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Objective 

1. An open phase condition (with or without a ground fault), located on the 
high voltage side of a transformer connecting a GDC-17 offsite power 
circuit to the transmission system, shall not adversely impact 
performance capabilities of safety and important to safety functions. 
 

2. Determine if new protection scheme on the medium voltage side is 
warranted. 
 

3. Establish  surveillance requirements for proposed hardwares  
 

4. Timely implementation dates for resolution 
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Licensees’ Responses 

• Operating Reactors:  
– Class 1E bus protective schemes not designed to detect and 

automatically respond to a single-phase open circuit condition or high 
impedance ground fault condition. 
 

– Detection of a single-phase open circuit condition is beyond the 
approved design and licensing basis of the plant.  
 

– A high impedance fault by itself (independent of the open-phase circuit 
condition) is not a concern, not credible, or the existing protection is 
adequate  
 

– Majority of the licensees stated that without formalized engineering 
calculations or engineering evaluations, the electrical consequences of 
such an open-phase event, including plant response cannot be 
evaluated 
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Licensees’ Responses- cont. 

• New Reactors (AP 1000 - Vogtle and Summer) 
 
•  AC electrical system not ‘specifically’ designed to detect single-
 phase open circuit or high impedance ground fault  conditions 
 
• AC electrical design is in the finalization stage, and relay settings, 
 detailed coordination studies, etc., are not yet available  
 
• Operating configuration is consistent with the AP1000 Certified 
 Design plus applicable AP1000 Certified Design exemptions 
 
• If the single-phase open circuit or high impedance ground fault 
 conditions is not detected,  AP1000 safety functions would 
 continue to be supported by its passive systems and the onsite 
 DC safety-related power system 
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Industry Discussions To Date 
 

• NRC staff  working with Industry to resolve the single-phase 
open circuit design issue  
 

• Industry sponsor (Exelon) and NEI  
 

• Industry Open Phase Condition Strategy document 
 

• Public meetings – operating licensees, COL applicants, GEH, 
Westinghouse, U.S. EPR (AREVA), and NEI   
 

• Coordination with EPRI and INPO  
 

• Industry (NEI) strategy document if endorsed by NSIAC may be 
considered by NRC for Enforcement Discretion   
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 Regulatory Requirements 

 Regulatory Requirements to be satisfied (Active plant designs – 
operating fleets and new reactors): 
 

• 10CFR50 Appendix A GDC 17: An onsite electric power system and an offsite electric 
power system shall be provided to permit functioning of structures, systems, and 
components important to safety. ……. Provisions shall be included to minimize the 
probability of losing electric power from any of the remaining supplies as a result of, or 
coincident with, the loss of power generated by the nuclear power unit, the loss of 
power from the transmission network, or the loss of power from the onsite electric 
power supplies. 
 

• 10 CFR 50.55a(h)(2) requires  protective actions to be completely automatic.  
– IEEE 279 and IEEE 603 provide additional details.   

 
• Criterion XVI, "Corrective Action," of 10 CFR Part 50, Appendix B, requires, in part, that 

conditions adverse to quality be promptly identified and corrected.   In the case of 
significant conditions adverse to quality, the measures shall assure that the cause of 
the condition is determined and corrective actions taken to preclude repetition. 
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Regulatory Requirements (cont.)  

 

 Regulatory Requirements to be satisfied (Passive plant designs – 
New Reactors): 
 
• 10CFR50 Appendix A GDC 17: ……. An onsite electric power 

system and an offsite electric power system shall be provided to 
permit functioning of structures, systems, and components 
important to safety….. Provisions shall be included to minimize the 
probability of losing electric power from any of the remaining 
supplies as a result of, or coincident with, the loss of power 
generated by the nuclear power unit, the loss of power from the 
transmission network, or the loss of power from the onsite electric 
power supplies. 
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 Operating Reactors and New  Reactor ‘Active’ Plant Designs 
 

• Detection circuit should identify open circuit condition on the high voltage side 
of a transformer connecting a GDC-17 offsite power circuits to the 
transmission system for all operating electrical system configurations and 
loading conditions. 
 

• Coincidence or equivalent logic from two independent sensing circuits to 
eliminate spurious actuations and malfunctions. The sensitivity of pickup and 
time-setting of devices should be such that the protection devices do not 
spuriously respond to the allowable range of voltage unbalance normally 
expected in the transmission system. 
 

• Class 1E detection/protection scheme is preferred. However,  
detection/protection scheme providing equivalent function  at the high voltage 
circuit is acceptable with  justifications for complying with NRC regulations 
 

• Alarms: Open circuit condition (with or without a ground), shall be alarmed in 
the control room 
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            Staff’s Current Recommendations 



Staff Current Recommendations  (cont.) 

Operating Reactors and New  Reactor “Active” Plant Design (cont.) 
 

 Protective Action Considerations 
 

• In case of an open phase condition  and a concurrent accident condition, 
the protection scheme should transfer the ESF buses to an operable  source 
(alternate offsite power source or emergency diesel generator).  
 

• In case of an open phase condition  without an accident condition, if the 
circuit is not isolated within a short time, plants should demonstrate that the 
safety-related equipment will not be  adversely impacted.  
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Staff’s Current Recommendations (cont.) 

  New Reactor Passive Designs 
 

• Current design proposals indicate that a ‘specific’ AC 
electrical system has not been  designed to detect single-
phase open circuit with or without high impedance ground 
fault  conditions 
 

• New reactor licensees, COL applicants, and design centers 
for passive reactor design,  as a minimum, provide design 
features as necessary to detect  and alarm in the control 
room. 
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Staff’s Current Recommendations (cont.) 

 Technical Specifications   (Active plant designs – operating fleets 
and new reactors)  
 

• To ensure reliable operation,  surveillance requirements such as  
channel calibration, channel check, setpoint verification, etc. 
should be added to the plant TS or Technical Requirements 
Manual. 

  UFSAR  
• Chapter 8 should be  updated to provide details on analyses and 

design features addressing open phase design vulnerability and 
compliance with GDC-17 requirements.  
 

• NRC Staff to update SRP 
 

 Reactor Design - Not Certified 
• DCD should identify the design features to address this 

vulnerability 
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Staff’s Conclusions 

• The design vulnerability exists for  all reactor designs 
 

• The existing electric protection schemes do not detect and 
automatically respond to a single-phase open circuit condition with or 
without high impedance ground fault condition on the high side of the 
offsite power transformers. 
 

• Protection scheme(s) should detect and automatically respond to a 
single-phase open circuit condition (with or without a ground fault),  
located on the high voltage side of a transformer connecting a GDC-17 
offsite power circuit to the transmission system for all modes of 
operation. 
 

• Staff considers supplemental TS surveillance an important feature to 
demonstrate reliability of  open phase protective functions  for active 
reactor designs.  
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Staff’s Conclusions 

 
• Plants with  existing design features considered adequate for 

operation of safety related equipment must demonstrate (test) 
capability of safety related equipment to function with loss of any 
single phase. 
 

• Passive reactor  designs should, as a minimum, provide design 
features to detect  and alarm in the control room  for an open 
phase condition on the high voltage side of a transformer for 
offsite power circuit . 
 

• Implementation scheduled to be agreed by Staff and Industry 
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