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Loadability for at5-day formal comment period anditial ballot in the last ten days of the
comment period.

Completed Actions

The Standards Committee (SC) authorized the SAR for posting

September 14, 2016

Date

Draft 1 of the Standards Authorization Request (SAR) was poste
a 30day formal comment period

September 16, 2016
through October 18,
2016

Draft 2 of theSAR was posted for a-tiay informal comment periog

March 20, 2017
through April 3,
2017

The SC accepted the SAR and appointed the SAR drafting team
the standard drafting team (SDT)

April 19, 2017

Draft 1 of PRO252 was posted for a 48ay formal conment
period with an initial ballot conducted in the last 10 days of the
comment period

July 25, 2017
through September
9, 2017

Draft 2 of PRO252 was posted for a 48ay formal comment
period with an additional ballot conducted in the last 10 daythef
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PRC-025-2— Generator Relay Loadability

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 Stangavdsapplicable regulatory
approval. Terms used in the proposed standard that are already defined and are not being
modified can be found in th&lossary of Terms Used in NERC Reliability Standdelsiew or
revised terms listed below will be presentéat approval with the proposed standardpon
Board adoption, this section will be removed.

Term(s):
None.
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PRC-025-2— Generator Relay Loadability

A. Introduction

1.
2.
3.

5.

Title:

Number:

Purpose:

Generator Relay Loadability
PRC-025-2

To set loadresponsive protective relaysassociated with generation
Facilitiesat a levelto prevent unnecessantripping of generators duringa system
disturbance for conditiors that do not pose a risk ofdamageto the associated
equipment

Applicability:

4.1.

4.2,

Functional Entities:

4.1.1.

4.1.2.

4.1.3.

Generator Ownethat appliesloadresponsive protective relayst
the terminals otthe Elementdisted in4.2, Facilities

Transmission Owner that appliésadresponsive protective relays
at the terminals othe Elements listed id.2, Facilities.

Distribution Provider that applies loagsponsive protective relays
at the terminals othe Elementdisted in4.2, Facilities

Facilities: The following Elementassociated wittBulk Electric SystentBES)
generating units and generating planiacludingthose generating units and
generating plantsidentified as Blackstart Resoursein the Transmission
Op e r aslystemressoration 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) onltne.

Elements that connedhe GSUtransformel(s)to the Transmission
systemthat are used exclusively to export energy directly from a BES
generating unit or generating plangéxcept thatElementsmay also
supply generating plant loads

Elements utilized in the aggregation of dispersed power producing
resources

Effective Date: See Implementation Plan

1 Relays include low voltage protection 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 when the generator is running. Loss of these
transformerswill result in removing the generator from service. Refer to the-BEB&2 Guidelines and Technical Basis for more
detailed information concerning unit auxiliary transformers.
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PRC-025-2— Generator Relay Loadability

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 pose a direskrio those generatorand
associated equipmemithin the time period where the tripping occurredhis tripping
has often beerdeterminedto haveexpandedhe scope and/oextendedthe duration
of that disturbanceThis was noted to be a seriousissu¢ihe August 2003 *“ |
in the northeastern North American continet.

During the recoverable phase of a disturb:
di sturbance” behavior pray dewidely depresheehnde sy st
may fluctuate In order to support the system during thisansient phase of a
disturbance, this standard establishes criteria for setting {oesponsiveprotective

relays such thaindividual generators may providgeactive Powewithin their dynamic
capabilityduring transient time periods to help the system recover frima voltage

disturbance The premature orunnecessary tripping of generatorssultingin the

removal of dynamic Reactive Povestacerbateshe severity of the voltage disturbance

and as a radt changesthe 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 Generator OwngefTransmission Owner, andistribution Providershall apply
settingsthat arein accordance witl?R@25-2 — Attachment 1 Relay Setting®n each
load-responsiveprotective relaywhile maintaining reliabléault protection. [Violation
Risk Factordigh [Time HorizontongTermPlanning

M1. For each loaglesponsive protective relay, each Generator Owdg@ansmission Owner,
and Distribution Providershall have evidence (e.g, summaries of calculations,
spreadsheets, simulation reports, or setting shedtst settings were appliedni
accordance with PR@5-2 — Attachment 1:Relay Settings

C. Compliance
1. Compliance Monitoring Process

1.1. Compliance Enforcement Authority: “* Comp |l i ance Enf or cemer
means NERC or the Regional Entityany entity as otherwise designated by
an Applicable Governmental Authorityn their respective roles of monitoring

3 Interim Report Causes of the August 14th Blackout in the United States and Canad@ablafia Power System Outage Task
Force, November 2003 (http://www.nerc.com/docs/docs/blackout/814BlackoutReport.pdf)
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1.2.

andor enforcing compliance withmandatory and enforceabldreliability
Standardsn their respective jurisdictions

Evidence Retention: The following evidence retention peri¢g) identify the
period of time an entity is required to retain specific evidence to desti@te
compliance For instances where the evidence retention period specified
below is shorter than the time since the last audit, tl&mpliance
Enforcement Authoritynay ask an entity to provide other evidence to show
that it was compliant for the full time period since the last audit.

The applicable entityshall keep data or evidence to show compliance as
identified below unless directed by i@ompliance Enforcememuthority to
retain specific evidence for a longer period of time as part of an investigation:

1 The Generator OwnefTransmission Owner, and Distribution Provider
shall retain evidence dRequirement RAnd Measure M1for the most
recentthree calendayears.

i If a Generator OwnerTransmissio®wner, or Distribution Provides
found noncompliant, it shall keep information related to the non
compliance until mitigation is complete and approved or for the time
specified above, whichever is longer.
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PRC-025-2— Generator Relay Loadability

Violation Severity Levels

Violation Severity Levels

Lower VSL Moderate VSL High VSL Severe VSL

The Generator Owner,
Transmission Owner, and
Distribution Provider did no
apply settings in accordanc
R1 N/A N/A N/A with PRE25:2 ¢
Attachment 1: Relay
Settings on an applied load
responsiveprotective relay.
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D. Regional Variances
None.

E. Associated Documents

NERC System Protection and Control Subcommit@ensiderations foPower Plant and Transmissioysg&m Protection
Coordination” technical reference document, Revision 2. (Date of Publication: July 2015)

NERC System Protection and Control Subcommittéieit Auxiliary Transformer Overcurrent Relay Loadability During a
Transmission Depressed Voltage Condition ( Dat e o fMaréh®@l§ i cat i on:

IEEE C37.162006,"IEEE>Suide for AC Generator ProtectidiiDate of Publication2006)

IEEE C37.12012 “IEEE Standard for Trip Systems for-Mmlage (1000 V and below) AC and General Purpose (1500 V
and below) DC Power Circuit Breakeé(Pate 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

Version Date Action Tigi:&;
1 August 15, Adopted by NERC Board of Trustees New
2013
1 July 17, 2014 | FERC order issued approving PR&1
2 April 19, 2017| SAR accepted by Standards Committe| Project 201604
2 TBD Adopted by NERC Board of Trustees Revision
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 praective functions listedin Table 1 EachGenerator Owner
Transmission Owner, ardistributionProviderthat applies loaeresponsiveprotectiverelayson
their respective Elementssted in4.2, Facilitiesshall use one of the followin@ptionsin Table
1, Relay Loadability Evaluation Crite¢id T a b, to seteachlpadresponsiveprotective relay
elementaccording to its applicatioand relay type Thebus voltage idbased orthe criteria for
the various applications listed in Table 1

Generators

Synchronous gneratorrelay setting criteria values arderived fromt he uni t’ s maxi mu
Real Power capability, imegawatts(MW), as reported to thélransmission Planngand the

u ni Readive Power capabilityin megavoltampereeactive (Mvar), is determined by

calculating theMW valueb a s e d 0 n naméptatentegaioltarmere (MVA) rating at rated

power factor If different seasonal capabilities are reported, the maximcapabilityshall be

used for the purposes of this standaag aminimum requirement The Generator Owner may
basesettings on a capability that is higher than what is reported to the Transmission Planner.

Asynchronous generataelay setting criteria valuegincluding inverteibased installationsare
derivedfromthes i t e’ s rmaagigumeogplax powercapabiliyy, in MVA as reported to

the Transmission Planneincludingthe Mvar output of any static or dynamic reactive power
deviceslf different seasonal capabilities are reported, the maximum capability shall be used for
the 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 Transmigdanner.

For applicatios where synchronousand asynchronous generator typese combined on a
generator stepup transformer or onElements that connecthe generator stepup (GSU)
transformel(s) to the Transmission system that are used exclusivelyxfmg energy directly
from a BES generating unit or generating pl@xcept thatElements may also supply generating
plant loads) the setting criteria shall be determined by vector summing the setting criteria of
each generator typeand using the bus \tage for the given synchronous generator application
and relay type

Transformers

Calculations using the GSU transformer turns ratio shall use the actual tap that is applied (i.e., in
service) folGSU transformeywith de-energized tap changers (DETI€lpad tap changers (LTC)

are usedthe calculations shall reflect the tap that results in the lowest generator bus voltage
When the <criterion specifies the use of t he
impedance at the nominabSUransformerturns ratioshallbe used.

Applications that use more complex topology, such as generators connected to a multiple
winding transformer, are not directly addressed by the criteridale 1 These topologies can
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result in complex power flows, and magquire simulation to avoid overly conservative
assumptions to simplify the calculatiarintities with these topologies should set their relays in
such a way that they do not operate for the conditiorssrig addressed in this standard.

Multiple Lines

Applications that use more complex topology, such as multiple lines that cotimegenerator
stepup (GSU) transformés) to the Transmission system that are used exclusively to export
energy directly from a BES generating unit or generating &eptthat Elements may also
supply generating plant loadsire 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 calcidas. 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 frthra requirements of this standard:

1. Anyrelay elements that are in service only during start up

2. Loadresponsiveprotective relay elementsthat are armed only when the generata i
disconnected from the system(e.g, nondirectional overcurrent elements used in
conjunction with inadvertent engization schemesand 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) provicedthe distance element is set in accordance with the criteria outlined in
the standard

4. Protectiverelayelements that are only enabled when other protection elements éag (
overcurrent elements that are only enabled duringdad potential conditions

5. Protectverelayelements used only fdRemedial Action Schem#sat 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 generato short time capability by utilizing an extremely inverse characteristic set to
operate no faster than 7 secondd 218%of full load current(e.g, rated armature
current), and prevent operation below 1%bof full-load current?

7. Protection systems thatletect overloads andare 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 Ibelowis structuredand formattedto aid the reader with identifying an option for a given
load-responsiveprotectiverelay.

4|EEE C37.1€20 0 6 , “Guide foct A€GnGéng8eatoonPdaolel. 2.
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The first column identifies the application (e.g., synchronous or asynchronous generators,
generator stepup transformers, unit auxiliary transformerglements that connecthe GSU
transformel(s) to the Transmission system that are used exclusively to export energy directly
from a BES generating unit or generating pjabark blue horizontal barexcluding the header
which repeats at the top of eaghage demarcatethe variousapplicatons.

The second column identifiedbe loadresponsivedistance or overcurrenprotective relayby
IEEElevice numberge.g, 21,50,51, 51V¥C, 51W¥R,or 67) according to the application in the first
column This also includes manufactupgotective device trip unitdesignations for longime
delay, shorttime delay, and instantaneous (e.g., L, S, andllight blue horizontal bavetween

the relay typess the demarcation between relay types for a givenlaggion. These 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 alphabetic options (i.e., index numbering) to identify the
available options for setting loadesponsiveprotectiverelays according to the application and
appliedrelay type Another, shorter] i ght bl ue bar c andrevedsmoghet he
reader that the relay fothat application has one or more options(e . , “ways”) to
bus voltageand setting criteriain the fourth and fifth column, respectivelyrhe bus voltage
column and setting criteria columns provide the criteria for determining an appropriate setting.
The table is further formatted byghading groupsof relays associated with asynchronous
generator applications. Synchronous generator applications and the unit auxiliary transformer
applications are not shadedlso, intentional buffers were added to the table such that similar
options aspossiblewould be paired together on a per page badiste that some applications
may havean additional pairing that might occur on adjacent pages.
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PRC-025-2— Generator Relay Loadability

Table 1. Relay Loadability Evaluation Criteria

Application

Synchronous
generating unit(s)
includingElements
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 calculated

impedance derived from 115% of:
(1) Real Power output 100% othe grossMW capability

la the highside nominal voltage time o
the turns ratio of the generator reported t.o the Transmission Planner, and .
Sten-up transformer (2) Reactive Power output150% othe MW value, derived
pup from the generatornameplate MV Aating at rated power factor
OR
Calculated generator bus voIFage The impedance element shall be set less than the calculated
corresponding to 0.85 per unit . . O e
nominal voltage orthe highside impedance derived from 115% of:
. (1) Real Power output 100% othe grossMW capdility
1b terminals of the generator stepp o
transformer (including the reported to the Transmission Planner, and
g (2) Reactive Power output150% othe MW value, derived
transformer turns ratio and .
. from the generatornameplate MVAating at rated power factor
impedance)
OR
Simulated generator bus voltage
coincident with the highest The impedance element shall be set less than the calculated
Reactive Powenutput achieved impedance derived from BEPb of:
1c during fieldforcing in response to § (1) Real Power output 100% otthe grossMW capability

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

prior to fieldforcing

reported to the Transmission Planner, and
(2) Reactive Power outputl00% othe maximumgrossMvar
output during fieldforcing adetermined 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 transformersndthided tap

changers (DETC). If load tap changers (LTC) are bhsedltulations shall reflect the tap that results in the lowest generator bus voltage. When the criterion specifiesahe use
transfor mer

the GSU

S

i mpedance,

t he

namepl at e

i mpedance at the nominal

Draft January 2018
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Option

Bus Voltage®

Setting Criteria

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

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 Poweruiput —100% of the gross MW capability

2a the highside nominal voltage time:s o
the turns ratio of the generator reported to the Transmission Planner, and
Sten-up transformer 9 (2) Reactive Power output150% of the MW value, derived
pup from the generator nameplate MVA rating at rated power fac
OR
Calculated generator bus voIFage The overcurrent element shall be set greater than 115% of tH
corresponding to 0.85 per unit . .
nominal voltage on the highide calculated current derived om: .
Phase overcurrent . (1) Real Power output 100% of the gross MW capability
2b terminals of the generator stepp o
relay(e.g.,50, 51, transformer (including the reported to the Transmission Planner, and
or 51\\R—voltage 9 (2) Reactive Power output150% of the MW value, derived
; transformer turns ratio and .
restrained . from the generator nameplate MVA rating at rated power fac
impedance)
OR
Simulated generatobus voltage
coincident with the highest The overcurrent element shdike set greater than 115% of the
Reactive Power output achieved | calculated current derived from:
during fieldforcing in response to ¢ (1) Real Power output 100% of the gross MW capability
2c . . .
0.85 per unit nominal voltage on | reported to the Transmission Planner or, and
the highside terminals of the (2) Reactive Power outpul00% of the maximum gross Mvar
generator stepup transformer output during fieldforcing as dtermined by simulation
prior to field-forcing
Phase time
overcurrent relay Generator bus voltage
(€..,51\C)— corresponding to 1.@er unit of the
voltage controlled . : . ' . Voltage control setting shall be set less than 75% of the
3 high-side nominal voltage times th¢
(Enabled to . calculated generator bus voltage
turns ratio of the generator stepp
operate as a
. transformer
function of
voltage)

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

Application Relay Type Option Bus Voltage® Setting Criteria
ZT:;Z%S?BCE Soer?gggor: d?:ggtig;er unit of the The impedance element shall be set less than the calculated
directional toward 4 high-side nominal voltage times thq IPECEMED CRfREe! O B0 QLTS maxmur_naggr(_egate
the Transmission turms ratio of the generator stegp nameplateMVA outputat rated power factofincluding the
system transformer Mvar output of any static or dynamic reactive power devices
S;?:;agor: d?::s t\go'iag:r unit of the The overcurrent element shall be set greater than 130% of tH
5a hi hsige nomginal v'olta e times th calculated current derived from the maximum aggregate
Asynchronous tu?ns ratio of the energtor Stey nameplate MVA output at rated powerdsor (including the
generating unit(s) Phase overcurrent transformer 9 P Mvar output of any static or dynamic reactive power devices
(including inverter relay (e.g., 50, 51, OR
based installations) or 51\VV\R-voltage
includingElements restrained) Generator pus voltage _ Thelower tolerance of theovercurrentelementtripping
utilized in the corresponding to 1.@er unit of the | characteristicshall not infringe upon the resource capability
aggregation of 5b high-side nominal voltage times th( (including the Mvar output ofhe resource ancny static or
dispersed power turnsfratlo of the generator steip | gynamic reactive power deviceSgeFigure A.
producing resources TEMEROTTET
Phase time
VLT EEY) Generator bus voltage
Eg.50C)= corresponding to 1.@er unit of the
voltage controlled . : . ' : Voltage control setting shabe set less than 75% of the
6 high-side nominal voltage times thq
(Enabled to 9 . 9 calculated generator bus voltage
turns ratio of the generator stepp
operate as a
. transformer
function of
voltage)

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

Application

Relay Type

Option

Bus Voltage®

Setting Criteria

Relaginstalled on
generatorsidé of the
Generator stepup
transformer(s)
connected to
synchronous
generators

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

Generator bus voltage
corresponding td).95 per unit of

The impedance element shall be set less than the calalilate

impedance derived from 115% of:
(1) Real Power output 100% of the aggregate generation gro

7a the highside nominal voltage timey MW reported to the Transmission Planner, and
the turns ratio of the generator (2) Reactive Power output150% of the aggregate generation
step-up transformer MW value, derived from the generator nameplate MVAnmg
at rated power factor
OR
Calculated generator bus voltage | The impedancelement shall be set less than the calculated
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
7b terminals of the generator stepp | MW reported to the Transmission Planner, 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
Smul_ated ggnerator_bus voltage The impedance element shall be set less than the calculated
coincident with the highest . . ;
. . impedance derived from 115% of:
Reactive Power output achieved % of the agareqate aeneration aro
during fieldforcing in response to ¢ (1) Real Power output 100 00 ggregate g 'ong
7c MW reported to the Tansmission Planner, and

0.85 per unit nominal voltage on
the high-side 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

61f the relay is instadid on the higkside of the GSU transformarse Option 14.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Option

Bus Voltage®

Setting Criteria

Relaginstalled on
generatorside’ of the
Generator stepup
transformer(s)
connected to
synchronous
generators

Phase overcurrent
relay (e.g., 50 or
51)

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

8a the highside nominal voltage timey MW reported to the Transmission Planner, and
the turnsratio of the generator (2) Reactie Power output- 150% of the aggregate generation
step-up transformer MW value, derived from the generator nameplate MVA rating
at rated power factor
OR
Calculated generator bus voltage | The overcurrent element shall be set greater than 115% of th
corresponding to 0.85 per unit calculated current derived from:
nominal voltage on the highide (1) Real Power output 100% of the aggregate generation gro
8b terminals of thegenerator stepup | MW reported b the Transmission Planner, 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
Smul_ated ggnerator_bus voltage The overcurrent element shall be set greater than 115% of tH
coincident with the highest . ]
. . calculated currenderived from:
ReactivePower output achieved % of the agareqate aeneration aro
during fieldforcing in response to ¢ (1) Real Power output 100 0 ot ggregate g 'ong
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 simulaton

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

71f the relay is installed on the higdide of the GSU transformer ys@ption 15.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Option

Bus Voltage®

Setting Criteria

Relaginstalled on
generatorsidée® of the
Generator stepup
transformer(s)
connected to
synchronous
generators

Phase directional
overcurrent relay
(e.0.,67)—
directional toward
the Transmission
system

Generator bus voltage
corresponding td).95 per unit of

The overcurrent element shall be set greater than 115%hef

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 generator (2) Reactive Power output150% of the aggregate generation
step-up transformer MW value, derived from the generator nameplate Miéting
at rated power factor
OR
Calculated generator bus voltage | The overcurrentlement shall be set greater than 115% of the
corresponding to 0.85 per unit calculated current derived from:
nominal voltage on the highide (1) Real Power output 100% of the aggregate generation gro
9b terminals of the generator stepp | MW reported to the Transmission Planner, 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
Smul_ated ggnerator_bus voltage The overcurrent element shall be set greater than 115% of tH
coincident with the highest . i
. : calculated current derived from:
Reactive Power output achieved % of the agareqate aeneration aro
during fieldforcing in response to ¢ (1) Real Power output 100 00 ggregate g 'ong
9c MW reported to theTransmission Planner, and

0.85 per unit nominal voltage on
the high-side 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

81f the relay is installed on the higgide of the GSU transformer yseption 16
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Option

Bus Voltage®

Setting Criteria

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

Phase distance
relay (e.g., 21}
directional toward
the Transmission
systen?

10

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

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

Phase overcurrent
relay (e.g., 50 or
51)°

11

Generator bus voltage
corresponding to 1.@er unit of the
high-side nominal voltage times th¢
turns ratio of the generator stepp
transformer for overcurrent relays
installed on the lowside

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

Phase directional
overcurrent relay
(e.q., 67}
directional toward
the Transmission
systent!

12

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

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

A different application starts on the next page

91f the relay is installed on the higdide of the GSU transformerse Option 17.
101f the relay is installed on the higgide of the GSU transformarse Option 18.
111f the relay is installed on the higdide of the GSU transformarse Option 19.

Draft January 2018

18 of 117



PRC-025-2— Generator Relay Loadability

Table 1. Relay Loadability Evaluation Criteria

Bus Voltage®

Application Relay Type Option Setting Criteria

Phase overcurrent 1.0 per unit of the winding nomina\
relay (e.g., 50 or 13a voltage of the unit auxiliary calculatedcurrent derived from the unit auxiliary transformer
51) applied at the transformer maximum nameplate MVA rating
Uiy | heernas (o8
transformer(s) (UAT) . i . . The overcurrent element shall be set greater than 150% of tH
which operation of Unit auxiliary transformer bus . .
: . unit auxiliarytransformer measured current at the generator
the relay will cause|  13b voltage corresponding to the . . L
. maximum gross MW capability reported to the Transmission
the associated measured current
. Planner
generator to trip
Relaginstalled on the The impedance element shall be set less than the calculated
high-side of the GSU impedance derived from 115% of:

12 i 0, i
transfo_rmer, including 0.85 per unibof the linenominal (1) Real Power output 100/0_ of_ the aggregate generation gro
relays installed o the l4a voltage at the relav location MW reported to the Transmission Planner, and
remote end of lingfor 9 y (2) Reactive Power output120% of the aggregate generation
Elements that connect | Phasedistance MW value, derived from the generator nameplate MVA rating
the GSU transformer(s)| relay €.9.,21)— at rated power factor
to the Transmission directional toward | OR
system that are used | the Transmission Simulated line voltagat the relay | The impedance elenm shall be set less than the calculated
exclusively to export system locationcoincident with the highes| impedance derived from 115% of:
energy directly from a Reactive Power output achieved | (1) Real Power output 100% of the aggregate generation gro
BES generating unit or 14b during fieldforcing in response to § MW reported to the Transmission Planner, and
generating plant 0.85 per unitof the line nominal (2) Reactive Power outpel00% of the aggregate generation
(except thatElements voltage at the remote end of the | maximum gross Mar output during fieldforcing as determined
may also supply line prior to fieldforcing by simulation
generating plant loads
—connected to Th licati . h ith a diff I
synchronous e same application continues on the next page with a different relay type
generators

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

Bus Voltage®

Application Relay Type Option Setting Criteria

Phase The overcurrent element shall be set greater than 115% of th
instantaneous calculated current derived from:
0 ,
Relaginstalled on the overcu_rrent 0.85 per unibof the linenominal (1) Real Power output 100_/0 qf the aggregate generation gro
. : supervisory 15a : MW reported to the Tansmission Planner, and
high-side of the GSU voltage at the relay location . .
transformer X including element €.9.,50)— (2) Reactive Power output120% of the aggregate generation
. ' associated with MW value, derived from the generator nameplate MVA rating

relays installed at the tbased t rated fact
remote end of the line | CUrTent _as?_ , at rated power factor
for Elements that communication OR
connect the GSU assisted schemes . .

where the scheme Simulated line voltagat the relay | The overcurrent element shall be set greater than 115% of tk
transformer(s) to the | . capable of locationcoincident with the highes| calculated current derived fro:
Transmission system tripping for loss of Reactive Power output achieved | (1) Real Power output 100% of the aggregate generation gro
that are used communications 15b | during fieldforcing in response to § MW reported to the Transmission Planner, and
exclusively to export | phase time 0.85 per unitof the linenominal (2) Reactive Power outputl00% of the aggregate generation
energy directly froma |~ - oo relay voltage at the remote end of the | maximum gross Mvar output during fiefdrcing as determined
BES generating unit or (e.9..51) line prior to fieldforcing by simulation

generating plant
(except thatElements
may also supply
generating plant loads
—connected to
syrchronous
generators

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

131f the relay is installed on the generatside of the GSU transformarse Option 8.
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Table 1. Relay Loadability Evaluation Criteria

Bus Voltage®

Application Relay Type Option Setting Criteria

Phase directional The overcurrent element shall be set greater than 115% of th
Relaginstalled on the | instantaneous calculated current derived from:
high-side of ;T_e GSQ overcu_rrent 0.85 per unit of thdine nominal (1) Real Power output 100% of_ the aggregatesgeration gross
transformer}*including | supervsory 16a voltage at the relay location MW reported to the Transmission Planner, and
relays installed at the | element ¢.9.,67)— (2) Reactive Power output120% of the aggregate generation
remote end of the ling | associated with MW value, derived from the generator nameplate MVA rating
for Elements that current-based, at rated power factor
connect the GSU communication OR
transformer(s) to the | assisted schemes
Transmissiosystem where the scheme
that are used is capable of
exclusively to export | tripping for loss of i .
energy directly from a | communications Slmqlated .Iln(.a voltagat the rglay The overcurrent elemgnt shall be set greathan 115% of the
BES generating unit or| directional toward Iocathncommdent with the hlghesi calculated current derived from: '
generating plant the Transmission Regctlv_e Powe_r oqtput achieved | (1) Real Power output 100% of the aggregate generation gro
(except thatElements | systemand/or 16b during fleldfor0|ng in response to g MW repo_rted to the Transmission Planner, and _
may also supply phase directional 0.85 per unitof the linenominal (2) Reactlve Power outputl00% Qf thg aggregate generqtlon
generating plant loadl. | time overcurrent \{oltagt_a at thg remotg end of the max.|mum 'gross Mvar output duringefd-forcing as determined
—connected to relay €.g.,67)— line prior to fieldforcing by simulation
synchronous directional toward
generators the Transmission

system

A different application starts on the next page

141f the relay is installed on the generatside of the GSU transformarse Optior.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type i Bus Voltage® Setting Criteria

Relaginstalled on the
high-side of the GSU
transformer?® including
relays installedn the
remote end of linefor
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
asynchronous
generators only
(including inverter
basedinstallations)

PITESS EIEETES The impedance element shall be set less than the calculated

rglay _(e.g.,21) 1.0per unit of the line nominal impedance derived from 130% of theaximum aggregate
directionaltoward 17 . . .

o voltageat the relay location nameplate MVA output at rated power factor (including the
the Transmission . . . .
system Mvar output of any static or dynamic reactive power devices

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

151f 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

Bus Voltage®

Option

Setting Criteria

Relaginstalled on the
high-side of theGSU
transformer*6
including, relays
installedon 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 loagds
—connected to
asynchronous
generators only
(including inverter
based installations)

Phase
instantaneous
overcurrent
supervisory
element €.9.,50)—
associated with
current-based,
communication
assisted schemes
where the scheme
is capable of
tripping for loss of
communications
and/or Phase time
overcurrent relay
(e.g.,51)

1.0per unit of the line nominal

18 voltageat the relay location

The overcurrent element shall be set greater than 130%ef t
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

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

18f the relay is installed on the generatside of the GSU transformarse Option 11.
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Table 1. Relay Loadability Evaluation Criteria

Setting Criteria

Bus Voltage®

Application Relay Type Option

Relaginstalled on the
high-side of the GSU
transforme,*” including

for Elements that
connect the GSU
transformer(s) to the
Transmission system
that are used
exclusively to export
energy directly from a
BESjenerating unit or
generating plant
(except thatElements
may also supply
generating plant loagds
—connected to
asynchronous
generators only
(including inverter
based installations)

Phase directional

, instantaneous
relays installedn the
. overcurrent
remote end of the line .
supervisory

element €.9.,67)—
associated with
current-based,
communication
assisted schemes
where the scheme
is capable of
tripping for loss of
communications
directional toward
the Transmission
systemand/or
Phase directional
time overcurrent

relay €.9.,67)

19

1.0per unit of theline nominal
voltageat the relay location

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

nameplate MVA output at rated power factor (including the
Mvar output of any static or dynamieactive power devices)

End of Table 1

171f the relay is installed on the generatside of the GSU transformarse Option 12.

Draft January 2018

24 of 117



PRC-025-2— Generator Relay Loadability
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This figure is for demonstration of Option 5b and does not mandate a specific type «
protective curve or device manufacturer.

Draft January 2018 25 of 117



PRC-025-2 — Application Guidelines

PRC-025-2 Guidelines and Technical Basis

Introduction

The d o ¢ LComsidetations *for Power Plant and Transmission System Protection
Coordination ” published by the NERC SysteenfSPCPI) ot ect
provides extensive general discussion about the protective functions and generator performance
addressed within this standard. This document was last revised in Juy201

The basis for the standar d’ sthegenerdter keiminalssoy cr i t
low-side of the generator stepp (GSU) transformer is the dynamic generating unit loading
values observed during the August 14, 2003 blackout, other subsequent system events, and
simulations of generating unit response to simagstem conditions. The Reactive Power output
observed during fieldorcing in these events and simulations approaches a value equal to 150
percent of the Real Power (MW) capability of the generating unit when the generator is operating
at its Real Powerapability. In the SPCS technical reference document, two operating conditions
were examined based on these events and simulations: (1) when the unit is operating at rated
Real Power in MW with a level of Reactive Power output in Mvar which is equivaldOt
percent times the rated MW value (representing some level of fiefding) and (2) when the

unit is operating 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 Mvaich 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 transformerdidghvoltage at 0.85

per unit. These load operating points are beéd to be conservatively high levels of Reactive
Power out of the generator with a 0.85 per unit higigle voltage which was based on these
observations. However, for the purposes of this standard it was determined that the second load
point (40 percent) iered no additional benefit and only increased the complexity for an entity

to determine how to comply with the standard. Given the conservative nature of the criteria,
which may not be achievable by all generating units, an alternate method is provided t
determine the Reactive Power output by simulation. Also, to account for Reactive Power losses
in the GSU transformer, a reduced level of output of 120 percent times the rated MW value is
provided for relays applied at the higidide of the GSU transformand on Elements that connect

a GSU transformer to the Transmission system and are used exclusively to export energy directly
from a BES generating unit or generating plant.

The phrase, “while maintaining r elrbeathdttte f aul t
Generator Owner, Transmission Owner, and Distribution Provider is to comply with this standard
while achieving its desired protection goals. L@adgponsive protective relays, as addressed

within this standard, may be intended to provide aiety of backup protection functions, both

within the generating unit or generating plant and on the Transmission system, and this standard

is not intended to result in the loss of these protection functions. Instead, it is suggested that the

18 http://www.nerc.com/comm/PC/System%?20Protection%20and%20Control%20Subcommittee%20SPCS%2020/SPCS%20
Gen%20Prot%20Coordination%20Technical%20Reference%20Document.pdf
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Generator Ower, Transmission Owner, and Distribution Provider consider both the requirement
within this standard and its desired protection goals, and perform modifications to its protective
relays or protection philosophies as necessary to achieve both.

For exampleif the intended protection purpose is to provide backup protection for a failed
Transmission breaker, it may not be possible to achieve this purpose while complying with this
standard if a simple mho relay is being used. In this case, it may be pdssiet this purpose

by replacing the legacy relay with a modern advantszhnology 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 protectidor the failed Transmission breaker, and
whether this protection can be better provided by, for example, applying a breaker failure relay
with a transfer trip system.

Requirement R1 establishes that the Generator Owner, Transmission Owner, and Distributio
Provider must understand the applications of Attachment 1: Relay Settings, Table 1: Relay
Loadability Evaluation Criteria (“Table 17) i
of its loadresponsive protective relays to prevent an unnecegsap of its generator during the

system conditions anticipated by this standard.

Applicability

To achieve the reliability objective of this standard it is necessary to include alldspdnsive
protective relays that are affected by increased generatmitput in response to system
disturbances. This standard is therefore applicable to relays applied by the Generator Owner,
Transmission Owner, and Distribution Provider at the terminals of the generator, GSU
transformer, unit auxiliary transformer (UABlements 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, and Elements utilized in the aggregation of dispersed power producing
resources.

TheGaeer ator Owner’s interconnection facility (
or “generator | eads”) consists of El ements be
the portion of the Bulk Electric System (BES) where Transmission Ovakersover the
ownership. This standard does not wuse the ind
Facility” consistent w07 KGenerdtce Regquremients atf thePr o) e
Transmission Interface), because the term generator intercotmedé-acility implies ownership

by the Generator Owner . Il nstead, this standa
connect a GSU transformer to the Transmission system that are used exclusively to export energy
directly from a BES generatinguair gener ating plant” to include

also owned by the Transmission Owner or Distribution Provider. Theréspdnsive protective
relays in this standard for which an entity shall be in compliaareelependent on the location

and the application of the protective functions. Figures 1, 2, and 3 illustrate various generator
interface connections with the Transmission systeamd Figure 4 illustrategxamples of
Elements utilized in the aggregation of dispersed power resoutitasare in scope of the
standard
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Figure 1

Figure 1 is a single (or set) of generators connected to the Transmission system 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 higjde of the GSU transformer
breaker CB100 is generally applied to provide backup protection to the relaying located at Bus A
and in some cases Bus B. Under this application, relay R1 would apply the loacjiligment

in PRE252 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 géngranit or generating plant.

The protective relay R2 located on the incoming source breaker CB102 to the generating plant
applies relaying that primarily protects the line by using line differential relaying from Bus A to B
and also provides backup pegition to the transmission relaying at Bus B. In this case, the relay
function that provides line protection would apply the loadability requirement in-BE&2 and

an appropriate option for the application from Table 1 (e.g., 15a, 15b, 16a, 16b, 1&89afat
phase overcurrent supervisory elements (i.e., phase fault detectors) associated with eurrent
based, communicatioassisted schemes (i.e., pilot wire, phase comparison, and line current
differential) where the scheme is capable of tripping for loE€ommunications. The backup
protective function would apply the requirement in the RBZ5-2 standard 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 Transmmsisystem that are used exclusively to export energy directly
from a BES gemating unit or generating plant.

SinceElements that connect the GSU transformer(s) to the Transmission system that are used
exclusively to export energy directly from a BES gaigg unit or generating plarare applicable

to the standard, the loadability for relays applied on these Elements as shown in the shaded area
of Figure 1 (i.e., CB102 and CB103) must be considered. If relay R2 or R3 is setleiteat
directional tovard the transmission system (e.g., Buses B, C and D) or asdirectional, the

relay would be affected by increased generatotput in response to system disturbancasd

must meet the loadability setting criteria described in the standard. If relagrAR3 isset with

an elementdirectional toward the generator (e.g., Bus A), the relay would not be affected by
increased generatooutput in response to system distuaihces; therefore, the entity would not

be required to apply the loadability setting teria described in this standard.
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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 plant to the networkThe protective relay R1 on the higlide of the GSU
transformer breaker CB100 is generally applied to provide backup protection to the Tisaitsm
relaying located at Bus A and in some cases Bus B. Under this application, relay R1 would apply
the loadability requirement in PR@25-2 using an appropriate option for the application from
Table 1 (e.g., Options 14 through 19) for Elements thameonha GSU transformer to the
Transmission system that are used exclusively to export energy directly from a BES generating
unit or generating plant.

The protective relays R2 and R3 located on the incoming source breakers CB102 and CB103 to
the generatingplant applies relaying that primarily protects the line 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 would apply the loadability requirement inClBR5-2 and an
appropriate option for the application from Table 1 (e.g., Options 15a, 15b, 16a, 16b, 18, and 19)
for phase overcurrent supervisory elements (i.e., phase fault detectors) associated with eurrent
based, communicatioassisted schemes (i.gjlot wire, phase comparison, and line current
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differential) where the scheme is capable of tripping for loss of communications. The backup
protective function would apply the requirement in the RBZ5-2 standard using an appropriate
option for the appliation 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.

SinceElements that connect the GS3tansformer(s) to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generatingeaagiplicable

to the standard, the loadability for relagpplied on these Elements asown in the shaded area
of Figure 2 (i.e., CB102, CB103, CB104, and CB105) must be considered. If relay R&, R, R4,
isset with an element directional toward the transmission systeenq,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 standdielay R2
R3, R4, or RSset with an elemendirectional toward the generatoe(g.,Bus A) the relay would

not be affected by increased generatoutput in response to system distuahces; therefore,
the entity would not be required to apply the loadability setticgteria described in this
standard.

|
B [0 [
| % Bus C
: A = =
=
Bus A |
UAT CB102 1031104 I
gg CB101 = R2) |
Bus B
CB100 CB103 CB105 |
GSU ; @
Relays subject : e
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|

Figure 2: Generation exported through multiple radial lines
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Figure 3

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

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 apply the applicable loadability requirement in-88%2 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 genenatplant.

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
Transmission system that are used exclusively to exportggndirectly 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-BRCstandard. The applicable
responsi bl e e ndydR4gandRS5 |dcaieal dnahe bréakets Y°B104eand CB105 at Bus
C and D are also subject to the requirements of the-B&R standard.
IJ‘ZI L[]
Bus C
L

Sz
CcB104 | |
Bus A
CB102

CB102

cB105 [] C
oY
Bus D
%] ]
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This standard is also applicable to theTdAhat 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(s), or 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 in this standard a loadability requirement for relssd for overload protection

of the UAT(s) that supply normal station service for a generating tihik NERC System
Protection and Control Subcommittee addressed-kide UAT protection in the document called
Unit_Auxiliary Transformer Overcurrent Relay Loadability During a Transmission Depressed
Voltage Conditiop® March 2016

Figure 4

Elements utilized in the aggregation of dispersed poweducing resources (in some cases
referred to as ar ““cfofdaabietrofstiie Elemgrdstbetween individual
generating units and the common point of interconnection to the Transmission system.

19 http://www.nerc.com/comm/PC/System%20Protection%20and%20Control%20Subcommittee%20SPCS%2020
INERC%28620SPCS%20UAT%2ROFEB_2016_final.pdf
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Figure-4: Elements utilized in the aggregation of dispersed power producing
resources (DR)

N—

Synchronous Generator Performance

When a synchronous generator experiences a depressed voltage, the generator will respond by
increasing its Reactive Power output to suppihie generator terminal voltage. This operating
condition, -koobpwnhngs” “fesubdts i n the Reactive
state capability of the generator and may result in operation of generation system: load
responsive protective rele if they are not set to consider this operating condition. The ability of
the generating unit to withstand the increased Reactive Power output during-fbetihg is
limited by the field winding thermal withstand capability. The excitation limiternedpond to

begin reducing the level of fielbrcing in as little as one second, but may take much longer,
depending on the level of fieltbrcing given the characteristics and application of the excitation
system. Since this time may be longer than theetidelay of the generator loatesponsive
protective relay, it is important to evaluate the loadability to prevent its operation for this
condition.
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The generator bus voltage during figlatcing will be higher than the higside 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 1 are based on 0.85 per unthefline nominal volage. 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 have recovered, had
other undesired behavianot occurred.

The dynamicloatt evel s specified in Table 1 under col 1
of the maximum expected apparent power during fiétdcing with the Transmission system

voltage at 0.85 per unit, for example, at the higilde of the GSU transformer. Thesdues 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 conditions. Based on these
observations, the specified criteria represent consematbut achievable levels of Reactive

Power output of the generator with a 0.85 per unit higide voltage at the point of
interconnection.

The dynamic load levels were validated by simulating the response of synchronous generating
units to depressed Trangssion 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 interconnectiomectsicec

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 the rated Real Power output when
the Transmission system voltage is depressed to 0.86 yet. While the simulations
demonstrated that all generating units may not be capable of this level of Reactive Power output,
the simulations confirmed that approximately 20 percent of the units modeled in the simulations
could achieve these levels. Ometbasis of these levels, Table 1, Options l1a (i.e., 0.95 per unit)
and 1b (i.e., 0.85 per unit), for example, are based on relatively simple, but conservative
calculations of the higlside 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
Owner, Transmission Owner, or Distribution Provider to simulate the output of a generating unit
when the simple calculation is not adequate to achieve therddgorotective relay setting.

Dispersed Generation

This standard is applicable to dispersed generation such as wind farms and solar arrays. The
intent of this standard is to ensure the aggregate facility as defined above will remdineon
during a systm disturbance; therefore, all output loagsponsive protectiveelaysassociated

with the facility are included in PRI25.

Dispersed power producing resources with aggregate capacity greater than 75 MVA (gross
aggregate nameplate rating) utilizing a tgys designed primarily for aggregating capacity,
connected at a common point at a voltage of 100 kV or above are included {8Z23RClLoad
responsive protective relays that are applied on Elements that connect these individual
generating units through # point of interconnection with the Transmission system are within
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the scope of PRA252. For example, feeder overcurrent relays and feeder stppransformer
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 AC waveform, the “ter min
inverter-solar panel combination.

Asynchronous Generator Performance

Asynchronous generatorgill not respond to a disturbance with the same magnitude of apparent
power that a synchronous generator will respond. Asynchronous generators, though, will support
the system during a disturbance. Invedeased generators will provide Real Power and Reactive
Power (depending on the installed capability and regional grid code requirements) and may even
provide a faster Reactive Power response than a synchronous generator. The magnitude of this
response may sligly exceed the steadgtate capability of the inverter but only for a short
duration beforelimiter functionswill 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 may provide
Real 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. This ckdtas 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 may have

apparent power output similar to invertebased installations; therefore, it is appropriate to use

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 lowering tren3mission system voltagd the
remote end of the lineor at the highside of the GSU transforméas prescribed by the Table 1
criteria). This can be simulated by means such as modeling the connection of a shunt e¢actor
the remote end of the lineor at the GSU transformer highideto lower thevoltage to 0.85 per

unit prior to fieldforcing. The resulting step change in voltage is similar to the sudden voltage
depression observed in parts of the Transmission system on August 14, 2003. The imiiedrcon

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 Power and voltagethe relay locatiorto cadculate relay setting limits.

The Reactive Power value obtained by simulation is the highest simulated level of Reactive Power
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achieved during fieldorcing. The voltage value obtained by simulation is the simulated voltage
coincident with the highest Retiee Power achieved during fiefdrcing. These values of
Reactive Power and voltage correspond to the minimum apparent impedance and maximum
current observed during fiekbrcing.

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

CGenerator 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 protection, or both, were noted during analysis of the August 188 d&turbance event

to have unnecessarily or prematurely tripped a number of generating units or generating plants,
which contributed to the scope of that disturbance. Specifically, eight generators are known to
have been tripped by this protection funchi. 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 System support during disturbances in an effort to minimize the
scope ofthose disturbances.

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

Section 4.6.1.1 of IEEE C37-:202 0 6 , f&oui A€ Generator Protectd.i
purpose of this protection as follows (emphasis added):

G¢KS RAAGIYOS NBflFe ILIWEASR FT2N GKA& Fd
the generator from the power system for a fathiat is not cleared

by the transmissia line breakersIn 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 result in the system apparent impedance, as monitored
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 has been shown to provide good coordination for
stable swings, systemaults involving idfeed, 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 betwveen the generator protection engineers and the
system protection engineets optimize coordination while still
protecting theturbine generator. Stability studies may be needed
to help determine 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. In distance relay applications for which the voltage
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regulator action cold 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 the phase
distance relays on the transmission linesonnected to the
gererating 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
set as 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 line off of the
bus. The normal zor2time-delay criteria would be usto set the
delay for this element. Alternatively, zofiecan be used to provide
high-speed protection for phase faults, in addition to the normal
differential protection, in the generator and iphase bus with
partial coverage of the GSU transformerr Bus 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 element can operate on arofut

step power swing condition and providenfi S RAy 3 GF NBSGAy A dé

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 in accordance with Table 1, there
may be other methods available to do Igsuch as application of blinders to the existing relays,
implementation of lenticular characteristic relays, application of offset mho relays, or
implementation of load encroachment characteristics. Some methods are better suited to
improving loadabilityaround a specific operating point, while others improve loadability for a
wider area of potential operating points in theXXplane. The operating point for a stressed
System condition can vary due to the greent system conditions, severity of the iating 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 characteristic to obtain a longer relay reach, as this practice may result in a relay
characteristic that overlaps the capability of the generating when operating at a Real Power
output level other than 100 percent of the maximum Real Power capability. Overlap of the relay
characteristic and generator capability could result in tripping the generating unit for a loading
condition within the generang unit capability. The examplesAppendix E of th€onsiderations

for Power Plant and Transmission System Protection Coordinattmical reference document
illustrate the potential for, and need to avoid, encroaching on the generating unit capabili
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Phase Instantaneous Overcurrent Relay (e.g., 50)

The 50 element is a nedirectional overcurrent element that typically has no intentional time
delay. The primary application is for atas 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 overcurrent elements referenced in this standard

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

See Chapter 2o0f the Considerations folPower Plant andlransmission System Protection
Coordinationtechnical reference document for a detailed discussion of this protection function.
Note that the setting criteria established within the Table 1 options differ fridme
Considerations foPower Plant and Transgsion System Protection Coordinatidechnical
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 the maximum expected generator Real Powgnud based on whether the generator

is asynchronous or asynchronousit.

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

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

a function of vatage, whether applied for the purpose 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 trippechlaer

of generating units or generating plants, contributing to the scope of that disturbance.
Specifically, 20 generators are known to have been tripped by velegjeained and voltage
controlled protection functions together. These protective funoBaare variably referred to by
IEEE function numbers 51V, 51R, 51VR, 51V/RR51V other terms. Se€hapter 20of the
Considerations folPower Plant and Transmission System Protection Coordinaticmical
reference document for a detailed discussiorttog protection function.

Phase Time Overcurrent Relay — Voltage Controlled (e.g., 51V-C)

Phase time overcurrent voltageontrolled relays€.g.,51\+C), enabled as a function of voltage,
are variably referred to by IEEE function numbers 51V, 51C, 51V(Z, 51\C, or other terms.
See Chapter 2of the Considerations folPower Plant and Transmission System Protection
Coordinationtechnical reference document for a detailed discussion of this protection function.

Phase Directional Overcurrent Relay — Directional Toward Transmission System

(e.g., 67)

See Chapter 2of the Considerations folPower Plant and Transmission System Protection
Coordination technical reference document for a detailed discussion of the phase time
overcurrent protection function. The basis for setting directional and-dioectional overcurrent
relays is similar. Note that the setting criteria established within the Tableibroptiffer from

of the Considerations forPower Plant and Transmission System Protection Coordination
technical reference document. Rather than establishing a uniform setting threshold of 200
percent of the generator MVA rating at rated power factor fbia@plications, the Table 1 setting
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criteria are based on the maximum expected generator Real Power output based on whether the
generatoris asynchronous or asynchronousit.
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Table 1, Options

Introduction

The margins in the Table 1 options are basedjoidance found in th€onsiderations foPower
Plant and Transmission System Protection Coordinatgmmnical reference document. The
generator bus voltage during fiefdrcing will be higher than the higide voltage due to the
voltage drop across th&éSU transformer. When the relay voltage is supplied from the generator
bus, it is necessary to assess loadability using the generator bus voltage.

Relay Connections

Figuress and6 below illustrate the connections for each of the Table 1 options providé&tRE
0252, Attachment 1: Relay Settings, Table 1: Relay Loadability Evaluation Criteria.

2000/ 1 A To3askv system

D) E_ !
) GSU Data
3 2000/5 903 MVA
tions 14a and 14b 345kV/ 22kV
P [ ] X=12.14%

3 2000/5

1 21 :
AN sy idadud

Options 16aand 16b MMMM Options 7a, 7b, and 7c
@9 I: ] Options 9a, 9b, and 9c
Options 15a and 15b

- 25000/5 §] (50/5>l OptlonhSSa, 8b, and 8¢

—3&—¢ 50005 UAT .
EYs To auxiliary
3¢ E

o

200/1 M

@ Options 13aand 13b

loads

Options 1a, 1b, and 1c

y @ 25000/5

i Generator Nameplate
- 903 MVA @ 0.85 pf
option3 | kv

Options 2a, 2b, and 2c

Figure 5: Relay Connection for corresponding synchronous options
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2000/1 A To3askv system

)E !
) GSU Data

[3 300/5 150 MVA

Option 17 I:] 346.5kV/ 22 kV
300/5 X=12.14%
—&) C
GSU

™M ™M Option 10

Option 19 @ @9 [ Option 12
tion 18 / ;l
Op = 5000/5 Option 11
\le 50/51 I
200/1 5000/5 UAT To auxiliar
Aggregated M }{ E loads y

A
e i (1 @ |
var [
I::I Options 13a and 13b

L 22kV/ 12kV
Aggregated MVA D Al

3-40 MVA @ 0.85 pf

1-5 Mvar

35000/5

s

Figure 6: Relay Connection for corresponding asynchronous options including
inverter-based installations
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Synchronous Generators Phase Distance Relay — Directional Toward Transmission
System (e.g., 21) (Options 1a, 1b, and 1c)

Table 1, Options 1a, 1b, and 1c, previded for assessing loadability for synchronous generators
applying phase distance relays that are directional toward the Transmission system. These
margins are based on guidance founddhapter 2of the Considerations foPower Plant and
Transmissiorbystem Protection Coordinatigachnical 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
multiplyingthe 0.95 per unit nominal voltagat the highside termirals of the GSU transformer

by the GSU transformer turns ratio (excluding the impedancEjis calculation is a
straightforward wayto approximate the stressed system conditions

Draft January 2018 41 of 117



PRC-025-2 — Application Guidelines

Option 1b calculates the generator bus voltage corresponding to 0.85 penamiinal 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-gigg terminals of the GSU
transformeras well aghe turns ratio and impedace. The actual generator bus voltage may be
higher depending on the GSU transformer impedance and the actual Reactive Power achieved.
This calculation is a more-gepth andprecisemethod forsetting of the impedance element than
Option 1a.

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

For Options 1a and 1b, the impedance elemsmll beset less than the calculated impedance
derived from 115ercent ofboth: the Real Power output of 100 percent oktinaximum gross
MW capability reported to the Transmission Planner, dahd Reactive Power output that
equates to 150 percent of the MW value, derived from the generator nameplate MVA rating at
rated power factor.

For Option 1c, the impedance elemestial be set 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 Transmission Planner, #melReactive Power output that equates to
100 percent of the mamum gross Mvar output during fielidrcing as determined by simulation.

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

Table 1, Options 2a, 2b, and 2c, are provided for assessing loadability for synchronous generators
applying phase overcurrent relages.g., 5051, or 51\-\R—voltagerestrained. These margins are
based on guidance found @hapter 2of the Considerationgor Power Plant and Transmission
System Protection Coordinatigachnical reference document.

Option 2a calculates a generator bus voltage corresponding to 0.95 per unit nominal voltage on
the highside terminals of the GSU transformer. The generator Wltage is calculated by
multiplyingthe 0.95 per unit nominal voltagat the highside terminals of the GSU transformer

by the GSU transformer turns ratio (excluding the impedancEjis calculation is a
straightforward wayto approximate the stressed system conditions

Option 2b 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 basedmoa 0.85 per unit nominal voltage at the higide terminals of the GSU
transformeras well ador the turns ratio and impedance. The actual generator bus voltage may
be higher depending on the GSU transformer impedance and the actual Reactive Powegdachiev
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This calculation is a more-aepth andprecisemethod for setting of the overcurrent element
than Option 2a.

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

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

For Option 2c, the overcurrent elemeshall beset greater than the calculated current derived
from 115 percent oboth: the Real Power output of 100 percent ofetlmaximum gross MW

capability reported to the Transmission Planner, #melReactive Power output that 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.g.,

51V-C) (Option 3)

Table 1, Option 3, is provided for assessing loadability for synchronous generators applying phase
time overcurrent relays which arxendmabll edl”gs
margins are based on guidance founddhapter 2of the Consderations forPower Plant and
Transmission 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 gmtor bus voltage is calculated by
multiplyingthe 1.0 per unit nominal voltageat the highside terminals of the GSU transformer

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

For Option 3, the voltage control settirghall beset less than 75 percent of the calculated
generator bus voltage. The voltage setting must be set such that the function (e.gG)54M

not trip under extreme emergency conditions e time overcurrent function will 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.

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 $raission system. These margins are
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based on guidance found @hapter 2of the Considerations foPower Plant and Transmission
System Protection Coordinatigachnical reference document.

Option 4 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
multiplyingthe 1.0 per unit nominal voltageat the highside terminds of the GSU transformer

by the GSU transformer turns ratio (excluding the impedance). 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 asskgslity

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 generatos boltage can be conservatively
estimated by reflecting the highide nominal voltage to the generatside based on the GSU
transformer’s turns ratio.

For Option 4, the impedance elemeshall beset less than the calculated impedance derived
from 130 pecent 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 aalhy

any static or dynamic Reactive Power devices that contribute to the power flow through the
relay.

Asynchronous Generators Phase Overcurrent Relay — (e.g., 50, 51, or 51V-R — Voltage
Restrained) (Options 5a and 5b)

Table 1, Option &is provided for assessing loadability for asynchronous generators applying
phase overcurrent relay&@.g., 5051, or 51\AR— voltagerestrained. These margins are based
on guidance found ihapter 2of the Considerations foPower Plant and Transmisgi®ystem
Protection Coordinatiotechnical reference document.

Option 5 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
multiplyingthe 1.0 per unit nominal voltageat the highside terminals of the GSU transformer

by the GSU transformer turns ratio (excluding the impedance). 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 generatoeside voltage. Asynchronous generatals not produce as much Reactive
Power as synchronous generators; the voltage drop due to ReactierPow through the GSU
transformer is not as significant. Therefore, the generator bus voltage can be conservatively
estimated by reflecting the highide nominal voltage to the generatside based on the GSU
transformer’s turns ratio.
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For Option B, the overcurrent elemenshall 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 of any static or dynamic Reactive Power devices. This is detérmin
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.

For Option 5b, the overcurrent element shall be set to excéedmaximum capability of the
asynchronous resource and applicable equipment (e.g., windings, power electronics, oables,
bus).This is determined by summing the total current capability of the generation equipment
behind the overcurrent element and anystatic or dynamic Reactive Power devices that
contribute to the power flow through thevercurrentelement.The lower tolerance of the
overcurrent element tripping characteristicshall be set to not infringe upon the resource
capability(including the Mvaoutput of the resource and any static or dynamic reactive power
devices) FigureA of PRE&252 illustratesthat the overcurrentelementdoes not infringe upon

the asynchronous resource capabilifyheupper hashedarea of Figuré represents Exclusion 7.

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

51V-C) (Option 6)

Table 1, Option 6, is provided for assessing loadability for asynchronous generators applying
phase time overcurrentrelayswhicha® enabl ed as a f urothitaroldfedvd
These margins are based on guidance foun@hapter 2of the Considerations foPower Plant

and Transmission System Protection Coordinatemmnical reference document.

Option 6 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
multiplyingthe 1.0 per unit nominal voltageat the highside terminds of the GSU transformer

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 settirghall beset less than 75 percent of thealculated
generator bus voltage. The voltage setting must be set such that the function (e.gG)5&M

not trip under extreme emergency conditions as the time overcurrent function will be set less
than generator full load current. Relays enabled &smation of voltage are indifferent as to the
current setting, and this option simply requires that the relays not respond for the depressed
voltage.

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 guidece found irChapter 2f the Considerations for Power Plant and Transmission
System Protection Coordinatigachnical reference document.
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Table 1, Options 7a, 7b, and 7c, are provided for assessing loadabpityase distance relays
that are directionftoward the Transmission systeamd connected to the generateside of the
GSU transformer of a synchronous generakmr applications wheréhe relay is connected on
the highside of the GSU transformer, use 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
multiplyingthe 0.95 per unit nominal voltagat the highside termirals of the GSU transformer

by the GSU transformer turns ratio (excluding the impedancEhis calculation is a
straightforward wayto approximate the stressed system conditions

Option 7b calculates the generator bus voltage corresponding to 0.85 penamiinal voltage

on the highside terminals of the GSU transformer. The voltage drop across the GSU transformer
is calculated based ahe 0.85 per unit nominal voltaget the highside terminals of the GSU
transformer, as well aghe turns ratio and impdance. The actual generator bus voltage may be
higher depending on the GSU transformer impedance and the actual Reactive Power achieved.
This calculation is a more-@epth andprecisemethod forsetting the impedance element than
Option 7a.

Option 7c¢ snulates the generator bus voltage coincident with the highest Reactive Power output
achieved during fieldorcing This output isn response to a 0.85 per unit nominal voltage on the
high-side terminals of the GSU transformer prior to fiébdcing. Usingimulation is a morén-
depth andprecisemethod forsetting theimpedanceelementthan Options 7a or 7b

For Options 7a and 7ithe impedance elemerghall 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,taadReactive Power output
that equates to 150 percent of the aggregate generation MW védeeived from the generator
nameplate MVAating at rated power factqr

For Option 7c, the impedance elemestiall 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 Transmissi Planner, andhe Reactive Power output that
equates to 100 percent of the maximum gross Mvar output during-frelding as determined by
simulation.

Generator Step-up Transformer (Synchronous Generators) Phase Overcurrent Relay

(e.g., 50 or 51) (Options 8a, 8b and 8c)

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 withitne Table 1 ptionsdiffer from Chapter 2of the Considerations

for Power Plant and Transmission System Protection Coordinattnical reference document.

Rather than establishing a uniforteadability threshold of 200 percent of the generator
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nameplate MVA ratingtaated 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 loadaiiplitstse overcurrent relays
that are connected to the generataide of the GSU transformer of a synchronous generator.
For applications wheré¢he relay is connected on the higide of the GSU transformer, use
Option 15.

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

by the GSU transformer turns ratio (excluding the impedance&his calculation is a
straightforward wayto approximate the stressed system conditions

Option 8b calculates the generator bus voltage corresponding to 0.85 per unit nominal voltage
on the highsideterminals of the GSU transformer. The voltage drop across the GSU transformer
is calculated based ahe 0.85 per unit nominal voltaget the highside terminals of the GSU
transformer, as well aghe turns ratio and impedance. The actual generator butage may be

higher depending on the GSU transformer impedance and the actual Reactive Power achieved.
This calculation is a more-aepth andprecisemethod for setting the overcurrerglement than

Option 8a.

Option 8c simulates the generator bus voltagéncident with the highest Reactive Power output
achieved during fieldorcing This output isn response to a 0.85 per unit nominal voltage on the
high-side terminals of the GSU transformer prior to fiébdcing. Using simulatiors a more in
depthand precisemethod forsetting theovercurrentelementthan Options 8a or 8b

For Options 8a and 8b, the overcurrent elemshill beset greater than 115 percent of the
calculated current derived frorboth: 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 védeeived from the generator
nameplate MVAating at rated power factqr

For Option 8c, the overcurrent elemeshall 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 Transssion Planner, andhe Reactive Power output that
equates to 100 percent of the maximum gross Mvar output during-frelding as determined by
simulation.

Generator Step-up Transformer (Synchronous Generators) Phase Directional
Overcurrent Relay — Directional Toward Transmission System (e.g., 67) (Options 9a,

9b and 9c¢)

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
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setting criteria established withitme Table Joptions differ fromChapter 2of the Considerations

for Power Plant and Transmission System Protection Coordinattnical reference document.
Rather than establishing a unifortoadability threshold of D0 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 9a, 9b, and 9c, are provided for assessing loadabifptyase directioal
overcurrent relays directional toward the Transmission System that are connected to the
generatorside of the GSU transformer of a synchronous gener&tor.applications wherée

relay is connected on the higgide of the GSU transformer, use Optith

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
multiplyingthe 0.95 per unit nominal voltaget the highside terminals of the GSU transformer

by the GSU transformer turns ratio (excluding the impedancEjis calculation is a
straightforward wayo approximate the stressed system conditions

Option 9b calculates the generator bus voltage cspanding 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 ale 0.85 per unit nominal voltaget the highside terminals of the GSU
transformer, as well aghe 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 more-agepth andprecisemethod for setting the overcurrerglement than

Option 9a.

Option 9c¢ simulates the generator bus voltage coincident with the highest Reactive Power output
achieved during fieldorcing This output isn response to a 0.85 per unit nominal voltage on the
high-side terminals of the GSU transformerario field-forcing. Using simulatiors a more in

depth andprecisemethod forsetting theovercurrentelementthan Options 9a orl@

For Options 9a and 9b, the overcurrent elemshill beset greater than 115 percent of the
calculated current deriveffom both: the Real Power output of 100 percent of the aggregate
generation MW capability reported to the Transmission Plannerthadeactive Power output
that equates to 150 percent of the aggregate generation MW védeeved from the generator
namegdate MVA rating at rated power factpr

For Option 9c, the overcurrent elemeshall 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 tB Transmission Planner, arde Reactive Power output that
equates to 100 percent of the maximum gross Mvar output during-frelding as determined by
simulation.
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Generator Step-up Transformer (Asynchronous Generators) Phase Distance Relay —
Directional Toward Transmission System (e.g., 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 providedor assessing loadability for GSU transformers applying phase distance relays that
are directional toward the Transmission System that are connected to the genesid®of the

GSU transformer of an asynchronous generator. These margins are based amcguiound in

Chapter 2of the Considerations for Power Plant and Transmission System Protection
Coordinatiortechnical reference documenfor applications wherthe relay is connected on the
high-side 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 transformer. The generator bus voltage is calculated by
multiplyingthe 1.0 per unit nominal voltaget the highside termirals of the GSU transformer

by the GSU transformer turns ratio (excluding the impedancEjis calculation is a
straightforward wayo approximate the stressed system conditions

Since the relay voltage is supplied from the generator bus, it is necetssasgess loadability
using the generateside voltage. Asynchronous generatals not produce as much Reactive
Power as synchronous generatohgncethe voltage drop due to Reactive Power flow through
the GSU transformer is not as significant. Therefdhes generator bus voltage can be
conservatively estimated by reflecting the higide nominal voltage to the generatside based
on the GSU transformer’s turns ratio.

For Option 10, the impedance elemestiall beset less than the calculated impedandeyived

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 eq@ptibehind 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 Overcurrent Relay

(e.g., 50 or 51) (Option 11)

The Federal Energy Réatory 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 withitme Table JToptions differ fromChapter 2f the Considerations

for Power Plant and Transmission System Protection Coordinatbnical reference document.
Rather than establishing a unifortoadability threshold of 200 percent of the generator
nameplate MVA rating at rated power factor for all appiicas, the setting criteria are based on

the maximum expected generator output.

Table 1, Option 11 is provided for assessing loadalmfitghase overcurrent relays that are
connected to the generateside of the GSU transformaf an asynchronous genexat For
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applications were the relay is connected on the higlde 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. Thengrator bus voltage is calculated by
multiplyingthe 1.0 per unit nominal voltageat the highside terminals of the GSU transformer

by the GSU transformer turns ratio (excluding the impedancEhis calculation is a
straightforward wayto approximate tle stressed system conditions

Since the relay current 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 generatoh&nce 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 higidle nominal voltage to the generatside based

on the GSU transfome r * gaticc ur n s

For Option 11, the overcurrent elemeshall 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 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 toptheer flow through the

relay.

Generator Step-up Transformer (Asynchronous Generators) Phase Directional
Overcurrent Relay — Directional Toward Transmission System (e.g., 67) (Option 12)

The Federal Energy Regulatory Commission, in FERC Order No. 7§&pbat®4, directs that
NERC address relay loadability for protective relays applied on GSU transformers. Note that the
setting criteria established withitme Table Joptions differ fromChapter 2f the Considerations

for Power Plant and Transmission®ys Protection Coordinatiotechnical reference document.
Rather than establishing a unifortoadability threshold of 200 percent of the generator
nameplate MVA rating at rated power factor for all applications, the setting criteria are based on
the maximun expected generator output.

Table 1, Option 12 is provided for assessing loadalofiphase directional overcurrent relays
directional toward the Transmission System that are connected to the genesaterof the GSU
transformer of an asynchronous gemrator. For applications Werethe relay is connected on the
high-side of the GSU transformer, use Option 19.

Option 12 calculates the generator bus voltage corresponding to 1.0 per unit nominal voltage on
the highside terminals of the GSU transformeheTgenerator bus voltage is calculated by
multiplyingthe 1.0 per unit nominal voltaget the highside terminals of the GSU transformer

by the GSU transformer turns ratio (excluding the impedancEhis calculation is a
straightforward wayto approximat the stressed system conditians
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Since the relay current is supplied from the generator bus, it is necessary to assess loadability
using the generatoeside voltage. Asynchronous generatals not produce as much Reactive
Power as synchronous generatohgncethe 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 higide nominal voltage to the generatside based
ontheGSUtnasf or mer’ s turns ratio.

For Option 12, the overcurrent elemeshall 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 of any static or dynanfReactive 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.

Unit Auxiliary Transformers Phase Overcurrent Relay (e.g., 50 or 51) (Options 13a

and 13b)

In FERC Order No. 733, paragraph 104, directs NERC to include in this standard a loadability
requirement for relays used for overload protection of the UAT that supply normal staigice

for a generating unit. For the purposes of this standard, UATs provide the overall station power
to support the unit at its maximum gross operation.

Table 1, Options 13a and 13b provide two options for addressing phase overcurrent relaying
applied at the higkside of UATs. The transformer higidle winding may be directly connected

to the transmission grid or at the generator isolated phase bus (IPBo@hase bus. Phase
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 associated generator ate be compliant with the relay setting criteria in this standard.
Due to the complexity of the application of leside overload relays for single or muMinding
transformers, phase overcurrent relaying appladhe lowside of theUAT are not addressgan

this standard.The NERC System Protection and Control Subcommittee addresssléoWAT

protection in the document call ed *“Uni't Au X i
During a Transmission Depr e sitesetlaysindluteabyiteare Co n d i

not limited to, a relay used for arc flash protection, feeder protection relays, breaker failure, and
relays whose operation may result in a generator runback.
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Refer to the Figureg and8 below for example configurations:
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Figure 7: Auxiliary Power System (independent from generator)
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Figure 8: Typical auxiliary power system for generation units or plants

The UATSs supplying power to the unit or plant electrdegdiliaries are sized to accommodate the
maximum expected 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
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for starting of large induction otors on the original unit or plant design, the nameplate MVA
capacity of the transformer may be near full load.

Because of the various design and loading characteristics of UATSs, two options (i.e., 13a and 13b)
are provided to acc tcaianoptilasopghy wite preverttingtthe 'UAT pr o
transformer phase 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
nominalvoltage on the higiside 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 stresed system conditions.

For Option 13b, the overcurrent 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 setting compatedOption 13a and the relay setting
philosophyof the applicable entity This is a more involved calculation that approximates the
stressed system conditions by allowing the entity to consider the actual load placed on the UAT
based on t he imyragress MW capabilisy repoated to the Transmission Planner.

The performance of the UAT loads during stressed system conditions (i.e., depressed voltages) is
very difficult to determine. Rather than requiring responsible entities to determine the resspon

of UAT loads to depressed voltage, 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 minimsetting current based on 150 percent 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 prevemttrip of the UAT, and subsequent 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
anticipaed within this standard, 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.g., 21) (Options 14a and 14b)

Relays applied on Elements that connect a GSU transformer to the Transmission system that are
usedexclusively to export energy directly from a BES generating unit or generatingapéant
challenged by loading conditions similar to relays applied on generators and GSU transformers.
These margins are based on guidance foun@hapter 2of the Considerabns forPower Plant

and Transmission System Protection Coordinat@mmnical reference document. Relays applied

on the highside of the GSU transformer respond to the same quantities as the ragpjied at
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the remote end of the line foElements thatconnect a GSU transformer to the Transmission
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 criterigofase distance relays directional toward the
Transmission system to prevent Elements that connect a GSU transftortte Transmission
system that are used exclusively to export energy directly from a BES generating unit or
generating planfrom tripping during the dynamic conditions anticipated by this standard. The
stressed system conditions, anticipated by Option 14a reflects a 0.85 pefuné linenominal
voltage; therefore, establishing that the impedance value used for applying the 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 phase distance relays that are directional
toward the Transmission system be calculated from the apmpapewer addressed within the
criteria, with application of a 0.85 per unif the line nominal voltage at the relay location
Consideration of the voltage drop across the GSU transformer is not necessary. Option 14b
simulates the line voltage coincidentttv the highest Reactive Power output achieved during
field-forcing in response to a 0.85 per uliite nominal voltageat the remote end of the lingrior

to field-forcing. Using a 0.85 per unit line nominal voltage at the remote end of the line is
representative of the lowest voltagexpectedduring a depressed voltage condition Elements

that are used exclusively to export energy directly from a BES generating unit or generating plant
to the Transmission systerusing simulation is a more involveahore precise setting of the
overcurrent element overall.

For Option 14a, the impedance elemestitall beset less than the calculated impedance derived
from 115 percent oboth: the Real Power output of 100 percent of the aggregate generation
MW capabilityreported to the Transmission Planner, atite 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 from the 150
percent multiplier used in other applicatismo account for the Reactive Power losses in the GSU
transformer. This is a simple calculation that approximates the stressed system conditions.

For Option 14b, the impedance elemesttall beset less than the calilated impedance derived
from 115 percent oboth: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, ahd Reactive Power output that
equates to 100 percent of the maximum gross Mvampatiduring fieldforcing as determined by
simulation.Option 14b uses theimulated line voltage at the relay location coincident with the
highest Reactive Power output achieved during fielicting in response to a 0.85 per unit of the
line nominal voltag at the remote end of the line prior to fiefidrcing Using simulation is a
more involved, more precise setting of the impedance 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
(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 applied on gémsrand GSU transformers.
Note that the setting criteria established withine Table Joptions differ fromChapter 2of the
Considerations foPower Plant and Transmission System Protection Coordinaticmnical
reference document. Rather than establistp 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 theidglof the

GSU transformerespond to the same quantities as the relagplied at the remote end of the

line 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 plaQption

15 is used for these relays as well.

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

relays to prevent Elements that connect a GSU transformer to the Transmission system that are
used exclusivelyo export energy directly from a BES generating unit or generating plant from
tripping during the dynamic conditions anticipated by this standard. The stressed system
conditions, anticipated by Option 15a reflects a 0.85 per ahthe linenominalvoltage at the

relay location therefore, establishing that the current value used for applying the Elements that
connect a GSU transformer to the Transmission system that are used exclusively to export energy
directly from a BES generating unit or generatingnp phaseinstantaneous and/ortime
overcurrent relays be calculated from the apparent power addressed within the criteria, with
application of a 0.85 per undf the linenominalvoltageat 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 duringf@ietthg in
response to a 0.85 per uniine nominal voltageat the remote end of the lingrior to field
forcing.Using a 0.85 per unit line nominal voltage at the remote end of the line is representative
of the lowest voltageexpectedduring a depressed voltage condition Elementghat are used
exclusively to exporenergy directly from a BES generating unit or generating piarthe
Transmission systemUsing simulation is a more involved, more precise setting of the
overcurrent element overall.

For Option 15a, the overcurrent elemesitall beset greater than 11percent of the calculated
current derived fromboth: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, dahd Reactive Power output that
equates to 120 percent of the aggregate generatiV value, derived from the generator
nameplate MVA rating at rated power factor. This Reactive Power value differs from the 150
percent multiplier used in other applicatisto account for the Reactive Power losses in the GSU
transformer. This is a simpéalculation that approximates the stressed system conditions.
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For Option 15b, the overcurrent elemesihall 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, dhd Reactive Power output that
equates to 100 percent of the maximum gross Mvar output during-felding as determined by
simulaton. Option 15b uses theimulated line voltage at the relay location coincident with the
highest Reactive Power output achieved during fielicting in response to a 0.85 per unit of the
line nominal voltage at the remote end of the line prior to fiédacing 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 Overcurrent Relay — Directional Toward
Transmission System (e.g., 67) (Options 16a and 16b)

Relays applied on Elements that connect a GSU transformer to the Transmission system that are
used exclusivelyo 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 withine Table loptions differ fromChapter 2of the
Considerations foPower Plant and Transmission System Protection Coordinaticmical
reference document. Rather than establishing a uniform setting threshold of 200 percent of the
generator nameplate MVA rating at rated power factor &r applications, the setting criteria

are based on the maximum expected generator output. Relays applied on theibgglof the

GSU transformer respond to the same quantities as the relpptied at the remote end of the

line for Elements that connech GSU transformer to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generating plant, thus Option
16 is used for these relays as well.

Table 1, Options 16a and 16b, establish criteria for phase directional overcurrent 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 expoergy directly from a BES
generating unit or generating plant frotmipping during the dynamic conditions anticipated by

this standard. The stressed system conditions, anticipated by Option 16a reflects a 0.85 per unit
of the linenominalvoltageat the relay locationtherefore, establishing that the current value
used for applying the interconnection Facilities phase directional overcurrent relays be calculated
from the apparent power addressed within the criteria, with application of a 0.8%up#gof the

line nominal voltage at the relay location Consideration of the voltage drop across the GSU
transformer is not necessary. Option 16b simulates the line voltage coincident with the highest
Reactive Power output achieved during fiétolcing inresponse to a 0.85 per urline nominal
voltageat the remote end of the lingrior to fieldforcing.Using a 0.85 per unit line nominal
voltage at the remote end of the line is representative of the lowest voleageectedduring a
depressed voltage calition on Elementshat are used exclusively to export energy directly from

a BES generating unit or generating plemthe Transmission systerdsing simulation is a more
involved, more precise setting of the overcurrent element overall.
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For Option 16athe overcurrent elemenshall 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, dahd Reactive Power outputhat
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 from the 150
percent multiplier used in other applicatisto account for the ReactesPower losses in the GSU
transformer. This is a simple calculation that approximates the stressed system conditions.

For Option 16b, the overcurrent elemesihall beset greater than 115 percent of the calculated
current derived fromboth: the Real Poweoutput of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, ahd Reactive Power output that
equates to 100 percent of the maximum gross Mvar output during-frelding as determined by
simulation.Option 16b ges the Bnulated line voltage at the relay location coincident with the
highest Reactive Power output achieved during fielicting in response to a 0.85 per unit of the
line nominal voltage at the remote end of the line prior to fiébdcing Using simlation 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
(Asynchronous Generators) Phase Distance Relay — Directional Toward Transmission
System (e.g., 21) (Option 17)

Relaginstalled on the higtside of the GSU transformencluding relays installed on the remote

end of the line, foElements that connect a GS@isformerto 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.
These margins are based on qande found infChapter 2of the Considerations foPower Plant

and Transmission System Protection Coordinat@mmnical reference document.

Table 1, Option 17 establishes criteria for phase distance relays that are directional toward the
Transmission sysin 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 fromtripping during the dynamic conditions anticipated by this standard.
Option 17 applies a 1.0 per uniine nominal voltageat the relay locationto calculate the
impedance from the maximum aggregate nameplate MVA.

For Option 17, the impedance elemestiall beset less than the calculated impedance derived
from 130 percent ofthe 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 the power flow through the
relay. This is a simple calculation that approximates the stressed system conditions.
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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 Overcurrent Relay (e.g., 50 and 51) (Option 18)
Relaginstalled on the lgh-side of the GSU transformencluding 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 generating plant are
challenged by loadingoaditions similar to relays applied on generators and GSU transformers.
Note that the setting criteria established withine Table loptions differ fromChapter 2of the
Considerations foPower Plant and Transmission System Protection Coordin&ticimnical
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 based on the maximum expected generator output.

Table 1,0Option 18 establishes criteria for phase overcurrent relays 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 frioimping during the dynamic
conditions anticipated by this standard. Option 18 applies a 1.0 pedinaihominal voltageat

the location of the relayo calculate the current from the eximum aggregate nameplate MVA.

For Option 18, the overcurrent elemeshall 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 of any static or dynamic Reactive Power devices. This is determined
by summing the total MW and Mw 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.

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 Overcurrent Relay — Directional
Toward Transmission System (e.g., 67) (Option 19)

Relaginstalled on the higtside of the GSU transformeéncluding 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 ditly 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 withine Table loptions differ fromChapter 2of the
Consi@rations for Power Plant and Transmission System Protection Coordinaticmical
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 s#téng criteria

are based on the maximum expected generator output.

Table 1, Option 19 establishes criteria for phase directional overcurrent relays that are directional
toward the Transmission system to prevent Elements that connect a GSU transfarrtier t
Transmission system that are used exclusively to export energy directly from a BES generating
unit or generating plant frontrippingduring the dynamic conditions anticipated by this standard.

Draft January 2018 58 of 117



PRC-025-2 — Application Guidelines

Option 19 applies a 1.0 per utithe nominal voltageat the relay locatiorto calculate the current
from the maximum aggregate nameplate MVA.

For Option 19, the overcurrent elemesahall beset greater than 130 percent of the calculated
current derivedfrom 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 an
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
‘000 WTE WO
Synchronous Generator nameplate (MVA @ rated pf
n"Q myuv
Generator rated voltage (LidA®e-Line): W ‘ ¢ CQw
Real Power output in MW as reported to the TP: 0 _ X Tamd w
Generator stepup (GSU) transformer rating: 0 wo WO WO
GSU transformer reactance (903 MVA base): ) pTD
GSU transformer MVA base: 0D wo X &L w0
GSU transformer turns ratio: O LQ}»
oT&8QW
Highside nominal system voltage (LieLine): W o1 QW
Current transformer (CT) ratio: 8 "Y commh
v
: . L . QT
Potential transformer (PT) ratio legide: O "Y >
p
PT ratio higkside: Y gnnn
‘ p
Unit auxiliary transformer (UAT) nameplate: Yo Y @1 WO
UAT lowside voltage: ) P &@Qw
UAT CT ratio: Y vnnmn
v
CT high voltage ratio: % cnnm
~ v
Reactive Power output aitatic reactive device: 0 wo'Y pWUL®I
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Example Calculations

Reactive Power output of static reactive device . e -
. Vwo'Y VUL WI

generation: ~

"000 _ TT WO
Asynchronous generator nameplate (MVA @ rated pi

n"Q myuv
Asynchronous CT ratio: 8"y b

‘ v
Asynchronous high voltage CT ratio: 8y onm
v
CTremote substationbus 5"y cnmnm
v

Draft January 2018 61 of 117



PRC-025-2 — Application Guidelines

Example Calculations: Option 1a

Optionla represents the simplest calculation for synchronous generators applying a ph
distance relayd.g.,21) directional toward the Transmission system.

Real Power output (P):
Eq.(1) 0 000 n"Q

0 WNowd TU

Ca

X ¢FO @
Reactive Power output (Q):

Eq.2) 0 pu mbD

C

P® T X eFL W

C

PP WYL WI

Option 1a, Table 2 Bus Voltage, calls for a 0.95 per unit of the kéghe nominal voltage for
the generator bus voltage {¥):

Eq. (3) @ T80 &8 oYY

) UL 0T QO tho

oT&H QW
® ¢ QW

Apparent power (S):

Eq.(4) Y 0 Q0

Y oxTamw o Qp @d 0 Di
Y podBku& D wo

Primary impedance {4):

Ed. (5) ¢ ‘*’7

¢ ) FQw
poBKk LvV& DO
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Example Calculations: Option 1a
W T ¢l & dn

Secondary impedanceséd:

oy
Y

Oz

Eqg. (6) )

C

0 m clpy & ) —
O mclp&in cu
) g8t olw & dn

To satisfy the 115% margin in Option la:

Eq. (7) & pwpub
. g8t oluo & 1
® o
0 e P X o g 1
— v § J

Assume a Mho distance impedanetay with a maximum torque angle (MTA) set af,85
then the maximum allowable impedance reach is:

. 0 S
Eq. (8) w TS —
o P30 Y Xl o
AT @8tJ v ¢ J
o B0 Y xLIo
T W

A X& wiop 8t 1
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Example Calculations: Options 1b and 7b

Option 1b represents a more complex, more precise calculation for synchronous gener:
applying a phase distance relayd.,21) directional toward the Transmission system. This
option requirescalculating lowside voltage taking into account voltage drop across the G
transformer. Similarly these calculations may be applied to Option 7b for GSU transforn
applying a phase distance relayd.,21) directional toward the Transmission system.

Real Power output (P):

Eq.(9) 0 "000 nQ

C

WMo WO T U

C

X ¢FO w
Reactive Power output (Q):

Eq.(10) 0 pu mbd

C

PB T X OHL ®

C

PP WYL WI

Convert Real Power, Reactive Power, amdsformer reactance to per unit values on a 76°
MVA baseNIVAvase:

Real Power output (P):

. 0
Eq. (11) © 5 dSE)
: X T80 W
X ¢&0 @0
0 T80 M8

Reactive Power output (Q):

~
g

- V]
- PP WL ®I
U EEeErar—
X Q&L WO
0 PR N8
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Example Calculations: Options 1b and 7b

Transformer impedance §X:

. . D wo

. X o0 ©0
P —

@ P&®T WMo WO

@ ™ T &8

Using the formula belowgalculate the lowside GSU transformer voltagedMide) using 0.85
p.u. highside voltage (Mghside). ASsumanitial low-side voltage to be 0.95 p.u. and repeat tl
calculation as necessary untib\sidze cOnverges. A convergence of less than oneeer
(<1%) between iterations is considered sufficient:

Eqg. (14) OEI v ®
' W S
L. TBOP TP TMO (
- OE| UL T
Eq. (15)
® Al & » Al 6- T 0 »
W S
C
, sty AT@XJ s AT @J 1 p® T MOG
w S
C
: TH S TBWO PATE ¢ ¢ UB Y @ & p WG
w S
C
i TT VT
i Ty PP P
C
W S T w W8
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Example Calculations: Options 1b and 7b

Use the new estimatedidsidze Value of 0.9991 per unit for the second iteration:

Eq. (16) OET L ®
' A s
L.~ TP TP TO C
- OE T80 W W Py v
- o J
Eq. (17)
&) Al © ) Al 6- T 0 &)
W S
C
. sRe AT@®J gs Al @J 1 p® T MOoC
W S
C
: IS THOWT TV ¢ ¢ U Y Y T P WG
W S
C
, T1 UT
” s T PP ®
C
W S T®O W w3

To account for system higgide nominal voltage and the transformer tap ratio:
Eq. (18) @ S8 S ® oYY

6 Tea®s o1 BH 00
oTqQW
) ¢ @ W
Apparent power (S):
Eq.(19) Y O Q0
Y xmawd & Qp @®p U Oi

Y po@ku & MVA
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Example Calculations: Options 1b and 7b

Primary impedance {4):

@
Eq. (20) ¢ > __

¢ BT
poBKk VL&D WO
) ™ vl & I

Secondary impedancestd:

“y
o

(@H

Eq.21) & &

C

) ™ vi@w & Iy ——
) ™ viw & Iy c v
) yso TtiTo ¢ dn
To satisfy the 115% margin in Optidiisand 7b:

Eq. (22) & pd)p S b
. ydo miTo ¢ 1
® o U
A X% tu g I
— v & J

Assume a Mho distance impedance relay with a maximum torque angle (MTA) sét at 8¢
thenthe maximum allowable impedance reach is:

. W S
. w —
Eq. (23) R —

X& T
AT @8t v g J
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Example Calculations: Options 1b and 7b

XX
™ we v

& Y@ oioy 8t 4|

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 duringfbetihg
and the corresponding generator bus voltage. Once these values are deterrthieed
remainder of the calculation is the same as Options 1a and 1b.

The generator Reactive Power and generator bus voltage are determined by simulation
maximumReactive Poweoutput on the lowside of the GSU transformer during fidtatcing
Is usedas this value will correspond to the lowest apparent impedance. The correspondi
generator bus voltage is also used in the calculation. Note that although the excitation li
reduces the field, the duration of the Reactive Power output achieved fsrcttndition is
sufficient to operate a phase distance relay.

1.25 1000

Generator Reactive Power
P
Generator Real Power

Generator Bus Voltage\\

Voltage (p.u.)
Real and Reactive Power (MW/Mvar)

. N - N - C ~ -
GSU High-Side Voltage

Time (s)
In this simulation the following values are derived:
0 Yc&O L Oi

w T ) Ww C K

Draft January 2018 68 of 117



PRC-025-2 — Application Guidelines

Example Calculations: Options 1c and 7c

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

o X Tard o
Apparent power (S):
Eq.(24) Y 0 Q0
W oxTamw o @cgO L D

Y p Mm@t GIMVA
Primary impedance {4):

EA.(25) & g
LR
pTiyl T @J0 WO

) 8 olxt @dim

Secondary impedancesgd:

“y
oV

O:=

Eqg. (26) ® A

C

&) ™ olxt @m —

) ™ oixt @m cvu
G  pBodT @im

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

&
Eq. (27) ¢
g. (27) ® 5pU b
. p B¢ T @JL
w
PP v
) o frt @l
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Example Calculations: Options 1c and 7c

— T a@J

Assume a Mho distance impedance relay with a maximum torque angle (MTA) sét at 8¢
then the maximum allowable impedance reach is:

. W S
Eq.(29) & xra——
) o Tl
© KT @ed Tt @J
o Tt
&P X P

@ P&y 8l

Example Calculations: Option 2a

Option 2a represents the simplest calculation for synchronous generappiying a phase
overcurrent €.9.,50, 51, 051\(R) relay:

Real Power output (P):

Eq.(29) 0 000 nQ
0 WNowd TU
0 X oFD @

Reactive Power output (Q):

Eq.(30) 0 p v T PO

C

P® T X eFL W

C

PP WYL I

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

Eq. (31) ® T80 U138 oYY
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Example Calculations: Option 2a

) UL 0T QW
® ¢ ®AQw
Apparent power (S):

-~

Eq.(32) Y 0 Q0

W oxXTamw o Qp @d O Di

Y podBku& D wo

Primary current gh):

. Y
R
0 PpOoWBY wo
P& 0 ¢ B PQG
O oxodo

Secondary currentddd:

Eq. (34) 'O Ty
0 oxobo
CUTMMNT
0]
O X8 x§

To satisfy the 115% margin in Option 2a:

Eq. (35) O O ppub
(¢ X8 XX pp v
(¢ U wi

¢ CQw
o TR QW
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Example Calculations: Option 2b

Option 2b represents a more complex calculation for synchronous generators applying
phase overcurrentg.g.,50, 51, 0’51\ R) relay:

Real Power output (P):
Eq.(36) 0 000G nQ
0 WnNowd T
0 X o&d @
Reactive Power output (Q):

Eq.(37) 0 pu PO

CA

P® T X OFL W
0O pp@dd O OI

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

RealPower output (P):

Eq. (38) 0 oS
5 X T8
X 9L w0
0 T80 M8

Reactive Power output (Q):

. V]
Eq. (39) v W
- PP WL WI
U —_— = o =
X @KL WO
0 PR MO8
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Example Calculations: Option 2b

Transformer impedance:

. . 0 wo

: X 080
©OPRTP nEat
@ ™ T 0§38

Using the formula below; calculate the leside GSU transformer voltaged)ide) using 0.85
p.u. highsidevoltage (Vighside). ASsumanitial low-side voltage to be 0.95 p.u. and repeat tl
calculation as necessary untib\sidze cOnverges. A convergence of less than one percent
(<1%) between iterations is considered sufficient:

Eqg. (41) OEI v ®
' w S
L .. TBOP TP TMO (
o OE oL T L
Eq. (42)
® Al & » Al 6- T 0 »
W S
C
, gy AT@J s AT @J 1 p® T mMOG
W S
C
: RS TOWO P ¢ ¢ UBOY @ @ p WG
W S
C
i T1T VT
” Ty PP P
C
W S T W W8
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Example Calculations: Option 2b

Use the new estimatedidsidze Value of 0.9991 per unit for the second iteration:

Eq. (43) OEI 0 ®
' =6 S W
L.~ TP T TTO
o OE T80 W W Py v
Eq. (44)
&) Al © ) Al & T 0 )
W S
C
. s@e AT@J) g@s Al Q@) 1 pd T MNoG
W S
C
: TS TBOWT I ¢ ¢ UBOY Y T p WG
W S
C
) TT VT
o TRy PP ®
C
W S WO W wgh8

To account for system higgide nominal voltage and the transformer tap ratio:
Eqg. (45) ® S8 S "0Y'Y

) T80 W W8 0 T VW Lbfo
o1& QW
) ¢ @ MW
Apparent power (S):
Eq.(46) Y O Q0
Y o xma & @ p @D U Di

WY podku & D wo
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Example Calculations: Option 2b

Primary current ¢hi):

oy
Eq. (47) O ———
q. (47) e o
powBY WO
P¥ 0 ¢ @ TIQ®

O ovuvoo

Secondary currentgdy:

Eq.(48) O 5V
ovuvoo
CUTITIT
v
O x®ppd

To satisfy the 115% margin in Option 2b:

Eq. (49) O © ppub
0 Xppd pdpu
0O ud X @
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Example Calculations: Option 2c

Option 2c represents a more involved, more precise setting of the overcurrent element |
the phase overcurrente(g.,50, 51, or51\+R) relay. This option requires determining
maximum generator Reactive Power output during fifdlcting and thecorresponding
generator bus voltage. Once these values are determined, the remainder of the calcula
the same as Options 2a and 2b.

The generator Reactive Power and generator bus voltage are determined by simulation
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 in the calculation. Note that although the excitation limiter reduces
field, the duration of the Reactive Power output achieved for this condition is sufficient tc
operate a voltageestrained phase overcurrent relay.

1.25 1000
Generator Reactive Power
115 |- a —| 800
L . 4 %
Generator Real Power =
| N
105 [ | : ! — 600 €
S k ]
2 g
a
[} — —
E { Generator Bus Voltage ™. S
095 | | / ~ — 400 &
] / - i— he}
i / <
‘ ©
[/ L I =
[ 1 GSU High-Side Voltage - &
0.85 — ! — 200
0.75 | | | | | | | 0
0 4 8 12 16 20

Time (s)
In this simulation the following values are derived:
0 Yc&Dd L O
W T P ww ¢ & Qw

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

0 ‘ X T80 W
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Example Calculations: Option 2c

Apparentpower (S):

~ o~

Eq.(50) Y 0 Q0
Y ox 8w ® @O L D
Y op mybt @UIMVA

Primary current gh):

Y
Eq.(51) © ——;
g. (51) e
p YD wo
PX 0 ¢ & Qo
0O quxom
Secondary current{dd:
Eq. (52) 1 —
0.(52) 0
0 CYX T
CQUTITT
0]
0O wguvg

To satisfy the 115% margin in Option 2c:

Eq. (63) O O ppub
0O v v pH L
0O PH G q

Example Calculations: Options 3 and 6

Option 3 represents the only calculation for synchronous generators applying a phase ti
overcurrent €.9.,51\-Q relay (Enabled to operate as a function of voltage). Similarly, Op
6 uses the same calculation for asynchronous generators.
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Example Calculations: Options 3 and 6

Options 3 and 6, Table-1Bus Voltage, calls for a 1.0 per unit of the kigdte nominal
voltage for the generator bus volj@ (\en):

Eq. (54) &  p8A®8 @  OYTY

¢ QQw

' 8t R ——,
@ P ot W o018 Qw

&) ¢ @Qw

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

Eq. (55) w W Xub
&) ¢ QW T L
@ PG ¢cQw

Example Calculations: Option 4

This represents the calculation for an asynchronous generator (including inbased
installations) applying a phase distance rekg(,21) directionatoward the Transmission
system.

Real Power output (P):
Eq.(56) 0 000 nQ

T WO TR

Ca

0 o8B0 ®

Reactive Power output (Q):

Eq.(57) 0 000 OEAT OnQ
0 tTmwd OEAT Om@ v
0 ¢ 0L Wi
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Example Calculations: Option 4

Option 4, Table £ Bus Voltage, calls for a 1.0 per unit of the kéighe nominal voltage for
the generator bus voltage {¥):

Eq. (58) @  p8d8 ¢  "OYTY

¢ QW
o TR QW

) P8l 0T MW
) ¢ BQw
Apparent power (S):
Eq.(59) Y 0 Q0
Y o880 Q@00 ®i
Y 1 B8lo@d wo
Primary impedance {4):

W
EQ.(60) & -

¢ BQw
181 o@d wo
O  p@do @ dn

Secondary impedancesgd:

o

6 «

cq <

Eq. (61) ¢ x :
g.(61) @ W y

G p@mdo@in —

O p@bo@ing v
@ L@&Uo@dn

To satisfy the 130% margin in Option 4:

Eqg. (62) &

pomnbk

Draft January 2018 79 of 117



PRC-025-2 — Application Guidelines

Example Calculations: Option 4

. L@bo @l

® pd T

@ T@coml

— o@J

Assume a Mho distance impedance relay with a maximum torque angle (MTA) sét at 8¢
then the maximum allowable impedance redsh

. 0 S
Eq. (63) ® TS —
Al @8tJ o@J
. T @ d/
® T W w

A X B @ &t 4

Example Calculations: Option 5a

This represents the calculation for thrasynchronous generators applying a phase
overcurrent €.9.,50, 51, oi51\*R) relay. In this application it was assuntleat 20 Mvar of
total static compensation was added.

Real Power output (P):
Eq.(64) 0 o 000 nQ

0 o T™wd MPu

C2

p &L W

Reactive Power output (Q):

Eq.(65) 0 0 wd'Y D wd'Y c 000 OEAT OnQ
0 pWOLRILIVDLOI 0 TTO WO OEAT Om@ v
0 Y&0O L i
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Example Calculations: Option 5a

Option 5, Table - Bus Voltage, calls for a 1.0 per unit of the kégdle nominal voltage for
the generator bus voltage {¥):

Eq.(66) &  p8®8 @  OYTY

&) P8l 0T QW ﬂ
oT&8Qw

&) ¢ @Qw

Apparent power (S):

Eq.(67) Y 0 QO

Y opm&b 0 QP&O O DI
Y poplo@ d wo

Primary current gh):

.
"O -~ .
Eq. (68) o o
podpl o@d wo
PX 0 ¢ @QW

O ot1Xooa@gd

O

Secondary currentgdy:

EQ.(69) Oz
ctfoo@ d
UTITIT

U

O o8 xlo o@ &

O

To satisfy the 130% margin in Opticar 5
Eq. (70) 'O O pomhb

0 o8 xlo c@ d pdm
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Example Calculations: Option 5a

O ®E o@d

Example Calculations: Option 5b

Similarly to Option 5ahisexamplerepresents the calculation for three asynchronous
generators applying a phase overcurreaiq,50, 51, 0oi51\tR) relay. In this application it
was assumethat 20 Mvar oftotal static compensation was added.

Real Power output (P):

Eq. 71

Ca

g ‘000 nQ
0 o T wd T
0 p n&d
Reactive Power output (Q):
Eq.72 0 0wd'Y 0D wd'Y o ‘000 OEAT On"Q
0 pWOLRILVID®I 0 TTO w6 OEAT Or®@ v
0 Y&0O L i

Option B, Table - Bus Voltage, calls for a 1.0 per unit of the ksjge nominal voltage for
the generator bus voltage ¢¥):

Eq. 73 w PBIN8 W oYY

) ¢ BQw
Apparent power (S):
Eq.74 Y 0 Q0
Y pr&d 0 Q&0 U G

Y poplo@dd wo
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Example Calculations: Option 5b

Primary current gh):

. Y
RACER
o PO 0&DKO

P¥ 0 ¢ BQW
O otoo@gd

Secondary currentgdy:

EQ.76) O gy

ctfoo@ d
VT

V)

kO]

O o8 xlo o@ &

To satisfy Optionly the lower tolerance of thevercurrent elementripping characteristic
shall not infringe upon the resource capability (including the Mvar output of the resource
any static or dynamic reactive power devic8s¢ Figure Aor more details

Example Calculations: Options 7a and 10

These exampleepresent the calculation for a mixture of asynchronous (i.e., Option 10) .
synchronous (i.e., Option 7a) generation (including invelbgsed installations) applying a
phase distance relag(g.,21) directionatoward the Transmission system. In this applicatit
it was assumed 20 Mvar of total static compensation was added.

Synchronous Generation (Option 7a)

Real Power output ):

Eq.77) 0 000 A "Q
0 WMo OO T U
0 X o&0 @
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Example Calculations: Options 7a and 10

Reactive Power outpud(  ):

Eq. 78 0 puTPD
0 PR T X OHRO ®
0 pp WO w

Apparent power (§nch:

Eq.79 Y o Q

Y X T8 0 Qp @b L DI

Asynchronous Generation (Option 10)

Real Power output (®&yncy:

Eq. 80) 0 o 000 nQ
0 o TOwd v
0 p & w

Reactive Power output {Qnch:

Eg.81) © DwdY DwdY o "000 OEAT OnQ
0 PWUOILOLU®OI 0 T wd OEAT Orgu
0 P& 0 di

Apparent power (&ynch:

Eq. 82 Y 0 Q
Y PR O YP&O UL DI
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Example Calculations: Options 7a and 10

Options 7a and 10, Table-Bus Voltage, Option 7a specifies 0.95 per unit of the-kiga
nominalvoltage 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 gs)(¥s it results inite most
conservative voltage:

Q.83 @ TW®S®  OYY

o T 0o 5000
v ot o TR QW
® ¢ fAQw

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

Eq.84 Y ppub 0 K0! pomb D Q
Y oppU XTE O QpwWwD O DI paTT pTGgOIw QP&O L DI
Y op X @b @il wod

Primaryimpedance (gi):
®

Eq. 85 -
q.89 & v

¢ B pQw
PX @b L @Jb WO
& e v dx @Im

Secondary impedancesgd:

“y
y

Os

Eg. 86) @ )

C4

G T oudxam —

A g udx@im qu
@ o ¢ v @im
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Example Calculations: Options 7a and 10

No additional margin is needed because the synchronous apparent power has been
multiplied by 1.15 (115%) and the asynchronous apparent power has been multiplied by
(130%) in EquatioB4to satisfy the margimequirements in Options 7a and 10

Ea. 67 @ pwnnb
o e d v @JL
P T
W ¢ du @l
— v@J

Assume a Mho distance impedance relay with a maximum toemgge (MTA) set at 8b
then the maxmnum allowable impedance reach is:

. 0 S
Eq. 88 w T o —
o o dJ
AT @8tJ v @)
o d
@ Y p

@ X® X ¥ @l

Example Calculations: Options 8a and 9a

Options 8a and 9a represent the simplest calculation for synchronous generators applyi
phase overcurrentg.g.,50,51, or 67 relay. The following uses the Gl nameplayalue to
represent an “aggregate” valwue to illus

Real Power output (P):

Eq.89 0 OO0 nQ
0 WNowd T
0 X oFD @
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Example Calculations: Options 8a and 9a

Reactive Power output (Q):

Eq.00) O pu TbD

C

PP WL QI

C

pP® T X KL ®

Options 8a and 9a, Table-Bus Voltage, calls for a generator bus voltage corresponding
0.95 per unit of the higiside nominal voltage times the turns ratio of the generator stgp

transformer generator bus voltage dM):

EQ.0) ® Tdouid8 ®

W TOU 0T QW

® ¢ QW
Apparent power (S):

Eq.02) Y 0

WoxTmamw o Qp @d 0 Di

W po@dku & D wo

Primarycurrent (bri):

o TR QW

8 0 e
PpowBY WO
P& 0 ¢ B PQG
O oxowdo

Secondary currentgdy:

Eq. 04 O 5y
oxodo
0 X oo
CUTITIT
0]
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Example Calculations: Options 8a and 9a

O X8 x&
To satisfy the 115% margin@ptions 8a and 9a:

Eg. 05 © 'O ppub
[ X8 XX pPpu
0 B wd

Example Calculations: Options 8b and 9b

Options 8b and 9b represent a mgpeecisecalculation for synchronous generators applyir
aphase overcurrentd.g.,50,51, or 67 relay. The following uses the Gifh_nameplary/alue
to represent an “aggregate” value to il

Real Power output (P):
Eq.06) 0 000 nQ
0 wnowd v
0 X %D @
Reactive Power output (Q):

Eq.07) 0 pu TtbD

CA

PB® T X OFL W

CA

PP B L Wi

Convert Real Power, Reactive Power, and transformer reactance to per unit values on -
MVA baseGSUransformerMVAyase.

Real Power output (P):

0

Eq.08) 0 Y
- X Tamd w
Y X 0O 00
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Example Calculations: Options 8b and 9b

0 T80 M8

Reactive Power output (Q):

~
g

. V]
Ba.09 v sas
. PP B LI
U —_—
X O&L WO
0 PR NS

Transformer impedance:

] . 0 0o
. X o0 w o
©  PRTP T eb
@ ™ T 0§38

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

Eq. (0] OFT b @
' SH) s
L.~ TP T TTOC
o OE T@UL T L
Eq. 102
® Al © ® Al 6- T 0 »
W S
C
. s AT@J g8 Al @J 1 pd T MOC
W s
C
© s TS T WO P ¢ ¢ UBOY @ T P WG
C

Draft January 2018 89 of 117



PRC-025-2 — Application Guidelines

Example Calculations: Options 8b and 9b

TTTEPLTP
C

W S T W w3

Use the new estimatedi-sidze value of 0.9991 per unit for the second iteration:

W $

~

Eq. 03 OFT b @
' W S
L .. TBOP TP TMO (
o OE| T80 W W P L
Eq. (04
® Al & ® Al 66— T 0 o
W S
C
, s@ys AT@®J g&ys Al @¥J 1 pd T MOC
W s
C
: TH S TWoWT WINMK ¢ ¢ UMBo Y Y T p W G
W s
C
, TT UT
o s Tidy wpP 0]
C
W S WO W w§B

To account for system higgide nominal voltage and the transformer tegtio:
Eg. (05 W S W oYY

) T80 W W8 0 T VW ¢ Q0
g oTRHQW
) ¢ @ Mw
Apparent power (S):

Eq.(16) Y 0 Q0

Draft January 2018 90 of 117



PRC-025-2 — Application Guidelines

Example Calculations: Options 8b and 9b

o oxm8md @ Qp @Wd O DI
Y pod@ku & D wo
Primary current gh):

y
Eqg. (10) © _
a. (10) Mo

powBY WO
P¥ 0 ¢ BTG

O ovuvoo

Secondary currentddd:

Eq. (18)
0.(18) 0z
ocovuvoo
CUTITIT
U
O x®ppod

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

Eq. (1@ © © ppub
0 Xppd pPpu
0 e x @

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

Thisexamplerepresents the calculation formixture of asynchronous and synchronous
generators applying a phase overcurréatg.,50,51, or 67)relays In this application it was
assumed 20 Mvar of total static compensation was added. The current transformers (C

located on the lowside of tre GSU transformer.
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Example Calculations: Options 8a, 9a, 11, and 12

Synchronous Generation (Options 8a and 9a)

Real Power output @gncp:

Eq. (10) 0 000 n"Q
0 WMo OO U
0 X o&0 ®

Reactive Power output $hcy:

Eq. (11) © pu TP
0 PR T X KO ®
0 PP WD U DI

Apparent power (§ncy:

~~

Eq. (112 Y o Q
Y XT8 @ Qp @D O Qi
Y po®dBYULUHID WO

Option 8a, Table 4 Bus Voltagealls for a 0.95 per unit of the higgidde nominal voltagas a
basisfor generator bus voltage (\):

Eqg. (13) ® T80 U188 oYY

o T 0o 5000
v ot o TR QW
AN  TNs0l1A)

Primary current @hi-synd:

ppuPY
Eq. (14 ©O —
a. (149 Mo w
0 PPL powBX L IO WO

P 0 ¢ B PO
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Example Calculations: Options 8a, 9a, 11, and 12

O tTomppu§ d

Asynchronous Generation (Options 11 and 12)

RealPower output (Rsyncy:

Eq. (15) 0 o 000 nQ
0 o T wd v
0 p & w

Reactive Power output @Qnch:

Eq. (16) 0 dDwdY DwdY 000 OEAT OnQ
0 PWOUDILOVL®OI 0 T wd OEAT O u
0 P&0O U i

Option 11, Table %+ Bus Voltage, calls for a 1.0 per unit of the kaighe nominal voltagéor
the generator bus voltage §¥), however due to the presence of synchronous generator (
per unit bus voltage will be used:

Eq. (17) & ToW®d8 &  OYY

@ U 0T QW tho
o018 QW
@ ¢ B pQw
Apparent power (&ynch:
Eq. (18) Y pomnb 0 Q
Y pe T pTO O @&D L DI
Y pxploadad wo

Primary current ghi-asyng:

Eq. (1) © —
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Example Calculations: Options 8a, 9a, 11, and 12

pxPl o@D Wwo
P& 0 ¢ B PQW
0 Txuv o@ d

O

Secondary currentgdy:

. 0O
EQ. (120 0 == Ty
0 TommppuoDd tTxdLOAD
CQUTTT QUTTT
v v

0O wph v@d

No additional margin is needed because the synchronous apparent power has been
multiplied by 1.15 (115%) in Equati@f4and the asynchronous apparent power has been
multiplied by 1.30 (130%) in Equati@f8.

Eq. (1) © O prmbk
0 W ph v@d ps8iT
0 W ph v@d

Example Calculations: Options 8c and 9c

Thisexample uses Option 15b as a simulation example for a synchronous generator ap
a phase overcurrent relae.g.,50,51, or 67). In this application the same synchronous
generator is modeled as for Options 1c, 2c¢, and 7c. The CTs are located on-figd@f the
GSU transformer.

The generator Reactive Power and generator bus voltage are determined by simulation
maximumReactive Poweoutput on the lowside of the GSU transformer, during field
forcing, is used since this value will corresponth® highest current. The corresponding
generator bus voltage is also used in the calculation. Note that although the excitation li
reduces the field, the duration of the Reactive Power output achieved for this condition |
sufficient to operate a phasovercurrent relay.
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Example Calculations: Options 8c and 9c

125 | T | T | T T 1000
Generator Reactive Power
B
115 — - . — 800
N . 4 %
- Generator Real Power s
| 3
1.05 | ; . — 600 S
3 1 " 5
: g
[} — —
= | . 2
g ! P Generator Bus Voltage \\ g
0.95 | | / — 400
i — e
i g
— !--'../ - + = B h o i o - 1 g
i/ GSU High-Side Voltage = -+ - m &
HY,
{ ’
0.85 | 200
0.75 \ | I \ | | | 0
0 4 8 12 16 20

Time (s)
In this simulation the following values are derived:
0 PYe&Dd v i
W T80 P W ¢ & Qw

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

0 X Tard o
Apparent power (S):
Eq.(22 Y O Q0
Y ox 8w @ @O L D
Y p @bt @J

Primary current gh):

ny
Eq.(123) © =G
- p T WO
PX 0 ¢ & PQ®
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Example Calculations: Options 8c and 9c

0O quxom

Secondary currentgdy:

Eq. (B9 O =
@ TT
0 C YX
CUTITIT
0]
O V& L @

To satisfy the 115% margin@ptions 8c and 9c:

Eqg. (25) ©O O ppub
0O v LY pPu
0O PP Ca

Example Calculations: Option 10

Thisexamplerepresents the calculation for three asynchronous generators (including
inverter-basedinstallations) applying a phase distance rekag(21) directional toward the
Transmission system. In this application it was assumed 20 Mvar of total static compen:

was added.

Real Power output (P):

Eq.(18) 0 o 000 nQ
0 o T™wd TPV
0 p &L

Reactive Power output (Q):

Eq.(12) 0 06dY 0@d'Y o

C

C

P&OD L I

006 OEAT Of

PUWUOOILIVLOI 0 T wd OEAT Or@u
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Example Calculations: Option 10

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

Eq.(1B) &  p8m@8 &  OY'Y

¢ QW
o TR QW

) P8l 0T MW
) ¢ BQw
Apparent power (S):
Eq.(1® Y 0 Q0
W opm&l® &0 0 DI
Y poplo@d d wo
Primary impedance {4):

W
Eq.(B) &

¢ BQw
popl o@dwod

@ opTho@d I

Secondary impedancesgd:

&

cq <

Eg. (B1) ¢ x :
g.(B) w W y

@ optho@dm —

@ optho@dm v
® pRdoaidn

To satisfy the 130% margin in Option 10:

Eq. (B2 &

pomnbk
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Example Calculations: Option 10

. pgéoad
® pd

& pBI¢oa@ Il
— coa@ J

Assume a Mho distance impedance relay with a maximum torque angle (MTA) sét at 8¢
then the maximum allowablanpedance reach is:

SO S
Al & —
p Bt d/
Al @81l o@ J
p Bt d|
T WX G

@ C B pYard

Example Calculations: Options 11 and 12

Option 11 representthe calculation for a GSU transformer applying a phase overcurrent
(e.g., 50 o51) relay connected to three asynchronous generators. Similarly, these
calculations can be applied to Option 12 for a phase directional overcurrent eetpy6{)
directiond toward the Transmission system. In this application it was assumed 20 Mvar
total static compensation was added.

Eq. (B3

Real Power output (P):

Ca

Eq. (B4) c 000 M0

0 0 TT WO TAU

Ca

p &l w

Reactive Poweoutput (Q):

C

Eq. (B5) 0OdY Dwd'Y o 000 OEAT OfQ

PUWUOILOLD®OI 0 T wd OEAT O u

C
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Example Calculations: Options 11 and 12

0 Y&0O L i

Options 11 and 12, Table-1Bus Voltage, calls forla0 per unit of the higtside nominal

voltage for the generator bus voltagegty:
Eg. (1%) pP8IN&8 w oYY

) P8l 0T MW Lbfn
oT1T&8Qw
) ¢ @Qw
Apparent power (S):
Eq.(13) Y 0 Q0
Y pgid ® @&0 0 di
Y poplo@a d wo

Primary current gh):

.
"O ~=__ .
Eq. (18) o 6
popl o@@dwo
P& 0 ¢ QW
O ot1Xoo@d

O

Secondary currentgdy:

Eq.(13) 0  zwy
ctfooa@ d
UTTIT

V)

O o8 xlo o@ b

‘O

To satisfy the 130% margin in Options 11 and12:

Eq. (30) ©O O pomb
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Example Calculations: Options 11 and 12

0 08 xlo c@ & pdm

0 @®plv oc@ d

Example Calculations: Options 13a and 13b

Option 13a for the UAT assumes the maximum nameplate rating of the wirsditiized for
the purposes of the calculations and the appropriate voltage. Similarly, Option 13b uses
measured current while operating #te maximum gross MW capability reported to the

Transmission Planner.

Primary current gh):

) Yo Y
Eq. () 0 ——
Mo w
QT WO
P 0 p @QW
O quLUE@ARD

Secondary currentgdy:

. 0
Eq. (82 O —r

0°Y

v @1

0 CL @
VTITT

1}

O ¢® d

To satisfy the 150% margin in Options 13a:

Eq. (B3) © O pumb
0 R @D pd T
© o )0
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Example Calculations: Option 14a

Option 14a represents the calculation f@laysinstalled on the higfside of the GSU
transformer, including relays installed on the remote end of lineHements that connect a
GSU transformer to the Transmission system that are used exclusivelydd erergy
directly from a BES generating unit or generating plant tdosinected to synchronous
generation. In this examp)¢he Elements protected bya phase distances(g.,21) relay
directional toward the Transmission system. The CTs are locatdtednghside of the GSU
transformer.

Real Power output (P):
Eq. (84 0 OO0 n"Q

0 WNowd Tu

C

X ¢FO ©
Reactive Power output (Q):

Eq. (85 0 pc¢ ko

CR

P& T X OHO w

C

WeHPO L O

Option 14a, Table 2 Bus Voltage, calls for a 0.85 per unit of time nominal voltage for the
GSU transformer voltage (y):

Eq. (18) ™ NH8
&) U 0T QW
) ¢ W UQw
Apparent power (S):
Eq.(1Z) Y 0 Q0
Wox T8 @ @O U D
Y ppBKLEXDwO
— V&xJ
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Example Calculations: Option 14a

Primary impedance {4):

w
Eq. (18) & ~

¢ wd UQw
PPBK ULV XWDWO

&) X ® olw & xnj

Secondary impedancesgd:

14

1 O

Eq. (19) & A Y
g.(19) w () Ty

C

&) X ® olw & xnjh —

&) X ® olw & xnj 18
®  pEOH XA
To satisfy the 115% margin in Option 14a:

Eq. (BO) & gll)p
& p O & XL
PP v
W P @clyp & xLJ
— V& XxJ

Assume a Mho distance impedance relay with a maximum torque angle (MTA) sét at 8¢
then the maximum allowable impedance reach is:

. SO S
. (0V] =
Eq. (15) A —
o PGP
AT @8tJ v & xJ
Draft January 2018

102 of 117



PRC-025-2 — Application Guidelines

Example Calculations: Option 14a

pBcp
T Q

@ p & Yiop &t

&

Example Calculations: Option 14b

Option 14b represents the simulation foglays installed on the higside of the GSU
transformer, including relays installed on the remote end of lineHlements that connect a
GSU transformer to the Transmission system that are used exclusivelyad erprgy
directly from a BES generating unit or generating ptammnected tosynchronous generation
In this example, the Elemergprotected bya phase distances(g.,21) relay directional
toward the Transmission system. The CTs are located ondhesitie of the GSU
transformer.

Relays installed on the higside of the GSU transformer, including relays installed on the
remote end of linesimulation is used to determine theemulated line voltage at the relay
location coincident with the highe®eactive Power output achieved during fiéaicing in
response to a 0.85 per unit of the line nominal voltage at the remote end of the line prio
field-forcing This is achiewEby modelinga shunt at the remote end (i.e., at the Transmiss
system) dthe line during simulation.

ThemaximumReactive Power flow ancbincidentvoltagefor both the highside of the GSU
transformer and remote end of the lirere determined by simulation. The maximum
Reactive Poweoutput on the highside of the GSU trarmfmer and remote end of the line
during fieldforcing is used athesevalueswill correspond to the lowest apparent impedanc
at the relay locationThe correspondingimulatedvoltage is also used in the calculation.
Note that although the excitation lifter reduces the field, the duration of the Reactive
Power output achieved for this condition is sufficient to operate a phase distance relay.
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Example Calculations: Option 14b

000°0T |
00521 |
00521 |

TFT6E HTINHD

1.02 p.u.

TLEGE H#TINHD
Tve6e #TINHD

6S¥8Z ITOA]

[ G3J High-side Voltage 1

Generator Reactive Power

\/~/ Generator Bus Voltage
|

- dHMOd HATIIDVHA NHED]

[HDOYLTOA HAIS-HOIH NSD]

[0
[[00° " SPEYSITYAST]

440.7 Mvar

0
| ooosc o
| 0oose o

0.0 2.0000 4.0000 6.0000 8.0000 10.000
1.0000 3.0000 5.0000 7.0000 9.0000

TIME (SECONDS)

0

In this simulation the following values are derived:
0 T 1&0 0 DI

W P8I C W oLBDQW®

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

0 X Ta8rd @
Apparent power (S):

Eq. (52 Y 0 Q0
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Example Calculations: Option 14b

Y ox T8 @ @ T&O L D

Y Pc&l o &I0 wO
— o J
Primary impedance {4):

W

Eq. (B3 & —

oLBDQW®
Pe& o@JI0Dwo
) PT& o &JIm

Secondary impedances(d:

74

. . Y

Cq O

) PT& o &JIm

G  pToRIM TR
@ c @ o@Im

Tosatisfy the 115% margin in Option 14b:

Eq. (B5 o 5p U b
o ¢ @l o@JLl
PP v
@ G @l o gJLI
— og J
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Example Calculations: Option 14b

Assume a Mho distance impedance relay with a maximum toaqgge (MTA) set at 85
then the maximum allowable impedance reach is:

. 0 S
Eq. (B6) © R —
o C @rLl
Al @8t o J
G @rLl
™ P

&) T &l Y8l

Example Calculations: Options 15a and 16a

Options 15a and 16a represent the calculationrelay installed on the highide of the GSU
transformer, including relays installed at the remote end of the lineElements that
connect a GSU transformer to tAi@ansmission system that are used exclusively to expor
energy directly from a BES generating unit or generating glambected to synchronous
generation

Option15arepresents applying a phase time overcurrent relag(,51) and/or phase
instantaneousovercurrent supervisory elements..,50) associated with curresiased,
communicationassisted schemes where the scheme is capable of tripping for loss of
communications installed on the higdide of the GSU transformgncluding relays installed
at the remote end of the line

Option 16a represents applyingoaase directionainstantaneousovercurrent supervisory
element €.9.,67) associated with currefiased, communicaticassisted schemes where
the scheme is capable of tripping for loss of commatiins directional toward the
Transmission system installed on the hijtie of the GSlnd at the remote end of the line
and/or aphasetime directional overcurrent relage.g., 67directional toward the
Transmission system installed on the higjtle ofthe GSU transformeincluding relays
installed at theremote end of the line

Example calculations are provided for the gasberepotential transformers®T) and
current transformersCT) are locatedat the highside of the GSU transformand the0.85
per unit of the line nominal voltage #te highside of the GSU transformdExample
calculations arelsoprovided for the case here PTs and CTs are located atrds@ote end
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Example Calculations: Options 15a and 16a

of the line and the 0.85 per unit of tHae nominal voltage will be ahe remote bus
location.

Calculations at the high-side of the GSU transformer.

Real Power output (P):

CA

Eq. (15) 000 A Q
0 WNowd T
0 X oFD @

Reactive Power output (Q):

Eq.(1B) 0 p¢mbd
0 p& T X oFD ®
0 WePPO DI

Option 15a, Table 4 Bus Voltage, calls for a 0.85 per unit of time nominal voltage:

Eq. (19) & 1@ ui®8 ®
) U 0T QW
W ¢ wd UQw

Apparent power (S):

Eq.(BO) Y 0 Q0
WoxT8m @ @CcHP PO DI
Y ppUoxN@@I WO

Primary current @k):

.
Eqg. (1) ©O _
a. (BY) Mo w

PPULUXLAID WO
P& 0 ¢ Wi UQW
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Example Calculations: Options 15a and 16a

O ¢q ¢t v IO

Secondary currentddd:

Eq(162 O gy

G Gyt v @UO
CTITIT
V)

O uvgTp v AJIO
To satisfy the 115% margin in Options 15a &6a

kO]

Eq. (B3) © O ppub
0 VE TP LV IO PP L
(¢ e § v Quo

Calculations at the remote end of the line from the plant.

Real Power output (P):
Eq. (B4 0 000 nQ

0 WNowd T

CA

X OO w

Reactive Power output (Q):

Eq.(B5) 0 p ¢ b0
0 p& T X oFD ©
0 WePPO DI

Option 15aand 16a Table - Bus Voltage, calls for a 0.85 per unit of time nominal voltage
at the relay location, in this example the relay location is at the remote substatian bus

Eq. (B6) © . @) B8

W ‘ U 0T QW
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Example Calculations: Options 15a and 16a

W _ ¢ wdy UQw
Apparent power (S):
Eq.(B7) Y O Q0
Y xma 0 @cpd 0 i
Y ppUu @D DO

Primary current gh):

Eq.(B8) O ——
q. (B8) o @

PPULUXLAID WO
P& 0 ¢ Wiy UQW

O  ¢q ¢t v IO

Secondary currentgdy:

EQ.(B9) O gz

G Gyt v @UO
CTUTITT
V)

kO]

O uvgmTp v AJIO
To satisfy the 115% margin in Options 15a afal 1

Eq. (X0 © O ppub
0 VE TP LV @IO PP UL
(¢ e & v Quo
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Example Calculations: Options 15b and 16b

Options 15b and 16b represent the calculationreliays installed on the higside of the GSL
transformer, including relays installed at the remote end of the lineElementshat
connect a GSU transformer to the Transmission system that are used exclusively to exj
energy directly from a BES generating unit or generating @lambected tosynchronous
generation

Option 15b represents applying a phase time overcurrent r@day,,51) and/or phase
instantaneousovercurrent supervisory elements.@.,50) associated with curreriased,
communicatiorassisted schemes where the scheme is capable of tripping for loss of
communications installed on the higdide of the GSU transfmer, including relays at the
remote end of the line

Option 16b represents applyingohase directionainstantaneousovercurrent supervisory
element €.9.,67) associated with currediased, communicatioassisted schemes where
the scheme is capable tfpping for loss of communications directional toward the
Transmission systeand/or aphase directional time overcurrent reldg.g., 67 directional
toward the Transmission system installed on the ksglte of the GSUncluding relays at the
remote endof the line

Example calculations are provided for the cageererelaysareinstalled on the higtside of
the GSU transformer, including relays installed on the remote end of3melation is used
to determine theline voltageat the relay locatiorcoincident with the highest Reactive Pow
output achieved during fielfiorcing in response to a 0.85 per unit of the line nominal volte
at the remote end of the line prior to fieltbrcing This is achieved by modeling a shunt at
remote end (i.e., the Transmission system) of the line during simulation.

ThemaximumReactive Power flow ancbincidentvoltagefor both the highside of the GSU
transformer and remote end of the lirre determined by simulation. The maximum
Reactive Poweoutput on thehigh-side of the GSU transformand remote end of the line
during fieldforcing is used athesevalueswill correspond to the lowest apparent impedanc
at the relay locationThe correspondingimulatedvoltage is also used in the calculation.
Note thatalthough the excitation limiter reduces the field, the duration of the Reactive
Power output achieved for this condition is sufficient to operate a phase overcurrent rele
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Example Calculations: Options 15b and 16b

000°0T |
00521 |
00521 |

Q
&
i W
1.02p.u. e

o Lo L=

e} it %
L —] = i~ —
e i <
5 -
e B |a
N
= 3 i — =2 fas =
GSU High-side Voltage =

g9 |z

‘.-
' = o)
| | S =
. g g |
" Generator Reactive Power 5 LB
| B

fo &2 :

antl = o
— = e

440.7 Mvar

\/~/ Generator Bus Voltage
I

0°

0.0 2.0000 4.0000 6.0000 8.0000 10.000
1.0000 3.0000 5.0000 7.0000 9.0000

TIME (SECONDS)

0
| ooosc o
| 0ooszo

In this simulation the following values aderived:
0 1180 L DI
W P8I C W o LBQW

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

0 X &) o
Apparent power (S):

Eq.07) Y O Q0
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Example Calculations: Options 15b and 16b

W ox T8 @ @ T&O U D
Y Pc&l o &0 wO

Primary current gh):

. Y
Eg. 72) O o o
0 ek o@IDwo
P& 0 0 LBQW

iO) powWwX o@&Jo

Secondary currentddd:
Eq. 73 © FIVAR

powWx o@&JOo
CTTT
3]

O ovd o&JIO

0

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

Eq. 74 O O ppub
‘O o W o@IO0 pPuL
‘O ot o IO

Example Calculations: Option 17

Option 17 represents the calculation fiarlays installed on the higside of the GSU
transformer, including relayigstalled on the remote end of linéor Elements that connect a
GSU transformeior three asynchronous generatots the Transmission system that are
used exclusively to export energy directly from a BES generating unit or generating plar
is applyig a phase distance relag.¢.,21) directional toward the Transmission system. In
this application it was assumed 20 Mvar of total static compensation was added.
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Example Calculations: Option 17

Real Power output (P):

Eqg. (75 O o ‘000 nQ
0 o T Wwd TMPu
0 p & ®

Reactive Power output (Q):

Dwo'Y 0D wo'Y

Ea. (76) s 006 GEAT O Q
0 pWOURILOILDL®I 0 TTO w6 OEAT Or® v
0 P&O O D

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

Eq. 177) pP8INB8 W
&) P8l 0T MW
W o T8Q®
Apparent power (S):
Eq.178) Y 0 Q0
Y pr&dlw QY&O U Qi
Y po@l 0 @J0D w0
Primary impedance g4):

Eq.079) ¢ 2

oTaQW®
popl o@J0D WO

) wnal o @Jm
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Example Calculations: Option 17

Secondarympedance (&9:

5

cd <

Eq. 80 w () 2y, :

&) wnal o @Jm —
&) wnal c @Jm 18t o

G ¢ boa@alm

To satisfy the 130% margin in Option 17:

Eq. 181) & p“’onp
o ¢ ®» 6o @l
P T
W ¢ B olw @JL
— co@q J

Assume a Mho distance impedance relay with a maximum torque angle (MTA) sét anh @t
then the maximum allowablanpedance reach is:

. SO S
Eq. 82 w iTo —
& C B Qkd
AT @8t o@ J
. C B Qkb
® @ WX

) ¢ &tipy &l

Example Calculations: Options 18 and 19

Option 18 represents the calculation fiays orrelays installed on the higside of the GSU
transformer, including relays installed on the remote end of,lfoeElements that connect a
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Example Calculations: Options 18 and 19

GSU transformeifor three asynchronous generatois the Transmision system that are
used exclusively to export energy directly from a BES generating unit or generating plar

Option 18 representapplying a phase time overcurrerd.g.,51)and/or phase
instantaneousovercurrent supervisory elements.@.,50) associated with currerbased,
communicatiorassisted schemes where the scheme is capable of tripping for loss of
communications installed on the higdide of the GSU transformgncluding relays at the
remote end of the line

Similarly, Option 19 may al$e applied here for the phase directional overcurrent relays
(e.g.,67) directional toward the Transmission system for Elements that connect a GSU
transformer, including relays at theemote end of the lingo the Transmission system that
are used exclugely to export energy directly from a BES generating unit or generating pl
In this application it was assumed 20 Mvar of total static compensation was added.

Real Power output (P):

Cx
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Reactive Power output (Q):

Eq. (84) 0 ODwd'Y 0 wd'Y
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Options 18 and 19, Table-1Bus Voltage, calls for a 1.0 per unit of tme nominal voltage
(Vbus):

Eq. (85 w P&IN&8 W
) P8l 0T MW
&) 01T QW
Apparent power (S):

Eq.18) Y 0 QO
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Example Calculations: Options 18 and 19

Y opn&Glw Q@&0 0 Di
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Primary current (k):

Mo w
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Secondary current{dd:
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Eq. (88) O
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To satisfy the 130% margin in Options 18 and 19:

O
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End of calculations
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Rationale

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

Rationale for R1

Requirement R1 is a riglased requirement that requires the responsible entity to be aware of
each protective relay subject to the standard and applies an appropriate setting based on its
calculations or simulation for theonditions established in Attachment 1.

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

The term, whil e maintaining reliable fault
responsible entity is to comply with this standard while achieving their desired protectas.go
Refer to the Guidelines and Technical Basis, Introduction, for more information.
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