Compliance Templates
III.  System Protection and Control

NERC Planning Standards
D.  Underfrequency Load Shedding

Introduction
A coordinated automatic underfrequency load shedding (UFLS) program is required to help preserve the security of the generation and interconnected transmission systems during major declining system frequency events.  Such a program is essential to minimize the risk of total system collapse, protect generating equipment and transmission facilities against damage, provide for equitable load shedding (interruption of electric supply to customers), and help ensure the overall reliability of the interconnected systems.

Load shedding resulting from a system underfrequency event should be controlled so as to balance generation and customer demand (load), permit rapid restoration of electric service to customer demand that has been interrupted, and when necessary re-establish transmission interconnection ties.

Brief Description
Development and documentation of Regional underfrequency load shedding (UFLS) programs coordinated within and among Regions.

Category
Process, data, and assessment

Section
III.   System Protection and Control
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Standards

S1.  
A Regional UFLS program shall be planned and implemented in coordination with other UFLS programs, if any, within the Region and, where appropriate, with neighboring Regions. The Regional UFLS program shall be coordinated with generation control and protection systems, undervoltage and other load shedding programs, Regional load restoration programs, and transmission protection and control systems.

Measurement
M1.  
Each Region shall develop, coordinate, and document a Regional UFLS program, which shall include the following:


a. 
Requirements for coordination of UFLS programs within the subregions, Region, and, where appropriate, among Regions.


b.
Design details including size of coordinated load shedding blocks (% of connected load), corresponding frequency set points, intentional delays, related generation protection, tie tripping schemes, islanding schemes, automatic load restoration schemes, or any other schemes that are part of or impact the UFLS programs.

c.
A Regional UFLS program database.  This database shall be updated as specified in the Regional program (but at least every five years) and shall include sufficient information to model the UFLS program in dynamic simulations of the interconnected transmission systems. 

d.
Technical assessment and documentation of the effectiveness of the design and implementation of the Regional UFLS program.  This technical assessment shall be conducted periodically and shall (at least every five years or as required by changes in system conditions) include, but not be limited to:


1.
A review of the frequency set points and timing, and 



2.
Dynamic simulation of possible disturbance that cause the Region or portions of the Region to experience the largest imbalance between demand (load) and generation.

e.
Determination, as appropriate, of maintenance, testing, and calibration requirements by member systems.

Documentation of each Region’s UFLS program and its database information shall be current and provided to NERC on request (within 30 days).  Documentation of the current technical assessment of the UFLS program shall also be provided to NERC on request (within 30 days).
Applicable to
Regions.

Items to be Measured
The documentation and coordination of Regional UFLS programs.

Timeframe
On request (within 30 days) for the program, database, and results of technical assessments.

Levels of Non-Compliance

Level 1

Documentation demonstrating the coordination of the Regional UFLS program was incomplete in one or more requirements of Measurement M1.

Level 2

Not applicable.

Level 3

Not applicable.

Level 4

Documentation demonstrating the coordination of the Regional UFLS program was not provided.

Compliance Monitoring Responsibility

NERC.

Reviewer Comments on Compliance Rating

Brief Description
Assuring consistency of entity UFLS programs with Regional UFLS requirements.

Category
Assessment

Section
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Standard
S1.  
A Regional UFLS program shall be planned and implemented in coordination with other UFLS programs, if any, within the Region and, where appropriate, with neighboring Regions. The Regional UFLS program shall be coordinated with generation control and protection systems, undervoltage and other load shedding programs, Regional load restoration programs, and transmission protection and control systems.

Measurement
M2.  
Those entities owning or operating an UFLS program shall ensure that their programs are consistent with Regional UFLS program requirements as specified in Measurement M1.  Such entities shall provide and annually update their UFLS data as necessary for the Region to maintain and update an UFLS program as specified in Measurement M1.

The documentation of an entity’s UFLS program shall be provided to the Region on request (within 30 days).

Applicable to
Entities owning, operating, or required (by the Regions) to have an UFLS program.

Items to be Measured
Consistency of entity’s UFLS program with Regional UFLS requirements.

Timeframe
On request (within 30 days).

Levels of Non-Compliance
Level 1

Evaluations of entity UFLS programs for consistency with the Regional UFLS program were incomplete in one or more requirements of Measurement M1.

Level 2

Not applicable.

Level 3

Not applicable.
Level 4

Evaluations of entity UFLS programs for consistency with the Regional UFLS program were not provided.

Compliance Monitoring Responsibility

Regions.

Reviewer Comments on Compliance Rating
Brief Description
Implementation and documentation of UFLS equipment maintenance program.

Category
Process

Section
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Standard
S1.
A Regional UFLS program shall be planned and implemented in coordination with other UFLS programs, if any, within the Region and, where appropriate, with neighboring Regions.  The Regional UFLS program shall be coordinated with generation control and protection systems, undervoltage and other load shedding programs, Regional load restoration programs, and transmission protection and control systems.

Measurement
M3.
UFLS equipment owners shall have an UFLS equipment maintenance and testing program in place.  This program shall include UFLS equipment identification, the schedule for UFLS equipment testing, and the schedule for UFLS equipment maintenance. 
These programs shall be maintained and documented, and the results of implementation shall be provided to the Regions and NERC on request (within 30 days).

Applicable to
Entities owning, operating, or required (by the Regions) to have UFLS equipment.

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

Timeframe
On request (within 30 days).

Levels of Non-Compliance
Level 1

Documentation of the UFLS equipment maintenance and testing program was provided, but records indicate that implementation was not on schedule .

Level 2

Documentation of the UFLS equipment maintenance and testing program was incomplete, but records indicate implementation was on schedule.

Level 3

Documentation of the UFLS equipment maintenance and testing program was incomplete, and records indicate implementation was not on schedule.

Level 4

No documentation of the UFLS equipment maintenance or testing program or its implementation was provided.

Compliance Monitoring Responsibility

Regions.
Reviewer Comments on Compliance Rating
Brief Description
Analysis and documentation of UFLS program performance.

Category
Assessment

Section
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Standard
S1. 
A Regional UFLS program shall be planned and implemented in coordination with other UFLS programs, if any, within the Region and, where appropriate, with neighboring Regions. The Regional UFLS program shall be coordinated with generation control and protection systems, undervoltage and other load shedding programs, Regional load restoration programs, and transmission protection and control systems.

Measurement
M4. 
Those entities owning or operating UFLS programs shall analyze and document  their UFLS program performance in accordance with Standard III.D. S1-S2, M1, including the performance of UFLS equipment and program effectiveness following system events resulting in system frequency excursions below the initializing set points of the UFLS program.  The analysis shall include, but not be limited to:

1)
A description of the event including initiating conditions

2)
A review of the UFLS set points and tripping times

3)
A simulation of the event

4)
A summary of the findings

Documentation of the analysis shall be provided to the Regions and NERC on request 90 days after the system event.

Applicable to
Entities owning, operating, or required (by the Regions) to have an UFLS program.

Items to be Measured
Analysis of UFLS program performance for underfrequency events below the UFLS set points.

Timeframe
On request 90 days after the system event.

Levels of Non-Compliance
Level 1

Analysis of UFLS program performance following an actual underfrequency event below the UFLS set point(s) was incomplete in one or more requirements of Measurement M4.

Level 2

Not applicable.

Level 3

Not applicable.

Level 4

Analysis of UFLS program performance following an actual underfrequency event below the UFLS set point(s) was not provided.

Compliance Monitoring Responsibility

Regions.
Reviewer Comments on Compliance Rating
III.
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G1.
The UFLS programs should occur in steps related to frequency or rate of frequency decay as determined from system simulation studies.  These studies are critical to coordinate the amount of load shedding necessary to arrest frequency decay, minimize loss of load, and permit timely system restoration.  

G2.
The UFLS programs should be coordinated with generation protection and control, undervoltage and other load shedding programs, Regional load restoration programs, and transmission protection and control.

G3.
The technical assessment of UFLS programs should include reviews of system design and dynamic simulations of disturbances that would cause the largest expected imbalances between customer demand and generation.  Both peak and off-peak system demand levels should be considered.  The assessments should predict voltage and power transients at a widespread number of locations as well as the rate of frequency decline, and should reflect the operation of underfrequency sensing devices.  Potential system separation points and resulting system islands should be determined.

G4.

Except for qualified automatic isolation plans, the opening of transmission interconnections by underfrequency relaying should be considered only after the 



coordinated load shedding program has failed to arrest system frequency decline 



and intolerable system conditions exist.

G5.
A generation-deficient entity may establish an automatic islanding plan in lieu of automatic load shedding, if by doing so it removes the burden it has imposed on the transmission systems.  This islanding plan may be used only if it complies with the Regional UFLS program and leaves the remaining interconnected bulk electric systems intact, in demand and generation balance, and with no unacceptable high voltages.

G6.
In cases where area isolation with a large surplus of generation compared to demand can be anticipated, automatic generator tripping or other remedial measures should be considered to prevent excessive high frequency and resultant uncontrolled generator tripping and equipment damage.

G7.
UFLS relay settings and the underfrequency protection of generating units as well as any other manual or automatic actions that can be expected to occur under conditions of frequency decline should be coordinated.

G8.
The UFLS program should be separate, to the extent possible, from manual load shedding schemes such that the same loads are not shed by both schemes.

G9.
Generator underfrequency protection should not operate until the UFLS programs have operated and failed to maintain the system frequency at an operable level.  This sequence of operation is necessary both to limit the amount of load shedding required and to help the systems avoid a complete collapse.  Where this sequence is not possible, UFLS 



programs should consider and compensate for any generator whose underfrequency protection is required to operate before a portion of the UFLS program.

G10.
Plans to shed load automatically should be examined to determine if unacceptable 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 insertion 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.

G11.
Where the UFLS program fails to arrest frequency decline, generators may be isolated with local load to minimize loss of generation and enable timely system restoration. 
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