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ERCOT Nuclear Plants

Voltage Study Scope
Background

Nuclear plant operators are required to meet certain licensing commitments determined by the Nuclear Regulatory Commission (NRC).  One specific commitment the NRC places on nuclear plants is that the voltage levels at the safety-related busses should be maintainable within a band specified by low and high limits during certain operating conditions of plant generation and plant load following specified contingency events. This study must include assessment of conditions/contingencies as per each nuclear plant's safety criteria and confirm compliance with voltage limits as specified by each nuclear plant or explicitly identify any exceptions found by the study. Study results must identify required operating limits for bus voltages in the vicinity to ensure nuclear plant safety requirements at each plant site under post contingency conditions.
A voltage analysis was performed in accordance with NRC requirements (Branch Technical Position PSB-1) by the nuclear plant operator.  Optimum transformer tap settings have been selected based on the results of the analysis which calculates bus and terminal voltage levels for various worst case plant operating modes and loading conditions.  In the analysis, particular emphasis is placed on analyzing the voltage levels at those loads which are susceptible to voltage variations in the offsite system.  The anticipated range of voltage variations of the offsite power sources is specified in the nuclear plant’s operating license approved by the NRC.  In reality, as long as one nuclear unit is on-line, the offsite system voltage is controlled primarily by the local generator, and low or high voltage problems are unlikely.  However, if all nuclear units are off-line the local bus voltage is now completely dependent on the transmission system to maintain the voltage within the anticipated range.  Therefore, ERCOT and the transmission service provider(s) (TSP) to which the nuclear plant is connected must perform transmission network studies to assess compliance with NRC licensing commitments.  The method for performing such studies is the subject of this study scope.
Nuclear Plant Data Requirements
1. Required minimum and maximum voltages required at safety-related busses.  Typical ranges, such as from 0.95-1.05p.u., are not necessarily appropriate for this particular study.  Nuclear plant voltages can be much more stringent.

2. Worst case Nuclear plant load conditions with units off-line.  The amount of load can be substantial and can significantly affect the study results.

 Study Assumptions
1. Base case(s) to be used.  Low voltage problems will typically occur during high system load conditions, while high voltage problems will typically occur during low load conditions, so each condition must be studied.
2. Verify key modeling parameters for this specific type of analysis.  Key parameters include scheduled voltages of neighboring generating units, reactive capability of generating units, power factor of loads, and inclusion of planned capacitor banks and other reactive resources in planning cases.

3. Turn off nuclear units.  Determine how to make up the generation.  This assumption could materially affect the study results, so it may be appropriate to study alternative scenario(s).

4. Determine contingencies to be studied.  Study loss of (1) any double circuit line reasonably expected to materially affect nuclear plant switchyard voltage, or (2) any nearby generating unit.  Contingency types (1) and (2) are not studied simultaneously.
Study Scope
1. A study should be performed for each nuclear plant once a year.

2. Each study will be submitted to the appropriate Regional Planning Group for review and comment.

3. The study will only analyze steady-state voltage conditions at the nuclear plant bus while applying contingencies defined above.

4. Static loads as modeled in the ERCOT base cases should be sufficient for this study.  Dynamic load models would be important if transient voltage stability were to be studied.

5. All self-serve industrial customers located in close proximity to a nuclear plant must be modeled with reasonable accuracy.  Sensitivity analysis may be necessary to accurately gauge the effect of the self-serve customer on the voltage at the nuclear plant bus.
6. Accurate generating plant reactive capabilities must be modeled to produce meaningful results.  It is assumed that the base cases created by the Steady-State Working Group reflect realistic reactive limits; however, if the situation arises where generator limits are not reflected in the base cases, the more appropriate values should be used in this study.

7. Model system conditions outlined above with applicable nuclear plant load data and simulate contingencies outlined above.
8. If voltage at the nuclear plant switch station falls outside of the applicable voltage range for any of the conditions and contingencies studied, coordinate with nuclear plant operator to evaluate options and select solution.
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