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PR-019-02 Standard

* Implementation Plan:

» “Coordination of Generating Unit or Plant Capabilities, Voltage
Regulating Controls, and Protection”

* Requirement R1 section 1.1 (normal automatic voltage regulating control
loop and steady-state operating conditions assumed):

1.1.1 “The in-service limiters are set to operate before the Protection
System of the applicable Facility in order to avoid disconnecting the

generator unnecessarily.”

1.1.2 “The applicable in-service Protection System devices are set to
operate to isolate or de-energize equipment
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Applicable Facilities (Based on PRC-019-2)

4.2.1 Individual generating unit greater than 20 MVA (gross nameplate rating) directly
connected to the Bulk Electric System.

4.2.2 Individual synchronous condenser greater than 20 MVA (gross nameplate rating)
directly connected'to the Bulk Electric System.

4.2.3 Generating plant/ Facility consisting of one or more units that are connected to the
Bulk Electric System at a common bus with total generation greater than 75 MVA (gross
aggregate nameplate rating).

4.2.3.1 This includes individual generating units of the dispersed power producing
resources identified through Inclusion 14 of the Bulk Electric System definition where
voltage regulating control for the facility is performed solely at the individual generating
unit of the dispersed power producing resources.

4.2.4 Any generator, regardless of size, that is a blackstart unit material to and designated
as part of a Transmission Operator's restoration plan.

Confidential - Do not duplicate or distribute without written permission from KLS Power Consulting, PLLC



PRC-019-2 versus PRC-019-3

° Applicability: PRC-019-2 was developed with a bias toward synchronous generation
how about IBRs?

° Periodicity: The -3 of standard says every six years in alignment with PRC-005.
* Protection Function versus protection system.
« (Getting rid of Steady-State Stability Limit (SSSL)

PRC-019-2 PRC-019-3
PRC-019-2 R1 (Synchronous) R1.1
PRC-019-2 R1 (IBR) R1.2
PRC-019-2 R2 R2
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Steady-State Stability Limit (SSSL)

“During system stress conditions, the AVR limits are frequently challenged when system conditions such
as voltage collapse or steady-state stability limits might be approached. The AVR control limiters play an
important role in making sure the generator is operated within its capability while providing short-time
positive and negative field-forcing to help stabilize both high- and low-transient system voltage due to
fault and load rejections.”

« Conventional assumption for SSSL calculations: Generator operates with fixed field voltage.

« Transmission planners and System Operators require the majority of synchronous generators
to operate with automatic voltage regulation (AVR) in automatic.

« AVR continuously regulates the voltage so that the SSSL is not reached.

 Therefore, the new PRC-019 revision does not include coordination between the loss of field
relays or the UEL with the SSSL.
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R1.

At a maximum of every six calendar years, each Generator Owner and Transmission
Owner with applicable Facilities shall coordinate® the voltage regulating system
controls, with the applicable equipment capabilities and settings of the applicable
protective functions.* Equipment capabilities, control functions, and protective
functions for the applicable Facilities include, but are not limited to those listed in
Attachment 1. [Violation Risk Factor: Medium] [Time Horizon: Long-term Planning]

1.1. For synchronous generators or synchronous condensers, assuming the normal

automatic voltage regulator control loop and steady-state system operating
conditions, verify the following coordination items:

1.1.1. The in-service limiter functions® are set to operate before the protective

functions of the applicable Facility in order to avoid disconnecting the
generator unnecessarily.

1.1.2. The applicable in-service protective functions are set to operate to isolate

or de-energize equipment in order to limit the extent of damage when
operating conditions exceed equipment capabilities.
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1.2. For IBR generating Facilities, assuming the voltage control mode is enabled in the
power plant controller and/or IBR unit(s)® and steady-state system operating
conditions, verify the following coordination items:

1.2.1. The in-service control functions of the power plant controller are set to
operate before the protective functions of the applicable Facilities in order
to avoid disconnecting any of the Facilities listed under Section 4.2.4
unnecessarily.

1.2.2. The in-service control functions of IBR unit(s) are set to operate before
protective functions of the applicable Facilities in order to avoid
disconnecting any of Facilities listed under Section 4.2.4 unnecessarily.

1.2.3. The applicable in-service protective functions are set to operate to isolate
or de-energize equipment in order to limit the extent of damage when
operating conditions exceed equipment capabilities.
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R2.

Each Generator Owner and Transmission Owner shall perform the coordination
described in Requirement R1 prior to implementation of systems, equipment, or
settings changes that will affect the coordination described in Requirement R1; and
update associated coordination documentation within 90 calendar days after the
return to in-service date. These possible systems, equipment or settings changes
include, but are not limited to, the following: [Violation Risk Factor: Medium] [Time
Horizon: Long-term Planning]

Voltage regulating settings or equipment changes;
Protective function settings or component changes;

IBR unit, synchronous generator or synchronous condenser equipment
capability changes;

IBR unit, synchronous generator or synchronous condenser step-up
transformer changes;

IBR unit control system firmware or settings changes; or

Power plant controller firmware or settings changes.
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PRC-019-3 Implementation Plan

 Periodic performance, R1, every six (6) years.

* For new facilities commissioned after adoption of PRC-019-3, and
when no PRC-019-2 has been performed, the -3 shall be
performed.
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V/Hz vs. Overvoltage Coordination

» Overvoltage may happen without exceeding V/Hz limits of the machine.
Example: load rejection in Hydro units. Over speed around 200% of
normal condition.

« Sustained overvoltage magnitude without excessive overexcitation.
* VV/Hz relay will not pick this up.

» Usually, governor control should capture the rapid response, steam and
gas units.

* Necessity of “frequency-compensated overvoltage relay’.
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Abnormal Frequency Capability of Turbines

» Both generator and turbines have limits to tolerate abnormal
frequencies.

» Turbine has more restrictive settings than generator, potential
mechanical resonance of turbine blades.

« Sustained overvoltage magnitude without excessive overexcitation.
« Turbine manufacturers have time limits for abnormal frequencies.

« C TGs have greater tolerance than STGs.

« Runback during underfrequency condition.
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IEC 60034-3: Operation
Range for Voltage and
Frequency

“Operation outside of the standard frequency
range may result in accelerated aging of
generator and prime-mover mechanical
components due to high cycle fatigue of
stationary and rotating components.”
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\V//Hz vs. Overvoltage Coordination
Gen. Permissible Operation
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V/Hz vs. Ouvervoltage Coordination -

Recommended
Gen. Permissible Operation — = =A3I00 59 Limiter
A3100 59 Monitor M3425A 24-2 V/Hz Trip
— — =A3I00 V/Hz Limiter M3425A 810 Trip
M3425A 81U Trip A3100 V/Hz Monitor

SEL-35IA 8IO-1Trip
——— SEL-35IA 8IU-I Trip

SEL-35IA8IO-2Trip
SEL-351A BIU-2 Trip
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Single Line Diagram (Typical WPP)

¢ o
: =1
Elr g
( 3
|,>
pel)
*T =3
: g,
b Eg
1
i
&
g&
:
H

Confidential - Do not duplicate or distribute without written permission from KLS Power Consulting, PLLC

16



1500

1000

-1500

Reactive Capability Envelope

cos 0,4 .

icos 0.4

- s s el T

P [kW]

Confidential - Do not duplicate or distribute without written permission from KLS Power Consulting, PLLC

17



Protection

Collector Bus Continuous Limits vs Relaying
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POI Bus Continuous Limits vs Relaying Protection
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Valtage (pu)

Voltage Limiter/Protection Settings

Voltage Limit and Protection
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Over-Current Protection
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Voltage Limiter/Protection Settings

WOLTAGE LIMIT AND PROTECTION
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Type Il WTG TCC

Ampe X 10 BUS-BKR L1 (Nom. kV=34.5, Plot Ref. k\V=34.5)
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Type Il WTG TCC

Amps X 10 BUS-BKR L1 (Nom. k=345, Plot Ref. k\/=34 5)
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Type Il WTG TCC

Amps X 100 BUS-BKR L1 (Nom. kV=34.5, Plot Ref. kV=34.5)
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Voltage Control

1.10
Scheme

1.08
The following list shows the order of 106 FastBuckOn | | | | | _
voltage coordination for the D-Var
STATCOM system: - 1.04 Fast Buck Droop

g. 102 Slow Buck On

1. Over-Voltage Trip ; 1.00 Vref Slow Boost Droop L 2L o,
2.  Feeder Over-Voltage Trip > Slow é-o;s-t-c;l; *==1 Slow Buck Droop
3.  Fast Voltage-Control Region o 098
4.  Slow Voltage-Control Region > 0.96
5.  Deadband
6. Slow Voltage-Control Region 0.94 Fbst Bodst On
7.  Fast Voltage-Control Region 0.92
8. Feeder Under-Voltage Trip
9.  Capacitor Under-Voltage Trip 0'9_{.110 MVAR (DVAR + Shunts) 1
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Learnings

 Variance in standard interpretation.
» Documentation revision control and keeping track of details.

 Effectively manage proprietary manufacturer data.
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Challenges

« Data Collection
* Manufacturer data can be considered proprietary

» Data Integrity & Justification

 Documents to submit to auditor
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Questions?
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