Standard PRC-024-1 — Generator Protective System Performance During Frequency and Voltage Excursions

A. Introduction

1. Title:
Generator Protective System Performance During Frequency and Voltage Excursions

2. Number:
PRC-024-1
3. Purpose:
Ensure that generators remain connected to the Bulk Electric System during voltage and frequency excursions within the defined criteria of this standard in coordination with other system protection schemes to support transmission system stability.
4. Applicability

4.1. Generator Owner
4.1.1 Generator units 20 MVA and greater, or each unit at generating plants/facilities consisting of multiple units with total generation > 75 MVA (gross aggregate nameplate rating) at the point of interconnection to the Bulk Electric System are subject to this standard.

5. Effective Dates
5.1. Requirement R1 — phased in over 2 years following regulatory approval.
5.1.1 50% units compliant Year 1,
5.1.2 100% units compliant Year 2

5.2. Requirement R2 — phased in over 3 years following regulatory approval.
5.2.1 10% of units compliant Year 1, 
5.2.2 Next 30% of units compliant Year 2, 
5.2.3 100% units compliant Year 3

B. Requirements

R1. Generator Owners shall set generator protective relaying to meet the following performance requirements for generator units to remain connected during steady-state and system frequency excursions as follows: 

R1.1. Operate continuously within a frequency range of 59.5 Hz to 60.5 Hz. 

R1.2. Generator protective relaying shall not trip during frequency excursions in accordance with Attachment 1-PRC-024-1.

R1.3. Instantaneous underfrequency relay trip setting shall be set no higher than 57.8 Hz.
R1.4. Instantaneous overfrequency relay trip settings shall be set no lower than 62.2 Hz. 
R1.5. The Generator Owner shall provide to Regional Entities, Reliability Coordinators, Transmission Planners and Transmission Operators generator protection frequency trip settings as specified by requirements R1.1 through R1.4 within 30 days of any change or request for data, to enable coordination with regional Off Nominal Frequency Load Shedding and Restoration programs.
R1.6. Existing generators
, that are unable to comply with the frequency ride-through Requirement R1 and sub requirements due to equipment limitations (Protection System excluded) are exempt and shall notify the Regional Entity and Transmission Planner and provide documentation that explains the technical limitation and frequency relay setting applied. 

R1.7. Exemption status is revoked when:
R1.7.1. Equipment causing the technical limitation is replaced with equipment that removes the technical limitation.

R1.7.2. The equipment causing the technical limitation is modified or upgraded that result in an increase of nameplate rating greater than 10%.

R1.8. The Generator Owner shall provide a written response within 90 calendar days of receipt of written comments from the Reliability Coordinator or Transmission Planner regarding the technical limitation.  The response shall indicate whether a change will be made to the technical limitation or if no change will be made to the technical limitation, the reason why.

R2. Generator Owners shall set generator protective relaying
 to meet the following performance requirements for generator units to remain connected during steady-state and system voltage excursions as follows: 

R2.1. Operate continuously within 95% to 105% of rated generator terminal voltage.

R2.2. Generator protective relaying shall be set to allow the generator to remain connected during transient voltage excursions measured at the point of interconnection to the Bulk Electric System in accordance with the defined criteria of Attachment 2-PRC-024-1.  
R2.2.1. When applying the criteria to three-phase transmission system Zone 1 faults with Normal Clearing, relaying may be set based on actual fault clearing times, but not greater than 9 cycle

R2.2.2. Relaying may be set to meet a shorter voltage ride through duration curve as specified by the Transmission Planner based on the location specific voltage recovery characteristics.
R2.2.3. Generators are permitted to be tripped after fault initiation if this action is intended as part of a special protection scheme (SPS) or remedial action scheme (RAS).

R2.2.4. Generators are permitted to be tripped when clearing a system fault necessitates disconnecting the generator.
R2.3. The Generator Owner shall provide to Regional Entities, Planning Coordinators, Transmission Operators and Transmission Planners generator protection trip settings that are affected by voltage as specified by requirement R2.2 within 30 days of any change or request for data.

R2.4. Existing generators
 that are unable to comply with the voltage ride-through Requirement R2 and sub requirements due to equipment limitations (Protection System excluded) are exempt and shall notify the Regional Entity and Transmission Planner and provide documentation that explains the technical limitation and voltage relay setting applied.
R2.5. Exemption status is revoked when:

R2.5.1. Equipment causing the technical limitation is replaced with equipment that removes the technical limitation.

R2.5.2. The equipment causing the technical limitation is modified or upgraded that result in an increase of nameplate rating greater than 10%.
R2.6. The Generator Owner shall provide a written response within 90 calendar days of receipt of written comments from the Reliability Coordinator or Transmission Planner regarding the technical limitation.  The response shall indicate whether a change will be made to the technical limitation or if no change will be made to the technical limitation, the reason why.
C. Measures

M1. Generator Owners demonstrate compliance by having documentation that generator protective relays with frequency trip elements have been set in accordance with the requirements in R1 such as setting sheets, calibration sheets, etc. 
M1.1 Owners of existing generators that are unable to comply with R1 due to equipment limitations (Protection System excluded) have documentation that explains the basis for the exemption (including copies of executed agreements, contracts, etc.).
M1.2 The Generator Owner has evidence it notified their Regional Entity and Transmission Planner of the technical limitation such as written dated correspondence in electronic and/or hardcopy form.

M1.3 The Generator Owner has evidence that it provided a written response to a commenting entity within 90 calendar days of receipt of comments.

M2. Generator Owners demonstrate compliance by having documentation that generator protective relays with voltage input elements have been set in accordance with the requirements in R2 (such as setting sheets, voltage-time curves, calibration sheets, coordination plots or dynamic simulation studies).  
M2.1 Owners of existing generators that are unable to comply with R2 due to equipment limitations (Protection System excluded) shall have documentation that explains the technical limitation that they are exempt (including copies of executed agreements, contracts, etc.). 
M2.2 The Generator Owner has evidence it notified their Regional Entity and Transmission Planner of the technical limitation such as written dated correspondence in electronic and/or hardcopy form. 
M2.3 The Generator Owner has evidence that it provided a written response to a commenting entity within 90 calendar days of receipt of comments.
D. Regional Differences

D1.
Technical Reference Document — including:
“The Technical Justification for the New WECC Voltage Ride-Through (VRT) Standard, A White Paper Developed by the Wind Generation Task Force (WGTF)”, dated June 13, 2007, a guideline approved by WECC Technical Studies Subcommittee.
Attachment 1 — PRC-024-1
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Attachment 2 — PRC-024-1 
Proposed PRC-024-2 Generator Voltage Ride-Through Curve
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The following data points would apply to this curve:
[image: image3.emf]Time Voltage

0.0100 1.200

0.0100 1.200

0.2 1.200

0.2 1.175

0.5 1.175

0.5 1.150

1.0000 1.150

1.0000 1.100

1000.0000 1.100

1200.0000 1.050

10000.0000 1.050

HVRT DURATION

[image: image4.emf]Time Voltage

10000 0.950

1200 0.950

1200 0.900

3.0 0.900

3.0 0.750

2.0 0.750

2.0 0.650

0.3 0.650

0.3 0.450

0.15 0.450

0.15 0.300

0.15 0.200

0.15 0.100

0.15 0.000

0.01 0.000

LVRT DURATION


Voltage Ride-Through Curve Clarifications
1. The per unit voltage base for this curve is the nominal operating voltage as measured at the point of interconnection to the Bulk Electric System. 
2. As long as the cumulative voltage duration at the point of interconnection with the Bulk Electric System is within the voltage boundaries of the curve, the generator voltage protective relaying will not trip the generator. 
3. The curve depicted in this Attachment 2 assumes system frequency of 60 Hertz and all of the units connected to the same transformer are on line. 
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� Including generators under construction, generators with an executed interconnection agreement, or Power Purchase Agreement, or generators with an executed equipment purchase contract and scheduled delivery within 2 years (at the time of regulatory approval of this standard).


� Includes generator over and under voltage protective relays that may activate in response to voltage inputs.


� Including generators under construction, generators with an executed interconnection agreement, or Power Purchase Agreement, or generators with an executed equipment purchase contract and scheduled delivery within 2 years (at the time of regulatory approval of this standard).
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