ATTACHMENT E
to Order R-21-19

PRC-025-12— Generator Relay Loadability

A. Introduction

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

3. Purpose: To set load-responsive protective relays associated with generation
Facilities at a level to prevent unnecessary tripping of generators during a system
disturbance for conditions that do not pose a risk of damage to the associated

equipment.

4. Applicability:

4.1. Functional Entities:

4.1.1.

Generator Owner that applies load-responsive protective relays?! at
the terminals of the Elements listed in 4.2, Facilities.

4.1.2. Transmission Owner that applies load-responsive protective relays?!
at the terminals of the Elements listed in 4.2, Facilities.
4.1.3. Distribution Provider that applies load-responsive protective relays?!
at the terminals of the Elements listed in 4.2, Facilities.
4.2, Facilities: The following Elements associated with Bulk Electric System (BES)

generating units and generating plants, including those generating units and
generating plants identified as Blackstart Resources in the Transmission
Operator’s system restoration plan:

4.2.1.
4.2.2.
4.2.3.

4.2.4,

4.2.5.

Generating unit(s).
Generator step-up (i.e., GSU) transformer(s).

Unit auxiliary transformer(s) (UAT) that supply overall auxiliary
power necessary to keep generating unit(s) online.?

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 that Elements may
also supply generating plant loads.

Elements utilized in the aggregation of dispersed power producing
resources.

5.  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
transformers will result in removing the generator from service. Refer to the PRC-025-2 Guidelines and Technical Basis for more
detailed information concerning unit auxiliary transformers.
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7.

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 direct risk to those
generators and associated equipment within the time period where the tripping
occurred. This tripping has often been determined to have expanded the scope and/or
extended the duration of that disturbance. This was noted to be a serious issue in the
August 2003 “blackout” in the northeastern North American continent.3

During the recoverable phase of a disturbance, the disturbance may exhibit a “voltage
disturbance” behavior pattern, where system voltage may be widely depressed and
may fluctuate. In order to support the system during this transient phase of a
disturbance, this standard establishes criteria for setting load-responsive protective
relays such that individual generators may provide Reactive Power within their
dynamic capability during transient time periods to help the system recover from the
voltage disturbance. The premature or unnecessary tripping of generators resulting in
the removal of dynamic Reactive Power exacerbates the severity of the voltage
disturbance, and as a result changes the character of the system disturbance. In
addition, the loss of Real Power could initiate or exacerbate a frequency disturbance.

Standard Only Definition: None.

B. Requirements and Measures

R1.

M1.

Each Generator Owner, Transmission Owner, and Distribution Provider shall apply
settings that are in accordance with PRC-025-2 — Attachment 1: Relay Settings, on
each load-responsive protective relay while maintaining reliable fault protection.
[Violation Risk Factor: High] [Time Horizon: Long-Term Planning]

For each load-responsive protective relay, each Generator Owner, Transmission
Owner, and Distribution Provider shall have evidence (e.g., summaries of calculations,
spreadsheets, simulation reports, or setting sheets) that settings were applied in
accordance with PRC-025-2 — Attachment 1: Relay Settings.

C. Compliance

1.

Compliance Monitoring Process
1.1. Compliance Enforcement Authority:
The British Columbia Utilities Commission.

1.2. Evidence Retention: The following evidence retention period(s) identify the
period of time an entity is required to retain specific evidence to

3 Interim Report: Causes of the August 14th Blackout in the United States and Canada, U.S.-Canada Power System Outage Task
Force, November 2003 (http://www.nerc.com/docs/docs/blackout/814BlackoutReport.pdf).
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demonstrate compliance. For instances where the evidence retention period
specified below is shorter than the time since the last audit, the Compliance

Enforcement Authority may ask an entity to provide other evidence to show

that it was compliant for the full time period since the last audit.

The applicable entity shall keep data or evidence to show compliance as
identified below unless directed by its Compliance Enforcement Authority to
retain specific evidence for a longer period of time as part of an
investigation:

° The Generator Owner, Transmission Owner, and Distribution Provider
shall retain evidence of Requirement R1 and Measure M1 for the most
recent three calendar years.

° If a Generator Owner, Transmission Owner, or Distribution Provider is
found non-compliant, it shall keep information related to the non-
compliance until mitigation is complete and approved or for the time
specified above, whichever is longer.
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Violation Severity Levels

Lower VSL

Violation Severity Levels

Moderate VSL

Severe VSL

R1

N/A

N/A

High VSL

N/A

The Generator Owner,
Transmission Owner, and
Distribution Provider did not
apply settings in accordance
with PRC-025-2 —
Attachment 1: Relay
Settings, on an applied load-
responsive protective relay.

D. Regional Variances

None.

Associated Documents

NERC System Protection and Control Subcommittee, “Considerations for Power Plant and Transmission System Protection

Coordination,” technical reference document, Revision 2. (Date of Publication: July 2015)

NERC System Protection and Control Subcommittee, “Unit Auxiliary Transformer Overcurrent Relay Loadability During a
Transmission Depressed Voltage Condition.” (Date of Publication: March 2016)

IEEE C37.102-2006, “IEEE Guide for AC Generator Protection.” (Date of Publication: 2006)

IEEE C37.17-2012, “IEEE Standard for Trip Systems for Low-Voltage (1000 V and below) AC and General Purpose (1500 V and
below) DC Power Circuit Breakers.” (Date of Publication: September 18, 2012)

IEEE C37.2-2008, “IEEE Standard for Electrical Power System Device Function Numbers, Acronyms, and Contact Designations.”

(Date of Publication: October 3, 2008)
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Version History

Version Date Action Chan_ge
Tracking
1 August 15, Adopted by NERC Board of Trustees New
2013
1 July 17,2014 | FERC order issued approving PRC-025-1
2 April 19, 2017 | SAR accepted by Standards Committee Project 2016-04
2 February 8, Adopted by NERC Board of Trustees Revision
2018
2 May 2, 2018 FERC Order issued approving PRC-025-2.
Docket No. RD18-4-000
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PRC-025-2 — Attachment 1: Relay Settings

Introduction

This standard does not require the Generator Owner, Transmission Owner, or Distribution
Provider to use any of the protective functions listed in Table 1. Each Generator Owner,
Transmission Owner, and Distribution Provider that applies load-responsive protective relays
on their respective Elements listed in 4.2, Facilities, shall use one of the following Options in
Table 1, Relay Loadability Evaluation Criteria (“Table 1”), to set each load-responsive protective
relay element according to its application and relay type. The bus voltage is based on the
criteria for the various applications listed in Table 1.

Generators

Synchronous generator relay setting criteria values are derived from the unit’s maximum gross
Real Power capability, in megawatts (MW), as reported to the Transmission Planner, and the
unit’s Reactive Power capability, in megavoltampere-reactive (Mvar), is determined by
calculating the MW value based on the unit’s nameplate megavoltampere (MVA) rating at rated
power factor. If 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 Transmission Planner.

Asynchronous generator relay setting criteria values (including inverter-based installations) are
derived from the site’s aggregate maximum complex power capability, in MVA, as reported to
the Transmission Planner, including the Mvar output of any static or dynamic reactive power
devices. If 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 Transmission Planner.

For applications where synchronous and asynchronous generator types are combined on a
generator step-up transformer or on Elements that connect the generator step-up (GSU)
transformer(s) to the Transmission system that are used exclusively to export energy directly
from a BES generating unit or generating plant (except that Elements may also supply
generating plant loads), the setting criteria shall be determined by vector summing the setting
criteria of each generator type, and using the bus voltage 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) for GSU transformers with de-energized tap changers (DETC). If load tap changers (LTC)
are used, the calculations shall reflect the tap that results in the lowest generator bus voltage.
When the criterion specifies the use of the GSU transformer’s impedance, the nameplate
impedance at the nominal GSU transformer turns ratio shall be used.

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

Multiple Lines

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

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

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

2. Load-responsive protective relay elements that are armed only when the generator is
disconnected from the system, (e.g., non-directional overcurrent elements used in
conjunction with inadvertent energization schemes, and open breaker flashover
schemes).

3. Phase fault detector relay elements employed to supervise other load-responsive phase
distance elements (e.g., in order to prevent false operation in the event of a loss of
potential) provided the distance element is set in accordance with the criteria outlined
in the standard.

4. Protective relay elements that are only enabled when other protection elements fail
(e.g., overcurrent elements that are only enabled during loss of potential conditions).

5. Protective relay elements used only for Remedial Action Schemes that are subject to
one or more requirements in a NERC or Regional Reliability Standard.

6. Protection systems that detect generator overloads that are designed to coordinate
with the generator short time capability by utilizing an extremely inverse characteristic
set to operate no faster than 7 seconds at 218% of full load current (e.g., rated armature
current), and prevent operation below 115% of full-load current.*

7. Protection systems that detect overloads and are designed only to respond in time
periods which allow an operator 15 minutes or greater to respond to overload
conditions.

8. Low voltage protection devices that do not have adjustable settings.

Table 1
Table 1 below is structured and formatted to aid the reader with identifying an option for a
given load-responsive protective relay.

4 |EEE C37.102-2006, “Guide for AC Generator Protection,” Section 4.1.1.2.
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The first column identifies the application (e.g., synchronous or asynchronous generators,
generator step-up transformers, unit auxiliary transformers, 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). Dark blue horizontal bars, excluding the header
which repeats at the top of each page, demarcate the various applications.

The second column identifies the load-responsive distance or overcurrent protective relay by
IEEE device numbers (e.g., 21, 50, 51, 51V-C, 51V-R, or 67) according to the application in the
first column. This also includes manufacture protective device trip unit designations for long-
time delay, short-time delay, and instantaneous (e.g., L, S, and I). A light blue horizontal bar
between the relay types is the demarcation between relay types for a given application. These
light blue bars will contain no text, except 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 load-responsive protective relays according to the application and
applied relay type. Another, shorter, light blue bar contains the word “OR,” and reveals to the
reader that the relay for that application has one or more options (i.e., “ways”) to determine
the bus voltage and setting criteria in the fourth and fifth column, respectively. The bus voltage
column and setting criteria columns provide the criteria for determining an appropriate setting.
The table is further formatted by shading groups of relays associated with asynchronous
generator applications. Synchronous generator applications and the unit auxiliary transformer
applications are not shaded. Also, intentional buffers were added to the table such that similar
options, as possible, would be paired together on a per page basis. Note that some applications
may have an additional pairing that might occur on adjacent pages.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Option

Bus Voltage®

Setting Criteria

Synchronous
generating unit(s),
including Elements
utilized in the
aggregation of
dispersed power
producing resources

Phase distance
relay (e.g., 21) -
directional toward
the Transmission
system

Generator bus voltage
corresponding to 0.95 per unit of

The impedance element shall be set less than the calculated
impedance derived from 115% of:
(1) Real Power output — 100% of the gross MW capability

la the high-side nominal voltage times .
the turns ratio of the generator reported to the Transmission Planner, and
step-up transformer & (2) Reactive Power output — 150% of the MW value, derived
p-up from the generator nameplate MVA rating at rated power factor
OR
Calculated torb It .
alcutate genera or busvo 'age The impedance element shall be set less than the calculated
corresponding to 0.85 per unit . .
nominal voltage on the high-side impedance derived from 115% of:
. & g (1) Real Power output — 100% of the gross MW capability
1b terminals of the generator step-up o
transformer (including the reported to the Transmission Planner, and
.g (2) Reactive Power output — 150% of the MW value, derived
transformer turns ratio and .
. from the generator nameplate MVA rating 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 Power output achieved impedance derived from 115% of:
1c during field-forcing in response to a | (1) Real Power output — 100% of the gross MW capability

0.85 per unit nominal voltage on
the high-side terminals of the
generator step-up transformer
prior to field-forcing

reported to the Transmission Planner, and
(2) Reactive Power output —100% of the maximum gross Mvar
output during field-forcing as determined by simulation

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

5 Calculations using the generator step-up (GSU) transformer turns ratio shall use the actual tap that is applied (i.e., in service) for GSU transformers with de-energized tap
changers (DETC). If load tap changers (LTC) are used, the calculations shall reflect the tap that results in the lowest generator bus voltage. When the criterion specifies the use of

the GSU transformer’s impedance, the nameplate impedance at the nominal GSU turns ratio shall be used.
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Table 1. Relay Loadability Evaluation Criteria

Application

Synchronous
generating unit(s),
including Elements
utilized in the
aggregation of
dispersed power
producing resources

Relay Type

Option

Bus Voltage®

Generator bus voltage
corresponding to 0.95 per unit of

Setting Criteria

The overcurrent element shall be set greater than 115% of the
calculated current derived from:
(1) Real Power output — 100% of the gross MW capability

2a the high-side nominal voltage times -
the turns ratio of the generator reported to the Transmission Planner, and
step-up transformer & (2) Reactive Power output — 150% of the MW value, derived
p-up from the generator nameplate MVA rating at rated power factor
OR
Calculated torb It
alcuiate genera or busvo .age The overcurrent element shall be set greater than 115% of the
corresponding to 0.85 per unit .
nominal voltage on the high-side calculated current derived from:
Phase overcurrent ) & § (1) Real Power output — 100% of the gross MW capability
2b terminals of the generator step-up .
relay (e.g., 50, 51, transformer (including the reported to the Transmission Planner, and
or 51V-R — voltage- g (2) Reactive Power output — 150% of the MW value, derived
. transformer turns ratio and .
restrained) . from the generator nameplate MVA rating at rated power factor
impedance)
OR
Simulated generator bus voltage
coincident with the highest The overcurrent element shall be set greater than 115% of the
Reactive Power output achieved calculated current derived from:
2 during field-forcing in response to a | (1) Real Power output — 100% of the gross MW capability
0.85 per unit nominal voltage on reported to the Transmission Planner or, and
the high-side terminals of the (2) Reactive Power output —100% of the maximum gross Mvar
generator step-up transformer output during field-forcing as determined by simulation
prior to field-forcing
Phase time
overcurrent rela
¥ Generator bus voltage
(e.g., 51V-C) corresponding to 1.0 per unit of the
voltage controlled . .p g. P . Voltage control setting shall be set less than 75% of the
3 high-side nominal voltage times the
(Enabled to . calculated generator bus voltage
turns ratio of the generator step-up
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

Asynchronous
generating unit(s)
(including inverter-
based installations),
including Elements
utilized in the
aggregation of
dispersed power
producing resources

Phase distance
relay (e.g., 21) -

Generator bus voltage
corresponding to 1.0 per unit of the

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

directional toward 4 high-side nominal voltage times the . .
. & . & nameplate MVA output at rated power factor (including the
the Transmission turns ratio of the generator step-up . . . :
Mvar output of any static or dynamic reactive power devices)
system transformer
Generator bus voltage
. g . The overcurrent element shall be set greater than 130% of the
corresponding to 1.0 per unit of the . .
. . . . calculated current derived from the maximum aggregate
5a high-side nominal voltage times the . .
. nameplate MVA output at rated power factor (including the
turns ratio of the generator step-up . . . .
Phase overcurrent transformer Mvar output of any static or dynamic reactive power devices)
relay (e.g., 50, 51,
OR
or 51V-R — voltage-
restrained) Generator l?us voltage . The lower tolerance of the overcurrent element tripping
cc_:rres.pondmg.to 1.0 per ur?lt of the | characteristic shall not infringe upon the resource capability
b h|gh—5|d§ nominal voltage times the | (including the Mvar output of the resource and any static or
turns ratio of the generator step-up | gynamic reactive power devices) See Figure A.
transformer
Phase time
overcurrent rela
¥ Generator bus voltage
(e.g., 51V-C) - . .
corresponding to 1.0 per unit of the .
voltage controlled . . . . Voltage control setting shall be set less than 75% of the
6 high-side nominal voltage times the
(Enabled to . calculated generator bus voltage
turns ratio of the generator step-up
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

Relays installed on
generator-side® of the
Generator step-up
transformer(s)
connected to
synchronous
generators

Phase distance
relay (e.g., 21) -
directional toward
the Transmission
system

Generator bus voltage
corresponding to 0.95 per unit of

The impedance element shall be set less than the calculated
impedance derived from 115% of:
(1) Real Power output — 100% of the aggregate generation gross

7a the high-side nominal voltage times | MW reported to the Transmission Planner, and
the turns ratio of the generator (2) Reactive 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 impedance element shall be set less than the calculated
corresponding to 0.85 per unit impedance derived from 115% of:
nominal voltage on the high-side (1) Real Power output — 100% of the aggregate generation gross
7b terminals of the generator step-up MW reported to the Transmission Planner, and
transformer (including the (2) Reactive Power output — 150% of the aggregate generation
transformer turns ratio and MW value, derived from the generator nameplate MVA rating
impedance) at rated power factor
OR
Simulated generator 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 .
during field-forcing in response to a (1) Real Power output — 100% of the aggregate generation gross
7c & & P MW reported to the Transmission Planner, and

0.85 per unit nominal voltage on
the high-side terminals of the
generator step-up transformer
prior to field-forcing

(2) Reactive Power output —100% of the aggregate generation
maximum gross Mvar output during field-forcing as determined
by simulation

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

6 |If the relay is installed on the high-side of the GSU transformer, use Option 14.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Option

Bus Voltage®

Setting Criteria

Relays installed on
generator-side”’ of the
Generator step-up
transformer(s)
connected to
synchronous
generators

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

Generator bus voltage
corresponding to 0.95 per unit of

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

8a the high-side nominal voltage times | MW reported to the Transmission Planner, and
the turns ratio of the generator (2) Reactive 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 the
corresponding to 0.85 per unit calculated current derived from:
nominal voltage on the high-side (1) Real Power output — 100% of the aggregate generation gross
8b terminals of the generator step-up MW reported to the Transmission Planner, and
transformer (including the (2) Reactive Power output — 150% of the aggregate generation
transformer turns ratio and MW value, derived from the generator nameplate MVA rating
impedance) at rated power factor
OR
Slmul.ated ge.nerator !ous voltage The overcurrent element shall be set greater than 115% of the
coincident with the highest .
. ) calculated current derived from:
Reactive Power output achieved o .
during field-forcing in response to a (1) Real Power output — 100.A; c_>f the aggregate generation gross
8c MW reported to the Transmission Planner, and

0.85 per unit nominal voltage on
the high-side terminals of the
generator step-up transformer
prior to field-forcing

(2) Reactive Power output —100% of the aggregate generation
maximum gross Mvar output during field-forcing as determined
by simulation

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

7 If the relay is installed on the high-side of the GSU transformer use, Option 15.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Option

Bus Voltage®

Setting Criteria

Relays installed on
generator-side?® of the
Generator step-up
transformer(s)
connected to
synchronous
generators

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

Generator bus voltage
corresponding to 0.95 per unit of

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

9a the high-side nominal voltage times | MW reported to the Transmission Planner, and
the turns ratio of the generator (2) Reactive 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 the
corresponding to 0.85 per unit calculated current derived from:
nominal voltage on the high-side (1) Real Power output — 100% of the aggregate generation gross
9b terminals of the generator step-up MW reported to the Transmission Planner, and
transformer (including the (2) Reactive Power output — 150% of the aggregate generation
transformer turns ratio and MW value, derived from the generator nameplate MVA rating
impedance) at rated power factor
OR
Slr.nul.ated ge.nerator I?us voltage The overcurrent element shall be set greater than 115% of the
coincident with the highest .
. . calculated current derived from:
Reactive Power output achieved o .
during field-forcing in response to a (1) Real Power output — 100.4 c_>f the aggregate generation gross
9¢c MW reported to the Transmission Planner, and

0.85 per unit nominal voltage on
the high-side terminals of the
generator step-up transformer
prior to field-forcing

(2) Reactive Power output —100% of the aggregate generation
maximum gross Mvar output during field-forcing as determined
by simulation

A different application starts on the next page

8 If the relay is installed on the high-side of the GSU transformer use, Option 16.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Option

Bus Voltage®

Setting Criteria

Relays installed on
generator-side of the
Generator step-up
transformer(s)
connected to
asynchronous
generators only
(including inverter-
based installations)

Phase distance
relay (e.g., 21) —

Generator bus voltage
corresponding to 1.0 per unit of the

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

directional toward 10 high-side nominal voltage times the . .
. & . & nameplate MVA output at rated power factor (including the
the Transmission turns ratio of the generator step-up . . . :
g Mvar output of any static or dynamic reactive power devices)
system transformer
Generator bus voltage
corresponding to 1.0 per unit of the | The overcurrent element shall be set greater than 130% of the
Phase overcurrent . . . . . .
relay (e.g., 50 or 1 high-side nominal voltage times the | calculated current derived from the maximum aggregate
51)1% e turns ratio of the generator step-up | nameplate MVA output at rated power factor (including the
transformer for overcurrent relays Mvar output of any static or dynamic reactive power devices)
installed on the low-side
Phase directional
Generator bus voltage
overcurrent relay . . The overcurrent element shall be set greater than 130% of the
(e.g., 67)— corresponding to 1.0 per unit of the calculated current derived from the maximum aggregate
s 12 high-side nominal voltage times the geree

directional toward
the Transmission
system?!

turns ratio of the generator step-up
transformer

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

A different application starts on the next page

9 If the relay is installed on the high-side of the GSU transformer, use Option 17.
10 |f the relay is installed on the high-side of the GSU transformer, use Option 18.
111f the relay is installed on the high-side of the GSU transformer, use Option 19.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Option

Bus Voltage®

Setting Criteria

Phase overcurrent

1.0 per unit of the winding nominal

The overcurrent element shall be set greater than 150% of the

relay (e.g., 50 or 13a voltage of the unit auxiliary calculated current derived from the unit auxiliary transformer
51) applied at the transformer maximum nameplate MVA rating
. - high-side terminals | OR
Unit auxiliary of the UAT for
transformer(s) (UAT) . - . - The overcurrent element shall be set greater than 150% of the
which operation of Unit auxiliary transformer bus . I
. . unit auxiliary transformer measured current at the generator
the relay will cause 13b voltage corresponding to the . . .
. maximum gross MW capability reported to the Transmission
the associated measured current
. Planner
generator to trip
Relays installed on the The impedance element shall be set less than the calculated
high-side of the GSU impedance derived from 115% of:
transformer,*? includin . . . 1) Real Power output — 100% of the aggregate generation gross
. & 0.85 per unit of the line nominal (1) P o geregate g &
relays installed on the 14a voltage at the relav location MW reported to the Transmission Planner, and
remote end of line, for & ¥ (2) Reactive Power output — 120% of the aggregate generation
Elements that connect Phase distance MW value, derived from the generator nameplate MVA rating
the GSU transformer(s) | relay (e.g., 21) — at rated power factor
to the Transmission directional toward | OR
system that are used the Transmission Simulated line voltage at the relay The impedance element shall be set less than the calculated
exclusively to export system location coincident with the highest | impedance derived from 115% of:
energy directly from a Reactive Power output achieved (1) Real Power output — 100% of the aggregate generation gross
BES generating unit or 14b during field-forcing in response to a | MW reported to the Transmission Planner, and

generating plant
(except that Elements
may also supply
generating plant loads)
—connected to
synchronous
generators

0.85 per unit of the line nominal
voltage at the remote end of the
line prior to field-forcing

(2) Reactive Power output —100% of the aggregate generation
maximum gross Mvar output during field-forcing as determined
by simulation

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

12|f the relay is installed on the generator-side of the GSU transformer, use Option 7.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Option

Bus Voltage®

Setting Criteria

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

Phase
instantaneous
overcurrent
supervisory
element (e.g., 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)

0.85 per unit of the line nominal

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

15a voltage at the relav location MW reported to the Transmission Planner, and
& ¥ (2) Reactive Power output — 120% of the aggregate generation
MW value, derived from the generator nameplate MVA rating
at rated power factor
OR
Simulated line voltage at the relay The overcurrent element shall be set greater than 115% of the
location coincident with the highest | calculated current derived from:
Reactive Power output achieved (1) Real Power output — 100% of the aggregate generation gross
15b during field-forcing in response toa | MW reported to the Transmission Planner, and

0.85 per unit of the line nominal
voltage at the remote end of the
line prior to field-forcing

(2) Reactive Power output —100% of the aggregate generation
maximum gross Mvar output during field-forcing as determined
by simulation

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

13 If the relay is installed on the generator-side of the GSU transformer, use Option 8.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relay Type

Option

Bus Voltage®

Setting Criteria

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

Phase directional
instantaneous
overcurrent
supervisory
element (e.g., 67) —
associated with
current-based,
communication-
assisted schemes
where the scheme
is capable of
tripping for loss of
communications
directional toward
the Transmission
system and/or
phase directional
time overcurrent
relay (e.g., 67) —
directional toward
the Transmission
system

0.85 per unit of the line nominal

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

16a . MW reported to the Transmission Planner, and
voltage at the relay location . .
(2) Reactive Power output — 120% of the aggregate generation
MW value, derived from the generator nameplate MVA rating
at rated power factor
OR
Simulated line voltage at the relay The overcurrent element shall be set greater than 115% of the
location coincident with the highest | calculated current derived from:
Reactive Power output achieved (1) Real Power output — 100% of the aggregate generation gross
16b during field-forcing in response to a | MW reported to the Transmission Planner, and

0.85 per unit of the line nominal
voltage at the remote end of the
line prior to field-forcing

(2) Reactive Power output —100% of the aggregate generation
maximum gross Mvar output during field-forcing as determined
by simulation

A different application starts on the next page

141f the relay is installed on the generator-side of the GSU transformer, use Option 9.
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Table 1. Relay Loadability Evaluation Criteria

Application

Relays installed on the
high-side of the GSU
transformer,® including
relays installed on the
remote end of 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 that Elements
may also supply
generating plant loads)
—connected to
asynchronous
generators only
(including inverter-
based installations)

Relay Type Option Bus Voltage® Setting Criteria

Phase distance

The impedance element shall be set less than the calculated
relay (e.g., 21) -

. 1.0 per unit of the line nominal impedance derived from 130% of the maximum aggregate
directional toward 17 . . .
. voltage at the relay location nameplate MVA output at rated power factor (including the
the Transmission . . . .
— Mvar output of any static or dynamic reactive power devices)

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

15 If the relay is installed on the generator-side of the GSU transformer, use Option 10.
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Table 1. Relay Loadability Evaluation Criteria

Application Relay Type Option Bus Voltage® Setting Criteria
Relays installed on the Phase
high-side of the GSU instantaneous
transformer, overcurrent
including, relays supervisory
installed on the remote | element (e.g., 50) —
end of the line, for associated with
Elements that connect current-based, The overcurrent element shall be set greater than 130% of the
the GSU transformer(s) | communication- 18 1.0 per unit of the line nominal calculated current derived from the maximum aggregate
to the Transmission assisted schemes voltage at the relay location nameplate MVA output at rated power factor (including the
system that are used where the scheme Mvar output of any static or dynamic reactive power devices)
exclusively to export is capable of
energy directly from a tripping for loss of
BES generating unit or communications
generating plant and/or Phase time
(except that Elements overcurrent relay
may also supply (e.g., 51)

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

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

16 |f the relay is installed on the generator-side of the GSU transformer, use Option 11.
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Table 1. Relay Loadability Evaluation Criteria

Application Relay Type Option Bus Voltage® Setting Criteria

Relays installed on the
high-side of the GSU
transformer,’ including
relays installed on the
remote end of the line,
for Elements that
connect the GSU
transformer(s) to the
Transmission system

Phase directional
instantaneous
overcurrent
supervisory
element (e.g., 67) —
associated with
current-based,
communication-

that are used . The overcurrent element shall be set greater than 130% of the
. assisted schemes . . . . .

exclusively to export where the scheme 19 1.0 per unit of the line nominal calculated current derived from the maximum aggregate

energy directly from a - voltage at the relay location nameplate MVA output at rated power factor (including the

BES generating unit or Mvar output of any static or dynamic reactive power devices)
generating plant
(except that Elements
may also supply
generating plant loads)
—connected to
asynchronous
generators only
(including inverter-

based installations)

End of Table 1

tripping for loss of
communications
directional toward
the Transmission
system and/or
Phase directional
time overcurrent
relay (e.g., 67)

17 1f the relay is installed on the generator-side of the GSU transformer, use Option 12.
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PRC-025-2 Guidelines and Technical Basis

Introduction
The document, “Considerations for Power Plant and Transmission System Protection

Coordination,” published by the NERC System Protection and Control Subcommittee (SPCS)
provides extensive general discussion about the protective functions and generator
performance addressed within this standard. This document was last revised in July 2015.%8

The basis for the standard’s loadability criteria for relays applied at the generator terminals or
low-side of the generator step-up (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 similar system conditions. The Reactive Power
output observed during field-forcing 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 Power capability. 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
equivalent to 150 percent times the rated MW value (representing some level of field-forcing)
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 Mvar which is equivalent
to 175 percent times the rated MW value (representing some additional level of field-forcing).

Both conditions noted above are evaluated with the GSU transformer high-side voltage at 0.85
per unit. These load operating points are believed to be conservatively high levels of Reactive
Power out of the generator with a 0.85 per unit high-side voltage which was based on these
observations. However, for the purposes of this standard it was determined that the second
load point (40 percent) offered no additional benefit and only increased the complexity for an
entity to determine how to comply with the standard. Given the conservative nature of the
criteria, which may not be achievable by all generating units, an alternate method is provided
to determine the Reactive Power output by simulation. Also, to account for Reactive Power
losses in the GSU transformer, a reduced level of output of 120 percent times the rated MW
value is provided for relays applied at the high-side of the GSU transformer and 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 reliable fault protection” in Requirement R1, describes that the
Generator Owner, Transmission Owner, and Distribution Provider is to comply with this
standard while achieving its desired protection goals. Load-responsive protective relays, as
addressed within this standard, may be intended to provide a variety of backup protection
functions, both within the generating unit or generating plant and on the Transmission system,
and this standard is not intended to result in the loss of these protection functions. Instead, it is

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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suggested that the Generator Owner, 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 example, if 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 possible to meet this
purpose by replacing the legacy relay with a modern advanced-technology relay that can be set
using functions such as load encroachment. It may otherwise be necessary to reconsider
whether this is an appropriate method of achieving protection for the failed Transmission
breaker, and whether this protection can be better provided by, for example, applying a
breaker failure relay with a transfer trip system.

Requirement R1 establishes that the Generator Owner, Transmission Owner, and Distribution
Provider must understand the applications of Attachment 1: Relay Settings, Table 1: Relay
Loadability Evaluation Criteria (“Table 1”) in determining the settings that it must apply to each
of its load-responsive protective relays to prevent an unnecessary trip 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 all load-responsive
protective relays that are affected by increased generator output 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 (UAT), 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, and Elements utilized in the aggregation of dispersed power producing
resources.

The Generator Owner’s interconnection facility (in some cases labeled a “transmission Facility”
or “generator leads”) consists of Elements between the GSU transformer and the interface with
the portion of the Bulk Electric System (BES) where Transmission Owners take over the
ownership. This standard does not use the industry recognized term “generator
interconnection Facility” consistent with the work of Project 2010-07 (Generator Requirements
at the Transmission Interface), because the term generator interconnection Facility implies
ownership by the Generator Owner. Instead, this standard refers to these Facilities as
“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” to include these
Facilities when they are also owned by the Transmission Owner or Distribution Provider. The
load-responsive protective relays in this standard for which an entity shall be in compliance are
dependent on the location and the application of the protective functions. Figures 1, 2, and 3
illustrate various generator interface connections with the Transmission system, and Figure 4
illustrates examples of Elements utilized in the aggregation of dispersed power resources that
are 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 high-side 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 loadability
requirement in PRC-025-2 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
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 protection to the transmission relaying at Bus B. In this case, the
relay function that provides line protection would apply the loadability requirement in PRC-025-
2 and an appropriate option for the application from Table 1 (e.g., 15a, 15b, 16a, 16b, 18, and
19) for phase overcurrent supervisory elements (i.e., phase fault detectors) associated with
current-based, communication-assisted schemes (i.e., pilot wire, phase comparison, and line
current differential) where the scheme is capable of tripping for loss of communications. The
backup protective function would apply the requirement in the PRC-025-2 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 Transmission system that are used exclusively to export
energy directly from a BES generating unit or generating plant.

Since 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 are
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 set with
an element directional toward the transmission system (e.g., Buses B, C and D) or are non-
directional, the relay would be affected by increased generator output in response to system
disturbances and must meet the loadability setting criteria described in the standard. If relay R2
or R3 is set with an element directional toward the generator (e.g., Bus A), the relay would not
be affected by increased generator output in response to system disturbances; therefore, the
entity would not be required to apply the loadability setting criteria described in this standard.

Page 25 of 114

178 of 300



ATTACHMENT E
to Order R-21-19
PRC-025-2 Application Guidelines

Bus C

Transmission System

UAT Bus A

% g CcB101
: 3 EOO
GSU

Relays subject
to PRC-025

CB102

&

Bus B

System

—]

Ission

Bus D

Transm

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 lines that are used exclusively to export energy directly from a BES generating
unit or generating plant to the network. The protective relay R1 on the high-side of the GSU
transformer breaker CB100 is generally applied to provide backup protection to the
Transmission relaying located at Bus A and in some cases Bus B. Under this application, relay R1
would apply the loadability requirement in PRC-025-2 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 generating plant.

The protective relays R2 and R3 located on the incoming source breakers CB102 and CB103 to
the generating plant applies relaying that primarily protects the line from Bus A to B and also
provides backup protection to the transmission relaying at Bus B. In this case, the relay function
that provides line protection would apply the loadability requirement in PRC-025-2 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
current-based, communication-assisted schemes (i.e., pilot wire, phase comparison, and line
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current differential) where the scheme is capable of tripping for loss of communications. The
backup protective function would apply the requirement in the PRC-025-2 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 Transmission system that are used exclusively to export
energy directly from a BES generating unit or generating plant.

Since 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 are
applicable to the standard, the loadability for relays applied on these Elements as shown in the
shaded area of Figure 2 (i.e., CB102, CB103, CB104, and CB105) must be considered. If relay R2,
R3, R4, or R5 is set with an element directional toward the transmission system (e.g., Buses B, C
and D) or are non-directional, the relay would be affected by increased generator output in
response to system disturbances and must meet the loadability setting criteria described in the
standard. If relay R2, R3, R4, or R5 is set with an element directional toward the generator (e.g.,
Bus A), the relay would not be affected by increased generator output in response to system
disturbances; therefore, the entity would not be required to apply the loadability setting
criteria described in this standard.

Bus C

Transmission System

UAT

CB102 CB104
e (e
CB101 @
CB100 CB103
GSU Q) &

Relays subject
to PRC-025

Bus D

L1 L1

Transmission System

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 the high-side of
the GSU transformer breaker CB100 is generally applied to provide backup protection to the
Transmission relaying located at Bus A and in some cases Bus C or Bus D. Under this application,
relay R1 would apply the applicable loadability requirement in PRC-025-2 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 generating plant.

Since the lines from Bus A to Bus C and from Bus A to Bus D are part of the transmission
network, these lines would not be considered as Elements that connect a GSU transformer to
the Transmission system that are used exclusively to export energy directly from a BES
generating unit or generating plant. Therefore, the applicable responsible entity would be
responsible for the load-responsive protective relays R2 and R3 under the PRC-023 standard.
The applicable responsible entity’s loadability relays R4 and R5 located on the breakers CB104
and CB105 at Bus C and D are also subject to the requirements of the PRC-023 standard.
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This standard is also applicable to the UATSs that supply station service power to support the on-
line operation of generating units or generating plants. These transformers are variably referred
to as station power, unit auxiliary transformer(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 relays used for
overload protection of the UAT(s) that supply normal station service for a generating unit. The
NERC System Protection and Control Subcommittee addressed low-side UAT protection in the
document called Unit Auxiliary Transformer Overcurrent Relay Loadability During a
Transmission Depressed Voltage Condition,*® March 2016.

Figure 4

Elements utilized in the aggregation of dispersed power producing resources (in some cases
referred to as a “collector system” or “feeders”) consist of the Elements between 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
/NERC%20-%20SPCS%20UAT%20-%20FEB_2016_final.pdf.
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Figure-4: Elements utilized in the aggregation of dispersed power producing
resources (DR)
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Synchronous Generator Performance

When a synchronous generator experiences a depressed voltage, the generator will respond by
increasing its Reactive Power output to support the generator terminal voltage. This operating
condition, known as “field-forcing,” results in the Reactive Power output exceeding the steady-
state capability of the generator and may result in operation of generation system load-
responsive protective relays if they are not set to consider this operating condition. The ability
of the generating unit to withstand the increased Reactive Power output during field-forcing is
limited by the field winding thermal withstand capability. The excitation limiter will respond to
begin reducing the level of field-forcing in as little as one second, but may take much longer,
depending on the level of field-forcing given the characteristics and application of the excitation
system. Since this time may be longer than the time-delay of the generator load-responsive
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 field-forcing will be higher than the high-side 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 unit of the line nominal voltage. This voltage
was widely observed during the events of August 14, 2003, and was determined during the
analysis of the events to represent a condition from which the System may have recovered, had
other undesired behavior not occurred.

The dynamic load levels specified in Table 1 under column “Setting Criteria” are representative
of the maximum expected apparent power during field-forcing with the Transmission system
voltage at 0.85 per unit, for example, at the high-side of the GSU transformer. These values are
based on records from the events leading to the August 14, 2003 blackout, other subsequent
System events, and simulations of generating unit responses to similar conditions. Based on
these observations, the specified criteria represent conservative but achievable levels of
Reactive Power output of the generator with a 0.85 per unit high-side voltage at the point of
interconnection.

The dynamic load levels were validated by simulating the response of synchronous generating
units to depressed Transmission system voltages for 67 different generating units. The
generating units selected for the simulations represented a broad range of generating unit and
excitation system characteristics as well as a range of Transmission system interconnection
characteristics. The simulations confirmed, for units operating at or near the maximum Real
Power output, that it is possible to achieve a Reactive Power output of 1.5 times the rated Real
Power output when the Transmission system voltage is depressed to 0.85 per unit. While the
simulations demonstrated that all generating units may not be capable of this level of Reactive
Power output, the simulations confirmed that approximately 20 percent of the units modeled
in the simulations could achieve these levels. On the basis of these levels, Table 1, Options 1a
(i.e., 0.95 per unit) and 1b (i.e., 0.85 per unit), for example, are based on relatively simple, but
conservative calculations of the high-side 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 the desired protective
relay setting.

Dispersed Generation

This standard is applicable to dispersed generation such as wind farms and solar arrays. The
intent of this standard is to ensure the aggregate facility as defined above will remain on-line
during a system disturbance; therefore, all output load-responsive protective relays associated
with the facility are included in PRC-025.

Dispersed power producing resources with aggregate capacity greater than 75 MVA (gross
aggregate nameplate rating) utilizing a system designed primarily for aggregating capacity,
connected at a common point at a voltage of 100 kV or above are included in PRC-025-2. Load-
responsive protective relays that are applied on Elements that connect these individual
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generating units through the point of interconnection with the Transmission system are within
the scope of PRC-025-2. For example, feeder overcurrent relays and feeder step-up transformer
overcurrent relays (see Figure 6) 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 “terminal” is defined at the 60Hz AC output of the
inverter-solar panel combination.

Asynchronous Generator Performance

Asynchronous generators will 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. Inverter-based 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 slightly exceed the steady-state capability of the inverter but
only for a short duration before limiter functions will activate. Although induction generators
will not inherently supply Reactive Power, induction generator installations may include static
and/or dynamic reactive devices, depending on regional grid code requirements. These devices
also 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 calculates 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 inverter-based 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 the Transmission system voltage at the
remote end of the line or at the high-side of the GSU transformer (as prescribed by the Table 1
criteria). This can be simulated by means such as modeling the connection of a shunt reactor at
the remote end of the line or at the GSU transformer high-side to lower the voltage to 0.85 per
unit prior to field-forcing. 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 initial
condition for the simulation should represent the generator at 100 percent of the maximum
gross Real Power capability in MW as reported to the Transmission Planner. The simulation is
used to determine the Reactive Power and voltage at the relay location to calculate relay
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setting limits. The Reactive Power value obtained by simulation is the highest simulated level of
Reactive Power achieved during field-forcing. The voltage value obtained by simulation is the
simulated voltage coincident with the highest Reactive Power achieved during field-forcing.
These values of Reactive Power and voltage correspond to the minimum apparent impedance
and maximum current observed during field-forcing.

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

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

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

Section 4.6.1.1 of IEEE C37.102-2006, “Guide for AC Generator Protection,” describes the
purpose of this protection as follows (emphasis added):

“The distance relay applied for this function is intended to isolate
the generator from the power system for a fault that is not
cleared by the transmission line breakers. In 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, system faults involving in-feed, and normal loading
conditions. However, this setting may also result in failure of the
relay to operate for some line faults where the line relays fail to
clear. It is recommended that the setting of these relays be
evaluated between the generator protection engineers and the
system protection engineers to optimize coordination while still
protecting the turbine 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
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generator field, but the time delay before they reduce excitation is
several seconds. In distance relay applications for which the
voltage regulator action could cause an incorrect trip,
consideration should be given to reducing the reach of the relay
and/or coordinating the tripping time delay with the time delays
of the protective devices in the voltage regulator. Digital
multifunction relays equipped with load encroachment binders
[sic] can prevent misoperation for these conditions. Within its
operating zone, the tripping time for this relay must coordinate
with the longest time delay for the phase distance relays on the
transmission lines connected to the generating substation bus.
With the advent of multifunction generator protection relays, it is
becoming more common to use two-phase distance zones. In this
case, the second zone would be 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 zone-1 element on the shortest line off of the bus. The normal
zone-2 time-delay criteria would be used to set the delay for this
element. Alternatively, zone-1 can be used to provide high-speed
protection for phase faults, in addition to the normal differential
protection, in the generator and iso-phase bus with partial
coverage of the GSU transformer. For this application, the element
would typically be set to 50% of the transformer impedance with
little or no intentional time delay. It should be noted that it is
possible that this element can operate on an out-of-step power
swing condition and provide misleading targeting.”

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 both, such 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 loadability around a specific operating point, while others improve loadability for a
wider area of potential operating points in the R-X plane. The operating point for a stressed
System condition can vary due to the pre-event system conditions, severity of the initiating
event, and generator characteristics such as 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 unit 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 generating unit capability. The examples in Appendix E of the
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Considerations for Power Plant and Transmission System Protection Coordination technical
reference document illustrate the potential for, and need to avoid, encroaching on the
generating unit capability.

Phase Instantaneous Overcurrent Relay (e.g., 50)

The 50 element is a non-directional overcurrent element that typically has no intentional time
delay. The primary application is for close-in 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 2 of the Considerations for Power Plant and Transmission System Protection
Coordination technical reference document for a detailed discussion of this protection function.
Note that the setting criteria established within the Table 1 options differ from the
Considerations for Power 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 for all applications, the Table 1 setting criteria are
based on the maximum expected generator Real Power output based on whether the
generator is a synchronous or asynchronous unit.

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

Phase time overcurrent voltage-restrained relays (e.g., 51V-R), which change their sensitivity as
a function of voltage, 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 tripped a
number of generating units or generating plants, contributing to the scope of that disturbance.
Specifically, 20 generators are known to have been tripped by voltage-restrained and voltage-
controlled protection functions together. These protective functions are variably referred to by
IEEE function numbers 51V, 51R, 51VR, 51V/R, 51V-R, or other terms. See Chapter 2 of the
Considerations for Power Plant and Transmission System Protection Coordination technical
reference document for a detailed discussion of this protection function.

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

Phase time overcurrent voltage-controlled relays (e.g., 51V-C), enabled as a function of voltage,
are variably referred to by IEEE function numbers 51V, 51C, 51VC, 51V/C, 51V-C, or other terms.
See Chapter 2 of the Considerations for Power Plant and Transmission System Protection
Coordination technical reference document for a detailed discussion of this protection function.

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

See Chapter 2 of the Considerations for Power 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 non-directional
overcurrent relays is similar. Note that the setting criteria established within the Table 1
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options differ from of the Considerations for Power 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 for all applications,
the Table 1 setting criteria are based on the maximum expected generator Real Power output
based on whether the generator is a synchronous or asynchronous unit.
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Table 1, Options

Introduction

The margins in the Table 1 options are based on guidance found in the Considerations for
Power Plant and Transmission System Protection Coordination technical reference document.
The generator bus voltage during field-forcing will be higher than the high-side 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.

Relay Connections

Figures 5 and 6 below illustrate the connections for each of the Table 1 options provided in
PRC-025-2, Attachment 1: Relay Settings, Table 1: Relay Loadability Evaluation Criteria.

) 4
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Options 14a and 14b [] 345kV /22 kv
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i \Zi/ 3 2000/5 ||
i GSU kol .
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Figure 5: Relay Connection for corresponding synchronous options
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Figure 6: Relay Connection for corresponding asynchronous options including
inverter-based installations

Synchronous Generators Phase Distance Relay — Directional Toward Transmission
System (e.g., 21) (Options 1a, 1b, and 1c)

Table 1, Options 1a, 1b, and 1c, are provided for assessing loadability for synchronous
generators applying phase distance relays that are directional toward the Transmission system.
These margins are based on guidance found in Chapter 2 of the Considerations for Power Plant
and Transmission System Protection Coordination technical reference document.

Option 1a calculates a generator bus voltage corresponding to 0.95 per unit nominal voltage on
the high-side terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying the 0.95 per unit nominal voltage, at the high-side terminals of the GSU
transformer, by the GSU transformer turns ratio (excluding the impedance). This calculation is a
straightforward way to approximate the stressed system conditions.
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Option 1b calculates the generator bus voltage corresponding to 0.85 per unit nominal voltage
on the high-side 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 high-side terminals of
the GSU transformer as well as the turns ratio and impedance. The actual generator bus voltage
may be higher depending on the GSU transformer impedance and the actual Reactive Power
achieved. This calculation is a more in-depth and precise method for setting of the impedance
element than Option 1a.

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

For Options 1a and 1b, the impedance element shall be set less than the calculated impedance
derived from 115 percent of both: the Real Power output of 100 percent of the maximum gross
MW capability reported to the Transmission Planner, and the 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 element shall be set less than the calculated impedance derived
from 115 percent of both: the Real Power output of 100 percent of the maximum gross MW
capability reported to the Transmission Planner, and the Reactive Power output that equates to
100 percent of the maximum gross Mvar output during field-forcing 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 relays (e.g., 50, 51, or 51V-R — voltage-restrained).
These margins are based on guidance found in Chapter 2 of the Considerations for Power Plant
and Transmission System Protection Coordination technical reference document.

Option 2a calculates a generator bus voltage corresponding to 0.95 per unit nominal voltage on
the high-side terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying the 0.95 per unit nominal voltage, at the high-side terminals of the GSU
transformer, by the GSU transformer turns ratio (excluding the impedance). This calculation is a
straightforward way to approximate the stressed system conditions.

Option 2b calculates the generator bus voltage corresponding to 0.85 per unit nominal voltage
on the high-side 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 high-side terminals of
the GSU transformer as well as for the turns ratio and impedance. The actual generator bus
voltage may be higher depending on the GSU transformer impedance and the actual Reactive
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Power achieved. This calculation is a more in-depth and precise method 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 field-forcing. This output is in response to a 0.85 per unit nominal
voltage on the high-side terminals of the GSU transformer prior to field-forcing. Using
simulation is a more involved, more precise setting of the overcurrent element overall.

For Options 2a and 2b, the overcurrent element shall be set greater than 115 percent of the
calculated current derived from both: the Real Power output of 100 percent of the maximum
gross MW capability reported to the Transmission Planner, and the 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 2c, the overcurrent element shall be set greater than the calculated current derived
from 115 percent of both: the Real Power output of 100 percent of the maximum gross MW
capability reported to the Transmission Planner, and the Reactive Power output that equates to
100 percent of the maximum gross Mvar output during field-forcing 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 are enabled as a function of voltage (“voltage-controlled”).
These margins are based on guidance found in Chapter 2 of the Considerations for Power Plant
and Transmission System Protection Coordination technical reference document.

Option 3 calculates the generator bus voltage corresponding to 1.0 per unit nominal voltage on
the high-side terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying the 1.0 per unit nominal voltage, at the high-side 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.

For Option 3, the voltage control setting shall be set less than 75 percent of the calculated
generator bus voltage. The voltage setting must be set such that the function (e.g., 51V-C) will
not trip under extreme emergency conditions as the time overcurrent function will be set less
than generator full load current. Relays enabled as a function of voltage are 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 Transmission system. These margins are
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based on guidance found in Chapter 2 of the Considerations for Power Plant and Transmission
System Protection Coordination technical reference document.

Option 4 calculates the generator bus voltage corresponding to 1.0 per unit nominal voltage on
the high-side terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying the 1.0 per unit nominal voltage, at the high-side 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 generator-side voltage. Asynchronous generators do not produce as much Reactive
Power as synchronous generators; the voltage drop due to Reactive Power flow through the
GSU transformer is not as significant. Therefore, the generator bus voltage can be
conservatively estimated by reflecting the high-side nominal voltage to the generator-side
based on the GSU transformer’s turns ratio.

For Option 4, the impedance element shall be set less than the calculated impedance derived
from 130 percent of the maximum aggregate nameplate MVA output at rated power factor
including the Mvar output of any static or dynamic Reactive Power devices. This is determined
by summing the total MW and Mvar capability of the generation equipment behind the relay
and any static or dynamic Reactive Power devices that contribute to 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 5a is provided for assessing loadability for asynchronous generators applying
phase overcurrent relays (e.g., 50, 51, or 51V-R — voltage-restrained). These margins are based
on guidance found in Chapter 2 of the Considerations for Power Plant and Transmission System
Protection Coordination technical reference document.

Option 5a calculates the generator bus voltage corresponding to 1.0 per unit nominal voltage
on the high-side terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying the 1.0 per unit nominal voltage, at the high-side 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 generator-side voltage. Asynchronous generators do not produce as much Reactive
Power as synchronous generators; the voltage drop due to Reactive Power flow through the
GSU transformer is not as significant. Therefore, the generator bus voltage can be
conservatively estimated by reflecting the high-side nominal voltage to the generator-side
based on the GSU transformer’s turns ratio.
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For Option 5a, the overcurrent element shall be set greater than 130 percent of the calculated
current derived from the maximum aggregate nameplate MVA output at rated power factor
including the Mvar output of any static or dynamic Reactive Power devices. This is 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.

For Option 5b, the overcurrent element shall be set to exceed the maximum capability of the
asynchronous resource and applicable equipment (e.g., windings, power electronics, cables, or
bus). This is determined by summing the total current capability of the generation equipment
behind the overcurrent element and any static or dynamic Reactive Power devices that
contribute to the power flow through the overcurrent element. The lower tolerance of the
overcurrent element tripping characteristic shall be set to not infringe upon the resource
capability (including the Mvar output of the resource and any static or dynamic reactive power
devices). Figure A of PRC-025-2 illustrates that the overcurrent element does not infringe upon
the asynchronous resource capability. The upper hashed area of Figure A 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 overcurrent relays which are enabled as a function of voltage (“voltage-controlled”).
These margins are based on guidance found in Chapter 2 of the Considerations for Power Plant
and Transmission System Protection Coordination technical reference document.

Option 6 calculates the generator bus voltage corresponding to 1.0 per unit nominal voltage on
the high-side terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying the 1.0 per unit nominal voltage, at the high-side 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.

For Option 6, the voltage control setting shall be set less than 75 percent of the calculated
generator bus voltage. The voltage setting must be set such that the function (e.g., 51V-C) will
not trip under extreme emergency conditions as the time overcurrent function will be set less
than generator full load current. Relays enabled as a function of voltage are 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 guidance found in Chapter 2 of the Considerations for Power Plant and
Transmission System Protection Coordination technical reference document.
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Table 1, Options 7a, 7b, and 7c, are provided for assessing loadability of phase distance relays
that are directional toward the Transmission system and connected to the generator-side of the
GSU transformer of a synchronous generator. For applications where the relay is connected on
the high-side of the GSU transformer, use Option 14.

Option 7a calculates a generator bus voltage corresponding to 0.95 per unit nominal voltage on
the high-side terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying the 0.95 per unit nominal voltage, at the high-side terminals of the GSU
transformer, by the GSU transformer turns ratio (excluding the impedance). This calculation is a
straightforward way to approximate the stressed system conditions.

Option 7b calculates the generator bus voltage corresponding to 0.85 per unit nominal voltage
on the high-side terminals of the GSU transformer. The voltage drop across the GSU
transformer is calculated based on the 0.85 per unit nominal voltage, at the high-side terminals
of the GSU transformer, as well as the turns ratio and impedance. The actual generator bus
voltage may be higher depending on the GSU transformer impedance and the actual Reactive
Power achieved. This calculation is a more in-depth and precise method for setting the
impedance element than Option 7a.

Option 7c simulates the generator bus voltage coincident with the highest Reactive Power
output achieved during field-forcing. This output is in response to a 0.85 per unit nominal
voltage on the high-side terminals of the GSU transformer prior to field-forcing. Using
simulation is a more in-depth and precise method for setting the impedance element than
Options 7a or 7b.

For Options 7a and 7b, the impedance element shall be set less than the calculated impedance
derived from 115 percent of both: the Real Power output of 100 percent of the aggregate
generation MW capability reported to the Transmission Planner, and the Reactive Power
output that equates to 150 percent of the aggregate generation MW value (derived from the
generator nameplate MVA rating at rated power factor).

For Option 7c, the impedance element shall be set less than the calculated impedance derived
from 115 percent of both: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, and the Reactive Power output that
equates to 100 percent of the maximum gross Mvar output during field-forcing 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 within the Table 1 options differ from Chapter 2 of the
Considerations for Power Plant and Transmission System Protection Coordination technical
reference document. Rather than establishing a uniform loadability threshold of 200 percent of
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the generator nameplate MVA rating at rated power factor for all applications, the setting
criteria are based on the maximum expected generator output.

Table 1, Options 8a, 8b, and 8c, are provided for assessing loadability of phase overcurrent
relays that are connected to the generator-side of the GSU transformer of a synchronous
generator. For applications where the relay is connected on the high-side of the GSU
transformer, use Option 15.

Option 8a calculates a generator bus voltage corresponding to 0.95 per unit nominal voltage on
the high-side terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying the 0.95 per unit nominal voltage, at the high-side terminals of the GSU
transformer, by the GSU transformer turns ratio (excluding the impedance). This calculation is a
straightforward way to approximate the stressed system conditions.

Option 8b calculates the generator bus voltage corresponding to 0.85 per unit nominal voltage
on the high-side terminals of the GSU transformer. The voltage drop across the GSU
transformer is calculated based on the 0.85 per unit nominal voltage, at the high-side terminals
of the GSU transformer, as well as the turns ratio and impedance. The actual generator bus
voltage may be higher depending on the GSU transformer impedance and the actual Reactive
Power achieved. This calculation is a more in-depth and precise method for setting the
overcurrent element than Option 8a.

Option 8c simulates the generator bus voltage coincident with the highest Reactive Power
output achieved during field-forcing. This output is in response to a 0.85 per unit nominal
voltage on the high-side terminals of the GSU transformer prior to field-forcing. Using
simulation is a more in-depth and precise method for setting the overcurrent element than
Options 8a or 8b.

For Options 8a and 8b, the overcurrent element shall be set greater than 115 percent of the
calculated current derived from both: the Real Power output of 100 percent of the aggregate
generation MW capability reported to the Transmission Planner, and the Reactive Power
output that equates to 150 percent of the aggregate generation MW value (derived from the
generator nameplate MVA rating at rated power factor).

For Option 8c, the overcurrent element shall be set greater than 115 percent of the calculated
current derived from both: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, and the Reactive Power output that
equates to 100 percent of the maximum gross Mvar output during field-forcing as determined
by simulation.
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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
setting criteria established within the Table 1 options differ from Chapter 2 of the
Considerations for Power Plant and Transmission System Protection Coordination technical
reference document. Rather than establishing a uniform loadability threshold of 200 percent of
the generator nameplate MVA rating at rated power factor for all applications, the setting
criteria are based on the maximum expected generator output.

Table 1, Options 9a, 9b, and 9c, are provided for assessing loadability of phase directional
overcurrent relays directional toward the Transmission System that are connected to the
generator-side of the GSU transformer of a synchronous generator. For applications where the
relay is connected on the high-side of the GSU transformer, use Option 16.

Option 9a calculates a generator bus voltage corresponding to 0.95 per unit nominal voltage on
the high-side terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying the 0.95 per unit nominal voltage, at the high-side terminals of the GSU
transformer, by the GSU transformer turns ratio (excluding the impedance). This calculation is a
straightforward way to approximate the stressed system conditions.

Option 9b calculates the generator bus voltage corresponding to 0.85 per unit nominal voltage
on the high-side terminals of the GSU transformer. The voltage drop across the GSU
transformer is calculated based on the 0.85 per unit nominal voltage, at the high-side terminals
of the GSU transformer, as well as the turns ratio and impedance. The actual generator bus
voltage may be higher depending on the GSU transformer impedance and the actual Reactive
Power achieved. This calculation is a more in-depth and precise method for setting the
overcurrent element than Option 9a.

Option 9c simulates the generator bus voltage coincident with the highest Reactive Power
output achieved during field-forcing. This output is in response to a 0.85 per unit nominal
voltage on the high-side terminals of the GSU transformer prior to field-forcing. Using
simulation is a more in-depth and precise method for setting the overcurrent element than
Options 9a or 9b.

For Options 9a and 9b, the overcurrent element shall be set greater than 115 percent of the
calculated current derived from both: the Real Power output of 100 percent of the aggregate
generation MW capability reported to the Transmission Planner, and the Reactive Power
output that equates to 150 percent of the aggregate generation MW value (derived from the
generator nameplate MVA rating at rated power factor).

For Option 9c, the overcurrent element shall be set greater than 115 percent of the calculated
current derived from both: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, and the Reactive Power output that
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equates to 100 percent of the maximum gross Mvar output during field-forcing as determined
by simulation.

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 provided for assessing loadability for GSU transformers applying phase distance
relays that are directional toward the Transmission System that are connected to the
generator-side of the GSU transformer of an asynchronous generator. These margins are based
on guidance found in Chapter 2 of the Considerations for Power Plant and Transmission System
Protection Coordination technical reference document. For applications where the 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 high-side terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying the 1.0 per unit nominal voltage, at the high-side terminals of the GSU transformer,
by the GSU transformer turns ratio (excluding the impedance). This calculation is a
straightforward way to approximate the stressed system conditions.

Since the relay voltage is supplied from the generator bus, it is necessary to assess loadability
using the generator-side voltage. Asynchronous generators do not produce as much Reactive
Power as synchronous generators; hence 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 high-side nominal voltage to the generator-side
based on the GSU transformer’s turns ratio.

For Option 10, the impedance element shall be set less than the calculated impedance, derived
from 130 percent of the maximum aggregate nameplate MVA output at rated power factor,
including the Mvar output of any static or dynamic Reactive Power devices. This is determined
by summing the total MW and Mvar capability of the generation equipment behind the relay
and any static or dynamic Reactive Power devices that contribute to 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 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 within the Table 1 options differ from Chapter 2 of the
Considerations for Power Plant and Transmission System Protection Coordination technical
reference document. Rather than establishing a uniform loadability 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.
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Table 1, Option 11 is provided for assessing loadability of phase overcurrent relays that are
connected to the generator-side of the GSU transformer of an asynchronous generator. For
applications where the relay is connected on the high-side of the GSU transformer, use Option
18.

Option 11 calculates the generator bus voltage corresponding to 1.0 per unit nominal voltage
on the high-side terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying the 1.0 per unit nominal voltage, at the high-side terminals of the GSU transformer,
by the GSU transformer turns ratio (excluding the impedance). This calculation is a
straightforward way to approximate the stressed system conditions.

Since the relay current is supplied from the generator bus, it is necessary to assess loadability
using the generator-side voltage. Asynchronous generators do not produce as much Reactive
Power as synchronous generators; hence 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 high-side nominal voltage to the generator-side
based on the GSU transformer’s turns ratio.

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

Generator Step-up Transformer (Asynchronous Generators) Phase Directional
Overcurrent Relay — Directional Toward Transmission System (e.g., 67) (Option 12)
The Federal Energy Regulatory Commission, in FERC Order No. 733, paragraph 104, directs that
NERC address relay loadability for protective relays applied on GSU transformers. Note that the
setting criteria established within the Table 1 options differ from Chapter 2 of the
Considerations for Power Plant and Transmission System Protection Coordination technical
reference document. Rather than establishing a uniform loadability threshold of 200 percent of
the generator nameplate MVA rating at rated power factor for all applications, the setting
criteria are based on the maximum expected generator output.

Table 1, Option 12 is provided for assessing loadability of phase directional overcurrent relays
directional toward the Transmission System that are connected to the generator-side of the
GSU transformer of an asynchronous generator. For applications where the 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 high-side terminals of the GSU transformer. The generator bus voltage is calculated by
multiplying the 1.0 per unit nominal voltage, at the high-side terminals of the GSU transformer,
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by the GSU transformer turns ratio (excluding the impedance). This calculation is a
straightforward way to approximate the stressed system conditions.

Since the relay current is supplied from the generator bus, it is necessary to assess loadability
using the generator-side voltage. Asynchronous generators do not produce as much Reactive
Power as synchronous generators; hence 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 high-side nominal voltage to the generator-side
based on the GSU transformer’s turns ratio.

For Option 12, the overcurrent element shall be set greater than 130 percent of the calculated
current derived from the maximum aggregate nameplate MVA output at rated power factor,
including the Mvar output of any static or dynamic Reactive Power devices. This is 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 station
service for a generating unit. For the purposes of this standard, UATs provide the overall station
power to support the unit at its maximum gross operation.

Table 1, Options 13a and 13b provide two options for addressing phase overcurrent relaying
applied at the high-side of UATs. The transformer high-side winding may be directly connected
to the transmission grid or at the generator isolated phase bus (IPB) or iso-phase bus. Phase
overcurrent relays applied at the high-side 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 are to be compliant with the relay setting criteria
in this standard. Due to the complexity of the application of low-side overload relays for single
or multi-winding transformers, phase overcurrent relaying applied at the low-side of the UAT
are not addressed in this standard. The NERC System Protection and Control Subcommittee
addressed low-side UAT protection in the document called “Unit Auxiliary Transformer
Overcurrent Relay Loadability During a Transmission Depressed Voltage Condition, March
2016.” These relays include, but are not limited to, a relay used for arc flash protection, feeder
protection relays, breaker failure, and relays whose operation may result in a generator
runback.
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Refer to the Figures 7 and 8 below for example configurations:

o Transformers
| «&— Covered by this
A | 3 ! standard
| [ | : I—
P B DI
|
| Transfer, 3 l . "
A | o . Unit Auxiliary
< : Switch i i Transformers > System
h 1 | |
< N | '
! 0—
Station i i
Loads ' )

G 3 [}—> System
©O—

GSU

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

The UATs supplying power to the unit or plant electrical auxiliaries are sized to accommodate
the maximum 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 motors 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 UATs, two options (i.e., 13a and
13b) are provided to accommodate an entity’s protection philosophy while preventing the UAT
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
nominal voltage on the high-side winding of the UAT.

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

For Option 13b, 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 compared to Option 13a and the relay setting
philosophy of 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 the generator’s maximum gross MW capability reported 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
response 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 minimum setting 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 prevent a trip 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 anticipated 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 used exclusively to export energy directly from a BES generating unit or generating plant are
challenged by loading conditions similar to relays applied on generators and GSU transformers.
These margins are based on guidance found in Chapter 2 of the Considerations for Power Plant
and Transmission System Protection Coordination technical reference document. Relays
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applied on the high-side of the GSU transformer respond to the same quantities as the relays
applied 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 plant, thus Option 14 is used for these relays as well.

Table 1, Options 14a and 14b, establish criteria for phase distance relays directional toward the
Transmission system to prevent Elements that connect a GSU transformer to the Transmission
system that are used exclusively to export energy directly from a BES generating unit or
generating plant from tripping during the dynamic conditions anticipated by this standard. The
stressed system conditions, anticipated by Option 14a reflects a 0.85 per unit of the line
nominal 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 apparent power
addressed within the criteria, with application of a 0.85 per unit of 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 coincident with the highest Reactive Power
output achieved during field-forcing in response to a 0.85 per unit line nominal voltage at the
remote end of the line prior to field-forcing. Using a 0.85 per unit line nominal voltage at the
remote end of the line is representative of the lowest voltage expected during a depressed
voltage condition on Elements that are used exclusively to export energy directly from a BES
generating unit or generating plant to the Transmission system. Using simulation is a more
involved, more precise setting of the overcurrent element overall.

For Option 14a, the impedance element shall be set less than the calculated impedance derived
from 115 percent of both: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, and the 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 applications to 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 element shall be set less than the calculated impedance derived
from 115 percent of both: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, and the Reactive Power output that
equates to 100 percent of the maximum gross Mvar output during field-forcing as determined
by simulation. Option 14b uses the simulated line voltage at the relay location coincident with
the highest Reactive Power output achieved during field-forcing in response to a 0.85 per unit
of the line nominal voltage at the remote end of the line prior to field-forcing. 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 generators and GSU transformers.
Note that the setting criteria established within the Table 1 options differ from Chapter 2 of the
Considerations for Power Plant and Transmission System Protection Coordination technical
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. Relays applied on the high-side of the
GSU transformer respond to the same quantities as the relays applied 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 plant, thus
Option 15 is used for these relays as well.

Table 1, Options 15a and 15b, establish criteria for phase instantaneous and/or time
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 from tripping during the dynamic conditions anticipated by this standard. The
stressed system conditions, anticipated by Option 15a reflects a 0.85 per unit of the line
nominal voltage 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 generating plant phase
instantaneous and/or time overcurrent relays be calculated from the apparent power
addressed within the criteria, with application of a 0.85 per unit of the line nominal voltage at
the relay location. Consideration of the voltage drop across the GSU transformer is not
necessary. Option 15b simulates the line voltage coincident with the highest Reactive Power
output achieved during field-forcing in response to a 0.85 per unit line nominal voltage at the
remote end of the line prior to field-forcing. Using a 0.85 per unit line nominal voltage at the
remote end of the line is representative of the lowest voltage expected during a depressed
voltage condition on Elements that are used exclusively to export energy directly from a BES
generating unit or generating plant to the Transmission system. Using simulation is a more
involved, more precise setting of the overcurrent element overall.

For Option 15a, the overcurrent element shall be set greater than 115 percent of the calculated
current derived from both: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, and the 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 applications to account for the Reactive Power losses in the
GSU transformer. This is a simple calculation that approximates the stressed system conditions.
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For Option 15b, the overcurrent element shall be set greater than 115 percent of the calculated
current derived from both: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, and the Reactive Power output that
equates to 100 percent of the maximum gross Mvar output during field-forcing as determined
by simulation. Option 15b uses the simulated line voltage at the relay location coincident with
the highest Reactive Power output achieved during field-forcing in response to a 0.85 per unit
of the line nominal voltage at the remote end of the line prior to field-forcing. 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 exclusively to export energy directly from a BES generating unit or generating plant are
challenged by loading conditions similar to relays applied on generators and GSU transformers.
Note that the setting criteria established within the Table 1 options differ from Chapter 2 of the
Considerations for Power Plant and Transmission System Protection Coordination technical
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. Relays applied on the high-side of the
GSU transformer respond to the same quantities as the relays applied 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 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 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 16a reflects
a 0.85 per unit of the line nominal voltage at the relay location; therefore, 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 0.85 per unit of 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 field-forcing in response to
a 0.85 per unit line nominal voltage at the remote end of the line prior to field-forcing. Using a
0.85 per unit line nominal voltage at the remote end of the line is representative of the lowest
voltage expected during a depressed voltage condition on Elements that are used exclusively to
export energy directly from a BES generating unit or generating plant to the Transmission
system. Using simulation is a more involved, more precise setting of the overcurrent element
overall.
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For Option 16a, the overcurrent element shall be set greater than 115 percent of the calculated
current derived from both: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, and the 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 applications to account for the Reactive Power losses in the
GSU transformer. This is a simple calculation that approximates the stressed system conditions.

For Option 16b, the overcurrent element shall be set greater than 115 percent of the calculated
current derived from both: the Real Power output of 100 percent of the aggregate generation
MW capability reported to the Transmission Planner, and the Reactive Power output that
equates to 100 percent of the maximum gross Mvar output during field-forcing as determined
by simulation. Option 16b uses the simulated line voltage at the relay location coincident with
the highest Reactive Power output achieved during field-forcing in response to a 0.85 per unit
of the line nominal voltage at the remote end of the line prior to field-forcing. Using simulation
is @ 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)

Relays installed on the high-side of the GSU transformer, including relays installed on 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 plant are challenged by loading conditions similar to relays applied on generators
and GSU transformers. These margins are based on guidance found in Chapter 2 of the
Considerations for Power Plant and Transmission System Protection Coordination technical
reference document.

Table 1, Option 17 establishes criteria for phase distance relays that are directional toward the
Transmission system to prevent Elements that connect a GSU transformer to the Transmission
system that are used exclusively to export energy directly from a BES generating unit or
generating plant from tripping during the dynamic conditions anticipated by this standard.
Option 17 applies a 1.0 per unit line nominal voltage at the relay location to calculate the
impedance from the maximum aggregate nameplate MVA.

For Option 17, the impedance element shall be set less than the calculated impedance derived
from 130 percent of the maximum aggregate nameplate MVA output at rated power factor
including the Mvar output of any static or dynamic Reactive Power devices. This is determined
by summing the total MW and Mvar capability of the generation equipment behind the relay
and any static or dynamic Reactive Power devices that contribute to 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)

Relays installed on the high-side of the GSU transformer, including relays installed on 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 plant are challenged by loading conditions similar to relays applied on generators
and GSU transformers. Note that the setting criteria established within the Table 1 options
differ from Chapter 2 of the Considerations for Power Plant and Transmission System
Protection Coordination technical 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, Option 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 from tripping during the dynamic
conditions anticipated by this standard. Option 18 applies a 1.0 per unit line nominal voltage at
the location of the relay to calculate the current from the maximum aggregate nameplate MVA.

For Option 18, the overcurrent element shall be set greater than 130 percent of the calculated
current derived from the maximum aggregate nameplate MVA output at rated power factor
including the Mvar output of any static or dynamic Reactive Power devices. This is 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.

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)

Relays installed on the high-side of the GSU transformer, including relays installed on 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 plant are challenged by loading conditions similar to relays applied on generators
and GSU transformers. Note that the setting criteria established within the Table 1 options
differ from Chapter 2 of the Considerations for Power Plant and Transmission System
Protection Coordination technical 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, Option 19 establishes 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 export energy directly from
a BES generating unit or generating plant from tripping during the dynamic conditions
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anticipated by this standard. Option 19 applies a 1.0 per unit line nominal voltage at the relay
location to calculate the current from the maximum aggregate nameplate MVA.

For Option 19, the overcurrent element shall be set greater than 130 percent of the calculated
current derived from the maximum aggregate nameplate MVA output at rated power factor
including the Mvar output of any static or dynamic Reactive Power devices. This is determined
by summing the total MW and Mvar capability of the generation equipment behind the relay
and any static or dynamic Reactive Power devices that contribute to the power flow through
the relay. This is a simple calculation that approximates the stressed system conditions.
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Example Calculations

Introduction

Example Calculations

Input Descriptions

Input Values

Synchronous Generator nameplate (MVA @ rated pf):

GENSynch_nameplate =903 MVA

pf = 0.85

Generator rated voltage (Line-to-Line):

Vgen_nom =22 kV

Real Power output in MW as reported to the TP:

PSynch_reported =700.0 MW

Generator step-up (GSU) transformer rating:

MVAGSU S 903 MVA

GSU transformer reactance (903 MVA base):

XGSU = 1214%

GSU transformer MVA base:

MV Apase = 767.6 MVA

GSU transformer turns ratio: GSU,gtio = ﬂ
rato  346.5 kV
High-side nominal system voltage (Line-to-Line): Viom = 345 kV
Current transformer (CT) ratio: CTratio = 25$
: . . 200
Potential transformer (PT) ratio low-side: PT,atio = -
PT ratio high-side: PTratio ho = @

Unit auxiliary transformer (UAT) nameplate:

UATamepiate = 60 MVA

CT high voltage ratio:

UAT high-side voltage: Vyar = 13.8 kV
UAT CT ratio: Tyar = 50_500
2000

CTratio_hv = 5

Reactive Power output of static reactive device:

MV AR 4tic = 15 Mvar
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Example Calculations

Reactive Power output of static reactive device
MVARgen static = 5 Mvar

generation:

GENAsynch_nameplate =40 MVA
Asynchronous generator nameplate (MVA @ rated pf):

pf = 0.85
Asynchronous CT ratio: CTasynch_ratio = 50_500
. . 300
Asynchronous high voltage CT ratio: CTasynch._ratio hy = =
CT remote substation bus CTratio remote bus = @
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Example Calculations: Option 1a

Option 1a represents the simplest calculation for synchronous generators applying a phase
distance relay (e.g., 21) directional toward the Transmission system.

Real Power output (P):
Eq. (1) P = GENgynch_namepiate X Pf
P =903 MVA x 0.85
P =767.6 MW
Reactive Power output (Q):
Eq.(2) Q =150% x P
Q =150x767.6 MW
Q = 1151.3 Mvar

Option 1a, Table 1 — Bus Voltage, calls for a 0.95 per unit of the high-side nominal voltage for
the generator bus voltage (Vgen):

Eq. (3) Vgen = 0.95 p. u.X Vyom X GSUpgti

V.

22 kV
foen = 0.95 X 345 KV X ( )

346.5 kV
Vyen = 20.81 kV

Apparent power (S):
Eq.(4) S = Psynch reportea +JQ
S =700.0 MW + j1151.3 Mvar
S =1347.4/58.7° MVA
Primary impedance (Zpri):

VZ
Eq. (5) Zpyi = %

B (20.81 kV)?
" 1347.4/ —58.7° MVA

Zpri
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Zyri = 0.321/58.7° Q

Secondary impedance (Zsec):

CTratio

Eq.(6) Zgoe =Zppi X ———
a ( ) see L PTratio

25000
Zsee = 0.321/58.7° QA x —>—

1

Zeoe = 0.321/58.7° Q x 25
Zso. = 8.035.58.7° Q

To satisfy the 115% margin in Option la:

Z
Eq. (7) Zseclimit = 11558;/0
8.035£58.7° Q)
Zsec limit = 1.15

Zsectimic = 6.9873.258.7° Q

_— o
etransient load angle — 58.7

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

IZseclimitl

Eq. (8) Zmax <
COS(HMTA - etransient load angle)

7 < 6.9873 Q

max = co0s(85.0° — 58.7°)
7 < 6.9873 Q)

max 0.896

Zmax < 7.793/85.0° Q
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Option 1b represents a more complex, more precise calculation for synchronous generators
applying a phase distance relay (e.g., 21) directional toward the Transmission system. This
option requires calculating low-side voltage taking into account voltage drop across the GSU
transformer. Similarly these calculations may be applied to Option 7b for GSU transformers
applying a phase distance relay (e.g., 21) directional toward the Transmission system.

Real Power output (P):
Eq.(9) P = GENsynch namepiate X Pf

P =903 MVA x 0.85
P =767.6 MW

Reactive Power output (Q):

Eq.(10) Q =150% X P
Q =150x%x767.6 MW
Q = 1151.3 Mvar

Convert Real Power, Reactive Power, and transformer reactance to per unit values on a 767.6
MVA base (MVAbase):

Real Power output (P):

Psyncn ted
ECI (11) Ppu — YIY\;V_ATZpOr e
ase

b 700.0 MW
PU T 767.6 MVA

By, =091 p.u.

Reactive Power output (Q):

Q
Eq.(12) Qpu=7-75—""
pu MVAbase
_ 1151.3 Mvar
Opu = 767.6 MVA
Qpu = 15p.u.
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Transformer impedance (Xpu):

Eq.(13) X,, =X x (M)
pu GSU(old) MVAGSU
X = 12.14% X (767.6 MVA)
pu = 2420 2903 MVA

Xpy = 0.1032 p. u.

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

o B x [ Xpul) l
_(|Vlow—side| X [Vhigh—side])

(0.91 X 0.1032)
| (0.95 x 0.85)

Eq. (14) Oiow—siqe = Sin~

1

B1ow-sidze = SN~

Brow—sige = 6.7°

Eg. (15)

2
|Vhigh—side| X Cos(elow—side) t+ \/lvhigh—sidel X Cosz(elow—side) +4 X qu X Xpu
|Vlow—side| = 2

|0.85] x COS(6.7°) + \/|0.85|2 X COSZ(6.7°) +4x15x0.1032
|Vlow—side| = 2

[0.85] x 0.9931 + 4/0.7225 % 0.9864 + 0.6192
|Vlow—side| = 2

0.8441 + 1.1541
IVlow—sideI = >

Viow-sigel = 0.9991 p.u.
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Use the new estimated Viow-side Value of 0.9991 per unit for the second iteration:
N G ) l
(lVlow Sldel X [Vhlgh SLdeD

(0.91 X 0.1032)
(0.9991 x 0.85)

Eq. (16) 6;ow—sige = Sin

-1

B1ow—sidze = Sin

B1ow-size = 6.3°

Eq. (17)
2
|Vhigh—side| X Cos(elow—side) t+ \/lvhigh—sidel X Cosz(elow—side) +4 X qu X Xpu
|Vlow—side| = 2
10.85| x c0s(6.3°) + 1/]0.85|2 x cos?(6.3°) + 4 x 1.5 x 0.1032
IVlow—sideI = >
|0.85| x 0.9940 + +/0.7225 x 0.9880 + 0.6192
IVlow—sideI = 2
0.8449 + 1.1546
|Vlow—side| = 2

Viow-sigel = 0.9998 p.u.
To account for system high-side nominal voltage and the transformer tap ratio:
EQ. (18) Vhus = Viow-sidel X Vaom X GSUpqtio

22 kV
Vyus = 0.9998 p.u.x 345 kV x ( )

346.5 kV
Vyus = 21.90 kV

Apparent power (S):
Eq.(19) S = PSynch_reported +j0Q
S =700.0 MW + j1151.3 Mvar

S =1347.4458.7° MVA
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Primary impedance (Zpri):

2
_ Vbus

Eq.(20) 7z . =24
S*

pri

;o (21.90 kV)?
PTL T 13474/ — 58.7° MVA

Zpri = 0.356/58.7° Q
Secondary impedance (Zsec):

CTratio

Eq.(21) Z.or = Z, X
a ( ) see prt PTratio

25000
Zsee = 0.356/58.7° Q4 x —>—

1

Zeoe = 0.356.58.7° QA x 25
Zsoe = 8.900.58.7° Q

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

ZSBC

Eq. (22)  Zsecuimic = 115%

8.90058.7° Q
Zseclimit = 115

Zeectimic = 7.74258.7° Q

_— o
etransient load angle — 58.7

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

VA .
Eq. (23) Zmax < | secllmltl

COS(HMTA - Htransient load angle)

7 < 7.74 ()
max = co0s(85.0° — 58.7°)
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7 < 7.74 Q
max " 0.8965

Zmax < 8.633285.0°Q

Example Calculations: Options 1c and 7c

Option 1c represents a more involved, more precise setting of the impedance element. This
option requires determining maximum generator Reactive Power output during field-forcing
and the corresponding generator bus voltage. Once these values are determined, the

remainder of the calculation is the same as Options 1a and 1b.

The generator Reactive Power and generator bus voltage are determined by simulation. The
maximum Reactive Power output on the low-side of the GSU transformer during field-forcing
is used as this value will correspond to the lowest apparent impedance. The corresponding
generator bus voltage is also used in the calculation. Note that although the excitation limiter
reduces the field, the duration of the Reactive Power output achieved for this condition is
sufficient to operate a phase distance relay.

1.25

1000

Voltage (p.u.)

0.95 —

0.85 — i/

0.75 ‘
0

Generator Reactive Power
B -~

Generator Real Power

~ Generator Bus Voltams\

,,,,,,,,,,,

" GSUHigh-Side Voltage =~ -~ -+ -

— 400

——————

— 200

Time (s)

In this simulation the following values are derived:

Q = 827.4 Mvar

Vbus_simulated = 0.989 x Vgen_nom = 21.76 kV

20

Real and Reactive Power (MW/Mvar)
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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:

Psyneh reportea = 700.0 MW
Apparent power (S):
Eq. (24) S = Psynch reportea T J0Q
$=700.0 MW + j827.4 Mvar
S =1083.8£49.8° MVA

Primary impedance (Zpri):

Eq.(25) z .= M

pri ¥

, (21.76 kV)?
PTL ™ 1083.8/ — 49.8° MVA

Zpri = 0.437.£49.8° Q

Secondary impedance (Zsec):

CTratio
P Tratio

EQ. (26) Zgee = Zpyi X

25000

Zspe = 0.437.£49.8° Q X

5
200
1
Zspe = 0.437.£49.8° Q x 25

Zspe = 10.92./49.8° O

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

Z
EQ. (27)  Zseciimic = #SESA)
10.92.£49.8° Q
Zseclimit = 1.15

Zsoctimic = 9.50.249.8°

Page 66 of 114

219 of 300



ATTACHMENT E
to Order R-21-19

PRC-025-2 Application Guidelines

Example Calculations: Options 1c and 7c

j— o
Qtransient load angle — 49.8

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

|Zsec limitl

Eq. (28) Zmax <
COS(GMTA - etransient load angle)

7 < 9.50 Q
Max = cos(85.0° — 49.8°)

7 < 9.50 Q
max " 0.8171

Zmax < 11.63285.0° Q

Example Calculations: Option 2a

Option 2a represents the simplest calculation for synchronous generators applying a phase
overcurrent (e.g., 50, 51, or 51V-R) relay:

Real Power output (P):
Eq.(29) P = GENsynch namepiate X Pf
P =903 MVA x 0.85
P =767.6 MW
Reactive Power output (Q):
Eq.(30) Q =150% x P
Q =150 x767.6 MW
Q = 1151.3 Mvar

Option 2a, Table 1 — Bus Voltage, calls for a 0.95 per unit of the high-side nominal voltage for
the generator bus voltage (Vgen):

Eq. (31) Vjen = 0.95p. u.X Vyor X GSUrgtio
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22 kV )

= V. X X|=—m—
Vgen = 0.95 X 345 kV (346.5kV

Vgen = 20.81 kV
Apparent power (S):
Eq. (32) S = Psynch reportea T J0Q
S =700.0 MW + j1151.3 Mvar
S =1347.4458.7° MVA

Primary current (lpri):

S
T =
V3 X Vgen

L 1347.4 MVA
PTi T 173 % 20.81 kV

Ly = 37383 4

Secondary current (lsec):

L..;
Eq. (34) Lyee = 7
ratio
. _373834
se¢ = 725000
5
Isee = 7.477 A

To satisfy the 115% margin in Option 2a:
EQ- (35) Iseclimit > Isec X 115%
Lsectimit > 7477 A X 1.15

Iseciimit > 8.598 A4

Example Calculations: Option 2b
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Option 2b represents a more complex calculation for synchronous generators applying a
phase overcurrent (e.g., 50, 51, or 51V-R) relay:

Real Power output (P):
Eq. (36) P = GENsynch namepiate X Pf
P =903 MVA x 0.85
P =767.6 MW
Reactive Power output (Q):
Eq.(37) Q@ =150% x P
Q =150x767.6 MW
Q = 1151.3 Mvar

Convert Real Power, Reactive Power, and transformer reactance to per unit values on 767.6
MVA base (MVAbase).

Real Power output (P):

Psyncn ted
Eq. (38) Py, = Y;ICV:ZZI)M e
ase

b 700.0 MW
P 767.6 MVA

By, =091 p.u.

Reactive Power output (Q):

Q
Eq.(39) Qpu = MVA,..
ase
_ 1151.3 Mvar
PY T 767.6 MVA
Qpu = 1.5p.u.
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Transformer impedance:

MVAbase

Eq. (40) X,y = Xgsu(ota) X MVAue,

767.6 MVA)

— 0
Xpy = 12.14% X ( 503 VA

Xpy = 0.1032 p. u.

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

o B x [ X) l
_(|Vlow—side| X [Vhigh—side])

(0.91 % 0.1032)
| (0.95 x 0.85)

Eq. (41) 6Oiow—sige = Sin~

1

Blow—-side = Sin~

Brow-sigze = 6.7°

Eq. (42)

2
|Vhigh—side| X Cos(elow—side) t+ \/lvhigh—sidel X Cosz(elow—side) +4 X qu X Xpu

View—sidel =
| low szdel 2

[0.85] X cos(6.7°) + \/|0.85|2 X c0s2(6.7°) + 4 x 1.5 x 0.1032
|Vlow—side| = 2

[0.85] x 0.9931 + v/0.7225 % 0.9864 + 0.6192
|Vlow—side| = >

0.8441 + 1.1541
|Vlow—side| = 2

Viow-sidgel = 0.9991 p.u.
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Use the new estimated Viow-side Value of 0.9991 per unit for the second iteration:
o B x [ Xpl) l
_(IVlow—sidel X [Vhigh—side])

9 _ g1 |(091 % 0.1032)
o (0.9991 x 0.85)

Eq. (43) 61pw—sidze = SIin~

B1ow-sidze = 6.3°

Eq. (44)

2
|Vhigh—side| X Cos(elow—side) t+ \/lvhigh—sidel X Cosz(elow—side) +4 X qu X Xpu
|Vlow—side| = 2

[0.85] X cos(6.3°) + \/IO.85|2 X COSZ(6.3°) +4x%x15x0.1032
|Vlow—side| = 2

[0.85] x 0.9940 + +/0.7225 % 0.9880 + 0.6192
|Vlow—side| = >

0.8449 + 1.1546
|Vlow—side| = 2

[Viow-sidgel = 0.9998 p.u.
To account for system high-side nominal voltage and the transformer tap ratio:
Eq. (45) Vius = Viow-sidel X Vaom X GSUrqtio

22 kV )

Vbus = (0.9998 p.u.X 345 kV x (m

Vpus = 21.90 kV
Apparent power (S):
Eq. (46) S = Psynch_reportea +J0Q
S =700.0 MW + j1151.3 Mvar

S =1347.4458.7° MVA
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Primary current (lpr):

Eq. (47) Lpri = N
bus

L 1347.4 MV A
PTL T 173 x 21.90 kV

Iy = 35553 A

Secondary current (lsec):

L..;
EqQ. (48) g = CT"”'
ratio
, 355534
se¢ = 725000
5
Isec = 71114

To satisfy the 115% margin in Option 2b:

EQ- (49) Iseclimit > Isec X 115%
Lsectimit > 7.111 A x 1.15

Iseciimit > 8.178 A
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Option 2c represents a more involved, more precise setting of the overcurrent element for
the phase overcurrent (e.g., 50, 51, or 51V-R) relay. This option requires determining
maximum generator Reactive Power output during field-forcing and the corresponding
generator bus voltage. Once these values are determined, the remainder of the calculation is

the same as Options 2a and 2b.

The generator Reactive Power and generator bus voltage are determined by simulation. The
maximum Reactive Power output on the low-side of the GSU transformer during field-forcing
is used as this value will correspond to the highest current. The corresponding generator bus
voltage is also used in the calculation. Note that although the excitation limiter reduces the
field, the duration of the Reactive Power output achieved for this condition is sufficient to
operate a voltage-restrained phase overcurrent relay.

1.25

1000

800

600

200

20

Generator Reactive Power
115 — T B —
] ~
== S e e s mm b e — — - — g
h ¥ Generator Real Power
| , \
|
1.05 = | —
S .
&
[0} [ - i . |
28 -
i} e
g ; ﬁ//' Generator Bus Voltage\g\
0.95 = / — .
VA GSU High-Side Voltage RS
v
085 | - \\ / —]
0.75 | | | | |
0 4 8 12 16
Time (s)

In this simulation the following values are derived:

Q = 827.4 Mvar

Vbus_simutatea = 0.989 X Vgen_nom = 21.76 kV

Real and Reactive Power (MW/Mvar)

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:

PSynch_reported =700.0 MW
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Apparent power (S):
Eq. (50) S = Psynch_reportea +J0Q
S =700.0 MW + j827.4 Mvar
S =1083.8£49.8° MVA

Primary current (lpr):

S

\/§ X Vbus_simulated

Eq (51) Ipri =

L 1083.8 MVA
Pri T 173 x 21.76 kV

Ly = 28790 A

Secondary current (lsec):

L..;
EQ. (52) Igpe = CT””.
ratio
287904
sec = 725000
5
Isec = 5.758 A

To satisfy the 115% margin in Option 2c:
Eq. (53) Iseciimit > Isec X 115%
Lseciimit > 5.758 A X 1.15

Iseciimit > 6.622 A

Example Calculations: Options 3 and 6

Option 3 represents the only calculation for synchronous generators applying a phase time
overcurrent (e.g., 51V-C) relay (Enabled to operate as a function of voltage). Similarly, Option 6
uses the same calculation for asynchronous generators.
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Options 3 and 6, Table 1 — Bus Voltage, calls for a 1.0 per unit of the high-side nominal voltage
for the generator bus voltage (Vgen):

Eq. (54) Vgen = LOp.u.X Vyom X GSUrqtio

22 kv
Vgen=1.0><345kV><( )

346.5 kV
Vyen = 21.9 kV

The voltage setting shall be set less than 75% of the generator bus voltage:
Eq. (55) Vsetting < Vgen X 75%
Vsetting < 21.9 kV X 0.75

Veetting < 16.429 kV

Example Calculations: Option 4

This represents the calculation for an asynchronous generator (including inverter-based
installations) applying a phase distance relay (e.g., 21) directional toward the Transmission
system.

Real Power output (P):
Eq. (56) P = GENusych namepiate X Pf
P =40MVA x 0.85
P =34.0 MW
Reactive Power output (Q):
EQ. (57) Q = GENjsync nameptate X Sin(cos ™ (pf))
Q = 40 MVA x sin(cos~1(0.85))

Q = 21.1 Mvar
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Option 4, Table 1 — Bus Voltage, calls for a 1.0 per unit of the high-side nominal voltage for the
generator bus voltage (Vgen):

Eq. (58) Vgen = LOp.u.X Vyom X GSUrqtio

22 kV )

Vo= 1.0><345ka(—
gen 346.5 kV

Vgen = 21.9kV
Apparent power (S):
Eq.(59) S=P+jQ
S =34.0 MW + j21.1 Mvar
S =40.0£31.8° MVA

Primary impedance (Zyri):

VZ
Eq. (60) ZpTi = %

(21.9 kV)?
40.0/ — 31.8° MVA

Zpri =
Zpri = 11.99 £31.8° Q

Secondary impedance (Zsec):

CTAsynch_ratio

Eq. (61) Z.or = Zp X
q ( ) see i PTratio

5000

Zsoe = 11.99 £31.8° Q X —>=
1

Zsoe = 11.99 £/31.8°Q X 5
Zsoe = 59.95 £31.8°Q

To satisfy the 130% margin in Option 4:

ZS€C

Eq. (62) Zseclimit = 130%
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59.95/31.8°Q
Zseclimit = 130

Zsoctimic = 46.12./31.8° Q)

j— o
Qtransient load angle — 31.8

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

|Zsec limitl

Eq. (63) Zmax <
COS(GMTA — Otransient load angle)

7 < 46.12 Q

Max = cos(85.0° — 31.8°)
7 < 46.12 Q

max 0.599

Zmax < 77.0/85.0° Q)

Example Calculations: Option 5a

This represents the calculation for three asynchronous generators applying a phase overcurrent
(e.g., 50, 51, or 51V-R) relay. In this application it was assumed that 20 Mvar of total static
compensation was added.

Real Power output (P):
Eq.(64) P = 3 X GENpsynch_nameplate X Pf
P =3x%x40MVA x0.85
P =102.0 MW
Reactive Power output (Q):
Eq. (65) Q = MVARsaric + MVARgen static + (3 X GENgsyncn namepiate % sin(cos™ (pf)))

Q = 15 Mvar + 5 Mvar + (3 X 40 MVA x sin(cos~1(0.85)))

Q = 83.2 Mvar
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Option 5a, Table 1 — Bus Voltage, calls for a 1.0 per unit of the high-side nominal voltage for the
generator bus voltage (Vgen):

Eq. (66) Vgyen = 1.0 p.u.X Vyoy X GSUrgtio

22 kV )

Vo= 1.0><345ka(—
gen 346.5 kV

Vgen = 21.9kV
Apparent power (S):
Eq.(67) S=P+jQ
S =102.0 MW + j83.2 Mvar
S =131.6£39.2° MVA

Primary current (lpri):

S*
Eq. (68) Iyri=—=—"—
pri \/§ » Vgen
L 131.6/ — 39.2° MV A
PrLT 173 x21.9kV
Ly = 34734 —39.2° A

Secondary current (lsec):

I Ti
: [sec = £
k9 (69) see CTAsynch_ratio

_ 3473,£-39.2°A

lsee = 5000
5

Isee = 34734 —39.2° A
To satisfy the 130% margin in Option 5a:
EQ. (70)  Iseciimit > Isec X 130%

Lsectimic > 34732 —39.2° A x 1.30
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Tsoctimic > 4.52/ — 39.2° A

Example Calculations: Option 5b

Similarly to Option 5a, this example represents the calculation for three asynchronous
generators applying a phase overcurrent (e.g., 50, 51, or 51V-R) relay. In this application it
was assumed that 20 Mvar of total static compensation was added.

Real Power output (P):
EQ. (71) P = 3 X GENasynch nameptate X Pf
P =3%x40MVA x0.85
P =102.0 MW
Reactive Power output (Q):
Eq. (72) Q = MVARqsic + MVARgen static + (3 X GENasyncn nameptate X sin(cos ™ (pf)))
Q = 15 Mvar + 5 Mvar + (3 x 40 MVA x sin(cos~1(0.85)))
Q = 83.2 Mvar

Option 5b, Table 1 — Bus Voltage, calls for a 1.0 per unit of the high-side nominal voltage for
the generator bus voltage (Vgen):

Eq. (73) Vgen = 1.0 p.u.X Vo X GSUrqtio

22 kV )

Voen = 1.0><345kV><<—
gen 346.5 kV

Voen = 21.9 kV
Apparent power (S):
Eq.(74) S =P +jQ
S =102.0 MW + j83.2 Mvar

S =131.6£39.2° MVA
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Primary current (lpn):
L, = S
) o =

L 131.6/ — 39.2° MVA
PriT 173 % 21.9 kV

Eq. (75

Lpyri = 34734 —39.2° A
Secondary current (lsec):

L..;
EQ. (76) lgee = ks
a ( 6) see CTAsynch_ratio

_ 3473/£-39.2°A

Isec = 5000
5

Isee = 34734 —39.2° A
To satisfy Option 5b, the lower tolerance of the overcurrent element tripping characteristic

shall not infringe upon the resource capability (including the Mvar output of the resource and
any static or dynamic reactive power devices) See Figure A for more details.

Example Calculations: Options 7a and 10

These examples represent the calculation for a mixture of asynchronous (i.e., Option 10) and
synchronous (i.e., Option 7a) generation (including inverter-based installations) applying a
phase distance relay (e.g., 21) directional toward the Transmission system. In this application it
was assumed 20 Mvar of total static compensation was added.

Synchronous Generation (Option 7a)

Real Power output (Psypc):
Eq. (77) PSWlCh = GENSynch_nameplate X pf
Psyncn = 903 MVA %X 0.85

Psynen = 767.6 MW
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Reactive Power output (Qsyncn):
EQ. (78)  Qsynen = 150% X Psynen
Qsyncn = 1.50 X 767.6 MW
Qsynch = 1151.3 MW
Apparent power (Ssynch):

Eq- (79) SSynch = PSynch_reported +jQSynch

Ssymen = 700.0 MW + j1151.3 Mvar

Asynchronous Generation (Option 10)

Real Power output (Pasynch):
EQ. (80) Pasynch = 3 X GENysynch nameplate X Pf
Pysynch = 3 X 40 MVA % 0.85
Pysyncn = 102.0 MW
Reactive Power output (Qasynch):
Eq. (81) Qusynch = MVARgatic + MVARgen satic + (3 X GENjgsynch namepate % sin(cos™ (pf)))
Qasynch = 15 Mvar + 5 Mvar + (3 X 40 MVA X sin(cos™1(0.85)))
Qasyncnh = 83.2 Mvar
Apparent power (Sasynch):
Eq. (82) Sasynch = Pasynch T JQasynch

Sasyncn = 102.0 MW + j83.2 Mvar
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Options 7a and 10, Table 1 — Bus Voltage, Option 7a specifies 0.95 per unit of the high-side
nominal voltage for the generator bus voltage and Option 10 specifies 1.0 per unit of the high-
side nominal voltage for generator bus voltage. Due to the presence of the synchronous
generator, the 0.95 per unit bus voltage will be used as (Vgen) as it results in the most
conservative voltage:

Eq. (83) Vgen = 0.95p.u.X Vyom X GSUpqtio

22 kV )

V. =095 x 345 kV X (—
gen 346.5 kV

Vyen = 20.81 kV

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

EQ- (84) §=115% X (PSynch_reported +jQSynch) + 130% X (PAsynch +jQAsynch)
S =1.15x%x(700.0 MW + j1151.3 Mvar) + 1.30 X (102.0 MW + j83.2 Mvar)
S =1711.8 £56.8° MVA

Primary impedance (Zpri):

VZ
Eq. (85) ZpTi = %

, (20.81 kV)?
Pt T 1711.8/ — 56.8° MVA

Zpri = 0.2527./56.8° Q)

Secondary impedance (Zsec):

CTratio
P Tratio

Eqg. (86) Zsec = Zpri X

25000
Zsoe = 0.2527.£56.8° Q X —>—

1

Zspe = 0.2527./56.8° Q X 25

Zspe = 6.32./56.8° Q0
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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 1.30 (130%) in
Equation 84 to satisfy the margin requirements in Options 7a and 10.

Z
EQ. (87)  Zseciimit = #SOCA)
6.32 £56.8° Q)
Zseclimit = 1.00

Zsoctimic = 6.32 £56.8° Q

fr— o
etransient load angle — 56.8

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

| Zsec timitl
Eq.(88) Zmax< seclimit

COS(GMTA - etransient load angle)

7 < 6.32Q
Max = co0s(85.0° — 56.8°)

7 < 6.32 ()
max-"0.881

Zmax < 7.17.85.0°Q

Example Calculations: Options 8a and 9a

Options 8a and 9a represent the simplest calculation for synchronous generators applying a
phase overcurrent (e.g., 50, 51, or 67) relay. The following uses the GENsynch_nameplate Value to
represent an “aggregate” value to illustrate the option:

Real Power output (P):
Eq.(89) P = GENSynch_nameplate X pf
P =903 MVA x 0.85

P =767.6 MW
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Reactive Power output (Q):
Eq.(90) Q@ = 150% x P
Q =1.50x767.6 MW
Q = 1151.3 Mvar

Options 8a and 9a, Table 1 — Bus Voltage, calls for a generator bus voltage corresponding to
0.95 per unit of the high-side nominal voltage times the turns ratio of the generator step-up
transformer generator bus voltage (Vgen):

Eq. (91) Vgen = 0.95p.u.X Voo X GSUpqtio

22 kV )

Vyen = 0.95 X 345 kV X <—
gen 346.5 kV

Vgen = 20.81 kV
Apparent power (S):
Eq.(92) S = Psynch reportea T J0Q
S =700.0 MW + j1151.3 Mvar
S =1347.4/58.7° MVA

Primary current (lpr):

Eq.(93) Lpri=—=
pri \/§ » Vgen
L 1347.4 MV A
PTL T 173 x 20.81 kV
Ly = 37383 A

Secondary current (lsec):

L..;
Q. (94) Looe = 7
ratio
. _ 373834
se¢ = 725000
5
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lsoc = 7.477 A
To satisfy the 115% margin in Options 8a and 9a:
Eq. (95) ILseciimit > Lsec X 115%
Leciimit > 7477 A X 1.15

Iseciimit > 8.598 A4

Example Calculations: Options 8b and 9b

Options 8b and 9b represent a more precise calculation for synchronous generators applying
a phase overcurrent (e.g., 50, 51, or 67) relay. The following uses the GENsynch_nameplate Value
to represent an “aggregate” value to illustrate the option:

Real Power output (P):
Eq.(96) P = GENgynch namepiate X Of
P =903 MVA x 0.85
P =767.6 MW
Reactive Power output (Q):
Eq.(97) Q = 150% x P
Q =150x767.6 MW
Q = 1151.3 Mvar

Convert Real Power, Reactive Power, and transformer reactance to per unit values on 767.6
MVA base (GSU transformer MVApgse).

Real Power output (P):

P
Eq. (98) By, = Sy;[c"/‘j Zp"”ed
ase

b 700.0 MW
P 767.6 MVA

Page 85 of 114

238 of 300



ATTACHMENT E
to Order R-21-19

PRC-025-2 Application Guidelines

Example Calculations: Options 8b and 9b

By =091 p.u.

Reactive Power output (Q):

Q
Eq.(99) Qpu = MVA,...
ase
_ 1151.3 Mvar
Opu = 767.6 MVA
Qpu = 1.5p.u.

Transformer impedance:

Eq. (100) X, =X MVApase
q.(100) Xpy = Xgsu(otay X MVAgey
X = 12.14% x <767.6 MVA)
pu = 202\ T903 MVA

Xpy, = 0.1032 p.u.

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

(Bpu X |Xpu|)

-1
( I Vlow—side | X [Vhigh—side])l

Eq. (101) 6w —sige = Sin

6. _gip-t (0.91 x 0.1032)
owsde ~(0.95 x 0.85)

Eq. (102)

2
|Vhigh—side| X Cos(elow—side) t+ \/lvhigh—sidel X Cosz(elow—side) +4 X qu X Xpu

View—sidel =
| low szdel 2

[0.85] X cos(6.7°) + \/|0.85|2 X c0s2(6.7°) + 4 x 1.5 x 0.1032
|Vlow—side| = 2

[0.85] x 0.9931 + v/0.7225 % 0.9864 + 0.6192
|Vlow—side| = >
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0.8441 + 1.1541
|Vlow—side| = 2

IViow-sigel = 0.9991 p.u.

Use the new estimated Viow-side Value of 0.9991 per unit for the second iteration:
G Bux X)) l
_(|Vlow—side| X [Vhigh—side])

. . _,[(0.91 x0.1032)
low—side = SIN (0.9991 x 0.85)

Eq. (103) O;,w—sige = Sin

B1ow-size = 6.3°

Eq. (104)

2
|Vhigh—side| X Cos(elow—side) t+ \/|Vhigh—side| X Cosz(glow—side) +4 X qu X Xpu
Viow-sidel = 2

[0.85] X cos(6.3°) + \/IO.85|2 X COSZ(6.3°) +4x%x15x0.1032
|Vlow—side| = 2

[0.85] x 0.9940 + 1/0.7225 % 0.9880 + 0.6192
|Vlow—side| = >

0.8449 + 1.1546
|Vlow—side| = 2

IViow-sidgel = 0.9998 p.u.
To account for system high-side nominal voltage and the transformer tap ratio:
EQ. (105) Vhus = View-sidel X Vnom X GSUpgtio

22 kV )

Vbus = (0.9998 p.u.X 345 kV X (m

Vpus = 21.90 kV
Apparent power (S):

Eq.(106) S = PSynch_reported +jQ
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S =700.0 MW + j1151.3 Mvar
S =1347.4458.7° MVA

Primary current (lpr):

Eq. (107) Ipri = \/§><—V
bus

L 1347.4 MV A
PTL T 173 x 21.90 kV

Iy = 35553 A

Secondary current (lsec):

Iri
Eq. (108) I, = —2
see CTratio
, 355534
sec = 25000
5
Loe = 7.111 A

To satisfy the 115% margin in Options 8b and 9b:
Eq- (109) Iseclimit > Isec X 115%
Lsectimit > 7.111 A X 1.15

Iseciimit > 8.178 A

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

This example represents the calculation for a mixture of asynchronous and synchronous
generators applying a phase overcurrent (e.g., 50, 51, or 67) relays. In this application it was
assumed 20 Mvar of total static compensation was added. The current transformers (CT) are
located on the low-side of the GSU transformer.
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Synchronous Generation (Options 8a and 9a)

Real Power output (Psynch):
Eq. (110) Psynch = GENgynch namepiate X Pf
Psyncn = 903 MVA X .85
Psynch = 767.6 MW
Reactive Power output (Qsynch):
Eq. (111) Qsynch = 150% X Psyncn
Qsynch = 1.50 X 767.6 MW
Qsyncn = 1151.3 Mvar
Apparent power (Ssynch):
Eq. (112) Ssynch = Psynch_reportea + JQ@syncn
Ssyncn = 700.0 MW + j1151.3 Mvar

Ssymen = 1347.4 /58.7° MVA

Option 8a, Table 1 — Bus Voltage calls for a 0.95 per unit of the high-side nominal voltage as a

basis for generator bus voltage (Vgen):

Eq. (113) Vyen = 0.95 p. u.X Vo X GSUrgtio

V. =095 345kv><<—22kV )
gen = 1-72 % 346.5 kV

Vyen = 20.81 kV
Primary current (lpri-sync):

115% X Seymen
\/§ X I{gen

Eq. (114) Ipri—sync =

1.15 x (1347.4 £ — 58.7° MV A)

Tpri-sync = 1.73 % 20.81 kV
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I

pri—sync = 4’3061 L - 58.70 A

Asynchronous Generation (Options 11 and 12)

Real Power output (Pasynch):
Eq. (115) Pasynch = 3 X GENggynch nameplate X Pf
Pysynch = 3 X 40 MVA % 0.85
Pysynch = 102.0 MW
Reactive Power output (Qasynch):
Eq. (116) Qasynch = MVARgqtic + MVARen static + GENasynch namepiate X sin(cos~1(pf))
Qasyncn = 15 Mvar + 5 Mvar + (3 x 40 MV A x sin(cos™(0.85)))
Qasynch = 83.2 Mvar

Option 11, Table 1 — Bus Voltage, calls for a 1.0 per unit of the high-side nominal voltage for
the generator bus voltage (Vgen), however due to the presence of synchronous generator 0.95
per unit bus voltage will be used:

Eq. (117) Vyen = 0.95 p. u.X Viopn X GSUrgtio

22 kV )

Vyen = 0.95 X 345 kV X (m

Vgen = 20.81kV
Apparent power (Sasynch):
EQ. (118)  Sasyncn = 130% X (Pasyncn + JQasyncn)
Sasynch = 1.30 X (102.0 MW + j83.2 Mvar)
Sasyncn = 171.1 £39.2° MVA
Primary current (lpri-async):

Sasych
Eqg. (119) Ipri—async = ﬁ;—y:/
gen
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; 1711 £ —39.2° MVA
pri=async = 1 73 % 20.81 kV

Lyri—async = 4755 £ —39.2° A
Secondary current (lsec):

Lyyi I .
Eq. (120) [. . = -POZSync , _PTiTasync
i ( ) e CTratio CTTatio

| _ 43061 Z—587°A 4755/ —39.2°4
sec = 25000 + 25000

5 5

e =9.514.-—56.8° A

No additional margin is needed because the synchronous apparent power has been
multiplied by 1.15 (115%) in Equation 114 and the asynchronous apparent power has been
multiplied by 1.30 (130%) in Equation 118.

Eq- (121) Iseclimit > Isec x 100%
Lsecimic > 9.5142— 56.8° A x 1.00

Lsectimic > 9.514.2— 56.8° A

Example Calculations: Options 8c and 9c¢

This example uses Option 15b as a simulation example for a synchronous generator applying
a phase overcurrent relay (e.g., 50, 51, or 67). In this application the same synchronous
generator is modeled as for Options 1c, 2¢c, and 7c. The CTs are located on the low-side of the
GSU transformer.

The generator Reactive Power and generator bus voltage are determined by simulation. The
maximum Reactive Power output on the low-side of the GSU transformer, during field-
forcing, is used since this value will correspond to the highest current. The corresponding
generator bus voltage is also used in the calculation. Note that although the excitation limiter
reduces the field, the duration of the Reactive Power output achieved for this condition is
sufficient to operate a phase overcurrent relay.
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1.25 I I I

1.15 —

[ .
AN

Voltage (p.u.)

0.95 —

0.75 ‘
0

Generator Reactive Power
B -~

Generator Real Power ',

,,,,,,,,,,

SU High-Side Voltag

" Generator Bus VoltaN

——————

Time (s)

In this simulation the following values are derived:

Q = 827.4 Mvar

Vbus_simulated = 0.989 x Vgen =21.76 kV

1000

800

600

400

200

20

Real and Reactive Power (MW/Mvar)

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:

Preportea = 700.0 MW
Apparent power (S):

Eq.(122) S = PSynch_reported +jQ

S =700.0 MW + j827.4 Mvar

S =1083.8249.8°
Primary current (lpr):

S

Eq.(123) Iy =

‘/§ X Vbus_simulated

L 1083.8 MV A
PTL T 173 x 21.76 kV
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Ly = 28790 A

Secondary current (lsec):

Iri
Eq.(124) I, = —2
see CTratio
287904
sec = 25000
5
Lo = 5.758 A

To satisfy the 115% margin in Options 8c and 9c:
Eqg. (125) Iseclimit > Isec X 115%
Iseclimit > 5.758 4 x 1.15

Lseciimit > 6.622 A

Example Calculations: Option 10

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

Real Power output (P):
Eq.(126) P = 3 X GENgsych nameplate X Pf
P =3%x40 MVA x0.85
P =102.0 MW
Reactive Power output (Q):
Eq. (127) @ = MVARaric + MVARgen static + (3 X GENasyncn_nameptate X sin(cos ™ (pf)))
Q = 15 Mvar + 5 Mvar + (3 x 40 MV A x sin(cos~1(0.85)))

Q = 83.2 Mvar
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Option 10, Table 1 — Bus Voltage, calls for a 1.0 per unit of the high-side nominal voltage for the
generator bus voltage (Vgen):

Eq. (128) Vyen = LOp.uX Vi X GSUrqtio

22 kV )

Vo= 1.0><345ka(—
gen 346.5 kV

Vgen = 21.9kV
Apparent power (S):
Eq.(129) S =P +jQ
S =102.0 MW + j83.2 Mvar
S =131.6£39.2° MVA

Primary impedance (Zyri):

VZ
Eq. (130) ZpTi = %

, (21.9 kV)?
PTL T 131.6/ — 39.2° MVA

Zpri = 3.644 £39.2° Q)
Secondary impedance (Zsec):

CTAsynch_ratio

Eq. (131) Ziore = Zpri X
a ( ) see i PTratio

5000

Zsoe = 3.644 £39.2° O X —>=
1

Zsoe = 3.644 £39.2°Q X 5
Zeoe = 18.22 £39.2°Q

To satisfy the 130% margin in Option 10:

ZS€C

Eqg. (132) Zseclimit = TOO/O
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18.22.239.2° ()
Zseclimit = 130

Zsecrimic = 14.02.£39.2° Q)

fr— o
etransient load angle — 39.2

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

|Zsec limitl

Eq. (133) Zpax <
COS(GMTA - etransient load angle)

7 < 14.02 Q
Max = cos(85.0° — 39.2°)

7 < 14.02 Q
max-"0.6972

Zmax < 20.11/85.0° Q

Example Calculations: Options 11 and 12

Option 11 represents the calculation for a GSU transformer applying a phase overcurrent (e.g.,
50 or 51) relay connected to three asynchronous generators. Similarly, these calculations can
be applied to Option 12 for a phase directional overcurrent relay (e.g., 67) directional toward
the Transmission system. In this application it was assumed 20 Mvar of total static
compensation was added.

Real Power output (P):
Eq.(134) P = 3 X GENpsynch_nameplate X Pf
P =3%x40 MVA x0.85
P =102.0 MW
Reactive Power output (Q):
Eq. (135) Q = MVARsaric + MVARgen static + (3 X GENasynen_nameptate X sin(cos ™ (pf)))

Q = 15 Mvar + 5 Mvar + (3 x 40 MV A x sin(cos~1(0.85)))
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Q = 83.2 Mvar

Options 11 and 12, Table 1 — Bus Voltage, calls for a 1.0 per unit of the high-side nominal
voltage for the generator bus voltage (Vgen):

Eq. (136) Vgen = LOp.u.X Vi X GSUrqtio

22 kV )

Vo= 1.0><345ka(—
gen 346.5 kV

Vgen = 21.9kV
Apparent power (S):
Eq.(137) S=P+ jQ
S =102.0 MW + j83.2 Mvar
S =131.6 £39.2° MVA

Primary current (lpri):

S*
Eq. (138) Lppi = —=———
o \/§ X Vgen
L 131.6 £ — 39.2° MV A
PrLT 173 x21.9kV

Lyri = 34734 —39.2°A
Secondary current (lsec):

I ri
. I = p
Eq. (139) Igec CTysynch ratio

_ 3473,£-39.2°A

lsee = 5000
5

Isee = 34734 —39.2° A
To satisfy the 130% margin in Options 11 and12:

Eq. (140) Iseciimic > Isec X 130%
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Lectimit > 34734 —39.2° A X 1.30

Lsectimic > 45152 — 39.2° A

Example Calculations: Options 13a and 13b

Option 13a for the UAT assumes the maximum nameplate rating of the winding is utilized for
the purposes of the calculations and the appropriate voltage. Similarly, Option 13b uses the

measured current while operating at the maximum gross MW capability reported to the
Transmission Planner.

Primary current (lpri):

UATnameplate

Eq. (141) Iy = By
UAT

L 60 MVA
PTL T 173 x 13.8 kV

Ly = 25102 A

Secondary current (lsec):

[ .
Eq. (142) Iy = CY{’”
UAT
25102 A
Isec = 5000
5
Lpe = 2.51A

To satisfy the 150% margin in Options 13a:
Eq- (143) Iseclimit > Isec X 150%
Iseclimit > 2514 x%x1.50

Isec limit >3.77A
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Option 14a represents the calculation for relays installed on the high-side of the GSU
transformer, including relays installed on the remote end of 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 plant that connected to synchronous generation. In
this example, the Element is protected by a phase distance (e.g., 21) relay directional toward
the Transmission system. The CTs are located on the high-side of the GSU transformer.

Real Power output (P):
Eq. (144) P = GENgynch namepiate X Pf
P =903 MVA x 0.85
P =767.6 MW
Reactive Power output (Q):
Eq. (145) Q =120% X P
Q =1.20x767.6 MW
Q =921.1 Mvar

Option 14a, Table 1 — Bus Voltage, calls for a 0.85 per unit of the line nominal voltage for the
GSU transformer voltage (Vnom):

Eq. (146) Vyus = 0.85p.u.X Vo
Vyen = 0.85 X 345 kV
Vgen = 293.25 kV
Apparent power (S):
Eq. (147) S = Psynch reportea +J0Q
S =700.0 MW + j921.1 Mvar

S =1157.0£52.77° MVA

— o
Qtransient load angle — 52.77

Page 98 of 114

251 of 300



ATTACHMENT E

to Order R-21-19
PRC-025-2 Application Guidelines

Example Calculations: Option 14a

Primary impedance (Zpri):

2
_ Vbus

Eq.(148) 7 . =24%
S*

pri

(293.25 kV)?
1157.0/ — 52.77° MVA

Zpri =
Zyri = 74.335452.77° Q

Secondary impedance (Zsec):

CTrati
EQ. (149) Zsec = Zpyi X _ratey

P Tratio_hv

Zgpr = 74.3352£52.77° Q X —

Zspe = 74.335252.77° 1 X 0.2
Zsoe = 14.867.£52.77° Q

To satisfy the 115% margin in Option 14a:

ZSBC

£a- (150) Zsecuimit = 7o,

14.867£52.77° Q)
Zseclimit = 115

Zsoctimic = 12.928./52.77° Q

—_— o
etransient load angle — 52.77

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

Z .
Eq. (151) Zpmax < | Zsec1imit

COS(QMTA - Qtransient load angle)

7 < 12.928 Q
max = co0s(85.0° — 52.77°)
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7 < 12.928 O
max 0.846

Zmax < 15.283./85.0° Q

Example Calculations: Option 14b

Option 14b represents the simulation for relays installed on the high-side of the GSU
transformer, including relays installed on the remote end of 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 plant connected to synchronous generation.
In this example, the Element is protected by a phase distance (e.g., 21) relay directional
toward the Transmission system. The CTs are located on the high-side of the GSU
transformer.

Relays installed on the high-side of the GSU transformer, including relays installed on the
remote end of line, simulation is used to determine the simulated line voltage at the relay
location coincident with the highest Reactive Power output achieved during field-forcing in
response to a 0.85 per unit of the line nominal voltage at the remote end of the line prior to
field-forcing. This is achieved by modeling a shunt at the remote end (i.e., at the Transmission
system) of the line during simulation.

The maximum Reactive Power flow and coincident voltage for both the high-side of the GSU
transformer and remote end of the line are determined by simulation. The maximum
Reactive Power output on the high-side of the GSU transformer and remote end of the line
during field-forcing is used as these values will correspond to the lowest apparent impedance
at the relay location. The corresponding simulated voltage is also used in the calculation.
Note that although the excitation limiter 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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0

TIME (SECONDS)
In this simulation the following values are derived:
Q = 440.7 Mvar
Vius_simutatea = 1.02 X Voo = 351.9 kV

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:

Preportea = 700.0 MW
Apparent power (S):

Eq.(152) S = PSynch_reported +jQ
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§S =700.0 MW + j440.7 Mvar

S =827.2/32.2° MV A
Otransient load angle = 32.2°

Primary impedance (Zyri):

2
Eq. (153) 7, = W

(351.9 kV)?

Pri T 8272/ —32.2° MVA
Zppy = 149.7£32.2° Q)

Secondary impedance (Zsec):

CTrati
Eq. (154) Zsec = Zpy Ylratio hv

p Tratio_hv

Zsoe = 149.7./32.2° 1 x =

Zeoe = 149.7/32.2° QA % 0.2
Zspe = 29.9/32.2°Q

To satisfy the 115% margin in Option 14b:

Z
Eq. (155)  Zgeciimic = #563/0
29.9/32.2°Q
Zsec limit = 1.15

Zsoctimic = 26.0232.2° Q0

j— o
Qtransient load angle — 32.2
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Assume a Mho distance impedance relay with a maximum torque angle (MTA) set at 85°,
then the maximum allowable impedance reach is:

|Zsec limitl

EQ. (156) Zmax <
max COS(QMTA — Otransient load angle)

7 < 26.0 Q
max = co0s(85.0° — 32.2°)

7 < 26.0
max 0.61

Zmax < 43.0£85.0°Q

Example Calculations: Options 15a and 16a

Options 15a and 16a represent the calculation for relay installed on the high-side of the GSU
transformer, including relays installed 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 plant connected to synchronous
generation.

Option 15a represents applying a phase time overcurrent relay (e.g., 51) and/or phase
instantaneous overcurrent supervisory elements (e.g., 50) associated with current-based,
communication-assisted schemes where the scheme is capable of tripping for loss of
communications installed on the high-side of the GSU transformer, including relays installed
at the remote end of the line.

Option 16a represents applying a phase directional instantaneous overcurrent supervisory
element (e.g., 67) associated with current-based, communication-assisted schemes where
the scheme is capable of tripping for loss of communications directional toward the
Transmission system installed on the high-side of the GSU and at the remote end of the line
and/or a phase time directional overcurrent relay (e.g., 67) directional toward the
Transmission system installed on the high-side of the GSU transformer, including relays
installed at the remote end of the line.

Example calculations are provided for the case, where potential transformers (PT) and
current transformers (CT) are located at the high-side of the GSU transformer and the 0.85
per unit of the line nominal voltage at the high-side of the GSU transformer. Example
calculations are also provided for the case where PTs and CTs are located at the remote end
of the line and the 0.85 per unit of the line nominal voltage will be at the remote bus
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location.

Calculations at the high-side of the GSU transformer.

Real Power output (P):
Eq. (157) P = GENsynch namepiate X Pf
P =903 MVA x 0.85
P =767.6 MW
Reactive Power output (Q):
Eq. (158) Q = 120% x P
Q =1.20x%x767.6 MW
Q =921.12 Mvar
Option 15a, Table 1 — Bus Voltage, calls for a 0.85 per unit of the line nominal voltage:
Eq. (159) Vpyus = 0.85p.u.X Vyom
Vpus = 0.85 x 345 kV
Vpus = 293.25 kV
Apparent power (S):
Eq. (160) S = Psynch_reportea +J0Q
S =700.0 MW + j921.12 Mvar
S =1157/52.8° MVA
Primary current (lpri):
g
V3 X Vpys

L 11572 — 52.8° MV A
PTi T 173 x 293.25 kV

Eq. (161) [pp; =

I

i = 2280.62 — 52.8° A
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Secondary current (Isec):

] .
EQ. (162) fyec = o -
Tath_ v
2280.6£ — 52.8° A
Isec = 2000
5

Isec = 5.701 £ — 52.8° A
To satisfy the 115% margin in Options 15a and 16a:
Eq. (163) ILseciimit > Isec X 115%
Iseciimit > 5.701 £ — 52.8° A x 1.15

Isectimic > 6.56 2 — 52.8° A

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

Real Power output (P):
Eq. (164) P = GENsynch namepiate X Pf
P =903 MVA x 0.85
P =767.6 MW
Reactive Power output (Q):
Eq. (165) Q =120% X P
Q =1.20x767.6 MW
Q =921.12 Mvar

Option 15a and 16a, Table 1 — Bus Voltage, calls for a 0.85 per unit of the line nominal voltage
at the relay location, in this example the relay location is at the remote substation bus.

Eq- (166) Vbus_remote_substation =0.85 p.u.x Vnom

Vbus_remote_substation = 0.85 X 345 kV

Vbus_remote_substation = 293.25kV
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Apparent power (S):
Eq. (167) S = Psynch_reportea +J0Q
S =700.0 MW + j921.12 Mvar
S =1157/52.8° MVA

Primary current (lpri):

S*

Eq (168) Ipri =
\/§ X Vbus_remote_substation

L 11572 — 52.8° MV A
PTL T 173 x 293.25 kV

I

i = 2280.62 — 52.8° A

Secondary current (lsec):

Ipri

Eq. (169) [sec = CTer
ratio_remote_bus
_ 2280.62 —52.8°4A

Isec = 7000
5

Isec =5.701 £ —52.8° A
To satisfy the 115% margin in Options 15a and 16a:
Eq. (170) ILseciimit > Isec X 115%
Iseciimit > 5.701 £ — 52.8° A x 1.15

Isectimic > 6.56 2 — 52.8° A
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Options 15b and 16b represent the calculation for relays installed on the high-side of the GSU
transformer, including relays installed 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 plant connected to synchronous
generation.

Option 15b represents applying a phase time overcurrent relay (e.g., 51) and/or phase
instantaneous overcurrent supervisory elements (e.g., 50) associated with current-based,
communication-assisted schemes where the scheme is capable of tripping for loss of
communications installed on the high-side of the GSU transformer, including relays at the
remote end of the line.

Option 16b represents applying a phase directional instantaneous overcurrent supervisory
element (e.g., 67) associated with current-based, communication-assisted schemes where
the scheme is capable of tripping for loss of communications directional toward the
Transmission system and/or a phase directional time overcurrent relay (e.g., 67) directional
toward the Transmission system installed on the high-side of the GSU, including relays at the
remote end of the line.

Example calculations are provided for the case where relays are installed on the high-side of
the GSU transformer, including relays installed on the remote end of line. Simulation is used
to determine the line voltage at the relay location coincident with the highest Reactive Power
output achieved during field-forcing in response to a 0.85 per unit of the line nominal voltage
at the remote end of the line prior to field-forcing. This is achieved by modeling a shunt at the
remote end (i.e., at the Transmission system) of the line during simulation.

The maximum Reactive Power flow and coincident voltage for both the high-side of the GSU
transformer and remote end of the line are determined by simulation. The maximum
Reactive Power output on the high-side of the GSU transformer and remote end of the line
during field-forcing is used as these values will correspond to the lowest apparent impedance
at the relay location. The corresponding simulated voltage is also used in the calculation.
Note that although the excitation limiter reduces the field, the duration of the Reactive
Power output achieved for this condition is sufficient to operate a phase overcurrent relay.
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In this simulation the following values are derived:
Q = 440.7 Mvar
Vbus_simulated = 1.02 X Vo, = 351.9 kV

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:

Preportea = 700.0 MW
Apparent power (S):

Eq.(171) S = PSynch_reported +j0Q
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S =700.0 MW + j440.7 Mvar
S =827.2/32.2°MVA
Primary current (lpri):
g

‘/§ X Vbus_simulated

Eq. (172) Lpri =

L 827.2/ —32.2° MVA
Pri T 173 x 351.9 kV

Ly =1357.12 —32.2° A
Secondary current (lsec):

L..;
Eq. (173) Isec = 2

CTratio_hv
1357.12 —32.2° A

Isec = 7000
3

Isoe =3.3924—-32.2°A
To satisfy the 115% margin in Options 15b and 16b:
Eq. (174) ILseciimit > Isec X 115%
Lseciimit > 3.39 2 — 32.2° A x 1.15

Lsoctimit > 3.90 2 — 32.2° A

Example Calculations: Option 17

Option 17 represents the calculation for relays installed on the high-side of the GSU
transformer, including relays installed on the remote end of line, for Elements that connect a
GSU transformer for three asynchronous generators to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generating plant that is
applying a phase distance relay (e.g., 21) directional toward the Transmission system. In this
application it was assumed 20 Mvar of total static compensation was added.
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Real Power output (P):

EQ. (175) Pasynch = 3 X GENgsynch namepiate X Pf
Pysyncn = 3 X 40 MVA % 0.85
Pysynch = 102.0 MW

Reactive Power output (Q):

QAsynch = MVARstatic + MVARgen_static

Eq. (176) + (3 X GENAsynch_nameplate X sin(cos_l(pf)))

Qasyncn = 15 Mvar + 5 Mvar + (3 x 40 MVA x sin(cos~*(0.85)))
Qasyncnh = 83.2 Mvar

Option 17, Table 1 — Bus Voltage, calls for a 1.0 per unit of the line nominal voltage for the bus
voltage (Vious):

Eq. (177) Vpyus = 1.0 p.u.X Vo

%

en = 1.0 X 345 kV

Vyen = 345.0 kV
Apparent power (S):
Eq.(178) S=P+jQ
S =102.0 MW + j83.2 Mvar
S =131.6£39.2° MVA
Primary impedance (Zpri):

2
_ Vbus

Eq.(179) 7z . =24
S*

pri

, (345.0 kV)?
PTL T 131.6/ — 39.2° MVA

Zpri = 904.4./39.2° Q

Page 110 of 114

263 of 300



ATTACHMENT E
to Order R-21-19
PRC-025-2 Application Guidelines

Example Calculations: Option 17

Secondary impedance (Zsec):

CTAsynch_ratio_hv

Eq.(180) Z.., = Z,i X
a. ( ) sec pri PT,atio.no

300

Zspe = 904.4./39.2° Q X

200

H|
o

Zspe = 904.4./39.2° Q X 0.03
Zsoe = 27.13/39.2° Q)

To satisfy the 130% margin in Option 17:

ZSBC

£a- (181)  Zsecumit = 13007

27.13239.2° Q)
Zseclimit = 130

Zoctimic = 20.869.239.2° Q

fr— o
etransient load angle — 39.2

Assume a Mho distance impedance relay with a maximum torque angle (MTA) set at 85°, and
then the maximum allowable impedance reach is:

|Zsec limitl

Eq. (182) Zpmax <
COS(GMTA - etransient load angle)

7 < 20.869 Q)

Max = cos(85.0° — 39.2°)
7 < 20.869 ()

max 0.697

Zmax < 29.941./85.0° Q

Example Calculations: Options 18 and 19

Option 18 represents the calculation for relays on relays installed on the high-side of the GSU
transformer, including relays installed on the remote end of line, for Elements that connect a

Page 111 of 114

264 of 300



ATTACHMENT E
to Order R-21-19
PRC-025-2 Application Guidelines

Example Calculations: Options 18 and 19

GSU transformer for three asynchronous generators to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generating plant.

Option 18 represents applying a phase time overcurrent (e.g., 51) and/or phase instantaneous
overcurrent supervisory elements (e.g., 50) associated with current-based, communication-
assisted schemes where the scheme is capable of tripping for loss of communications installed
on the high-side of the GSU transformer, including relays at the remote end of the line.

Similarly, Option 19 may also be 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 the remote end of the line to the Transmission system that are used
exclusively to export energy directly from a BES generating unit or generating plant. In this
application it was assumed 20 Mvar of total static compensation was added.

Real Power output (P):
Eq. (183) P = 3 X GENpsych nameplate X Pf
P =3%x40MVA x0.85
P =102.0 MW
Reactive Power output (Q):

Q = MVARqtic + MVARgen_static

Eq' (184) + (3 X GENAsynch_nameplate X sin(cos‘l(pf)))

Q = 15 Mvar + 5 Mvar + (3 x 40 MV A x sin(cos~1(0.85)))
Q = 83.2 Mvar

Options 18 and 19, Table 1 — Bus Voltage, calls for a 1.0 per unit of the line nominal voltage
(Vbus)5

Eq. (185) Vyom = 1.0p.uXV,pm
Vpus = 1.0 X 345 kV
Vpus = 345 kV
Apparent power (S):
Eq. (186) S =P +jQ

S =102.0 MW + j83.2 Mvar
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S =131.6£39.2°MVA

Primary current (lpr):

*

\/§ X Vbus

L 131.6/ — 39.2° MVA
Pri T 173 x 345 kV

Eq. (187) Ippi =

Ly = 220.5 £ —39.2°A
Secondary current (lsec):

I pri

. I =
Eq. (188) Igec CTasynch_ratio_hv
B 22054 —-39.2°A

IS@C - 300
5

Isoc = 3.6754 —39.2°A
To satisfy the 130% margin in Options 18 and 19:
EQ. (189) Iseciimit > Lsec X 130%
Lseciimit > 3.6754 —39.2° A X 1.30

Lsoctimic > 47782 — 39.2° A

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 this section.

Rationale for R1

Requirement R1 is a risk-based 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 the conditions established in Attachment 1.

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

The term, “while maintaining reliable fault protection” in Requirement R1 describes that the
responsible entity is to comply with this standard while achieving their desired protection goals.
Refer to the Guidelines and Technical Basis, Introduction, for more information.
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British Columbia Utilities Commission (BCUC)
Implementation Plan for Reliability Standard PRC-025-2

Applicable Standard

e  PRC-025-2 — Generator Relay Loadability

Requested Retirement

e PRC-025-1 — Generator Relay Loadability

Prerequisite Standard

e None

Applicable Entities*

e Generator Owner
e Transmission Owner
e Distribution Provider

*See the proposed standard for detailed applicability for functional entities and facilities.

Background

The Reliability Standard PRC-025-1 went into effect in British Columbia (BC) starting on October 1, 2017 under a phased
implementation plan (40 percent of load responsive relays compliant by October 1, 2017, 60 percent of load responsive
relays compliant by October 1, 2018, 80 percent of load responsive relays compliant by October 1, 2019 and 100 percent of
load responsive relays compliant by October 1, 2020). The phased timeframe was provided to the Generator Owner,
Transmission Owner or Distribution Provider to:

1) Apply settings to its existing load-responsive protective relays that are capable of meeting the standard while
maintaining reliable fault protection; and/or

2) Replace legacy load-responsive protective relays with modern advanced-technology relays that can be set using
functions such as load encroachment; and/or

3) Remove load-responsive protective relays as the best alternative to satisfy the entity’s protection criteria and meet
the requirements of PRC-025-1.

General Considerations

This Implementation Plan supersedes and retires the phased implementation timeframe per PRC-025-1 such that entities
are not required to implement the requirements in the PRC-025 Reliability Standard until the dates provided herein. This
Implementation Plan considers the scope of the PRC-025-2 revisions and the timing for BCUC approvals with respect to the
phased-in implementation dates for PRC-025-1. The latest BC phased-in implementation date for PRC-025-1 of

October 1, 2020 applies to both load-responsive protective relays where the applicable entity will be making a setting
change to meet the setting criteria of the standard while maintaining reliable fault protection and to load-responsive
protective relays where the applicable entity will be removing or replacing the relay to meet the setting criteria of the
standard while maintaining reliable fault protection.

The PRC-025-2 Implementation Plan reflects consideration of the following:
e The phased-in implementation dates for PRC-025-1;

e The proposed Option 5b reduces the implementation burden to the applicable entities;
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e The proposed revisions to Options 14b, 15b and 16b may give reason for entities to re-evaluate their settings for
load-responsive protective relays;

e Afew proposed Option(s) that now include the 50 element; and

e Generator outage cycles.

Effective Date
PRC-025-2

The standard shall become effective on October 1, 2019.

Effective Date and Phased-In Compliance Dates

Load responsive protective relays subject to the standard
Each Generator Owner, Transmission Owner or Distribution Provider shall not be required to comply with Requirement R1
until the following dates after the effective date of Reliability Standard PRC-025-2:

Requirement

R1

Applicability

Each Generator Owner, Transmission
Owner and Distribution Provider shall
apply settings that are in accordance
with PRC-025-2 — Attachment 1: Relay

Settings, on each load- responsive
protective relay while maintaining
reliable fault protection.

Implementation Date

October 1, 2020, except as noted for
the PRC-025-2 Attachment 1, Table 1
Relay Loadability Evaluation Criteria,
Options listed below.

Phased-in implementation of specific Table 1 Relay Loadability Evaluation Criteria Options

Option Application and Relay Type Implementation Date
Asynchronous generating unit(s) Where determined by the Generator
(including inverter-based Owner, Transmission Owner or
installations), including Elements Distribution Provider that replacement or
utilized in the aggregation of removal is not necessary, October 1, 2021.
Option 5b dispersed power producing

resources applying any phase
overcurrent relay

(e.g. 51, or 51V- R — voltage-
restrained)?

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is necessary, October 1, 2023.

Options 2a, 2b and 2c
(50 element only)

Synchronous generating unit(s),
including Elements utilized in the
aggregation of dispersed power
producing resources applying,
specifically the phase overcurrent
relay 50 element

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is not necessary, October 1, 2024.

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is necessary, October 1, 2026.

1 phased-in implementation of the phase overcurrent relay 50 element is provided under Options 5a and 5b.
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Options 5a and 5b
(50 element only)

Asynchronous generating unit(s)
(including inverter-based
installations), including Elements
utilized in the aggregation of
dispersed power producing
resources applying, specifically the
phase overcurrent relay 50 element

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is not necessary, October 1, 2024.

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is necessary, October 1, 2026.

Options 8a, 8b and 8c
(50 element only)

Generator step-up transformer(s)
connected to synchronous
generators applying, specifically the
phase overcurrent relay 50 element
installed on generator- side of the
GSU transformer

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is not necessary, October 1, 2024.

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is necessary, October 1, 2026.

Option 11
(50 element only)

Generator step-up transformer(s)
connected to asynchronous
generators only (including inverter-
based installations) applying,
specifically the phase overcurrent
50 element — installed on
generator-side of the GSU
transformer

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is not necessary, October 1, 2024

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is necessary, October 1, 2027

Options 13a and 13b
(50 element only)

Unit auxiliary transformer(s) (UAT)
applying, specifically the phase
overcurrent 50 element applied at
the high-side terminals of the UAT,
for which operation of the relay will
cause the associated generator to
trip

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is not necessary, October 1, 2024.

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is necessary, October 1, 2026.

Option 14b

Relays installed on the high-side of
the GSU transformer, including
relays installed on the remote end
of line, for Elements that connect
the GSU transformer(s) to the
Transmission system that are used
exclusively to export energy directly
from a Bulk Electric System (BES)
generating unit or generating plant
(except that Elements may also
supply generating plant loads) —
connected to synchronous
generators applying a phase
distance relay (e.g., 21) — directional
toward the Transmission system

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is not necessary, October 1, 2021.

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is necessary, October 1, 2023.
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Option 15b

Relays installed on the high-side of
the GSU transformer, including
relays installed at the remote end of
the line, for Elements that connect
the GSU transformer(s) to the
Transmission system that are used
exclusively to export energy directly
from a BES generating unit or
generating plant (except that
Elements may also supply
generating plant loads) — connected
to synchronous generators applying
a phase instantaneous overcurrent
supervisory element (e.g. 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)

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is not necessary, October 1, 2021.

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is necessary, October 1, 2023.

Option 16b

Relays installed on the high-side of
the GSU transformer, including
relays installed at the remote end of
the line, for Elements that connect
the GSU transformer(s) to the
Transmission system that are used
exclusively to export energy directly
from a BES generating unit or
generating plant (except that
Elements may also supply
generating plant load.) — connected
to synchronous generators applying
Phase directional instantaneous
overcurrent supervisory element
(e.g. 67) — associated with current-
based, communication- assisted
schemes where the scheme is
capable of tripping for loss of
communications directional toward
the Transmission system and/or
phase directional time overcurrent
relay (e.g. 67) — directional toward
the Transmission system

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is not necessary, October 1, 2021.

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement or
removal is necessary, October 1, 2023.
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Load-responsive protective relays which become applicable to the standard

ATTACHMENT D-2
to Order R-21-19

Each Generator Owner, Transmission Owner or Distribution Provider that owns load-responsive protective relays that
become applicable to this standard, not because of the actions of itself including but not limited to changes in BCUC
Registration Criteria or BES definition, shall not be required to comply with Requirement R1 until the following dates:

Requirement

Applicability

Implementation Date

R1

Each Generator Owner, Transmission
Owner and Distribution Provider shall
apply settings that are in accordance
with PRC-025-2

Attachment 1: Relay Settings, on each
load - responsive protective relay while
maintaining reliable fault protection

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement
or removal is not necessary, 60 months
beyond the date the load-responsive
protective relays become applicable to
the standard.

Where determined by the Generator
Owner, Transmission Owner or
Distribution Provider that replacement
or removal is necessary, 84 months
beyond the date the load-responsive
protective relays become applicable to
the standard.

Retirement Date
PRC-025-1

Reliability Standard PRC-025-1 shall be retired immediately prior to the effective date of PRC-025-2.

Phased-In Retirement

None.
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