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Introduction
Sufficient reactive resources must be located throughout the electric systems, with a balance between static and dynamic characteristics.  Both static and dynamic reactive power resources are needed to supply the reactive power requirements of customer demands and the reactive power losses in the transmission and distribution systems, and provide adequate system voltage support and control.  They are also necessary to avoid voltage instability and widespread system collapse in the event of certain contingencies.  Transmission systems cannot perform their intended functions without an adequate reactive power supply. 

Dynamic reactive power support and voltage control are essential during power system disturbances.  Synchronous generators, synchronous condensers, and static var compensators (SVCs and STATCOMs) can provide dynamic support.  Transmission line charging and series and shunt capacitors are also sources of reactive support, but are static sources.

Reactive power sources must be distributed throughout the electric systems among the generation, transmission, and distribution facilities, as well as at some customer locations.  Because customer reactive demands and facility loadings are constantly changing, coordination of distribution and transmission reactive power is required.  Unlike active or real power (MWs), reactive power (Mvars) cannot be transmitted over long distances and must be supplied locally.

Brief Description
Adequate voltage resources to meet future customer demands.
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Standard
S1.
Reactive power resources, with a balance between static and dynamic characteristics, shall be planned and distributed throughout the interconnected transmission systems to ensure system performance as defined in Categories A, B, and C of Table I in the I.A. Standards on Transmission Systems.

Measurement
M1.
Entities responsible for the reliability of the interconnected transmission systems shall conduct assessments (at least every five years or as required by changes in system conditions) to ensure reactive power resources are available to meet projected customer demands, firm (non-recallable) electric power transfers, and the system performance requirements as defined in Categories A, B, and C of Table I of the I.A. Standards on Transmission Systems.  Documentation of these assessments shall be provided to the Regions and NERC on request. 

Applicable to
Entities responsible for the reliability of the interconnected transmission systems.

Items to be Measured
Assessment of reactive power resources.

Timeframe
Every five years or as required by system conditions.

Full (100%) Compliance Requirements
The entities shall assess reactive power resources to ensure that adequate reactive resources are available to meet future system performance requirements.  These assessment shall demonstrate that system performance is consistent with Categories A, B, and C of Table I of Standard I.A.  Additionally, the assessments should address how known changes in system conditions may affect system reliability.  These assessments shall be conducted every five years or as required by system conditions.  The current assessment results shall be provided to the Regions and NERC on request (within 30 days).

Levels of Non-Compliance

Level 1


Assessments of reactive power resources were provided on schedule, but were incomplete in one or more areas.


Level 2


Assessments of reactive power resources were not provided on schedule, but were complete when submitted.


Level 3


Assessments of reactive power resources were not provided on schedule, and were incomplete in one or more areas when submitted.


Level 4


Assessments of reactive power resources were not provided.

Compliance Monitoring Responsibilities
Regions.

Reviewer Comments on Compliance Rating

Brief Description
Coordinate and optimize the use of generator reactive capability.
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Standard

S1.
Reactive power resources, with a balance between static and dynamic characteristics, shall be planned and distributed throughout the interconnected transmission systems to ensure system performance as defined in Categories A, B, and C of Table I in the I.A. Standards on Transmission Systems.

Measurement

M2.
Generation owners and transmission providers shall work jointly to optimize the use of generator reactive power capability. These joint efforts shall include:

a. Coordination of generator step-up transformer impedance and tap specifications and settings,

b. Calculation of underexcited limits based on machine thermal and stability considerations, and

c. Ensuring that the full range of generator reactive power capability is available for applicable normal and emergency network voltage ranges.

Applicable to
Generation owners and transmission providers.

Items to be Measured
Generator reactive power capability.

Timeframe
Every five years or as required by changes in generator equipment or system conditions.

Full (100%) Compliance Requirements
Transmission providers and generator owners shall coordinate on optimizing the amount of generator reactive power capability available for use by the transmission network.  These efforts should address items such as generator step-up transformers impedance, transformer tap specifications and settings, as well as the calculation of underexcited limits, and other generator thermal and stability considerations. 

Transmission providers should generally perform an initial coordination assessment when all required data has been received from the generator owners.  Follow-on coordination assessments should be performed at least every five years or when warranted by changes in generation equipment or system conditions.  The current assessment results shall be provided to the Regions and NERC on request (within 30 days).

Levels of Non-Compliance

Level 1


Assessments for the optimum use of generator reactive capability were provided on schedule, but were incomplete in one or more areas.


Level 2


Assessments for the optimum use of generator reactive capability were not provided on schedule, but were complete when submitted.


Level 3


Assessments for the optimum use of generator reactive capability were not provided on schedule, and were incomplete in one or more areas when submitted.


Level 4


Assessments for the optimum use of generator reactive capability were not provided.

Compliance Monitoring Responsibility

Regions.

Reviewer Comments on Compliance Rating
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G1.
Transmission owners should plan and design their reactive power facilities so as to ensure adequate reactive power reserves in the form of dynamic reserves at synchronous generators, synchronous condensers, and static var compensators (SVCs and STATCOMs) in anticipation of system disturbances.  For example, fixed and mechanically-switched shunt compensation should be used to the extent practical so as to ensure reactive power dynamic reserves at generators and SVCs to minimize the impact of system disturbances.

G2.
Distribution entities and customers connected directly to the transmission systems should plan and design their systems to operate at close to unity power factor to minimize the reactive power burden on the transmission systems.

G3.
At continuous rated power output, new synchronous generators should have an overexcited power factor capability, measured at the generator terminals, of 0.9 or less and an underexcited power factor capability of 0.95 or less.  




If a synchronous generator does not meet this requirement, the generation owner should 




make alternate arrangements for supplying an equivalent dynamic reactive power 




capability to meet the area’s reactive power requirements.

G4.
Reactive power compensation should be close to the area of high reactive power consumption or production.

G5.
A balance between fixed compensation, mechanically-switched compensation, and continuously-controlled equipment should be planned.  

G6.
Voltage support and voltage collapse studies should conform to Regional guidelines. 

G7.
Power flow simulation of contingencies, including P-V and V-Q curve analyses, should be used and verified by dynamic simulation when steady-state analyses indicate possible insufficient voltage stability margins.

G8.
Consideration should be given to generator shaft clutches or hydro water depression capability to allow generators to operate as synchronous condensers.
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