Standard PRC-024-2 — Generator Performance During Frequency and Voltage Excursions DRAFT

A. Introduction

1. Title:
Generator Performance During Frequency and Voltage Excursions



2. Number:
PRC-024-2


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 dynamic/transient? stability.



4. Applicability

4.1. Generator Owner
B. Requirements

R1. Generator Owners shall set generator protective relaying to meet the following performance requirements for generator units 20 MVA and greater and Generating plant/facility > 75 MVA (gross aggregate nameplate rating) or when the entity has responsibility for any facility consisting of one or more units that are connected at a voltage 60kV or higher at a common bus with total generation above 75 MVA gross nameplate rating, to remain connected during steady-state and system frequency excursion as follows:
 

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

R1.2. Generators shall remain connected during frequency excursions in accordance with Attachment 1-PRC-024-2.

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 61.2 Hz. 
R1.5. The generator frequency protection trip settings as defined by this standard shall be communicated to associated Regional Entities, Reliability Coordinators and Transmission Operators within 30 days of any change or request to coordinate with regional Off Nominal Frequency Load Shedding and Restoration programs. (** NOTE to Under Frequency Load Shedding Project 2007-01 to draft complement)
R2. Generator Owners of generating units
 20 MVA or greater and plants/sites with aggregate generation greater than 75 MVA at the point of interconnection to the Bulk Electric System at 60kV and higher, shall set its generator protective relaying to ensure the generation 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. Generators shall remain connected during voltage excursions at the point of interconnection to the Bulk Electric System in accordance with Attachment 2-PRC-024-2.
R2.3. The generator voltage protection settings as defined by this standard shall be communicated to associated Regional Entities, Reliability Coordinators and Transmission Operators within 30 days of any change or request.

C. Measures

M1. Generator Owners shall have documentation that generator protective relays have been set in accordance with the requirements in R1. 
M2. Generator Owners shall have documentation that generator protective relays have been set in accordance with the requirements in R2.

D. Regional Differences

D1.
In lieu of R1.2 to R1.4, generators in the Western Interconnection shall remain connected during frequency excursions in accordance with Attachment 3-PRC-024-2.

E. Reference Documents

“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.

OPEN ITEMS:

1. Voltage measured at generator terminal versus point of interconnection issue:
a. 
 “This requirement applies to all existing synchronous and new synchronous and asynchronous generators placed in service 18 months following the regulatory approval of this standard.”
b. “Existing individual asynchronous generating units that are interconnected to the network at the time of the adoption of this standard are exempt from meeting this standard until they are replaced or repowered.”  



Attachment 1-PRC-024-2 Frequency Excursion Ride-Through Curve 
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	Frequency (hertz)
	61.2
	60.5
	59.5
	57.8

	Time (seconds)
	.0095 to 2
	600 to 10,000
	1800 to 10,000
	.0095 to 2


Attachment 2-PRC-024-2 Voltage Excursion Ride-Through Curve
At the Point of Interconnection
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Voltage Ride-Through Curve Qualifications
1. The voltage boundaries defined within the curve assume a 1.0 p.u. (main) step-up transformer tap ratio.  Generator performance related to the curve can be adjusted based on (main) step-up transformer tap settings.

2. This voltage standard may be met by performance of the generators or by installing additional equipment (such as dynamic VAR compensation) within the generating facility.

3. Generators may be tripped after fault initiation if this action is intended as part of a special protection scheme (SPS).

4. Within the voltage ride-through standard fault clearing boundary, generators are required to remain in-service during system faults (faults with normal clearing, that extend no more than 9 cycles) unless clearing the fault effectively disconnects the generator from the system.

· The actual clearing time required for a generating plant will be specific to the generating plant location as determined and documented by the transmission provider.
· If the clearing time for Zone 1 three-phase faults is greater than 9 cycles, the generating plant may disconnect from the transmission system.

· If the Zone 1 three-phase fault is cleared within 9 cycles and any generator within the generating facility is sympathetically tripped, either during the fault clearing period, fault recovery periods or high voltage ride-through period, this tripping event should be considered in violation of the VRT Standard.

5. Within the voltage ride-through standard fault recovery and high voltage boundaries, generators are required to remain in-service after fault clearing.

6. This voltage ride-through standard does not supersede existing Regional, National or Industry standards or guides (Planning Standards, ANSI Standards, IEEE Guides, etc.) that have previously been established to maintain the reliability of the transmission system or outline protection requirements for synchronous generators.

7. This voltage ride-through standard does not apply to any generation with interconnection voltage levels that are less than 60 kV.
8. The requirements of the voltage ride-through standards applies to all existing synchronous and new synchronous and asynchronous generators placed in service 18 months following the regulatory approval of this standard.

9. Existing individual asynchronous generating units that are interconnected to the network at the time of the adoption of this standard are exempt from meeting this voltage ride-through standard until they are replaced or repowered.  

Attachment 3-PRC-024-2 Frequency Excursion Ride-Through Curve 
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�Consider revising to include mention of coordination with other BES protection schemes, e.g., UFLS


�Consider adding requirement of legacy "outliers" to report inability to comply.  In the case of technical design limitations causing the inability, the entity shall be offered alternative means to comply, e.g., phased-in implementation.


Certain CTs currently do not meet the frequency excursion requirement. We will contact OEM to determine feasability. [SB]


There needs to be a way to handle existing gensets versus new installs. [KS]


This standard does not apply if there are no generator frequency protection relays installed. [RT]


Way to handle ex


�Request other OEM curves that are not represented, e.g., Mitsubishi, ABB, various wind turbine manufacturers. [RT]


SDT limited the focus to GP relay setting and not to the viability of the gen resource during excursions.  Do you agree? [BM]


Should Volts/Hertz relays be part of this standard? [VS]


How have "life expenditure" considerations been accounted for in the curves? Is the expected life of a prime mover factored into the curves? [HI]


�Revise the wording to parallel the registration criteria adjusted for 75MVA size threshold. [RT]


The requirement is limited to gensets that are connected to the BES which may exclude a significant percentage of generating capability. [BM]


WECC draws the threshold at 60kV or greater. [CQ]


Include a CB clause. [HI]


�This should be a Regional Standard rather than part of this standard. [BA]


�Send a copy to everyone on GVSDT_Plus list. [HT]


�Not sure if this is still an issue.


�These two comments were added to the end of the qualifications secton


�Reword or revise such that reference to other standards is avoided. [BM]
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work sheet

		Under-frequency Limit		Over-frequency Limit		WECC Minimum Time				Max Trip Time		Min Trip Time		Max Frequency		Max Frequency		Max Frequency		Max Frequency

		> 59.4 Hz		60 Hz to < 60.6 Hz		N/A (continuous operation)				100		3		60.6		60.6

		≤ 59.4 Hz		≥60.6 Hz		3 minutes				3		0.5		61.6		61.6
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		≤ 57.8 Hz				7.5 seconds				0.125		0.0125		61.6		61.6

		≤ 57.3 Hz				45 cycles				0.0125		0.00001		61.7		61.7

		≤ 57 Hz		>61.7 Hz		Instantaneous trip
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