Compliance Templates
III.  System Protection and Control

NERC Planning Standards
E.  Undervoltage Load Shedding

October 9, 2000

(Revisions to the July 14, 1998 Version)

Introduction

Electric systems that experience heavy loadings on transmission facilities with limited reactive power control can be vulnerable to voltage instability.  Such instability can cause tripping of generators and transmission facilities resulting in loss of customer demand as well as system collapse.  Since voltage collapse can occur suddenly, there may not be sufficient time for operator actions to stabilize the systems.  Therefore, a load shedding scheme that is automatically activated as a result of undervoltage conditions in portions of a system can be an effective means to stabilize the interconnected systems and mitigate the effects of a voltage collapse.

It is imperative that undervoltage relays be coordinated with other system protection and control devices used to interrupt electric supply to customers.

Brief Description
Undervoltage load shedding program documentation.

Category
Documentation

Section


III.   System Protection and Control


E.   Undervoltage Load Shedding

Standards
S1.
Automatic undervoltage load shedding (UVLS) programs shall be planned and implemented in coordination with other UVLS programs in the Region and, where  appropriate, with neighboring Regions.

S2.
All UVLS programs shall be coordinated with generation control and protection systems, underfrequency load shedding programs, Regional load restoration programs, and transmission protection and control programs.

Measurement

M1.
Those entities owning or operating UVLS programs shall document their UVLS programs including descriptions of the following design details:  size of customer demand (load) blocks (% of connected load), corresponding voltage set points, relay and breaker operating times, intentional delays, related generation protection, islanding schemes, automatic load restoration schemes, or any other schemes that are part of or impact the UVLS programs.

Documentation of the UVLS programs shall be provided to the appropriate Regions and NERC on request (five business days). 

Applicable to
UVLS owners and operators.

Items to be Measured
Documentation of UVLS program design details.

Timeframe
On request (five business days).
Levels of Non-Compliance

Level 1
Documentation of the UVLS program was provided, but was incomplete.

Level 2

Not applicable.


Level 3


Not applicable.


Level 4

Documentation of the UVLS program was not provided.

Compliance Monitoring Responsibility
Regions.

Reviewer Comments on Compliance Rating

Brief Description
Undervoltage load shedding program database.

Category
Database
Section


III.   System Protection and Control


E.   Undervoltage Load Shedding

Standard


S1.
Automatic undervoltage load shedding (UVLS) programs shall be planned and implemented in coordination with other UVLS programs in the Region and, where  appropriate, with neighboring Regions.

Measurement
M2.
Each Region shall maintain and annually update an UVLS program database. This database shall include sufficient information to model the UVLS program in dynamic simulations of the interconnected transmission systems, including the following items:

1)
Type of UVLS equipment,


2)
Voltage set point(s),


3)
Time delay from initiation to trip signal, and


4)
Amount of demand interrupted at peak or other specified level.


While the database shall be updated annually, the current database shall be provided to NERC on request (within 30 business days).
Applicable to
Regions.

Items to be Measured
UVLS program database. 

Timeframe

Database to be updated annually.

Current database on request (30 business days).

Levels of Non-Compliance
Level 1

A UVLS program database was provided, but was incomplete. 

Level 2

Not applicable.


Level 3


Not applicable.


Level 4

A UVLS program database was not provided.

Compliance Monitoring Responsibility
NERC.

Reviewer Comments on Compliance Rating

Brief Description
Technical assessment of the design and effectiveness of UVLS programs.

Category
Assessment

Section


III.   System Protection and Control 

E.   Undervoltage Load Shedding

Standard
S1.
Automatic undervoltage load shedding (UVLS) programs shall be planned and implemented in coordination with other UVLS programs in the Region and, where  appropriate, with neighboring Regions.

S2.
All UVLS programs shall be coordinated with generation control and protection systems, underfrequency load shedding programs, Regional load restoration programs, and transmission protection and control programs.

Measurement
M3.
Those entities owning or operating UVLS programs shall periodically (at least every five years or as required by changes in system conditions) conduct and document a technical assessment of the effectiveness of the design and implementation of their UVLS programs.  This technical assessment shall address coordination of the UVLS programs with other protection and control systems in the Region and with other Regions, as appropriate.  Documentation of the current UVLS technical assessment shall be provided to the appropriate Regions and NERC on request (30 business days).

Applicable to
UVLS owners and operators.

Items to be Measured
Technical assessment of the design and effectiveness of UVLS programs.

Timeframe
Technical assessments every five years or as required by system changes.

Current technical assessment on request (30 business days).

Levels of Non-Compliance
Level 1

A technical assessment of the UVLS programs was provided, but was incomplete.

Level 2

Not applicable.

Level 3

Not applicable.

Level 4
A technical assessment of the UVLS programs was not provided.

Compliance Monitoring Responsibility

Regions.

Reviewer Comments on Compliance Rating

Brief Description
Implementation and documentation of UVLS equipment maintenance program.

Category
Maintenance program documentation

Section


III.   System Protection and Control


E.   Undervoltage Load Shedding

Standard
S1.
Automatic undervoltage load shedding (UVLS) programs shall be planned and implemented in coordination with other UVLS programs in the Region and, where  appropriate, with neighboring Regions.
Measurement
M4.
Those entities owning or operating UVLS programs shall document and implement a maintenance program to test and calibrate their UVLS relays to ensure accuracy and reliable operation.  Documentation of the maintenance program shall include protection system identification, summary of testing procedure, frequency of testing, and date last tested.  Documentation demonstrating implementation of the maintenance program shall be provided to the appropriate Regions and NERC on request. 

Applicable to
UVLS owners and operators.

Items to be Measured
Each entity’s UVLS equipment maintenance program.

Timeframe
On request (30 business days).
Levels of Non-Compliance
Level 1

Documentation demonstrating implementation of a UVLS maintenance program was provided, but was incomplete. 

Level 2

Not applicable.

Level 3

Not applicable.

Level 4
Documentation demonstrating implementation of a UVLS maintenance program was not provided.

Compliance Monitoring Responsibility

Regions.

Reviewer Comments on Compliance Rating

Brief Description
Analysis and documentation of UVLS program performance.

Category
UVLS program performance

Section


III.   System Protection and Control


E.   Undervoltage Load Shedding

Standard 

S1.
Automatic undervoltage load shedding (UVLS) programs shall be planned and implemented in coordination with other UVLS programs in the Region and, where  appropriate, with neighboring Regions.
Measurement
M5.
Those entities owning or operating an UVLS program shall analyze and document all UVLS operations, misoperations, and failures to operate.  Documentation of the analysis shall include a review of the UVLS set points and tripping times and a summary of the findings.  This documentation shall be provided to the appropriate Regions and NERC on request (30 business days).
Applicable to
UVLS owners and operators.

Items to be Measured
Analysis of UVLS program performance. 

Timeframe
On request (30 business days).
Levels of Non-Compliance
Level 1

An analysis of UVLS operations, misoperations, and failures to operate was provided but was incomplete.

Level 2

Not applicable.

Level 3

Not applicable.


Level 4


An analysis of UVLS program performance was not provided.

Compliance Monitoring Responsibility
Regions.

Reviewer Comments on Compliance Rating

III.
System Protection and Control

E.
Undervoltage Load Shedding

G1.
UVLS programs should be coordinated with other system protection and control programs (e.g., timing of line reclosing, tap changing, overexcitation limiting, capacitor bank switching, and other automatic switching schemes).

G2.
Automatic UVLS programs should be coordinated with manual load shedding programs.

G3.
Manual load shedding programs should not include, to the extent possible, customer demand that is part of an automatic UVLS program.

G4.
Assessments of UVLS programs should include system dynamic simulations that represent generator overexcitation limiters, load restoration dynamics (tap changing, motor dynamics), and shunt compensation switching.

G5.
Plans to shed load automatically should be examined to determine if acceptable overfrequency, overvoltage, or transmission overloads might result.  Potential unacceptable conditions should be mitigated.



If overfrequency is likely, the amount of load shed should be reduced or automatic overfrequency load restoration should be provided.



If overvoltages are likely, the load shedding program should be modified (e.g., change the geographic distribution) or mitigation measures (e.g., coordinated tripping of shunt capacitors or reactors) should be implemented to minimize that probability.



If transmission capabilities will likely be exceeded, the underfrequency relay settings (e.g., location, trip frequency, or time delay) should be altered or other actions taken to maintain transmission loadings within capabilities.
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