of generators connected to the Tranemsgtem through a radial

line that is used exclusively to export energy directly from a BES generating unit or generating
plant to the network The protective relay R1 located on the hijtie of the GSU transformer
breaker CB100 is generally appliechtovide backup protection to the relaying located at Bus A
and in some cases Bus B. Under this application, relay R1 would apply the loadability requirement
in PRE&@25-12 using an appropriate option for the application from Table 1 (e.g., Options 14
through 19) for Elements that connect a GSU transformer to the Transmission system that are
used exclusively to export energy directly from a BES generating unit or generating plant.

The protective relay R2 located on the incoming source breaker CB102 tortheatieg plant
applies relaying that primarily protects the line by using line differential relaying from Bus A to B
and also provides backup protection to the transmission relaying at Bus B. In this case, the relay
function that provides line protection euld apply the loadability requirement in PRE512 and

an appropriate option for the application from Table 1 (e.g., 15a, 15b, 16a, 16b, 18, and 19) for
phase overcurrent supervisory elements (i.e., phase fault detectors) associated with eurrent
based, ommunicationassisted schemes (i.e., pilot wire, phase comparison, and line current
differential) where the scheme is capable of tripping for loss of communications. The backup
protective function would apply the requirement in the RBZ512 standard usig an
appropriate option for the application from Table 1 (e.g., Options 14 through 19) for Elements
that connect a GSU transformer to the Transmission system that are used exclusively to export
energy directly from a BES geatng unit or generating plant

the
applicable
directional
toward
affected by increased generatoutput in responsdo system
disturbances described in standard

by increased

described in
standard-
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UAT Bus A

Relays subject
to PRC-025

Transmission System
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Bus C
C] C]
Bus B
cB101 CB103
| -
: 3 CB100 ’
GSU
Relays subject
to PRC-025
0 0O
Bus D

ToT

Figure 1.: Generation exported through a single radial line:

Figure 2

Figure 2 is an example of a single (or set) of generators connected to the Transmission system
through multiple lineghat are used exclusively to export energy directly from a BES generating
unit or generating planto the network The protective relay R1 on the higlde of the GSU
transformer breaker CB100 is generally applied to provide backup protection to the Transmission
relaying located at Bus A and in some cases Bus B. Under this application, relay Ripplguld a
the loadability requirement in PR@25-12 using an appropriate option for the application from
Table 1 (e.g., Options 14 through 19) for Elements that connect a GSU transformer to the
Transmission system that are used exclusively to export energgtlgifeom a BES generating

unit or generating plant.

The protective relays R2 and R3 located on the incoming source breakers CB102 and CB103 to
the generating plant applies relaying that primarily protects the line from Bus A to B and also
provides backugrotection to the transmission relaying at Bus B. In this case, the relay function
that provides line protection would apply the loadability requirement in BRE12 and an
appropriate option for the application from Table 1 (e.g., Options 15a, 15b166a.18, and 19)

for phase overcurrent supervisory elements (i.e., phase fault detectors) associated with eurrent
based, communicatioassisted schemes (i.e., pilot wire, phase comparison, and line current
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differential) where the scheme is capable of pipg for loss of communications. The backup
protective function would apply the requirement in the RBZ512 standard using an
appropriate option for the application from Table 1 (e.g., Options 14 through 19) for Elements
that connect a GSU transformer tioe Transmission system that are used exclusively to export
energy directly from a BES generating unit or generating plant.
} : : } responsi ble entityds

SinceElements that connect the GSU transformer(s) to the Transmission system that are used

exclusively to export enerqy directly from a BES generating unit or generatinguaayiplicable

to the standard, the loadability for relayapplied on these Elements aBown in the shaded area

of Figure 2 (i.e., CB102, CB103, CB104, and CB105) must be considered. If relay R#, 3, R4,
isset with an element directional toward the transmission systeexy, Buses B, C and D) or are
non-directional,the relay would be affected by increased generatatput in response to system
disturbancesand must meet the loadability setting criteria described in the standdndlay R2

R3, R4, or RSset with an eémentdirectional toward the generatoe(q.,Bus A)the relay would

not be affected by increased generatoutput in response to system distushces; therefore,

the entity would not be required to apply the loadability settiogteria described in this
standard.
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Figure 2:: Generation exported through multiple radial lines-

Figure 3

Figure 3 is example a single (or set) of generators exporting power dispersed through multiple
lines to the Transmission system through avmetk. The protective relay R1 on the higide of

the GSU transformer breaker CB100 is generally applied to provide backup protection to the
Transmission relaying located at Bus A and in some cases Bus C or Bus D. Under this application,
relay R1 would adp the applicable loadability requirement in RBZ5-12 using an appropriate

option for the application from Table 1 (e.g., Options 14 through 19) for Elements that connect a
GSU transformer to the Transmission system that are used exclusively to expagy elirectly

from a BES generating unit or generating plant.

Since the lines from Bus A to Bus C and from Bus A to Bus D are part of the transmission network,

these lines would not be considered as Elements that connect a GSU transformer to the

Transmis®n system that are used exclusively to export energy directly from a BES generating

unit or generating plant. Therefore, the applicable responsible entity would be responsible for

the loadresponsive protective relays R2 and R3 under the-BZ23Cstandard . The applicable

responsible entity’s |l oadability relays R4 and R5 |l ocated on
C and D are also subject to the requirements of the-8&R standard.
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to PRC-025

Transmission System

Figure 3-: Generation exported through a network-

systemo)r—econsi st of the EIl ements |

This standard is also applicable to the UATSs that supply station service power to support the on
line operation of generating units or generating plants. These transformers are variably referred
to as station power, unit auxiliary transformer(9r station service transformer(s) used to
provide overall auxiliary power to the generator station when the generator is running. Inclusion
of these transformers satisfies a directive in FERC Order No. 733, paragraph 104, which directs
NERC to include this standard a loadability requirement for relays used for overload protection

of the UAT(s) that supply normal station service for a generating_tihie. NERC System
Protection and Control Subcommittee addressed-kde UAT protection in the documerdled
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Unit Auxiliary Transformer Overcurrent Relay Loadability During a Transmission Depressed
Voltage Conditiofi® March 2016

Figure 4
Elements utilized in the aggregation of dispersed power producing resources (in some cases

referred to as ar_ ““cfod@nmbiatrofsttie Elengmstbetween individual
generating units and the common point of interconnection to the Transnissystem.

/ Included in PRC-25-2 \
To GSU as collector system or

feeders

) o~
Low Voltage
Molded Case
Qrcuit Breaker
B] B] Qrcuit Breaker,
To other DR Toother DR| other than
Molded Case
J Qrcuit Breaker

BN
©O OO

Figure-4: Elements utilized in the aggregation of dispersed power producing

resources (DR)

®
©
®
(®
(®
(®

19 http://www.nerc.com/comm/PC/System%20Protection%20and%20Control%20Subcommittee%20SPCS%2020
INERC%20020SPCS%20UATY%RPOFEB 2016 final.pdf
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Synchronous Generator Performance

When a synchronous generator experiences a depressed voltage, the generator will regpond
increasing its Reactive Power output to support the generator terminal voltage. This operating
condition, Kkoobowhngs”™ “féesudts in the Reactive Power output exc
state capability of the generator and may result in operatiwihgeneration system load
responsive protective relays if they are not set to consider this operating condition. The ability of
the generating unit to withstand the increased Reactive Power output duringfbedthg is
limited by the field winding thermawithstand capability. The excitation limiter will respond to
begin reducing the level of fielidrcing in as little as one second, but may take much longer,
depending on the level of fieltbrcing given the characteristics and application of the excitati
system. Since this time may be longer than the tieday of the generator loatesponsive
protective relay, it is important to evaluate the loadability to prevent its operation for this
condition.

The generator bus voltage during fidlotcing will behigher than the higkside voltage due to

the voltage drop across the GSU transformer. When the relay voltage is supplied from the
generator bus, it is necessary to assess loadability using the generator bus voltage. The criteria
established within Table are based on 0.85 per unit éfransmission-systeiine line nominal
voltage. This voltage was widely observed during the events of August 14, 2003, and was
determined during the analysis of the events to represent a condition from which the System
may haveecovered, hadietother undesired behavianot occurred.

The dynamic | oad | evels spgiakipfSieedi hg Teabt er ila”unareeg col umn “
representative of the maximum expected apparent power during fietding with the
Transmission system volja at 0.85 per unit, for example, at the higide of the GSU
transformer. These values are based on records from the events leading to the August 14, 2003
blackout, other subsequent System events, and simulations of generating unit responses to
similar canditions. Based on these observations, the specified criteria represent conservative but
achievable levels of Reactive Power output of the generator with a 0.85 per unisidigholtage

at the point of interconnection.

The dynamic load levels were vaidd by simulating the response of synchronous generating
units to depressed Transmission system voltages for 67 different generating units. The generating
units selected for the simulations represented a broad range of generating unit and excitation
system characteristics as well as a range of Transmission system interconnection characteristics.
The simulations confirmed, for units operating at or near the maximum Real Power output, that
it is possible to achieve a Reactive Power output of 1.5 times tied Real Power output when

the Transmission system voltage is depressed to 0.85 per unit. While the simulations
demonstrated that all generating units may not be capable of this level of Reactive Power output,
the simulations confirmed that approximatel® percent of the units modeled in the simulations
could achieve these levels. On the basis of these levels, Table 1, Options 1a (i.e., 0.95 per unit)
and 1b (i.e., 0.85 per unit), for example, are based on relatively simple, but conservative
calculations 6the highside nominal voltage. In recognition that not all units are capable of
achieving this level of output Option 1c (i.e., simulation) was developed to allow the Generator
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Owner, Transmission Owner, or Distribution Provider to simulate the outpugeherating unit
when the simple calculation is not adequate to achieve the desired protective relay setting.

Dispersed Generation

This standard is applicable to dispersed generation such as wind farms and solar arrays. The
intent of this standard is t@nsure the aggregate facility as defined above will remaitiran

during a system disturbance; therefore, all output la@dponsive protectiveslementselays
associated with the facility are included in PGZ5.

Dispersed power producing resources walgregate capacity greater than 75 MVA (gross
aggregate nameplate rating) utilizing a system designed primarily for aggregating capacity,
connected at a common point at a voltage of 100 kV or above are included i623R€. Load
responsive protective tays that are applied on Elements that connect these individual
generating units through the point of interconnection with the Transmission system are within
the scope of PRA25-12. For example, feeder overcurrent relays and feeder stepransformer
overcurrent relays (see Figu&®) are included because these relays are challenged by generator
loadability.

In the case of solar arrays where there are multiple voltages utilized in converting the solar panel
DC output to a 60Hz A defired & the 60hiz ACtobtput of thee r mi nal ”
inverter-solar panel combination.

Asynchronous Generator Performance

Asynchronous generatorsiowever—do-net-have-excitation-systems wilblnot respond to a
disturbance with the same magnitude of apparent povieat a synchronous generator will
respond. Asynchronous generators, though, will support the system during a disturbance.
Inverterbased generators will provide Real Power and Reactive Power (depending on the
installed capability and regional grid code végments) and may even provide a faster Reactive
Power response than a synchronous generator. The magnitude of this response may slightly
exceed the steadgtate capability of the inverter but only for a short duration befererewbar
funetiodimiter functions will activate. Although induction generators will not inherently supply
Reactive Power, induction generator installations may include static and/or dynamic reactive
devices, depending on regional grid code requirements. These devices also mag [RRewid
Power during a voltage disturbance. Thus, tripping asynchronous generators may exacerbate a
disturbance.

Inverters, including wind turbines (i.e., Types 3 and 4) and photovoltaic solar, are commonly
available with 0.90 power factor capability. Thidculates to an apparent power magnitude of
1.11 per unit of rated MW.

Similarly, induction generator installations, including Type 1 and Type 2 wind turbines, often

include static and/or dynamic reactive devices to meet grid code requirements and away h
apparent power output similar to invertevased installations; therefore, it is appropriate to use
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the criteria established in the Table 1 (i.e., Options 4, 5, 6, 10, 11, 12, 17, 18, and 19) for
asynchronous generator installations.

Synchronous Generator Simulation Criteria

The Generator Owner, Transmission Owner, or Distribution Provider who elects a simulation
option to determine the synchronous generator performance on which to base relay settings
may simulate the response of a generator by loweth®y Transmission system voltageat the
remote end of the liner at the highside of the GSU transforméis prescribed by the Table 1
criteria). This can be simulated by means such as modeling the connection of a shunt eeactor

the Fransmission-sstem-to-lewearemote end of the lineor at the GSU transformer highideto

lower the voltage to 0.85 per unit prior to fielfbrcing. The resulting step change in voltage is
similar to the sudden voltage depression observed in parts of the Transmissiemsys August

14, 2003. The initial condition for the simulation should represent the generator at 100 percent
of the maximum gross Real Power capability in MW as reported to the Transmission Planner. The
simulation is used to determine the Reactive Poard voltageie-be-usedt the relay location

to calculate relayickup-setting limits. The Reactive Power value obtained by simulation is the
highest simulated level of Reactive Power achieved during-fileting. The voltage value
obtained by simulationsi the simulated voltage coincident with the highest Reactive Power
achieved during fieldorcing. These values of Reactive Power and voltage correspond to the
minimum apparent impedance and maximum current observed during-foegtdng.

Phase Distance Relay — Directional Toward Transmission System (e.g., 21)

Generator phase distance relays that are directional toward the Transmission system, whether
applied for the purpose of primary or backup GSU transformer protection, external system
backup protectionpr both, were noted during analysis of the August 14, 2003 disturbance event
to have unnecessarily or prematurely tripped a number of generating units or generating plants,
eentributingvhichcontributedto the scope of that disturbance. Specifically, eigémerators are
known to have been tripped by this protection function. These options establish criteria for phase
distance relays that are directional toward the Transmission system to help assure that
generators, to the degree possible, will provide 8gssupport during disturbances in an effort

to minimize the scope of those disturbances.

The phase distance relay that is directional toward the Transmission system measures impedance
derived from the quotient of generator terminal voltage dividedganeator stator current.

Section 4.6.1.1 of IEEE C37-:P02 0 6 , “Gui de for AC Generator Protection,” des
purpose of this protection as follows (emphasis added):

G¢KS RAAGIFYOS NBfl& |LILXASR F2NJ GKAa TdzyOliAz2y Aa AydaSyF
the generator fronthe power system for a faulhat is not cleared

by the transmission line breakerdn some cases this relay is set

with a very long reach. A condition that causes the generator

voltage regulator to boost generator excitation for a sustained

period may reult in the system apparent impedance, as monitored
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at the generator terminals, to fall within the operating
characteristics of the distance relay. Generally, a distance relay
setting of 150% to 200% of the generator MVA rating at its rated
power factor ha been shown to provide good coordination for
stable swings, system faults involvingiéed, andnormal loading
conditions.However, this setting may also result in failure of the
relay to operate for some line faults where the line relays fail to
clear. It is recommended that the setting of these relays be
evaluated between the generator protection engineers and the
system protection engineets optimize coordination while still
protecting theturbine generator. Stability studies may be needed
to help deermine a set point to optimize protection and
coordination. Modern excitation control systems include
overexcitation limiting and protection devices to protect the
generator field, but the time delay before they reduce excitation is
several seconds. Instiince relay applications for which the voltage
regulator action could cause an incorrect trip, consideration should
be given to reducing the reach of the relay and/or coordinating the
tripping time delay with the time delays of the protective devices in
the voltage regulator. Digital multifunction relays equipped with
load encroachment binders [sic] can prevent misoperation for these
conditions.Within its operating zone, the tripping time for this
relay must coordinate with thdongest time delay for thephase
distance relays on the transmission linesonnected to the
generating substation bus.With the advent of multifunction
generator protection relays, it is becoming more common to use
two-phase distance zones. In this case, the second zone would be
setas previously described. When two zones are applied for backup
protection, the first zone is typically set to see the substation bus
(120% of the GSU transformer). This setting should be checked for
coordination with the zoné element on the shortest &roff of the
bus. The normal zor2time-delay criteria would be used to set the
delay for this element. Alternatively, zohean be used to provide
high-speed protection for phase faults, in addition to the normal
differential protection, in the generatoand isephase bus with
partial coverage of the GSU transformer. For this application, the
element would typically be set to 50% of the transformer
impedance with little or no intentional time delay. It should be
noted that it is possible that this elenteran operate on an owtf-
AGSLI LReSNI agAy3d O2yRAGAZ2Y YR LINRPGARS YAaatSIRAyYy3I GFNBS
If a mho phase distance relay that is directional toward the Transmission system cannot be set
to maintain reliable fault protection and also meet the criteria inadance with Table 1, there
may be other methods available to do both, such as application of blinders to the existing relays,
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implementation of lenticular characteristic relays, application of offset mho relays, or
implementation of load encroachment clauteristics. Some methods are better suited to
improving loadability around a specific operating point, while others improve loadability for a
wider area of potential operating points in theXRplane. The operating point for a stressed
System condition cavary due to the prevent system conditions, severity of the initiating event,
and generator characteristics duas Reactive Power capability.

For this reason, it is important to consider the potential implications of revising the shape of the
relay claracteristic to obtain a longer relay reach, as this practice may result in a relay
characteristic that overlaps the capability of the generating unit when operating at a Real Power
output level other than 100 percent of the maximum Real Power capaldilitgriap of the relay
characteristic and generator capability could result in tripping the generating unit for a loading
condition within the generating unit capability. The example&ppendix E of th€onsiderations

for Power Plant and Transmission Systerotection Coordinatiotechnical reference document
illustrate the potential for, and need to avoid, encroaching on the generating unit capability.

Phase Instantaneous Overcurrent Relay (e.qg., 50

The 50 element is a nedirectional overcurrent elementhat typically has no intentional time
delay. The primary application is for aeis high current faults where high speed operation is
required or preferred. The instantaneous overcurrent elements are subject to the same
loadability issues as the time ercurrent elements referenced in this standard

Phase Time Overcurrent Relay (e.g., 51)

Seesectien—3-9Lhapter2 of the Considerations folPower Plant and Transmission System
Protection Coordinatiotechnical reference document for a detailed discussibthis protection
function. Note that theFable-1setting criteria established within the Table 1 options differ from
section—3.9-2—efthe_Considerations forPower Plant and Transmission System Protection
Coordinatiortechnical reference document. Rathtian establishing a uniform setting threshold

of 200 percent of the generator MVA rating at rated power factor for all applications, the Table
1 setting criteria are based on the maximum expected generator Real Power output based on
whether the generatopperates asynchronous or asynchronousiit.

Phase Time Overcurrent Relay — Voltage-Restrained (e.g., 51V-R)

Phase time overcurrent voltagestrained relayse.g.,51\:R), which change their sensitivity as

a function of voltage, whether applied for theurpose of primary or backup GSU transformer
protection, for external system phase backup protection, or both, were noted, during analysis of
the August 14, 2003 disturbance event to have unnecessarily or prematurely tripped a number
of generating units 0 generating plants, contributing to the scope of that disturbance.
Specifically, 20 generators are known to have been tripped by velegieined and voltage
controlled protection functions together. These protective functions are variably referreg to b
IEEE function numbers 51V, 51R, 51VR, 51V/RR5bdYother terms. Segection-3-1Chapter 2

of the Considerations forPower Plant and Transmission System Protection Coordination
technical reference document for a detailed discussion of this proteétination.
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Phase Time Overcurrent Relay — Voltage Controlled (e.g., 51V-C)

Phase time overcurrent voltagentrolled relays€.g.,.51\+C), enabled as a function of voltage,
are variably referred to by IEEE function numbers 51V, 51C, 51VC, 51\AC, &@bther terms.
Seesection—3-1Chapter 2of the Considerations folPower Plant and Transmission System
Protection Coordinatiotechnical reference document for a detailed discussion of this protection
function.

Phase Directional Fi+e-Overcurrent Relay — Directional Toward Transmission

System (e.q., 67)

See sectien—3-Lhapter2 of the Considerations folPower Plant and Transmission System
Protection Coordinatiotechnical reference document for a detailed discussion of the phase time
overcurrent protection dinction. The basis for setting directional and rdirectional time
overcurrent relays is similar. Note that tHexble-Lsettingetting criteria established within the
Table 1 options differ fromection-3-9-0f the Considerations foPower Plant and Tramsssion
System Protection Coordinatiotechnical reference document. Rather than establishing a
uniform setting threshold of 200 percent of the generator MVA rating at rated power factor for
all applications, the Table 1 setting criteria are based on thgimum expected generator Real
Power output based on whether the generatgrerates asynchronous or asynchronousit.
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Table 1, Options

Introduction

The margins in the Table 1 options are based on guidance found iuthederations foPower
Plant and Transmission System Protection Coordinatiechnical reference document. The
generator bus voltage during fiefdrcing will be higher than the higside voltage due to the
voltage drop across the GSU transformer. When the relay voltage is supphethieaenerator
bus, it is necessary to assess loadability using the generator bus voltage.

Relay Connections
Figures45 and 56 below illustrate the connections for each of the Table 1 options provided in
PR@)2512, Attachment 1: Relay Settings, Tabl&kélay Loadability Evaluation Criteria.

2000/1 & To 345 kV system
S| GSU Data
3 2000/5 903 MVA
tions 14a and 14b 345kV/ 22kv
” [ ] 20005 X=12.14%
i} 2 3 .
GSU

Options 7a, 7b, and 7¢

Options 9a, 9b, and 9c

Options 8a, 8b, and 8c

Options 16aand 16b

(MMMM
©® e

[

25000/5 ]

3¢ 5000/5 UAT o

] M E To auxiliary
200/1 loads
@ Options 13aand 13b

Options 1a, 1b, and :Lc @
25000/5

i Generator Nameplate
903 MVA @ 0.85 pf
@Q@wuzw

Options 2a, 2b, and 2¢

Options 15aand 15b

Figure 4.5: Relay Connection for corresponding synchronous options-
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2000/1 & To345 kV system
- GSU Data
[3 3005 150 MVA
Option 17 [] 346.5kV/ 22 kV
300/ X=12.14%
—2) B
GSU

™M ™M Option 10
Option 19 50/51 Option 12

/@

Option 18

Option 11
I

200/1 5000/5 UAT r» .
3{ To auxiliary
[

Aggregated B loads

e i ——0—

15 Mvar @ |

Options 13aand 13b
| 22kV/ 12kV

Aggregated MVA —D—E il E T
3-40 MVA @ 0.85 pf i [|:|
1-5 Mvar @ Option 5

5000/5
= 1| 3
Options el fl Sl Options
4,5,&6 4,586 4

I 5000/5 — 5000/5 I (
e sy 9
5

Figure 5.6: Relay Connection for corresponding asynchronous options including
inverter-based installations-

1

s
)

Synchronous Generators Phase Distance Relay — Directional Toward Transmission

System (e.g., 21) (Options 13, 1b, and 1c)

Table 1, Options 1a, 1b, and 1c, are provided for assessing loadability for synchronous generators
applying plase distance relays that are directional toward the Transmission system. These
margins are based on guidance foundsittion-3-Chapter 2of the Considerations foPower

Plant and Transmission System Protection Coordina¢ichnical reference document.

Option 1a calculates a generator bus voltage corresponding to 0.95 per unit nominal voltage on
the highside terminals of the GSU transformer. The generator bus voltage is calculated by
multiplyingathe 0.95 per unit nominal voltaget the highside termirals of the GSU transformer

times by the GSU transformer turns ratio (excluding the impedanddiis is—the—simplest
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calculation that—approximatés a straightforward wayto approximate the stressed system
conditions

Option 1b calculates the generator $woltage corresponding to 0.85 per unit nominal voltage

on the highside terminals of the GSU transformer. The voltage drop across the GSU transformer
is calculated based on a 0.85 per unit nominal voltage at the-sigg terminals of the GSU
transformerand-aceounts-fas well athe turns ratio and impedance. The actual generator bus
voltage may be higher depending on the GSU transformer impedance and the actual Reactive
Power achievedThis calculation is a moreveived,—merein-depth and precisemethod for

setting of the impedance element than Option la.

Option 1c simulates the generator bus voltage coincident with the highest Reactive Power output
achieved during fieldorcing This output iin response to a 0.85 per unit nominal voltage on the
high-side terminals of the GSU transformer prior to fiétcing. Using simulation is a more
involved, more precise setting of the impedance element overall.

For Options 1a and 1b, the impedance elemeaball beset less than the calculated impedance
derived from 115pereeritl5 percent of both: the Real Power output of 100 percent of the
maximum gross MW capability reported to the Transmission PlanneritenReactive Power
output that equates to 150 percent of the MW value, derived from the generator e
MVA rating at rated power factor.

For Option 1c, the impedance elemeashall beset less than the calculated impedance derived
from 115 percent oboth: the Real Power output of 100 percent of the maximum gross MW
capability reported to the Transission Planner, anthe Reactive Power output that equates to
100 percent of the maximum gross Mvar output during fieltting as determined by simulation.

Synchronous Generators Phase Time-Overcurrent Relay — (e.g., 50, 51, or 51V-R —
Voltage -Restrained-(51\/-R) (Options 2a, 2b, and 2c)

Table 1, Options 2a, 2b, and 2c, are provided for assessing loadability for synchronous generators
applying phasémeovercurrent relaysvhich-change theirsensitivity-as-a-funetiofeod., 5051

or 51\-R—voltage(—felagerestrained-). These margins are based on guidance foursbixtion
3-40Chapter 2of the Considerations folPower Plant and Transmission System Protection
Coordinationtechnical reference document.

Option 2a calculates a generator bus voltageegponding to 0.95 per unit nominal voltage on
the highside terminals of the GSU transformer. The generator bus voltage is calculated by
multiplyingathe 0.95 per unit nominal voltagat the highside terminals of the GSU transformer
times by the GSU tnsformer turns ratio (excluding the impedanc@his is—the—simplest
calculation that-appreximatés a straightforward wayto approximate the stressed system
conditions

Option 2b calculates the generator bus voltage corresponding to 0.85 per unit niovoitege
on the highside terminals of the GSU transformer. The voltage drop across the GSU transformer
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is calculated based on a 0.85 per unit nominal voltage at the-sidgh terminals of the GSU
transformerand-aceounts well afor the turns ratio andmpedance. The actual generator bus
voltage may be higher depending on the GSU transformer impedance and the actual Reactive
Power achievedrhis calculation is a morevelved,merin-depth andprecisemethod forsetting

of the overcurrent element than @ion 2a.

Option 2c simulates the generator bus voltage coincident with the highest Reactive Power output
achieved during fieldorcing This output iin response to a 0.85 per unit nominal voltage on the
highside terminals of the GSU transformer prior field-forcing. Using simulation is a more
involved, more precise setting of the overcurrent element overall.

For Options 2a and 2b, the overcurrent elemésthall beset greater than 115 percent of the
calculated current derived frorhoth: the Real Pwer output of 100 percent of the maximum
gross MW capability reported to the Transmission Planner,taadReactive Power output that
equates to 150 percent of the MW value, derived from the generator nameplate MVA rating at
rated power factor.

For Option2c, the overcurrent elemeritshall beset greater than the calculated current derived
from 115 percent oboth: the Real Power output of 100 percent of the maximum gross MW
capability reported to the Transmission Planner, &megReactive Power output #t equates to
100 percent of the maximum gross Mvar output during fifelcting as determined by simulation.

Synchronous Generators Phase Time Overcurrent Relay — Voltage Controlled (e.q.,

51V-C) (Option 3)

Table 1, Option 3, is provided for assessingadwity for synchronous generators applying phase

time overcurrent relays which aweonemabled”ds &dhfesmecti on of vol
margins are based on guidance foundséretion-3-2Chapter 2of the Considerations foPower

Plant and Tramsission System Protection Coordinatiechnical reference document.

Option 3 calculates the generator bus voltage corresponding to 1.0 per unit nominal voltage on
the highside terminals of the GSU transformer. The generator bus voltage is calculated by
multiplyingathe 1.0 per unit nominal voltaget the highside terminals of the GSU transformer
times by the GSU transformer turns ratio (excluding the impedance). This is a simple calculation
that approximates the stressed system conditions.

For Option3, the voltage control settingsshall beset less than 75 percent of the calculated
generator bus voltage. The voltage setting must be set such that the function (e.gG)54N

not trip under extreme emergency conditions as the time overcurrent fioncwill be set less

than generator full load current. Relays enabled as a function of voltage are indifferent as to the
current setting, and this option simply requires that the relays not respond for the depressed
voltage.
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Asynchronous Generators Phase Distance Relay — Directional Toward Transmission
System (e.g., 21) (Option 4)

Table 1, Option 4 is provided for assessing loadability for asynchronous generators applying
phase distance relays that are directional toward the Transmission system. Thesasragy
based on guidance found i of the Power Plant and
Transmission System Protection Coordinatiechnical reference document.

Option 4 calculates the generator bus voltage corresponding to 1.0 per unit novoitede on

the highside terminals of the GSU transformer. The generator bus voltage is calculated by

multiplying 1.0 per unit nominal voltaget the highside terminals of the GSU transformer
the GSU transformer turns ratio (excluding ihgpedance). This is a simple calculation

that approximates the stressed system conditions.

Since the relay voltage is supplied from the generator bus, it is necessary to assess loadability
using the generateside voltage. Asynchronous generatals not produce as much Reactive
Power as synchronous generators; the voltage drop due to Reactive Power flow through the GSU
transformer is not as significant. Therefore, the generator bus voltage can be conservatively
estimated by reflecting the higbide nomin& voltage to the generateside based on the GSU
transformer’s turns ratio.

For Option 4, the impedance elemest set less than the calculated impedance derived
from 130 percent of the maximum aggregate nameplate MVA output at rated power factor
including the Mvar output of any static or dynamic Reactive Power devices. This is determined
by summing the total MW and Mvar capability of the generation equipment behind the relay and
any static or dynamic Reactive Power devices that contribute to tveep flow through the

relay.

Asynchronous Generators Phase Tiie-Overcurrent Relay — (e.g., 50, 51, or 51V-R —
Voltage -Restrained-(51\/-R)(Opticn5) (Options 5a and 5b)
Table 1, Optiorb5ais provided for assessing loadability for asynchronous generaguplying
phase overcurrent relays
voltage -restraineeb-). These margins are based on guidance found-én
of the Power Plant and ransmission System Protection
Coordinationtechnical reference document.

Option calculates the generator bus voltage corresponding to 1.0 per unit nominal voltage
on the highside terminals of the GSU transformer. The generator bus voltage is cattidgt
multiplying 1.0 per unit nominal voltaget the highside terminals of the GSU transformer

the GSU transformer turns ratio (excluding the impedance). This is a simple calculation
that approximates the stressed system conditions.

Sin@ the relay voltage is supplied from the generator bus, it is necessary to assess loadability

using the generateside voltage. Asynchronous generatais not produce as much Reactive
Power as synchronous generators; the voltage drop due to Reactive Rowehrough the GSU
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transformer is not as significant. Therefore, the generator bus voltage can be conservatively
estimated by reflecting the higkide nominal voltage to the generatside based on the GSU
transformer’s turns ratio.

For Optiors5a, theovercurrent element set greater than 130 percent of the calculated
current derived from the maximum aggregate nameplate MVA output at rated power factor
including the Mvar output of any static or dynamic Reactive Power devices. This is detérmine
by summing the total MW and Mvar capability of the generation equipment behind the relay and
any static or dynamic Reactive Power devices that contribute to the power flow through the
relay.

Asynchronous Generator Phase Time Overcurrent Relays — Voltage Controlled (e.q.,

51V-C) (Option 6)

Table 1, Option 6, is provided for assessing loadability for asynchronous generators applying

phase time overcurrent relays which are enabled as a functibn v ol t a g¢e n(t “rvd Il teadd @ .
These margins are based on guidance founskirtion-3-1Chapter 2of the Considerations for

Power Plant and Transmission System Protection Coordinggabmical reference document.

Option 6 calculates the generator $woltage corresponding to 1.0 per unit nominal voltage on
the highside terminals of the GSU transformer. The generator bus voltage is calculated by
multiplyingathe 1.0 per unit nominal voltaget the highside terminals of the GSU transformer
times by the GSU transformer turns ratio (excluding the impedance). This is a simple calculation
that approximates the stressed system conditions.

For Option 6, the voltage control settingshall beset less than 75 percent of the calculated
generator bus voltag. The voltage setting must be set such that the function (e.g.;&1Will

not trip under extreme emergency conditions as the time overcurrent function will be set less
than generator full load current. Relays enabled as a function of voltage are iediffes to the
current setting, and this option simply requires that the relays not respond for the depressed
voltage.
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Generator Step-up Transformer (Synchronous Generators) Phase Distance Relays —
Directional Toward Transmission System (e.g., 21) (Options 7a, 7b, and 7c)

The Federal Energy Regulatory Commission, in FERC Order No. 733, paragraph 104, directs that
NERC address relay loadability for protective relays applied on GSU transformers. These margins
are based on guidance founddr of the Power Plant and
Transmission System Protection Coordinatiechnical reference document.

Table 1, Options 7a, 7b, and 7c, are provided for assessing loadéalsility
phase distance relays that ardrettional toward the Transmission systean
connected to the generateside of the GSU transformer of a
synchronous generatok the relay is connected on the higtide of
the GSU transformer,ae Option 14.

Option 7a calculates a generator bus voltage corresponding to 0.95 per unit nominal voltage on
the highside terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying 0.95 per unit nominal voltageat the high-side terminals of the GSU transformer

the GSU transformer turns ratio (excluding the impedance). Ehis
calculation the stressed system
conditions.

Option 7b calculatethe generator bus voltage corresponding to 0.85 per unit nominal voltage
on the highside terminals of the GSU transformer. The voltage drop across the GSU transformer
is calculated based crihe 0.85 per unit nominal voltageat the highside terminals othe GSU
transformer the turns ratio and impedance. The actual generator bus
voltage may be higher depending on the GSU transformer impedance and the actual Reactive
Power achieved. This calculation is a mase precise setting

the impedance element than Option 7a.

Option 7c¢ simulates the generator bus voltage coincident with the highest Reactive Power output

achieved during fieldorcing in response to a 0.85 per unit nonaihvoltage on the

high-side terminals of the GSU transformer prior to fiébticing. Using simulation is a more
precise setting of- the element

For Options 7a and 7the impedance element set less than the calculated impedance
derived from 115 percent oboth: the Real Power output of 100 percent of the aggregate
generation MW capability reported to the Transmission Planner,taadReactive Power output
that equates to 150 percent of the aggregate generation MW vaiderived from the generator
nameplate MVA rating at rated power factor

For Option 7c, the impedance elemens set less than the calculated impedance derived

from 115 percent oboth: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, @ne Reactive Power output that
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equates to 100 percent of the maximum gross Mvar output during-fizicing as determined by
simulion.

Generator Step-up Transformer (Synchronous Generators) Phase Overcurrent

Relay ( 51) (Options 8a, 8b and 8c)

The Federal Energy Regulatory Commission, in FERC Order No. 733, paragraph 104, directs that
NERC address relay loadabifity protective relays applied on GSU transformers. Note that the

setting criteria established withit options differ from 2 of
the Power Plant and Transmission System Protection Coordintgaimical
reference document. Rather than establishing a unifcrat threshold of 200

percent of the generator nameplate MVA rating at rated power factor for all applications, the
setting criteria are based on the maximum expected generator output.
Table 1, Options 8a, 8b, and 8c, are provided for assessing loadébiliey

phase overcurrent relays that are connected to the
generatorside of the GSU transformer of a synchronous generété::
the relay is connected on the higlide of the GSU transformer, use Option 15.

Option 8a calculates a generator bus voltage corresponding to 0.95 per unit nominal voltage on
the highside terminals of the GSU transformer. The getmrdus voltage is calculated by
multiplying 0.95 per unit nominal voltagat the highside terminals of the GSU transformer

the GSU transformer turns ratio (excluding the impedance). Ehis$
calculation the stressed system
conditions.

Option 8b calculates the generator bus voltage corresponding to 0.85 per unit nominal voltage
on the highside terminals of the GSU transformer. The voltage drop across the GSU transformer
is calculated based crihe 0.85 per unit nominal voltaget the highside terminals of the GSU
transformer the turns ratio and impedance. The actual generator bus
voltage may be higher depending on the GSU transformer impsdland the actual Reactive
Power achieved. This calculation is a mase precise setting

the element thanOption 8a.

Option 8c simulates the generator bus voltage coincident with the highestiRed&ziwer output

achieved during fieldorcing in response to a 0.85 per unit nominal voltage on the

high-side terminals of the GSU transformer prior to fiédticing. Using simulation is a more
precise setting ef-the overcurrentelement

For Options 8a and 8b, the overcurrent elemeérnt set greater than 115 percent of the
calculated current derived frorhoth: the Real Power output of 100 percent of the aggregate
gereration MW capability reported to the Transmission Planner, iardreactive Power output
that equates to 150 percent of the aggregate generation MW valderived from the generator
nameplate MVA rating at rated power factor
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For Option 8c, the ovewrent element set greater than 115 percent of the calculated
current derived from : the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, @ne Reactive Power output that
equées to 100 percent of the maximum gross Mvar output during ffelding as determined by
simulation.

Generator Step-up Transformer (Synchronous Generators) Phase Directional

Overcurrent Relay — Directional Toward Transmission System ( 67) (Options 9a,

9b and 9¢)

The Federal Energy Regulatory Commission, in FERC Order No. 733, paragraph 104, directs that
NERC address relay loadability for protective relays applied on GSU transformers. Note that the

setting criteria established withit options differ from 2 of
the Power Plant and Transmission System Protection Coordinggamical
reference document. Rather than establishing a unifcras threshold of 200

percent of the generair nameplate MVA rating at rated power factor for all applications, the
setting criteria are based on the maximum expected generator output.

Table 1, Options 9a, 9b, and 9c, are provided for assessing loadéalsilify
phase diretional overcurrent relays directional toward the Transmission System
that are connected to the generateaide of the GSU transformer of a synchronous generator.
the relay is connected on the higide of the GSU transformeause
Option 16.

Option 9a calculates a generator bus voltage corresponding to 0.95 per unit nominal voltage on
the highside terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying 0.95 per unit nominal voltagat the highside terminals of the GSU transformer

the GSU transformer turns ratio (excluding the impedance). Ehis
calculation the stressed system
conditions.

Option 9b calcules the generator bus voltage corresponding to 0.85 per unit nominal voltage
on the highside terminals of the GSU transformer. The voltage drop across the GSU transformer
is calculated based arihe 0.85 per unit nominal voltaget the highside terminas of the GSU
transformer the turns ratio and impedance. The actual generator bus
voltage may be higher depending on the GSU transformer impedance and the actual Reactive
Power achieved. This calculation is a mase precise setting

the element thanOption 9a.

Option 9c simulates the generator bus voltage coincident with the highest Reactive Power output

achieved during fieldorcing in response to a 0.8Ber unit nominal voltage on the
high-side terminals of the GSU transformer prior to fiébticing. Using simulation is a more
precise settingof-the overcurrentelement

54 of 128



PRC-025-2 — Application Guidelines

For Options 9a ah9b, the overcurrent elemeni set greater than 115 percent of the
calculated current derived frorhoth: the Real Power output of 100 percent of the aggregate
generation MW capability reported to the Transmission Planner,iaadReactive Powerwtput
that equates to 150 percent of the aggregate generation MW valderived from the generator
nameplate MVA rating at rated power factor

For Option 9c, the overcurrent elemest set greater than 115 percent of the calculated
current deived from : the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, &rdReactive Power output that
equates to 100 percent of the maximum gross Mvar output during-fididing as determied

by simulation.

Generator Step-up Transformer (Asynchronous Generators) Phase Distance Relay —

Directional Toward Transmission System ( 21) (Option 10)

The Federal Energy Regulatory Commission, in FERC Order No. 733, paragraph 104, directs that

NERC address relay loadability for protective relays applied on GSU transformers. Table 1, Option

10 is provided for assessing loadability for GSU transformers applying phase distance relays that

are directional toward the Transmission System that are coretetd the generatosside of the

GSU transformer of an asynchronous generator. These margins are based on guidance found in
of the Power Plant and Transmission System Protection

Coordinatiortechnical reference docunms. the relay is connected

on the highside of the GSU transformer, use Option 17.

Option 10 calculates the generator bus voltage corresponding to 1.0 per unit nominal voltage on
the highside terminals of the GSU transformérhe generator bus voltage is calculated by
multiplying 1.0 per unit nominal voltageat the highside terminals of the GSU transformer
the GSU transformer turns ratio (excluding the impedance).iFhis calculation
the stressed system conditions.

Since the relay voltage is supplied from the generator bus, it is necessary to assess loadability
using the generateside voltage. Asynchronous generata® not produce as much Reaot

Power as synchronous generators;ncethe voltage drop due to Reactive Power flow through

the GSU transformer is not as significant. Therefore, the generator bus voltage can be
conservatively estimated by reflecting the higitde nominal voltage to thgeneratorside based

on the GSU transformer’s turns ratio.

For Option 10, the impedance elemeat set less than the calculated impedance, derived
from 130 percent of the maximum aggregate nameplate MVA output at rated power factor
including thke Mvar output of any static or dynamic Reactive Power devices. This is determined
by summing the total MW and Mvar capability of the generation equipment behind the relay and
any static or dynamic Reactive Power devices that contribute to the power flmugh the

relay.
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Generator Step-up Transformer (Asynchronous Generators) Phase Overcurrent

Relay ( 51) (Option 11)

The Federal Energy Regulatory Commission, in FERC Order No. 733, paragraph 104, directs that
NERC address relay loadabifiy protective relays applied on GSU transformers. Note that the

setting criteria established withit options differ from 2 of
the Power Plant and Transmission System Protection Coordintgaimical
reference document. Rather than establishing a unifcrat threshold of 200

percent of the generator nameplate MVA rating at rated power factor for all applications, the
setting criteria are based on the maximum expected generator output.

Table 1, Option 11 is provided for assessing loadali#ity phase
overcurrent relays tihat are connected to the generataide of
the GSU transformet the relay is

connected on the higiside of the GSU transformer, use Option 18.

Option 11 calculates the generator bus voltage corresponding to 1.0 per unit nominal voltage on
the highside terminals of the GSU transformer. The generator kltage is calculated by
multiplying 1.0 per unit nominal voltaget the highside terminals of the GSU transformer
the GSU transformer turns ratio (excluding the impedance).iFhis calculation
the stressed system conditions.

Since the relay current is supplied from the generator bus, it is necessary to assess loadability
using the generateside voltage. Asynchronous generatais not produce as much Reactive
Power as synclinous generators; the voltage drop due to Reactive Power flow through

the GSU transformer is not as significant. Therefore, the generator bus voltage can be
conservatively estimated by reflecting the higile nominal voltage to the generatside baed

on the GSU trmtiosformer’s turns

For Option 11, the overcurrent elemest set greater than 130 percent of the calculated
current derived from the maximum aggregate nameplate MVA output at rated power factor
including the Mvar output ony static or dynamic Reactive Power devices. This is determined
by summing the total MW and Mvar capability of the generation equipment behind the relay and
any static or dynamic Reactive Power devices that contribute to the power flow through the
relay.

Generator Step-up Transformer (Asynchronous Generators) Phase Directional

Overcurrent Relay — Directional Toward Transmission System ( 67) (Option 12)

The Federal Energy Regulatory Commission, in FERC Order No. 733, paragraph 104, directs that
NERC address relay loadability for protective relays applied on GSU transformers. Note that the

setting criteria established withit options differ from 2 of
the Power Plant and Transmission System &tion Coordinatiortechnical
reference document. Rather than establishing a unifcyat threshold of 200

percent of the generator nameplate MVA rating at rated power factor for all applications, the
setting criteria are based on the maximwxrpected generator output.
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Table 1, Option 12 is provided for assessing loadability phase
directional overcurrent relays directional toward the Transmission Sysiem

that are connected to thgeneratorside of the GSU transformer of an asynchronous
generator. the relay is connected on the higiide of the GSU
transformer, use Option 19.

Option 12 calculates the generator bus voltage corresponding to 1.0 per unihabwoltage on
the highside terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying 1.0 per unit nominal voltaget the highside terminals of the GSU transformer
the GSU transformer turns ratio (excludihg impedance). This calculation
the stressed system conditions.

Since the relay current is supplied from the generator bus, it is necessary to assess loadability
using the generateside voltage. Asynchronous generatats not produce as much Reactive
Power as synchronous generators;ncethe voltage drop due to Reactive Power flow through

the GSU transformer is not as significant. Therefore, the generator bus voltage can be
conservatvely estimated by reflecting the higgide nominal voltage to the generatside based

on the GSU transformer’s turns ratio.

For Option 12, the overcurrent elemeist set greater than 130 percent of the calculated
current derived from the maximuraggregate nameplate MVA output at rated power factor
including the Mvar output of any static or dynamic Reactive Power devices. This is determined
by summing the total MW and Mvar capability of the generation equipment behind the relay and
any static or gnamic Reactive Power devices that contribute to the power flow through the
relay.

Unit Auxiliary Transformers Phase Tine-Overcurrent Relay (e.qg., 50 or 51) (Options

13a and 13b)

In FERC Order No. 733, paragraph 104, directs NERC to include in thisdstatatedability
requirement for relays used for overload protection of the UAT that supply normal station service
for a generating unit. For the purposes of this standard, UATs provide the overall station power
to support the unit at its maximum gross apéon.

Table 1, Options 13a and 13b provide two options for addressing phlasevercurrent relaying

applied at the higtside of UATs. The transformer higidle winding may be directly connected

to the transmission grid or at the generator isolated pédus (IPB) or iggthase bus. Phagene

overcurrent relays applied at the higdide of the UAT that remove the transformer from service

resulting in an immediate (e.g., via lockout or auxiliary tripping relay operation) or consequential

trip of the assomted generator are to be compliant with the relay setting criteria in this standard.

Due to the complexity of the application of leside overload relays for single or mukinding

transformers, phaseime-overcurrent relaying appliedeat the lowside d the UAT are not

addressed in this standardhe NERC System Protection and Control Subcommittee addressed

lowsi de UAT protection in the document called “Uni't Auxiliary
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Loadability During a Transmission Depressed Voltagel Coni o n , Mdheselrelays0 1 6 . ”

include, but are not limited to, a relay used for arc flash protection, feeder protection relays,
breaker failure, and relays whose operation may result in a generator runbagckugh-the UAT
i i VA 3 e-Transmission-system -itis-an-essential

Refer to the Figures7 and78 below for example configurations:

. Transformers
«— Covered by this
standard

I
I
a) |
|
la) . Unit Auxiliary
S | Transformers > System
I
<" ’
Station i
Loads !
@—§§—c O—> System

GSU

Figure-6+ _7: Auxiliary Power System (independent from generator).)
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Figure-7+ 8: Typical auxiliary power system for generation units or plants-

The UATs supplying power to the unit or plant electrical auxiliaries are sized to accommodate the
maximum e&pected overall UAT load demand at the highest generator output. Although the
transformer nameplate MVA size normally includes capacity for future loads as well as capacity
for starting of large induction motors on the original unit or plant design, thmeylate MVA

capacity of the transformer may be near full load.

Because of the various design and loading characteristics of UATS, two options (i.e., 13a and 13b)

ar e

provided

to

accommodat e

an entity’'s

protection

phil osoph

transformer phasetime-overcurrent relays from operating during the dynamic conditions

anticipated by this standard.

Options 13a and 13b are based on the transformer bus voltage corresponding to 1.0 per unit

nominal voltage on the highide winding of the UAT.

For Option 13a, the overcurrent element shall be set greater than 150 percent of the calculated
current derived from the UAT maximum nameplate MVA rating. This is a simple calculation that

approximates the stressed system conditions.

For Option 13b, theovercurrent element shall be set greater than 150 percent of the UAT
measured current at the generator maximum gross MW capability reported to the Transmission
Planner. This allows for a reduced settjngkupcompared to Option 13a and the-n-t—irelay 0 s
setting philosophyf the applicable entityThis is a more involved calculation that approximates
the stressed system conditions by allowing the entity to consider the actual load placed on the

UAT
Planner.

based on the generator

The performance of the UAT loads during stressed system conditions (i.e., depressed voltages) is

S rtednta® xhe Mransmisgiano s s

very difficult to determine. Rather than requiring responsible entities to determine the response
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of UAT loads to depressedltage, the technical experts writing the standard elected to increase
the margin to 150 percent from that used elsewhere in this standard (e.g., 115 percent) and use
a generator bus voltage of 1.0 per unit. A minimgmkugsettingcurrent based on 150 peent

of maximum transformer nameplate MVA rating at 1.0 per unit generator bus voltage will provide
adequate transformer protection based on IEEE C37.91 at full load conditions while providing
sufficient relay loadability to prevent a trip of the UAT, anthsequent unit trip, due to increased

UAT load current during stressed system voltage conditions. Even if the UAT is equipped with an
automatic tap changer, the tap changer may not respond quickly enough for the conditions
anticipated within this standak, and thus shall not be used to reduce this margin.

Elements that connect a GSU transformer to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generating plant
(Synchronous Generators) Phase Distance Relays — Directional Toward Transmission
System (e.q., 21) (Options 14a and 14b)

Relays applied on Elements that connect a GSU transformer to the Transmission system that are
used exclusively to export energy directly from a BES genenatiitgpr generating planare
challenged by loading conditions similar to relays applied on generators and GSU transformers.
These margins are based on guidance foundeigtion-3-Chapter 2of the Considerations for
Power Plant and Transmission System &etion Coordinatiortechnical reference document.
Relays applied on the higdide of the GSU transformer respond to the same quantities as the
relayseennected-on-tiamplied at the remote end of the line f&lements that connect a GSU
transformer to the Tansmission system that are used exclusively to export energy directly from

a BES generating unit or generating plant, thus Option 14 is used for these relays as well.

Table 1, Options 14a and 14b, establish criteria for phase distance relays diretioaal the
Transmission system to prevent Elements that connect a GSU transftyrtie Transmission
system that are used exclusively to export energy directly from a BES generating unit or
generating plantfrom eperatindgripping during the dynamic conditns anticipated by this
standard. The stressed system conditions, anticipated by Option 14a reflects a 0.85 per unit
Fransmissionsystenfithe linenominalvoltage; therefore, establishing that the impedance value
used for applying the Elements that comt@ GSU transformer to the Transmission system that
are used exclusively to export energy directly from a BES generating unit or generating plant
phase distance relays that are directional toward the Transmission system be calculated from the
apparent pover addressed within the criteria, with application of a 0.85 per @nitnsmission
systenof the linenominalvoltageat the relay locationConsideration of the voltage drop across

the GSU transformer is not necessary. Option 14b simulates the line voliagedent with the
hlghest Reactive Power output achleved during ﬁ‘elntlng in response to a 0.85 per unit
idecingline
nomlnal voltaqeat the remote end of the ling@rior to fleld forcmq Using a 0.85 per unit line
nominal voltage at the remote end of the line is representative of the lowest vokapected
during a depressed voltage conditi@m Elementshat are used exclusively to export energy
directly from a BES gerating unit or generating planto the Transmission systentsing
simulation is a more involved, more precise setting of the overcurrent element overall.
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For Option 14a, the impedance elemesithall beset less than the calculated impedance derived
from 115 percent oboth: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, dhe Reactive Power output that
equates to 120 percent of the aggregate generation MW value, derived from therafen
nameplate MVA rating at rated power factor. This Reactive Power value differs from the 150
percent multiplier used in othespplicatiorapplicatiorsto account for the Reactive Power losses

in the GSU transformer. This is a simple calculation tharcgimates the stressed system
conditions.

For Option 14b, the impedance elemesthall beset less than the calculated impedance derived
from 115 percent oboth: the Real Power output of 100 percent of the aggregate generation
MW capability reported tothe Transmission Planner, aride Reactive Power output that
equates to 100 percent of the maximum gross Mvar output during-fizicing as determined by
simulation.Option 14b uses theimulated line voltage at the relay location coincident with the
highest Reactive Power output achieved during fifdcting in response to a 0.85 per unit of the
line nominal voltage at the remote end of the line prior to fiércing Using simulation is a
more involved, more precise setting of the impedance elementallie

Elements that connect a GSU transformer to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generating plant
(Synchronous Generators) Phase Time Overcurrent Relay (e.g., 50 or 51) (Options

15a and 15b)

Relays applied on Elements that connect a GSU transformer to the Transmission system that are
used exclusively to export energy directly from a BES generating unit or generating plant are
challenged by loading conditions similar to relays applieadjenerators and GSU transformers.
Note that the setting criteria established withithes¢he Table loptions differ fromseetion
3:9Chapter 2 of the Considerations forlPower Plant and Transmission System Protection
Coordinatiortechnical reference docuent. Rather than establishing a uniform setting threshold

of 200 percent of the generator nameplate MVA rating at rated power factor for all applications,
the setting criteria are based on the maximum expected generator output. Relays applied on the
highside of the GSU transformer respond to the same quantities as the retaysected-on
theapplied at the remote end of the line f@&lements that connect a GSU transformer to the
Transmission system that are used exclusively to export energy directly fRESagenerating

unit or generating plant, thus Option 15 is used for these relays as well.

Table 1, Options 15a and 15b, establish criteria for phagentaneous and/otime overcurrent

relays to prevent Elements that connect a GSU transformer to thesimission system that are

used exclusively to export energy directly from a BES generating unit or generating plant from
eperatindripping during the dynamic conditions anticipated by this standard. The stressed
system conditions, anticipated by OptiondlBeflects a 0.85 per unitransmission-systeof the

line nominalvoltageat the relay locationtherefore, establishing that the current value used for
applying the Elements that connect a GSU transformer to the Transmission system that are used
exclusivéy to export energy directly from a BES generating unit or generating plant phase
instantaneous and/otime overcurrent relays be calculated from the apparent power addressed
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within the criteria, with application of a 0.85 per uAitansmission-systeoh the line nominal
voltageat the relay locationConsideration of the voltage drop across the GSU transformer is not
necessary. Option 15b simulates the line voltage coincident with the highest Reactive Power
output achieved during fielforcing in responseata 0.85 per uniteminal-veltage-en-the-high
side-terminals-of-the-GSU-transformerprior-to-fildecingline nominal voltageat the remote

end of the lineprior to field-forcing.Using a 0.85 per unit line nominal voltage at the remote end
of the line & representative of the lowest voltagxpectedduring a depressed voltage condition

on Elementghat are used exclusively to export energy directly from a BES generating unit or
generating planto the Transmission systerfdsing simulation is a more inveld, more precise
setting of the overcurrent element overall.

For Option 15a, the overcurrent elemegathall beset greater than 115 percent of the calculated
current derived fromboth: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, ghd Reactive Power output that
equates to 120 percent of the aggregate generation MW value, derived from the generator
nameplate MVA rating at rated power factor. This Reactive Power value differs fiem50
percent multiplier used in othexpplicatiorapplicatiorsto account for the Reactive Power losses

in the GSU transformer. This is a simple calculation that approximates the stressed system
conditions.

For Option 15b, the overcurrent elementhallbe set greater than 115 percent of the calculated
current derived fromboth: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, @hed Reactive Power output that
equates to 100 percent dhe maximum gross Mvar output during fieldrcing as determined by
simulation.Option 15b uses theimulated line voltage at the relay location coincident with the
highest Reactive Power output achieved during fielidting in response to a 0.85 per unitthe

line nominal voltage at the remote end of the line prior to fiéddcing Using simulation is a
more involved, more precise setting of the overcurrent element overall.

Elements that connect a GSU transformer to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generating plant
(Synchronous Generators) Phase Directional T++e-Overcurrent Relay — Directional
Toward Transmission System (e.q., 67) (Options 16a and 16b)

Relays applied on Elementsattconnect a GSU transformer to the Transmission system that are
used exclusively to export energy directly from a BES generating unit or generating plant are
challenged by loading conditions similar to relays applied on generators and GSU transformers.
Note that the setting criteria established withifres¢he Table loptions differ fromsection
3.9Chapter 2 of the Considerations folPower Plant and Transmission System Protection
Coordinatiortechnical reference document. Rather than establishing a umifeetting threshold

of 200 percent of the generator nameplate MVA rating at rated power factor for all applications,
the setting criteria are based on the maximum expected generator output. Relays applied on the
high-side of the GSU transformer respond ttte same quantities as the relagsnnected-on
theapplied at the remote end of the line f&lements that connect a GSU transformer to the
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Transmission system that are used exclusively to export energy directly from a BES generating
unit or generating platf) thus Option 16 is used for these relays as well.

Table 1, Options 16a and 16b, establish criteria for phase directiomabvercurrent relays that

are directional toward the Transmission system to prevent Elements that connect a GSU
transformer to the Transmission system that are used exclusively to export energy directly from
a BES generating unit or generating plant fregeratindripping during the dynamic conditions
anticipated by this standard. The stressed system conditions, anticipated bynQoreflects

a 0.85 per unitFransmission-systeof the linenominalvoltageat the relay locationtherefore,
establishing that the current value used for applying the interconnection Facilities phase
directionaltime-overcurrent relays be calculated frothe apparent power addressed within the
criteria, with application of a 0.85 per uditansmission-systeof the linenominalvoltageat the

relay location Consideration of the voltage drop across the GSU transformer is not necessary.
Option 16b simulate the line voltage coincident with the highest Reactive Power output
achieved during fieldorcing in response to a 0.85 per umibminal-voltage-en-the-highide
terminals-of-the- GSU-transformerprior-to-fidkeingline nominal voltageat the remote e of

the lineprior to fieldforcing.Using a 0.85 per unit line nominal voltage at the remote end of the
line is representative of the lowest voltagxpectedduring a depressed voltage conditiom
Elementsthat are used exclusively to export energy ditg from a BES generating unit or
generating planto the Transmission systertdsing simulation is a more involved, more precise
setting of the overcurrent element overall.

For Option 16a, the overcurrent elemegathall beset greater than 115 percenf ¢he calculated
current derived fromboth: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, d@nhd Reactive Power output that
equates to 120 percent of the aggregate generation MW valiezived from the generator
nameplate MVA rating at rated power factor. This Reactive Power value differs from the 150
percent multiplier used in othexpplicatiorapplicatiorsto account for the Reactive Power losses

in the GSU transformer. This is a sienghlculation that approximates the stressed system
conditions.

For Option 16b, the overcurrent elementhall beset greater than 115 percent of the calculated
current derived fromboth: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, dne Reactive Power output that
equates to 100 percent of the maximum gross Mvar output during-fizicing as determined by
simulation.Option 16b uses theimulated line voltage at the relay locati@moincident with the
highest Reactive Power output achieved during fielcting in response to a 0.85 per unit of the
line nominal voltage at the remote end of the line prior to fiébdcing Using simulation is a
more involved, more precise setting dfe overcurrent element overall.
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Elements that connect a GSU transformer to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generating plant
(Asynchronous Generators) Phase Distance Relay — Directional Toward Transmission
System (e.g., 21) (Option 17)

Relay applied-einstalled on the higkside of the GSU transformencluding relays installed on

the remote end of the line, foElements that connect a GSU transformerthe Transmission
system thatare used exclusively to export energy directly from a BES generating unit or
generating plant are challenged by loading conditions similar to relays applied on generators and
GSU transformers. These margins are based on guidance fowmdtinn-3-Chapter? of the
Considerations folPower Plant and Transmission System Protection Coordin&ticimical
reference document.

Table 1, Option 17 establishes criteria for phase distance relays that are directional toward the
Transmission system to prevent Elemethat connect a GSU transformer to the Transmission
system that are used exclusively to export energy directly from a BES generating unit or
generating plant fromeperatindripping during the dynamic conditions anticipated by this
standard. Option 17 apj@s a 1.0 per unitne nominal voltagesrat the high-side-terminals-efthe
GSU-transformeelay locationto calculate the impedance from the maximum aggregate
nameplate MVA-Asy :

For Option 17, the impedance elemeashall beset less than the calculated impedance derived
from 130 percent of the maximum aggregate nameplate M\dpuat at rated power factor
including the Mvar output of any static or dynamic Reactive Power devices. This is determined
by summing the total MW and Mvar capability of the generation equipment behind the relay and
any static or dynamic Reactive Power degi that contribute to the power flow through the
relay. This is a simple calculation that approximates the stressed system conditions.

Elements that connect a GSU transformer to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generating plant
(Asynchronous Generators) Phase Time-Overcurrent Relay (e.g., 50 and 51) (Option

18)

Relay applied-einstalled on the lgh-side of the GSU transformencluding relays installed on

the remote end of the lingfor Elements that connect a GSU transformer to the Transmission
system that are used exclusively to export energy directly from a BES generating unit or
generating plant are challenged by loading conditions similar to relays applied on generators and
GSuransformers. Note that the setting criteria established withins¢he Table Joptions differ

from seetion-3-9hapter2 of the Considerations folPower Plant and Transmission System
Protection Coordinatiortechnical reference document. Rather than ddishing a uniform
setting threshold of 200 percent of the generator nameplate MVA rating at rated power factor
for all applications, the setting criteria are based on the maximum expected generator output.

Table 1, Option 18 establishes criteria for phasie overcurrent relays to prevent Elements that
connect a GSU transformer to the Transmission system that are used exclusively to export energy
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PRC-025-2 — Application Guidelines

directly from a BES generating unit or generating plant fegrratindripping during the dynamic
conditionsanticipated by this standard. Option 18 applies a 1.0 perlurinominal voltagesrat

the high-side-terminal®cation of the @SU#anstermeﬁyto calculate the current from the
maX|mum aggregate nameplate M. Asy o :

drop-d o-R v the GSU

For Option 18, the overcurrent elemeisthall beset greater than 130 percent of the calculated
current derivel from the maximum aggregate nameplate MVA output at rated power factor
including the Mvar output of any static or dynamic Reactive Power devices. This is determined
by summing the total MW and Mvar capability of the generation equipment behind the rethy a
any static or dynamic Reactive Power devices that contribute to the power flow through the
relay. This is a simple calculation that approximates the stressed system conditions.

Elements that connect a GSU transformer to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generating plant
(Asynchronous Generators) Phase Directional ++e-Overcurrent Relay — Directional
Toward Transmission System (e.g., 67) (Option 19)

Relayg applied-einstalled on thehigh-side of the GSU transformgncluding relays installed on

the remote end of the line, foElements that connect a GSU transformer to the Transmission
system that are used exclusively to export energy directly from a BES generating unit or
generatingplant are challenged by loading conditions similar to relays applied on generators and
GSU transformers. Note that the setting criteria established within¢he Table Toptions differ

from seetion-3-9hapter2 of the Considerations folPower Plant andlransmission System
Protection Coordinatiortechnical reference document. Rather than establishing a uniform
setting threshold of 200 percent of the generator nameplate MVA rating at rated power factor
for all applications, the setting criteria are basedtbe maximum expected generator output.

Table 1, Option 19 establishes criteria for phase directiérat overcurrent relays that are
directional toward the Transmission system to prevent Elements that connect a GSU transformer
to the Transmission syste that are used exclusively to export energy directly from a BES
generating unit or generating plant fromperatindgripping during the dynamic conditions
anticipated by this standard. Option 19 applies a 1.0 perlurdtnominal voltagesnat the high-
sideterminals-of-the- GSU-transfernretay locatiorto calculate the current from the emmum
aggregate nameplate MVAsy = ’

For Option 19, the overcurrent elemensthall beset greater than 130 percent of the calculated

current derived from the maximum aggregate nameplate MVA output at rated power factor
including the Mvar output olny static or dynamic Reactive Power devices. This is determined
by summing the total MW and Mvar capability of the generation equipment behind the relay and
any static or dynamic Reactive Power devices that contribute to the power flow through the
relay.This is a simple calculation that approximates the stressed system conditions.
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Example Calculations
Introduction

Example Calculations

Input Descriptions Input Values
0006 WNMT WO
Synchronous Generator nameplate (MVA @ rated pf
n"Q & v
Generator rated voltage (Lifte-Line): ® ¢ CQm
Real Power output in MW as reported to the TP: 0 _ X mad @
Generator stepup (GSU) transformer rating: 0 wd WMo wo
GSU transformer reactance (903 MVA base): ) pdTP
GSU transformer MVA base: 0 ®wo X 0%0 w0
GSU transformer turns ratio: "oY" L&Ew
o1& Qw
Highside nominal system voltage (Li@Line): ® oT Q0
Current transformer (CT) ratio: 4 “Y commnmn
v
. . . . CmT
Potential transformer (PT) ratio legide: oY >
p
PT ratio higkside: 0°Y MLELEL
' p
Unit auxiliary transformer (UAT) nameplate: Y6 Y @1 WO
UAT lowside voltage: &) P &@QL
UAT CT ratio: oY vnmnm
v
CT high voltage ratio: 6"Y RRLALEL
v
Reactive Power output of static reactive device: 0D wo'Y puwuL I

66 of 128



Example Calculations

Reactive Paer output of static reactive device

. 0 wod'Y vl L QI

generation: .

"000 T T w0
Asynchronous generator nameplate (MVA @ rated pi

n"Q md v
Asynchronous CT ratio: A% LU

0]
Asynchronous high voltage CT ratio: &Y onn
v
CTremote substationbus 8 Y gnmn
0]
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Example Calculations: Option 1a

Option 1a represents the simplest calculation for@ymonous generators applying a phase
distance relay«.0.,21) directional toward the Transmission system.

Real Power output (P):
Eq.(1) 0 000 nQ

0 WnNowd mu

CA

X o0 @
Reactive Power output (Q):

Eq2 0 pumbDd

(o]

P® T X OFO @
0 pp@dd LGOI

Option 1a, Table £ Bus Voltage, calls for a 0.95 per unit of the ksghe nominal voltage for
the generator bus voltage §):

EQ.3) & T@W®8 &  OYY

@ TMoU 0T o Lbfn
o018 Qw
© ¢ ®WAQG
Apparent power (S):
Eq.4) Y 0 foli
Y oxmamn o Qp ®d 0 O
Y podkuo & D 0o

Primary impedance {4:
W

E i 5 »” -

q. () & ~

¢ ) QW
podk vgdwo
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Example Calculations: Option 1a
O 1@ clpo & i
Secondary impedancesgd:

oy
y

Oz

Eqg. (6) ® @

CH

@ T clp & ) —
®» mclp &M qu
) yst oiw ¢ n

To satisfy the 115% margin in Option la:

Eq. (7) & %p
" yar alw ¢ I
® 0B U
& o8y} o 8 1
— v & J

Assume a Mho distance impedance relay with a maximum torque angle (MTA)Ss&Bat),
then the maximum allowable impedance reach is:

. 0 $
Eq. (8) w iTo —
o B0 Y XLo
AT @ard v & J
o 930 Y xllo
T W@

@ X& wiap &l
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Example Calculations: Options 1b and 7b

Option 1b represents a more complex, more precise calculation for synchronous geser:
applying a phase distance relayd..21) directional toward the Transmission system. This
option requires calculating lowide voltage taking into account voltage drop across the G
transformer. Similarly these calculations may be applied to Optinfo7 GSU transformers
applying a phase distance relayd.,21) directional toward the Transmission system.

Real Power output (P):
Eq.(9) 0 000 nQ
0 wnmowd v
0 X o@d @
Reactive Power output (Q):
Eq.(10) 0 pumPkDd

PR T X oKD ®

C

O ppwddL®I

Convert Real Power, Reactive Power, and transformer reactance to per unis wal@e767.6
MVA baseNIVAvasd:

Real Power output (P):

5
V]

Eq.(11) 0 Y
- X a8 ®
0 M8

Reactive Power output (Q):

ol

. 0
Eqg. (12) 0 m
. pp @D L DI
V] — = =
X 0%V wo
0 PR NB8
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Example Calculations: Options 1b and 7b

Transformer impedance {3:

B3O 4 b 6o
4o e RS
. X oHO w o
© PBTP TG
@ ™ T N8

Usng the formula below; calculate the leside GSU transformer voltaged4ide) using 0.85
p.u. highside voltage (Mghside). Estinatéssumenitial low-side voltage to be 0.95 p.u. and
repeat the calculation as necessary unfilWide converges. Aanvergence of less than one
percent (<1%) between iterations is considered sufficient:

Eqg. (14) OET v ®
' W s O
L .. TBOP TP IO G
o OEl Tou T L
Eq. (15)
Eg15) W S
® Al & » Al 6 T 0 (
C
, s Al@xJ s@s Al @XJ 1 p® TP mog
W S
C
: FRIS THO WO PATX C C U W @ T p WG
W s
C
, TT1 LT
" s T PP P
C
W S T®w w8
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Example Calculations: Options 1b and 7b

Use the new estimatedi-side Value of 0.9991 per unit for the second iteration:

Eq. (16) OET 5 ®
' W s O
L .. TBOP TP IO G
o OEl T8O W W P L
— o J
Eq. (17)
Eq17) W S
® Al & ) Al &6 T 0 (
C
, s AT@®J s@g Al @) 1 pd ™ Nog
W S
C
: TRIG TOWT MK ¢ ¢ U Y U T p WG
W S
C
, TT VT
o g MITTPPUTE
C
W S T W W8

To account for system higgide nominal voltage and the transformer tap ratio:
Eg. (18) w W S W oYY

® T80 w W8 0T UQGL LQ“’
o1& Qw
» ¢ @ Qo
Apparent power (S):
Eq.(19) Y 0 Q0
oxmamn @ Qp @p 0 ol

Y po@dku & MVA
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Example Calculations: Options 1b and 7b
Primary impedance {4:
Eq. (20) ¢ ‘*’T
¢ @
podk v dwod
® ™ i@ & i

&

Secondary impedancesgd:

vy
v

Os

Eqg. (21) & )

4

® ™ ol & I ——
® ™ i@y & ¢ u
® y&o TiTo § Jn
To satisfy the 115% margin in Options 1b and 7b:

Eq. (22) & %p
. Yo it ¢ I
® oP
0 x& tu & U
— v & J

Assume a Mho distance impedance relay with a maximum torque angle (MTA)Ss&tat),
then the maximum allowable impedance reach is:

. EA) S
Eq. (23) ® e —

X&
AT @&t v §J
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Example Calculations: Options 1b and 7b

x&
™ we v

") ueh oioyp 8t J
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Example Calculations: Options 1c and 7c ‘

Option 1c represents a more involved, more precise setting of the impedance element.
option requires determining maximum generator Reactive Power output during-fieldng
and the corresponding generator bus voltage. Once these values are determined, the
remainder of the calculation is the same as Options 1a and 1b.

The generator Reactive Poweardagenerator bus voltage are determined by simulation. Tl

maximumReactive Powenutput on the lowside of the GSU transformer during fidtatcing

is used as this value will correspond to the lowest apparent impedance. The correspon(

generator bus vaage is also used in the calculation. Note that although the excitation lin|

reduces the field, the duration of the Reactive Power output achieved for this condition

sufficient to operate a phase distance relay.

1.25

1.05

Voltage (p.u.)

0.85

Generator Reactive Power
e Generator Real Power

Generator Bus Vullagé“\\

GSU High-Side Voltage =~~~ + - -

4 8 12 16
Time (s)

1000

800

600

400

200

Real and Reactive Power (MW/Mvar)

In this simulation the following valueseaderived:

RS U

VAN

) ) WG ¢ & v
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Example Calculations: Options 1c and 7c ‘

The other value required is the Real Power output which is modeled in the simulation ai
100% of the gross MW capability reported to the Transmission Planner. In this cas

0 ‘ X mamd w

1.25 T T T T 1000

Generator Reactive Power

Generator Real Power

B
£
2
105 600 <
i g
&
) r R - 7 ]
5 T Generator Bus Voltage . g
S | %, 3
095 [ | N
’ z
i s
L. e =
1 GSU High-Side Voltage &

085 | ~| 200

0.75 1 | | | 0

4 8 12 16 20
Time (s)
Apparent power (S):
o fed P
Eq.(24) Y 0 Q0

Yoy mEm & @D O G
Y op @bt @IMVA
Primary impedance {4:
Eq.(25) ¢ 2
¢ & Qw
PTT@WO T &0 wo
) ™ olyt @uq
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Example Calculations: Options 1c and 7c ‘

Secondary impedances¢d:

y
2y,

Os

Eq. (26) ® @

[

® ™ oyt §lq ——

® ™ oyt @Jq ¢ U
®  pwET @lq

To satisfy the 115% margin in the requirement in Options 1c and 7c:

o
Eq. (27) & _
. (27) @ 5o b
o pROET @IY
PP L
) wd it GUY
— T&J
Assume a Mho distance i mpedance relay w
then the maximum allowable impedance reach is:
. W s
} ® —
Eq. (28) ) —
o 1Y
Al @8 1 @U
o 1Y
TP X P

Q) p @ byauy
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Example Calculations: Option 2a

Option 2a represents the simplest calculation for synchronous generators applyihase
overcurrent { 51\VR ) relay:

Real Power output (P):
Egq.(29) 0 000G n'Q
0 Wnmowd mu
0 X o®kdo
Reactive Power output (Q):

Eq.(30) 0 pu mbd

C-

P& T X eHKL w
0 pp@®PL OI

Option 2a, Table 2 Bus Voltage, calls for a 0.95 per unit of the kégte nominal voltage for
the generator bus voltage {):

Eq.(31) @ Tm@owdd8 »  OY'Y

) ML 0T VG tho
o T&Qw
® ¢ /WG
Apparent power (S):
Eq.(32) Y 0 Q0
Yo x 8w & Q@ p @d 0 oI
Y po@dku &JID 06

Primary current gh):

Eq. O Y
g. (33) o

poBY wo
P& 0 ¢ ) QK
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Example Calculations: Option 2a
O oxowo

Secondary currentgd):

Eg. (34) O 5y
oxXowo
CUTTT
)
O x8 Xx&

To satisfy the 115% margin in {@m 2a:

Eqg. (35) 'O O ppub
0 X8 X& pdu
0 w o

Example Calculations: Option 2b

Option 2b represents a more complex calculation for synchronous generators applying
phasetime-overcurrent £.9., 50, 51, 051\+R—voltage restraine)lvelagerestrainedelay:

Real Power output (P):

Eq. 0 "O00 nQ

(36)

Ca

WNMnowd TAUL

C2

X &0 @
Reactive Power output (Q):

Eq. 0 pumbd
(37)

CR

P& T X oFD ©

CR

pp WYL I
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Example Calculations: Option 2b

Convert Real Power, Reactive Power, and transformer reactance to per unit values on
MVA baseNIVAvasd).

Real Power output (P):

Eq. 5 o

(38) 0 wo
- X 8 ®
V' X omb 06
0 8 mB8

Reactive Power output (Q):

X

Eq. o v

(39) 0 wo
. pp @D O GI
v X OO O
0 PR B8

Transformer impedance:

£ 4 g Db
(40) Y
. X oH0 w6
© PBTP 60
& T T a®s

Using the formula below; calculate the leside GSU transformer voltagedside) using 0.85
p.u. highside voltage (Mghside)- initial low-side voltage to be 0.95 p.u. and
repeat the calculation as necessary unfilwWideconverges. A convergence of less than one
percent (<1%) between iterations is considered sufficient:

Eq. TN 0 ®
— OEI
(41) w s o
L.~ TP TP MO (G
o OBl —&u @) L
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Example Calculations: Option 2b

w s
Eq , ~ o [
(42) W Al © W Al G- T 0 ®
C
© s s Al @xJ g@s Al QXA 1 p® TP mog
C
o s TS WO AN ¢ ¢ UBOY @ T p WG
C
, TT VT
o s &) PP p
C
w S T w W3

Use the new estimatedM:-side Value of 0.9991 per unit for the second iteration:

Eq. PN 0 A
— OEI
(43) W s ®©
... TP T TTO G
o OEl T80 W 0 P U
— (p8rA
W $
Eq. , 3 . .
(44) w Al G W Al G- T 0 ®
C
© g TWe Al gpA  s@s Al @A 1 p® T ToOcC
C
, TG TROWT VMK ¢ ¢ U Y U @ p WG
W S
C
, TT vt
@ s Tip opP @
G
W $ T W w8
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Example Calculations: Option 2b
To account for system higgide nominal voltage and the transformer tap ratio:

Eq. o W S oYY
(45)

® T80 W W8 0 T Ww S <06
g o T&Q®
® ¢ @ QW
Apparentpower (S):
Eg. Y 0 Q0
(46)

Yoxmam o Qp @p 0 ol
Y po@dku &J0 wod

Primary current @h):

Eq. - Y
O = .
(47) Mo
0 po@dY wo
P& 0 ¢ @ T

O ouvuvoo

Secondary currentgdy:

Eq. ., ©
48 ° B
. cuvuvdo
O [
CUTITT
v
O xppd

To satisfy the 115% margin in Option 2b:

Egq. O O ppub
(49)
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Example Calculations: Option 2b

0 Xppd ppu
0 U x @

Example Calculations: Option 2c

Option 2c represents a more involved, more precise setting of the overcurrent element |
the phase time overcurrent (51R) voltage restrained relay. This option requires
determining maximum generator Reactive Power output during ffelding and the
corresponding generator bus voltage. Once these values are determined, the remainde
the calculation is the same as Options 2a and 2b.

The generator Reactive Power and gerterdous voltage are determined by simulation. Th
maximumReactive Poweoutput on the lowside of the GSU transformer during fidtatcing
is used as this value will correspond to the highest current. The corresponding generatc
voltage is also used the calculation. Note that although the excitation limiter reduces thi
field, the duration of the Reactive Power output achieved for this condition is sufficient t|
operate a voltageestrained phase overcurrent relay.

1.25 1000

Generator Reactive Power

ol Generator Real Power
|

Voltage (p.u.)

Generator Bus Voltage ™. _

Real and Reactive Power (MW/Mvar)

GSU High-Side Voltage

Time (s)
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Example Calculations: Option 2c ‘

In this simulation the foliwing values are derived:

v

0 Yc&d L dI
® 8o Y we ¢ & Qw

The other value required is the Real Power output which is modeled in the simulation ai
100% of the gross MW capability reported to the Transmission Planner. In $leis ca

e
0 X a8 w
1.25 T T T T T 1000
Generator Reactive Power

115 — - ' : — 800
U Generator Real Power 2
| k 2
1.05 600 =
P ]
& [ E
g i ‘ - Generator BUS VOl fagé \,\ %
095 | [ / b o 4400 X
b g
i s
[ Xy e — F
1 GSU High-Side Voltage 4

0.85 [~ | —| 200

075 L | L [ 0

4 8 12 16 20
Time (s)
Apparent power (S):
Eq. (50) Y U Qu

Yo ox T8 o QgD U i

Y op @bt @IMVA
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Example Calculations: Option 2c

Primary current @h):

"y
Eg. (51) ©O —
a. (51) o o
pTED w0
PX 0 ¢ & g0
O cyxon
Secondary currentgdy:
Eq. (52) "
9-(52) 0 =5
0 CYxmm
CUTTT
v
O uvguvw
To satisfy the 115% margin in Optidc
Eqg. (63) O © ppub
(O] VgL pPpu
0 ®ca

Example Calculations: Options 3 and 6

Option 3 represents the only calculation for synchronous generators applying a phase t
overcurrent .. 51\+C) relay (Enabled to operate as a function of
voltage). Similarly, Option 6 uses the same calculation for asynchronous generators.

Options 3 and 6, Table-1Bus Voltage, calls for a 1.0 per unit of the kaigte nominal
voltage for the generator bus voltagegéy:

Eg. (54) @ PEINR8 ® oYY

¢ Qo

w P8t 0T NW m&)
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Example Calculations: Options 3 and 6 ‘

) ¢ QW

The voltage setting shall be set less than 75% of the generator bus voltage:

Eg. (55) @ W Xub
» ¢ @Qw ™) L
w P& cQw

Example Calculations: Option 4

This represents the calculation for an asynchronous generator (including inbased
installations) applying a phase distance relay (21)—diredional toward the Transmission
system.

Real Power output (P):
Eq.(56) O OO0 nQ
0 t™wd mu
0 o8do
Reactive Power output (Q):
Eq.(57) O 000G OEAT OnQ
0 twd OEAT Ompu
0 ¢@dL®I

Option 4, Table % Bus Voltage, calls for a 1.0 per unit of the kaidle nominal voltage for
the generator bus voltage §¥):

Eg. (58) ® pPANB8 oYY

¢ Qo

w p8T oT Qw m(b

) ¢ QW
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Example Calculations: Option 4 ‘

Apparent power (S):
Eq.(59) Y 0 Q0
Y oBd® Q@0 di
Y o1 81 o @A) ®6
Primary impedance {4:
®
Eq. (60) & ~
¢ @
T8 o @A) ®o
G p@do@iq

&

Secondary impedancestd:

Eq.(61) & @& 2

ol <

uY *

O p@do@g —

A) p@do@q v
A v & U o @Aq

To satisfy the 130% margin in Option 4:

o
Eqg. (62) & —_—
a.(62) & pomb
. v &b o @AY
(A) _—
pP® TT
A T ¢omouy
— o®J
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Example Calculations: Option 4

Assume a Mho distance i mpedance relay w
then the maximum allowable impedance reach is:

. S S
Eqg. (63) @ S S—
. T Y
©  XTosu om0
T@® Y
™ Www

&) X gl ¢ 8uyY

Example Calculations: Option 5a

This represents the calculation for three asynchronous generators applying a jhese
overcurrent ( 51\(R) relay. In this application it was
assumed 20 Mvar of total static compensation was added.

Real Power output (P):
Eq.(64) 0 o "O00 N Q
0 o T wd ™Mu
0 pn&d ®
Reactive Poweoutput (Q):
0 Dwd'Y o
Eq. (65) 0wo'Y S
o "000 OEAT On'Q
0 pWOUOILILOI o T wd OEAT Om@u
0 Y& v ol

Option 5, Tale 1-Bus Voltage, calls for a 1.0 per unit of the kéige nominal voltage for
the generator bus voltage §¥):

Eg. (66) ® P8INB8 W "0Y'Y

88 of 128



Example Calculations: Option 5a ‘

. . G Qo
w P8t 0T QW md)
) ¢ @Qw
Apparent power (S):
Eq.(67) Y 0 Q0
Y prgdi 0 Q&0 U Oi
Y po#l 0 ®AD @

Primary current @h):

.
'O N E—
Eq. (68) =
popl o @&IDWwod
PX 0 ¢ QW
O o1 }foo®ld

‘0

Secadary current {eg:

v KC)
Eq.(69) 0 g
0 ot Xoo&lo
UTTTTT
]

‘O o8 xlo oc@&Jo

To satisfy the 130% margin in Option 5

Eqg. (70) 'O O pormnb
0 o8 xlo c@&J0 p&m
‘0 ®¢ o&Id
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Similarly to Option 5a, this example represents the calculation for three asynchronous
generators applying a phase overcurrent (e.q., 50, 651&R) relay. In this application it
was assumed that 20 Mvar of total static compensation was added.

Real Power output (P):

Eq.(71) 0 o 000 n"Q
0 o T™wd Mo
0 pn&d o

Reactive Power output (Q):

0 Dwd'y
Eq. (72) bwo'Y o
¢ 000 OEAT Of Q
0 pWOUOIVDLV®I o T wd OEAT Om@u
O Yy&O L DI

Option 5b, Table 2 Bus Viiage, calls for a 1.0 per unit of the highlde nominal voltage for
the generator bus voltage §):

Eq. (73) ® P8IN&8 w oYY

: .G GQo
w P8t 0T QW mﬂ’)
) ¢ QW
Apparent pover (S):
Eqa.(74) Y 0 Q0

Y opm&l O @&D 0 O

Y poplo@d wo
Primary current gh):

Y
Eq.(75) 0 ———

Mo
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poPpl o@D wd
PX 0 ¢ BQ®
O otjfooa@d

o)

Secondary currenflsed:

. 0
Eq. (76) O FRV
ctYoo@d
UTTTITT
v

0

O o8 xlo o@ d

To satisfy Option 5b, the lower tolerance of the overcurrent element tripping characteris
shall not infrin@ upon the resource capability (including the Mvar output of the resource
any static or dynamic reactive power devices) See Figure A for more details.

Example Calculations: Options 7a and 10

“hisThese examplerepresent the calculation for a mixtre of asynchronous (i.e., Option
10) and synchronous (i.e., Option 7a) generation (including invbeteed installations)
applying a phase distance reley{  21)—directional toward the Transmission system. In

this application it was assumed 20 Mwadrtotal static compensation was added.

Synchronous Generation (Option 7a)

Real Power outputl ):

Eq. 0 ‘000 HQ
(7177)
0 WMo OO T
0 X oFD ©
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Example Calculations: Options 7a and 10

Reactive Power outpuf( ):

Eq. 0 p L T PD
(7279)
0 PR T X 0HL w
0 pp WY ®

Apparent power (§nch:

Eq. Y o @
(7279

% X T8 0 @ p @D O DI

Asynchronous Generation (Option 10)

Real Power output (Bynch:

Eg. 0 o 0006 nQ
(#480)

Ca

C TTO®WO T

C2

p &l ®

Reactive Power output (Qnci):

Eq. 0 Doy bwd'Y
(#581) o 000 OEAT OnQ
0 PWORILIVLOI 0 T™®wd OEAT O v
0 P& UL Qi
Apparent power (Synch:
Eq. Y 0 @
(7682
Y prgd ® @&V 0 di
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Example Calculations: Options 7a and 10

Options 7a and 10, bée 1-Bus Voltage, Option 7a specifies 0.95 per unit of the-kida
nominal voltage for the generator bus voltage and Option 10 specifies 1.0 per unit of the
high-side nominal voltage for generator bus voltage. Due to the presence of the synchrc
generator, the 0.95 per unit bus voltage will be used agd\as it results in the most
conservative voltage:
Egq. o T80 VI8 0 oYY

(#783)
X T80 Qo — <0
W LOTRL — W00
® ¢ /A

Apparent power (S) accounted for 115% margin requirement for a synchronous general
and 130% margin requirement for an ashronous generator:

Eq. Y ppub D §o! pomb 0 o)
(7839 ‘

Y ppu xmamh ® Qp @P 0 Oi p& T p N8O
Q&0 U Di

Y opx @b v @Ad wod
Primary impedancéZy):

¢ & PQw
PX @ UL@A wo
O ™ udx@Aq

Secondary impedances6d:
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Example Calculations: Options 7a and 10

O e&¢u@iq

No additional margin is needat! because the synchronous
apparent power has been multiplied by 1.15 (115%) and the asynchr@appasent power
has been multiplied by 1.30 (130%) in Equatiari/ to satisfy the margin requirements in
Options 7a and 10:

Eq.d,) @
(8187) pmTb
. ¢o& d v @AY
w —_—
pat T
® o d v @Y
— v@J
Assume a Mho distance i mpedance relay w

then the maximum allowable impedance reach is:

Eq. - K0 S
29 ©  AT6  —
o 0 Y
AT @8U v @
i 0 Y
© muwp

@ X® X wauy

Example Calculations: Options 8a and 9a

Options 8a and 9a represerthe simplest calculation for synchrous generators applying &
phase time overcurrent ( 51 ) relay. The following uses the G nameplate
value to represent an “aggregate” value

Real Power output (P):

Eg. 0 000 nQ
(83389
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Example Calculations: Options 8a and 9a
0 wnowd mu
0 X o%d

Reactive Power output (Q):

Eq. 0 pumpbDd
(8490)

PR T X OoFD @

Ccn

O ppwddLOI

Options 8a and 9a, Table-Bus Voltage, calls for a generator bus voltage corresponding
0.95 per unit othe highside nominal voltage times the turns ratio of the generator stigp
transformer generator bus voltage d¥):

Eq. o T®o 18 ® oYY
(8591
, o, ¢ CQw
w TOL 0T QW mﬁb
® ¢ @A
Apparent power (S):

-

Eq. Y 0 Q0
(8692

Y oxmgmw o Qp @ 0 D
Y po@dku &JO wo

Primary current ¢k):

Eq. e} _ Y
(8799 Mo o
0 poBdY wd
P& 0 ¢ M PQ
O oxodo
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Example Calculations: Options 8a and 9a

Secondary currentdd):

Eq. . O
(229 ° &Y
oxoo
CUTTT
L
O x8 x&

To satisfy the 115% margin in Options 8a and 9a:

Eq. O O ppub
(8999
(¢ X8 XX PP
o B i

Example Calculations: Options 8b and 9b

Options 8b and 9b represend more calculation for synchronous generato
applying a phase time overcurrer:t. { 51 ) relay. The following uses the
GENynch nameplay @1l uUe t o represent an “aggregate

Real Power output (P):

Eq. 0 000 nQ
(9626)

0 wnowd v
0 X 0% &
Reative Power output (Q):

Eq. 0 pumpbDd
(9497

CA

P& T X eHRL w

C

pPPpWBUL QI
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Example Calculations: Options 8b and 9b

Convert Real Power, Reactive Power, and transformer reactance to per unit values on
MVA base MV Apase).

Real Power output (P):

Eq. » 0 .
©209 Y Tood
. X mérd w
V' X o0 @0
0 s mB8

Reactive Power output (Q):

v

Eq. = v
©209 Y Tas
. pp@dL®I
V) — 0 =
X 0&H0 wo
0 PR N8

Transformer impedance:

Eq. . N 0 wo
[0)] W -
( ) 0D ®d
. X o&0 0o
© PBRIP S Eob
@ ™ T N8

Using the formula below; calculate the leside GSU transformer voltageddsidze) using 0.85
p.u. highside voltage (Mghside)- initial low-side voltage to be 0.95 p.u. and
repeat the calculation as necessary unfilWise converges. A convergence of less than one
percent (<1%) between iterations is consideserficient:

PR 0 (W)
g _ 0BT — > :
( ) 0 s o
L.~ TBOPp TP MO G
o OBl —&0 @) L
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Example Calculations: Options 8b and 9b

S S
Al S A Al & T 0 a
q
, s AT@J g@®s Al @A 1 p®d ™M NOoQ
W $
C
, THE TBOWO P C ¢ U Y ¢ TT@ p WG
W s
C
, TT VT
o s & PP p
C
w s B W W8

Use the new estimatedi-side Value of 0.9991 per unit for the second iteration:

Eq.

( )

Eq.

PR 0 @
— OEI - -
W S w
... TBOPp T T O (
o OE T80 W 0 P& U
_ (pgyA
w $
Al o6 © Al &6 T 0 &
C
. gs AT@A g@s AT @A 1 pd T oG
B S
C
, TRIG TROWT VMK ¢ ¢ U Y Y T@ p WG
W S
C
, TT LT
@ s &y ) (0]
C
So) s T W wWigh8
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To account for system higgide nominal voltage and the transformer tap ratio:
Eq. ® W S W oYY
( )
» T80 W W8 0 T VW tho
o1& Qw
A ¢ @ Qo
Apparent power (S):
Eq. Y 0 Q0
)
Y xma @ Q@ p @p 0 G
Y po®dku &I wbd

Primary current @h):

Eq. 0 _ Y
( Mo w
)
po®BY wO

P 0 ¢ @ TG

O cuvuvodo

Secondary current{dy:

Eq. . Ko
( ° v
)
. oguvuvodoo
O -
CUTITIT
v
O xppd
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Example Calculations: Options 8b and 9b

To satisfy the 115% margin in Options 8b and 9b:

Eq. O O ppub
(203109
)
Xppd pdpu
0 X @

Example Calculations: Options 8a, 9a, 11, and 12

Thiscxamplerepresent the calculation for a mixture of asynchronous and synchronous
generators applyig a phasei= overcurrent(c.c.. 50, 51 or 6/) relayin this application it
was assumed 20 Mvar of total static compensation was added. The current transformers

are located on the lovside of the GSU transformer.

Synchronous Generation (Options 8a and 9a)

Real Power output @hch:

Eq. 0 000 n"Q
(204110
0 WM WO &u
0 X o®0 ©

Reactive Power output @hcy:

Eq. O pu b
(205111
0 B T X eHD @
0 pp B U OI
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Example Calculations: Options 8a, 9a, 11, and 12

Apparent power (§nc:
Eq. Y o o]
(2061129
Y X mam @ Q@ p @®p 0 Oi
Y poBYUHAD ©b

Option 8a, Table £ =< Voliagealls for a 0.95 per undf the highside nominal voltage = =
basicfor generator bus voltage (M):

Eq. @ T8 B8 K oYY
(267113

) M8U 0T RO — Q6>

oTaQW
® ¢ @Ak

Primary current gisynd:

p°Y
Eq. o ppu P
(eeLiy Vo o

ppUL poBY UL HKAD @O

P 0 ¢ B PQK
0 Tomlppu §Ad

Real Power output @Rynch):

Eq. 0 g "'000 nQ
(209115

O TTO®WO Tu

Ca

Ca

p &l ®
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Example Calculations: Options 8a, 9a, 11, and 12

Reactive Power output @nch:

Eg. U 0 wo'y bwd'y "00 0
( ) OEAT OfQ
0 PWOUOOILIV®OI 0 T wd OEAT Om@pu
0 Py&O L &I

Option 11, Table £ Bus Vdhge, calls for a 1.0 per unit of the higlde nominal voltage for the
generator bus voltage gvy), however due to the presence of synchronous generator 0.95 p
unit bus voltage will be used:

Eg. ¢ T@oW®8 & oYY
( )

X T80 Qo — <o
W vV 0T QW T TR0
® ¢ B PQw
Apparent power (Syncy:
Eq. Y pomb 0 Q
( )
Y pomm pm&dw Q&O U DI
Y p Xl o @A) wd

Primary current @i-asynd:

Eq. O _Yi
( ) Mo
0 px® o@A ©6
PX 0 ¢ W PQ®
0 Tx UL o@AD
Secondary currentdd):
Eq. . 0 0
420 O B B
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Example Calculations: Options 8a, 9a, 11, and 12

TonmhpuAS T x U U 0 @AD
CUTTMT CUTTT
0 v

0

0 W®ph v @D

No additional margin is needs¢! because the synchronous
apparent power has been multiplied by 1.15 (115%) in Equétion' / and the asynchronous
apparent power has been multiplied by 1.30 (130%) in Equation

Eq. O O pnnbk
( )
o) w® pfi v @A pdT
0 o ph U @AD

Example Calculations: Options 8c and 9c ‘

This example uses Option 15b as a simulation example for a synchronous generator ay
a phase overcurrent relay In this application the same synchronot
generator is modeled as for Options 1c, 2c, and 7c. The CTs are located on-figd@ivthe
GSU transformer.

The generator Reactive Power and generator bus voltage are determined by simuldte
maximumReactive Powenoutput on the lowside of the GSU transformeturing field
forcing is used this value will correspond to the highest current. The correspondir|
generator bus voltage is also used in the calculation. Note that adfhohe excitation limiter,
reduces the field, the duration of the Reactive Power output achieved for this condition
sufficient to operate a phase overcurrent relay.
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Example Calculations: Options 8c and 9c s \i Formatted Table

1.25 T T T T T T 1000
Generator Reactive Power
115 — o — 800
- AT — . TN g
ot Generator Real Power s
) 2
1.05 600 <
S ]
H g
P . -
K] i Generator Bus Voltage ™. g
. . 3
095 — | / . a0 &
|
b . 5
i GSU High-Side Voltage ©
0.85 — | — 200
075 L | | I 0
0 4 8 12 16 20

Time (s)

In this simulation the following values are derived:

x

0 Y& L DI - | Formatted Table

o T80 P W ¢ & Qo

The other value required is the Real Power output which is modeled in the simulation ai
100% of the gross MW capability reported to the Transmission Planner. In this case:

0 X T8I @
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Example Calculations: Options 8c and 9c X

125 T T T T T T 1000
Generator Reactive Power
115 — T | 800
U Generator Real Power 2
| 3
1.05 600 S
- B
! z
'S
° L
S T enerator BUs Voltage . g
H I g
095 — | - 400 &
b 2
i/ 5
by e =
1 GSU High-Side Voltage 4
0.85 [— — 200
075 | | L ! 0
4 8 12 16 20
Time (s)
Apparent power (S):
Eq. Y v Qu

(116122
Yox 8 o @g&d 0 ol
Y pTmgbt @U

Primary current @h):

Eq. .o Y
(F:7129 Mo o
p LD &b
P& 0 ¢ & QW
0O cquyuxom

Secondary currentgdy:

Eq. . ©
(118124 8"y
. CuUX b
0 CUTITT
L
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Example Calculations: Options 8c and 9c ‘

O uwg L
To satisfy the 115% margin in Options 8c and 9c:

Eq. O O ppub
( )
o VR LY PP U
o D cq

Example Calculations: Option10

This represents the calculation for three asynchronous generators (including
inverter-based installations) apphg a phase distance relay.{..21)—directional toward
the Transmission system. In this application it was assumed 20 Mvar of total static
compensation was added.

Real Power output (P):
Eq. 0 o 000 n'Q
( )
0 o T®6 Tu
0 pn&d w
Reactive Power output (Q):
Eq. 0 0oy bwd'y
( ) ¢ 000 OEAT OnQ
0 pWOUGILIL®WI o T ®d OEAT On@pu
0 Ya&0 L QI

Option 10, Table £ Bus Voltage, calls for a 1.0 per unit of the hsighe nominal voltage for
the generator bus voltage {):

Eq. W PBINB8 W oYY
( )
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Example Calculations: Option10
® P8t 01T VW
® ¢ @Qw

Apparent power (S):

5

Eg. 'Y 0 Q0
( )

Y opm&dl O @&0 U KD

Y op o o @AD wod
Primary impedance {4):

Eq. . w
( ) © v

¢ @0
popl o @A) WO
® o® 1 To &Aq

&

Secondary impedances¢d:

s
Bd o o

o <

uY -
® o T to @Aq —
A o Tho@&@Aq v

o p@&doaiq

To satisfy the 130% margin in Option 10:

Eq. o ®
( ) pomb
o p & & o @AY
P& TT
® pBrdoa@aly

¢ QQ
0T8O
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Example Calculations: Option10 ‘

— o@ J

Assume a Mho distance i mpedance relay w
then the maximum allowable impedance reach is:

Ed. 4 w S
( ) Al & —
o p Bt ¢Y
AT @8u o @J
& p Brcy
T wX ¢
@) ¢ B puyavY

Example Calculations: Options 11 and 12

Option 11 represents the calculation for a GSU transformer applying a j2"icse
overcurrent { 51) relay connected to three asynchronous generators. Similarly,
these calculations can be applied to Option 12 for a phase directienabvercurrent relay
( 67) directional toward the Transmission system. In this application it was assumed
Mvar of total static compensation was added.

Real Power output (P):

Eq. 0 o 000 n'Q
( )

0 o T ®d T
0 pn&d o
Reactive Power output (Q):
Eq. 0 0 wd'Y bwd'y
( ) o 000 OEAT OnQ

PWOOILIV®OI 0 T wd OEAT Omipu

CA

CcR

P&O O @I
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Example Calculations: Options 11 and 12

Options 11 and 12, Table-Bus Voltage, calls for a 1.0 per unit of the hsje nominal
voltage for the generator bus voltagegéV:

Eq. @ p8@8 @  OY'Y

, . 0o S Qw

® Pt 0T B 3 T8 Q0
Q) ¢ BQw

Apparent power (S):

Eq. Y 0 QO
( )
Yo opm8l o @&O 0 G
Y op ol o @A) wbd
Primary current @h):

.
Eq. .9 __ YV
( ) Mo
po®pl o@AD Wb
PX 0 ¢ QW
O o1 )0 0®&AD

0

Secondary currentdd):

Eq. . 0
cea39 O FY
. ot X0 o@Ad
UTITT
]

'O o8 xlo o &Ad
To satisfy the 130% margin in Options 11 and12:

Egq. O O pomb
( )
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Example Calculations: Options 11 and 12
o) 08 xlo o @A p@ T

0 @ plu o @AD

Example Calculations: Options 13a and 13b

Option 13a for the UAT assumes:: the maximum nameplate rating of the windirg
utilized for the purposes of the calculations and the appropriate voltage. Similarly, Optic
13b uses the measured current while operating at the maximum gra&scisbability
reported to the Transmission Planner.

Primary current gh):

Eq. 7Y6_"Y
( ) Vo o
0 @1 WO
P& 0 p @'QwW
O CLU@RD

Secondary currentgdy:

Eq. . 0
(24 O B
O CLU@RD
VMM
0
0 dp!

To satisfy the 150% margin in Options 13a:

Eq. O © purmnh
( )
No) Cd @ pd® T
© o )0
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Example Calculations: Option 14a

Option 14a represents the calculation for

Elements that connect a GSU transformer to the Transmission system that are used
exclusively to export energy directly fremBES generating unit or generating plant that

is a
phase distance (o ..21) relay directional toward the Transmission system. The CTs are
located on the higfside of he GSU transformer.

Real Power output (P):

Eq. 0 000 n'Q
( )

0 OnMowd U
0 X oFd @
Reactive Power output (Q):

Egq. 0 pcgmbld
( )

(o]

P& T X OHD @
0 wc$d L &i

Option 14a, Tablé —Bus Voltage, calls for a 0.85 per unit of the nominal
voltage for the GSU transformer voltaged:

Eq. ® T VB8 «
( )
) U 0T N
) ¢ wdy UQw
Apparent power (S):

Eq. Y 0 ‘ Q0
( )

Yo ox mam o @cgd v oi

Y pp Bk &R w0
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Example Calculations: Option 14a ‘

— Vg XxJ
Primary impedance {4):

Eq. . ®
( ) © v

¢ wdy UQw
PPBK LM DO
) X ® olw & ¥q

&

Secondary impedancestd:

. o Y
® Y

Cq O

® X ®olw & Bq —
® x®olw &y ™
G p B & A

To satisfy the 115% margin in Option 14a:

Eq.d,) ®
( ) ppub
. P B oix & AY
(L) _———
PP L
@ P ¢l & AY
— Vg XJ
Assume a Mho distance i mpedance relay w

then the maximum allowable impedance reach is:

Eq. o _ w S
( ) Al —
& P BCY

AT @8u v & ¥
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Example Calculations: Option 14a

P BCNY
@ T

@ p& Yiop BUY

Example Calculations: Option 14b

Option 14b represents the simulation far

Elements that connect a GSU transformer to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generating plant
is
a phase distance: (.. 21) relay directional toward the Transmission system. The CTs
located on the higfside of the GSU transformer.

The Reactive Power flow and
are determined by simulation.

The maximunReactive Poweputput on the highside of the GSU transformer

during fieldforcing is used as will correspond to the
lowest apparent impedance: The corresponding
voltage is also used in the calculation. Note that although the excitation limiter reduces
field, the duration of the Reactive Power output achieved for this condition is sufficient t
operate a phase distance relay.
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Example Calculations: Option 14b ‘

[ | [ [ | [ | [ | = T T | Formatted Table
i RS
— 1 E g E
S = I
1.02p.u. FF
- - FEE
o ~ [
5 B |
E & e
= 5
b— " . — ol fed
GSU High-side Voltage s B
4 59
= 2] = I
| FOE B
e | - & ?
" Generator Reactive Power 5 £k
| 5 |5
g [
\/J Generator Bus Voltage
440.7 Mvar
— ] (=} o
4] 9
]
°l 8 8
| | | | | | | | I N
0.0 2.0000 4.0000 6.0000 8.0000 10.000
1.0000 3.0000 5.0000 7.0000 9.0000
TIME (SECONDS)

In this simulation the following values are derived:

0 x mi#@d 0 Oi

® T80 T P o0 pH QO
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Example Calculations: Option 14b ‘

The other value required is the Real Power output which is modeled in the simulation ai
100% of the gross MW capability reported to the Transmission Planner. In this case:

0 X Ta ®

125 T T T 1000

1 Generator Real Power

- - — g
| s
| H
105 ~{600 =
-~ 1]
S z
g
) ~ - v
2 Generator Reactive Power_- 2z
o - S
> | . 3
0.95 — <4 400 @
| -
2
s
— ) T
. - - — F
- ]
GSU High-Side Voltage
0.85 — —i 200
0.75 - | | | | 0
4 8 12 16 20
Time (s)
Apparent power (S):
o 4 TN T
Eq. Y 0 Qu

( )
Yo ox 8w o R n@d 0 G
Yool T ®AD 0o
— T J
Primary impedance {4:

Eq. . W
( ) © Ty
o pHQ®
wodl T A ©o6
® w @ it Aq
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Example Calculations: Option 14b ‘

Secondary impedancesgd:

Eq. - . 6"y
(aasy @ 9@ FTY

A w it §Aq —

® w it §Aq ™
O p & hTudAq
To satisfy the 115% margin in Option 14b:

Eq. . @

@4a59 @ ppub
; p & bTupAY
w —_—
PP L
A p & fitupAy
— T J
AssumeaMhad i st ance i mpedance relay with a 1

then the maximum allowable impedance reach is:

Ea. & W S
( ) ATS —
& PR
AT @8U 1 @J
& PR
X @ X
@) ¢ @ tyauy
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Example Calculations: Options 15a and 16a

Options 15a and 16a represent the calculationfar/chionous cenaratonlay nsialled on
the highside of the GSU transformgncluding relays installed at the remote end of the line,

‘or Elements that connect a GSU transformer to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generating piant-cicd
to synchronows generation.

Option 15a represents applying a phase time overcurrent relzry 61) 2nd/or “hacphase
instantancousovercurrent supervisory elements (1. 50) associated with curreriiased,
communicatiorassisted schemes where the scheme is capahiiepgfing for loss of
communications-installed on the higtside of the GSU transformernciuding relays insialled
at the remote end of the line.

Option 16a represents applying a phase directicnat overcurrantrelayor Phace
directionalnsianiancousoverecurrent supervisory crenis clement (2.0.67) associated with
currentbased, communicaticassisted schemes where the scheme is capable of tripping f
loss of communicationsdirectional toward the Transmission systeinstalled on the high
sideof the GSWind at the remote end of the line and/or a phase time directional overcurre
relay (e.g., 67) directional toward the Transmission system installed on thesidiglof the GSU
transformer, including relays installed at the remote end of the.line

a Q amnla Q Ontion 3 2 alalla' - A - Q -
the GSU transformdexample calculations are provided for the case, where potential
transformers (PT) and current transformers (CT) are located at thesidelof the GSU
transformer and the 0.85 per unit of the line nominal voltage at the {sigle of the GSU
transformer. Example calculations are also provided for the case where PTs and CTs are
at the remote end of the line and the 0.85 per unit of firee nominal voltage will be at the

remote bus location.

Real Power output (P):

Eq. 0 000 HQ
(:51157)

0 wnowd v
0 X o@d @
Reactive Power output (Q):

Eqg. 0 pgmPbd
(352158

C

pg T X oFO
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Example Calculations: Options 15a and 16a

l |

0 WCPP L ®I

Option 15a, Table 2 Bus Voltage, calls for a 0.85 per unit of the ksigle nominal voltage:

Eg. ® @) B8 ©
( )
A U 0T W
w ¢ wdy UQw
Apparent power (S):

Eg. Y 0 Q0
( )

o oxmamn © @cip P 0 di
Y ppUy @AD wd

Primary current gh):

( ) Mo
pplx L& O
P¥ 0 ¢ wd UQw
0 ¢q@n v @A

Secondary currentgdy:

Eq. . 0o
sa6) ° Y
o GG @ v QAS
CTITT
V]

0 ug TP v A

To satisfy the 115% margin in Options 15a and 15b:

Egq. © O ppub
( )
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Example Calculations: Options 15a and 16a

0 V¥ TP L QAD pP UL
© o G L A

Real Power output (P):

Eq.(164) 0 000 n"Q

0 wnoowd T@u

0 X oR0 &
Reactive Power output (Q):
Eq.(165) 0 p g PO
PR T X OFD w

C

0 wcP L i

Option 15a and 16a, Table-Bus Voltage, calls for a 0.85 per unit of the line nominal voltag
at the relay location, in this example the relay location is at the remote substation bus.

Eq. (166) & ‘ ™ B8 O
W ‘ U 0T QW
W . ¢ wd UQw

Apparent power (S):

Eq.(167) Y 0 Q0
Yoxmaw @ @cHd udi
Y pply @D wo
Primary current gh):

Eg. (168) 'O —
No
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Example Calculations: Options 15a and 16a

PPULXDL@AID WO
P& 0 ¢ W UQW

O ¢q it v @id

‘0

Secondary currentgl:

o
Eq.(169) O =
6 Y
o S @ v @uo
CTTT
V]

O Vg TP L @O

To satisfy the 115% margin in Options 15a and 16a:

Eg. (170) 'O O ppub
‘0 V¥ TP L QIO PP UL
K] o® L @O
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Example Calculations: Options 15b and 16b

Options 15b and 16b represent the calculation fcr

Elements that connect a GSU transformer to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generating piant

Option 15b represents applying a phase time overcurrent relzy 61) or
overcurrent supervisory elements (1. 50) associated with curresiased,

communicatiorassisted schemes where the scheme is capable ofitigpfor loss of

communications-installed on the higtside of the GSU transformer

Option 16b represents applying a phase directicrz

overcurrent syervisory 67) associated with
currentbased, communicatioassisted schemes where the scheme is capable of tripping f
loss of communicationsdirectional toward the Transmission system

installed on the higtside of the GSU

The Reactive Power flow and high-side

are determined by simulation. The maximum
Reactive Powenutput on the highside of the GSU transformer
during fieldforcing is used as will correspond to the lowest apparent
impedance The corresponding voltage is alo used
in the calculation. Note that although the excitation limiter reduces the field, the duration @
the Reactive Power output achieved for this condition is sufficient to operate a phase
overcurrent relay.
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Example Calculations: Options 15b and 16b

TIME (SECONDS)

[ | I I I [ I [ I
1.02 p.u.
— G3U High-side Voltage
1
- | -
| Generator Reactive Power
1
\/~/ Generator Bus Voltage
440.7 Mvar
| | | | | | | |
0.0 2.0000 4.0000 6.0000 8.0000 10.
1.0000 3.0000 5.0000 7.0000 9.0000

000

#INHD

- -
0 )
n o
°© =3
o S

fe}
B
=
=
c |
= o
I
w =

S
= (=
=] &l
|23
= (3

©
|
=
o o
&4
23 [
= e
=4 "o
=1 >

I3
O (23
S
I
oo =
(=] [
I
= e

=

In this simulation thdollowing values are derived:

0

®

X @0 U O

T80 T Y o pHQ®

122 of 128

\/ Formatted: Centered

| Formatted Table




Example Calculations: Options 15b and 16b

The other value required is the Real Power output which is modeled in the simulation at 1
of the gross MW capability reported to the Trarission Planner. In this case:

0 X T8 ®

1.25 T T T 1000

11 Generator Real Power

105} | ’ ~| 600

3
&
o - |
>
S Generatar Reactive Power.
S
S [ .
095 | o 400

Real and Reactive Power (MW/Mvar)

GSU High-Side Voltage

o075l | | | | 0
0 4 8 12 16 20

Time (s)

Apparent power (S):

Eg. Y 0 Q0
( )

o ox 8w o R n@d 0 G
Yool T ®AD 0o
Primary current ¢k):

Eq. Y
( ) Vo @

wodl T AL ©o6
P& 0 0 PpB QW
0 pY&DP T BAS
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Example Calculations: Options 15b and 16b

Secondary currentgdy:

Eq. . 0O
6017y O FY
o PYEP T BAD
CTITT
V]

0 @ XY T PAd

To satisfy the 115% margin in Options 15b and 16b:

Egq. © O ppub
( )
0 XY T HAS pP U
0 Vg U T BAS

Example Calculations: Option 17

Option 17 represents the calculation for three asynchronous generation Elements that
connect a GSU transformer to the Transmission system that are used exclusively to ex|
energy directly from a BES generating unit or generating plant that is applpimasa
distance relay (21;)directional toward the Transmission system. In this application it was
assumed 20 Mvar of total static compensation was added.

Real Power output (P):

Eq. © o "'000 nQ
( )

C TTO®WO TYPU

CA

p &0 ®

CA

Reactive Power output (Q):

Eq. 0 b wd'Y 0D wd'Y
( ) ¢ 000 OEAT OnQ
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Example Calculations: Option 17 ‘

0 PWUOILILOI 0 T wd OEAT Om@pu
0 YP&OD L QI

Option 17, Table £ Bus Voltage, calls for a 1.0 per unit of the hsite nomiral voltage for
the bus voltage (s):

Eq. o pP8IN8 w

) P8t 0T VW
@ ocT&aQ®
Apparent power (S):

Eg. 'Y 0 Q0
( )

Yo opm8d o &0V DI
Y pogl o @AD 06
Primary impeélance (Z):

Eq. . W
( ) @ Y
ocT& QW
popl o @A O

) wnal o &Aq
Secondary impedancestd:

s
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Example Calculations: Option 17 ‘

To satisfy the 130% margin in Option 17:

Eq.d) @
( ) pomb
. ¢ ® 6o @Ay
w —
P& T
® ¢ & ¢luw GAY
— o@ J
Assume a Mho distance i mpedance relay w

then the maximum allowable impedance reach is:

Eq. ¢ _ Eo) $
( ) Al © —
o CROW
Al p8u o &J
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T W X
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Example Calculations: Options 18 and 19 ‘

Option 18 represents the calculation fer
GSU transformer

to the Transmission system that are used exclusively to export energy directl
from a BES generating unit or generating plant

applying a phase time overcurrerit | 51)

Similarly, Option 19 may also be applied here for the phase directienabvercurrent
relays (.0 .67) directional toward the Transmission system for Elements that connect a
transformer ta the Transmission system that
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Example Calculations: Options 18 and 19

are used exclusively to export energy directly from a BES generating unit or generating
In this application it was assumed 20 Mvar of total static compensation was added.

Real Power output (P):

Eg. 0 o 000 fQ
( )

0 0 TT®WO ™YL

CA

p m&rd ®
Reactive Power output (Q):
Eq. 0 0 wd'Y bawd'y
( ) g '000 OEAT OnQ
0 pWOUDIVIL®OI o T wd OEAT O u
O Yy&O L ©i

Options 18 and 19, Table-Bus Voltage, calls for a 1.0 per unit of the hsjte nominal
voltage (Wus):

Eq. w pP8IN8 w
)

® P8l 0T VW
® 0T MW
Apparent power (S):

Eg. 'Y 0 Q0
( )

Y opTad ® RO U G
Y podplo@ID wod

Primary current @h):
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Example Calculations: Options 18 and 19 ‘

popl o@I0 Wwod
PX 0 0T MW

0O ccal o@D

0

Secondary currentdd):

cci o @Jd
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kO]

0O opxiv o@d

To satisfy the 130% margin in Optiorg&and 19:

Egq. O O pomb
( )
0 o xlv c@I6 p& ™
0 & Xiy o &Jo
Rationale:

During development of this standard, text boxes were embedded withintdredard to explain
the rationale for various parts of the standard. Upon BOT approval, the text from the rationale
text boxes was moved to this section.

Rationale for R1:

Requirement R1 is a ridlased requirement that requires the responsible entity ®dware of

each protective relay subject to the standard and applies an appropriate setting based on its
calculations or simulation for the conditions established in Attachment 1.

The criteria established in Attachment 1 represent skbhrtation conditionsduring which
generation Facilities are capable of providing system reactive resources, and for which
generation Facilities have been historically recorded to disconnect, causing events to become
more severe.

The term, “whil e maitretcaiiminfig i melRieghulieag efmawltt RAr adescri bes that
responsible entity is to comply with this standard while achieving their desired protection goals.
Refer to the Guidelines and Technical Basis, Introduction, for more information.
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