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Responsible SERC Subgroup & Region Review Group
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List of Attachments

Attachment 1: Draft NERC Reliability Standard PRC-024 
I. Introduction

In order to effectively evaluate the electric system’s performance, Transmission Planners make implicit or explicit assumptions regarding the ability of generators to remain on-line during frequency and voltage excursions. The validity of these assumptions are critical for planning and operating studies of the reliability of the electric system.  These assumptions are especially critical for studies used to develop “safety-net” schemes such as Under Frequency Load Shedding (UFLS) and Under Voltage Load Shedding (UVLS).  Incorrect assumptions regarding the ability of generators to remain on-line would lead to ineffective or suboptimal load shedding schemes.
This SERC field test guideline for the NERC Reliability Standards PRC-024 is intended to:

1) Provide guidance for SERC Generator Owners to address verification of the capability of generators to remain connected to the electrical grid during defined system frequency and voltage excursions.

2) Provide guidance for SERC Generator and Transmission Owners to:
a. Address coordination between the generator under frequency protection and SERC’s UFLS program.
b. Address coordination of generator protection with transmission protection systems.

3) Document the GSFT-TF recommended exemption criteria, variance requests, and sister unit philosophy.
It is recognized that any effort to verify the capability of generators to remain connected during defined system frequency and voltage excursions does not constitute a guarantee by the Generator Owner.  There are systems in a generation plant where practical means are not readily available to determine how they would respond to the frequency and voltage excursion, and/or if a trip of these systems would subsequently cause an immediate or delayed generator trip.  These systems include, but are not limited to, Boiler Control Systems, Adjustable Speed Drives, and station auxiliary loads (motor performance due to undervoltage or underfrequency, and loss of load due to dropout of unlatched contactors).  

Therefore, the GSFT-TF is recommending for these field test activities a verification process meant to uncover protection system coordination issues that would almost certainly lead to a generator tripping if exposed to the defined frequency or voltage excursion.  As such, the likelihood of the generator remaining on-line during the defined frequency or voltage excursion would be increased and lend some additional validity to study assumptions made by Transmission Planners.

II. Definitions 

1. Exempt Generation – Generator(s) that meets the exemption criteria for a particular requirement.
2. Low Voltage Ride Through (LVRT) Capability – the ability of a generator to remain on-line when subjected to a defined transmission system voltage excursion.
3. Variance – a deviation in the established RRO requirement for a generator to remain on-line during system frequency and/or voltage excursion. 
III. Requirements/Expectations 
A. Generator Exemption Criteria [Ref. PRC-024, R3]
It is prudent to exempt small generators that, if they are unable to stay on-line for certain frequency and voltage excursions, would be expected to have an insignificant impact on the reliability of the bulk electric system. Therefore, generators interconnected to a power system operated at a voltage of less than 100 kV or having a nameplate rating of less than or equal to 75 MVA are exempt from complying with SERC’s requirements for generators to remain connected during the defined frequency and voltage excursions. On a case by case basis the Transmission Planner may identify certain generators that are less than 75 MVA, but have a significant impact on transmission voltage security, and cannot be exempted from the low voltage ride-through requirements.
B. Variance Procedures [Ref. PRC-024, R4]
It is recognized that efforts to ensure coordination between generator protection systems and the Region’s defined voltage and frequency excursion could result in identification of generators who have systems that will be unable to achieve coordination.  In those instances, the Generator Owner can request a Variance from SERC.  SERC, the Generator Owner, and the Transmission Owner will then work together to determine if the requested Variance would adversely impact bulk power system reliability.  In no instances should any protection or control scheme setting be endorsed that exposes a generating unit to damage.
C. Requirements for Generators to Remain Connected During System Frequency and Voltage Excursions
1. Frequency Excursion Requirements
a) To ensure coordination with under-frequency load shed (UFLS) schemes, generator protection schemes are expected to be set such that the generator would remain on-line when subjected to the frequency excursion curve defined in Figure 1 [Ref. PRC-024, R1] .
b) The process of determining coordination with the frequency excursion curve defined in Figure 1 assumes that the corresponding transmission system voltage remains within scheduled limits.

c) The Generator Owner can demonstrate coordination with transmission system UFLS schemes through the development of a coordination curve (reference Figure 2).
d) If generator protection schemes are set such that the generator would not be expected to stay on line for the frequency excursion curve shown in Figure 1, the Generator Owner should investigate if the schemes can be relaxed without exposing the generator to potential damage.  This could include consultation with the Original Equipment Manufacturer.  If the protection schemes cannot be adjusted such that the generator would stay on line for the frequency excursion shown in Figure 1, the Generator Owner should request a Variance (reference Section B). 
e) To reasonably assure the generators capability to remain on-line during the frequency excursion defined in Figure 1, expected performance of the following systems should be evaluated:

(1) Turbine Generator protection

Specific protective relays that should be checked for coordination with the frequency excursion defined in Figure 1 include turbine frequency protection and volts per hertz.

(2) Nuclear Power Plant Systems
Systems that are both unique to Nuclear power plant systems and are potentially sensitive to under frequency excursions should be checked for coordination with the frequency excursion defined in Figure 1.  These systems include Reactor Coolant Pumps for PWRs and Reactor Recirc Pumps for BWRs.
f) To ensure coordination with generator turbine underfrequency protection schemes, UFLS schemes are expected to be designed to initiate load shed for frequency excursions which are less severe than the curve defined in Figure 1.  In order to show the coordination, the Transmission Owner is required to develop a coordination curve – an example is shown in Figure 3.  This activity should occur at the same time that the UFLS scheme review of the set points and timing is conducted per NERC Reliability Standard PRC-006 R.1.4.1.  [Ref. PRC-024, R2.1.]
2. Voltage Excursion Requirements
a) To ensure the interconnected transmission system is planned appropriately per the requirements in TPL-001 through TPL-004, generator  protection schemes are expected to be set such that the generator would have sufficient LVRT capability to remain on-line when subjected to the voltage excursion curve defined in Figure 4 [Ref. PRC-024, R1]
b) The process of determining coordination with the voltage excursion curve defined in Figure 4 assumes that the corresponding transmission system frequency remains at 60 Hertz.
c) The SERC under-voltage excursion curve, shown in Figure 4, is defined at the generator’s highside transmission bus.  Note that the time at Voltage 0 in Figure 4 would typically be dictated by transient stability limits.  If the LVRT Capability of the generator corresponds to a Voltage 0 time which is less than the transient stability limit, the Generator Owner should work with the Transmission Owner to determine if any additional action is required.
d) The technical drivers dictating the flat and then gradual recovery to 80% within 2 seconds depicted on the generator LVRT curve in Figure 4 include:
(1) Captured event data verify that fault activity resulting in similar voltage signatures as depicted in Figure 4 have occurred in SERC as a result of fault activity.
(2) In order to design secure UVLS safety net schemes, SERC utilities have installed UVLS schemes with logic to trip load include time delays from approximately 1 to just beyond 2.0 seconds.  Thus, a minimum LVRT of 2.0 seconds is required.

(3) Detailed dynamic simulations consistently confirm that the transmission system does not have to be significantly further stressed to transition from a delayed voltage recovery of 2 second at the highside of generation plants to a “no recovery” wide area fast voltage collapse scenario. Therefore, if critical generation units trip before UVLS schemes can operate, the transmission system will have exposure to credible wide area voltage collapse scenarios that may or may not be contained to a control area.

e) To reasonably assure the generators LVRT Capability to withstand the voltage excursion defined in Figure 4, expected response to the voltage excursion by the following systems should be evaluated:
(1) Station Service Bus Under Voltage Relays

All station service under voltage relays which protect buses and/or individual loads that contain known loads critical to the generator remaining on-line should coordinate with the under-voltage excursion curve depicted in Figure 4.

(2) Generator Under Voltage Relays
The settings of any generator under voltage relay should coordinate with the under-voltage excursion curve depicted in Figure 4.

(3) Loss of Field and/or Power Potential Source Exciter PPT Secondary Relaying

The setting of any loss of field and/or power potential source exciter PPT secondary relay(s) should be checked for coordination with the under-voltage excursion curve depicted in Figure 4.

(4) Generator Backup relays (Overcurrent and/or Distance)
Suggested screening method for Generator Backup Distance relay: 1) Note the time delay. 2) Note the per unit voltage at the time delay noted in Step 1. 3) Calculate the corresponding impedance seen by the relay.  Note that an increase in per unit voltage can generally be assumed on the low side of the generator GSU.

(5) Nuclear Power Plant Loss of Offsite Power Relays.

f) If generators are unable to withstand the under-voltage excursion shown in Figure 4, the Generator Owner should investigate the possibility of increasing the LVRT Capability of the Generators.  If the voltage excursion withstand capability cannot be adjusted such that the generator would be expected to remain on line for the under-voltage excursion shown in Figure 4, the Generator Owner should request a Variance (reference Section B).
g) To ensure coordination between generator unit and transmission protection, the Transmission Owner and the Generator Owner should exchange relay setting information and develop coordination plots.  These coordination plots should depict generator back-up protection and transmission system back-up protection, including UVLS protection, as appropriate. [Ref. PRC-024, R2.2]  

3. SERC Documentation Requirements
a) SERC shall provide documentation of its excursion requirements, exemptions, and variance procedure to the Transmission Owners and Generator Owners within its Region within 30 calendar days of approval. [Ref. PRC-024, R5]
b) SERC shall, at least every five years, review and, as necessary, update its requirements, exemption criteria, and variance procedure. [Ref. PRC-024, R6]
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Proposed UF Excursion Curve and 

Example Generator Turbine UF Relay Charateristic Plot
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Proposed UF Excursion Curve and 

Example UFLS Relay Charateristic Plot



54

54.5

55

55.5

56

56.5

57

57.5

58

58.5

59

59.5

60

1 10 100 1000 10000

Accumulated Time (Cycles)

Frequency (Hz)




[image: image5]

[image: image6.emf]A.   Introduction   1.   Title:   Generator Performance During Frequency and Voltage Excursions       2.   Number:   PRC - 0 24 - 1     3.   Purpose:   To ensure that generators remain connected to the electrical grid during voltage  and frequency excursions and are not normally tripped manually  or by preset protection  schemes during  frequency  and  voltage  excursions.     4.   Applicability   4.1.   Regional Reliability Organization s.   4.2.   Generator Owners.   4.3.   Transmission Owners.     5.   Proposed Effective Date s :   To be determined:   R equirement  1 through R equirement  6  –   One year b eyond Board of Trustee adoption   R equirement  7  –  Two years beyond Board of Trustee adoption       B.   Requirements   R1.   The Regional Reliability Organization shall establish  requirements for generators to remain  connected during   system  frequency and voltage  excursions e xpressed as a function of:   R1.1.   Time duration in seconds or cycles.   R1.2.   Amplitude or magnitude of the excursion.   R1.3.   Relationship between time and amplitude or magnitude.   R2.   The Regional Reliability Organization shall establish  and maintain requirements for generators  to  remain connected during  frequency and voltage excursions . These requirements shall  include:   R2.1.   Coordination between the generator under frequency protection and the regional  Under Frequency Load Shedding (UFLS) program.   R2.2.   Coordination of generator protection, i ncluding  back - up  protection, with transmission  Protection Systems.   R3.   The Regional Reliability Organization shall establish and maintain criteria for exemptions to  any of the regional requirements established in accordance with R1 and R2.   R4.   The Regional Reliabi lity Organization shall establish and maintain a procedure for handling  variances (i.e., different criteria or methods) from the Regional Reliability Organization‘s  requirements established in R1 and R2, including steps for requesting and approving such  va riances.    R5.   The Regional Reliability Organization shall provide documentation of its excursion  requirements, exemptions, and variance procedure to the Transmission Owners and Generator  Owners within its Region within 30 calendar days of approval.     R6.   The Regio nal Reliability Organization shall, at least every five years, review and, as necessary,  update its requirements, exemption criteria, and variance procedure.   R7.   Generator Owners and Transmission Owners shall comply with the regional requirements for  coordinat ion of generator protection defined in  R 2 and any approved variances.     



[image: image7.emf]A.   Measures   M1.   The Regional Reliability Organization shall, within 30 calendar days of a request, provide  NERC with its requirements, exemption criteria, and variance procedure for generators to  withstand excursions in voltage and frequency.   M2.   The Regional Reliabi lity Organization shall have evidence it provided the requirements,  criteria and procedures to the Transmission  Owner s and Generator  Owner s within its Region   within 30 calendar days of approval.   M3.   The Regional Reliability Organization shall have evidence it  reviewed and updated its  requirements, criteria and procedures as required in R 6.   M4.   Generator Owners and Transmission Owners shall, within 30 calendar days of a request,  provide the Regional Reliability Organization with documentation that it met the regiona l  requirements for coordination of generator protection defined in R1 and R2 and any approved  regional variances.  


0.5





Proposed SERC


Generator Voltage Excursion Curve





0





0.0





-0.25





1.0





2.0





1.0





Time (seconds)





0.8





0.4





Figure 4





Voltage (per unit, high-side of GSU)





Figure 1





Figure 2





Figure 3


























Turbine generator would remain on-line when subjected to the frequency shown by the red line





Turbine generator under frequency protective relay trip set point is shown by the bottom (blue) line





Transmission Owner UFLS frequency is shown by the top (blue) line








Turbine generator would remain on-line when subjected to the GSUT high side voltage shown
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A. Introduction


1. Title:
Generator Performance During Frequency and Voltage Excursions




2. Number:
PRC-024-1



3. Purpose:
To ensure that generators remain connected to the electrical grid during voltage and frequency excursions and are not normally tripped manually or by preset protection schemes during frequency and voltage excursions.



4. Applicability


4.1. Regional Reliability Organizations.

4.2. Generator Owners.

4.3. Transmission Owners. 

5. Proposed Effective Dates:
To be determined:


Requirement 1 through Requirement 6 – One year beyond Board of Trustee adoption

Requirement 7 – Two years beyond Board of Trustee adoption




B. Requirements


R1. The Regional Reliability Organization shall establish requirements for generators to remain connected during system frequency and voltage excursions expressed as a function of:


R1.1. Time duration in seconds or cycles.


R1.2. Amplitude or magnitude of the excursion.


R1.3. Relationship between time and amplitude or magnitude.


R2. The Regional Reliability Organization shall establish and maintain requirements for generators to remain connected during frequency and voltage excursions. These requirements shall include:

R2.1. Coordination between the generator under frequency protection and the regional Under Frequency Load Shedding (UFLS) program.


R2.2. Coordination of generator protection, including back-up protection, with transmission Protection Systems.

R3. The Regional Reliability Organization shall establish and maintain criteria for exemptions to any of the regional requirements established in accordance with R1 and R2.


R4. The Regional Reliability Organization shall establish and maintain a procedure for handling variances (i.e., different criteria or methods) from the Regional Reliability Organization‘s requirements established in R1 and R2, including steps for requesting and approving such variances. 


R5. The Regional Reliability Organization shall provide documentation of its excursion requirements, exemptions, and variance procedure to the Transmission Owners and Generator Owners within its Region within 30 calendar days of approval.  


R6. The Regional Reliability Organization shall, at least every five years, review and, as necessary, update its requirements, exemption criteria, and variance procedure.


R7. Generator Owners and Transmission Owners shall comply with the regional requirements for coordination of generator protection defined in R2 and any approved variances.  
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A. Measures


M1. The Regional Reliability Organization shall, within 30 calendar days of a request, provide NERC with its requirements, exemption criteria, and variance procedure for generators to withstand excursions in voltage and frequency.


M2. The Regional Reliability Organization shall have evidence it provided the requirements, criteria and procedures to the Transmission Owners and Generator Owners within its Region within 30 calendar days of approval.


M3. The Regional Reliability Organization shall have evidence it reviewed and updated its requirements, criteria and procedures as required in R6.


M4. Generator Owners and Transmission Owners shall, within 30 calendar days of a request, provide the Regional Reliability Organization with documentation that it met the regional requirements for coordination of generator protection defined in R1 and R2 and any approved regional variances.



