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8.2S NRC Bulletin 2012-01:  Design Vulnerability in Electric Power System 
 
8.2S.1 Introduction 
 
On July 27, 2012, the U.S. Nuclear Regulatory Commission (NRC) issued Bulletin 2012-01, 
“Design Vulnerability in Electric Power System,” (ML12074A115) to all holders of operating 
licenses and combined licenses for nuclear power reactors, except those who have permanently 
ceased operation and have certified that fuel has been removed from the reactor vessel.  
Bulletin 2012-01 requested information about the facilities’ electric power system designs in light 
of recent operating experience that involved the loss of one of the three phases of the offsite 
power circuit (single-phase open circuit condition) at Byron Station, Unit 2, to verify compliance 
with applicable regulations and to determine if further regulatory action is warranted. 
 
This section provides the staff’s evaluation of the design provided in the South Texas Project, 
(STP), Units 3 and 4, application that addresses the vulnerability identified in Bulletin 2012-01 to 
ensure that the STP, Units 3 and 4, application is in compliance with the requirements specified 
in Generic Design Criteria (GDC) 17 and Title 10 of the Code of Federal Regulations (10 CFR) 
Section 50.55a(h)(3). 
 
8.2S.2 Summary of Application 
 
The applicant provided supplemental information to evaluate the postulated loss of one or more 
of the three phases of the offsite power circuit at STP, Units 3 and 4.  The staff requested 
information about STP’s electric power system design in RAI 08.02-25, dated November 5, 
2012 (ML12307A265), and RAI 08.02-26, dated November 21, 2013 (ML13325A905), which 
requested the applicant to address the design vulnerability identified in Bulletin 2012-01 for 
STP, Units 3 and 4, in accordance with GDC 17 and 10 CFR 50.55a(h)(3).  The applicant 
responded to RAI 08.02-25 and RAI 08.02-26 in several responses (see Section 8.2S.4 of this 
SER) and the latest response is contained in the July 24, 2014 (ML14210A054) letter.  The 
applicant’s response included a proposed revision to FSAR Subsections 8.2.1.2.4 and 8.3.1. 
 
The staff’s evaluation of STD DEP 8.3-1, “Plant Medium Voltage Electrical System Design,” as it 
pertains to the selection of 4.16 kV as the voltage level for the safety-related buses, is 
documented in Sections 8.2, “Offsite Power System,” and 8.3, “Onsite Power Systems,” of this 
SER. 
 
8.2S.3 Regulatory Basis 
 
The following regulatory requirements provide the regulatory basis for the staff’s review.  These 
requirements encompass both the components that will detect and alarm upon the onset of a 
loss of phase event on the high side of the transformer (STP FSAR Subsection 8.2.1.2.4) and 
the component that will respond following a loss of phase event. 
 

• 10 CFR Part 50, Appendix A, GDC 17, as it relates to the preferred power 
system (i.e. the offsite electrical power system):  (1) capacity and capability to 
permit functioning of SSCs important to safety, (2) provisions 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 or 
loss of power from the onsite electric power supplies, (3) physical independence, 
and (4) availability. 
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• 10 CFR 50.55a(h)(3), on the design criteria for protection systems. 

 
The staff’s review of the application’s compliance with these requirements has been informed by 
Bulletin 2012-01, on the loss of one or more of the three phases of the offsite power circuit. 
 
8.2S.4 Technical Evaluation 
 
This safety evaluation report (SER) section provides the staff’s evaluation of the applicant’s 
response to request for additional information (RAI) 08.02-25 and RAI 08.02-26 dated July 24, 
2014, as it relates to the design vulnerability identified in Bulletin 2012-01. 
 
GDC 17 requires that “[a]n onsite electric power system and an offsite electric power system 
shall be provided to permit functioning of structures, systems, and components important to 
safety.  The safety function for each system (assuming the other system is not functioning) shall 
be to provide sufficient capacity and capability to assure that (1) specified acceptable fuel 
design limits and design conditions of the reactor coolant pressure boundary are not exceeded 
as a result of anticipated operational occurrences and (2) the core is cooled and containment 
integrity and other vital functions are maintained in the event of postulated accidents.”  10 CFR 
50.55a(h)(3) states, among other things, that design certification and combined license 
applications under 10 CFR Part 52 that are filed on or after May 13, 1999, must meet the 
requirements for safety systems in the Institute of Electrical and Electronics Engineers (IEEE) 
Std. 603–1991 and the correction sheet dated January 30, 1995.1  Therefore, the STP electric 
power system (both offsite and onsite alternating current (ac) and direct current (dc) power 
system) must meet the above requirements, and address the design vulnerability identified in 
Bulletin 2012-01 to permit functioning of structures, systems, and components (SSCs) important 
to safety.  The staff determined that upon the onset of a loss of one or more phases, active 
reactor designs should provide: 
 

1. Detection of an offsite power system open phase circuit condition, both with and 
without a high impedance ground fault condition, on the high voltage side of the 
main power transformer under all loading and operating configurations; 

 
2. Alarm in the Main Control Room (MCR); and 

 
3. Mitigation/response to the event. 

 
These three elements would satisfy the design requirements needed to address this issue.  In 
addition, implementation would be adequately addressed by providing inspections, tests, 
analyses, and acceptance criteria (ITAAC) to verify that the detection/alarm scheme is working 
properly prior to fuel load.  Also, technical specifications (TS) should provide surveillance 
requirements (SR) for the mitigation scheme.  Furthermore, the procedures for, and the training 
on, the detection/alarm/mitigation scheme should provide assurance that the electrical power 
system will address the loss of one or more of the three phases of the offsite power circuit 
during the life of the plant.  These steps would ensure that ac power, with adequate capacity 

                                                
1 While the ABWR was certified in 1997, the STP applicant took a departure to use IEEE Std. 603–1991 
and the correction sheet dated January 30, 1995. 
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and capability, is available to safety-related equipment to meet the intended safety function in 
accordance with GDC 17 requirements. 
 
The staff issued RAI 08.02-25 and RAI 08.02-26, to verify that Nuclear Innovation North 
America (NINA) had addressed the design vulnerability identified in Bulletin 2012-01, in 
accordance with GDC 17, and 10 CFR 50.55a(h)(3).  The applicant responded to these RAIs in 
several submittals in January 3, 2013 (ML13008A237), September 4, 2013 (ML13256A154), 
May 15, 2014 (ML14142A377), June 25, 2014 (ML14181A028), and July 24, 2014 
(ML14210A054).  In the responses to RAI 08.02-25 and RAI 08.02-26, dated May 15, 2014 
(ML14142A377), and July 24, 2014 (ML14210A504), the applicant proposed changing STP final 
safety analysis report (FSAR) Subsections 8.2.1.2.4 and 8.3.1, which outline NINA’s approach 
to resolving the open phase condition issue identified in Bulletin 2012-01.  On June 2, 2014, the 
staff performed an audit to verify that the May 15, 2014, responses to these RAIs were 
supported by the analysis and other documentation developed by NINA.  The staff findings were 
documented in the “Final Audit Report, Analysis and Calculations in Support of the Resolution of 
Bulletin 2012-01,” dated August 29, 2014, (ML14220A349).  On June 17-18, 2014, the staff 
performed an audit to verify that the May 15, 2014, responses to these RAIs were supported by 
the risk assessment and other documentation developed by NINA.  The staff findings were 
documented in the “Final Audit Report, Open Phase Risk Analysis in Support of the Resolution 
of Bulletin 2012-01,” dated August 13, 2014, (ML14217A053). 
 
In RAI 08.02-25, the staff asked the applicant to provide information regarding the protection 
scheme design for safety-related buses to detect and automatically respond to a single-phase 
open circuit condition or high impedance ground fault condition on credited offsite power 
circuits.  Also, the staff asked the applicant to clarify whether the safety buses and/or important 
to safety buses were powered from offsite power sources, and to describe the plant operating 
procedures, including off-normal operating procedures that specifically call for verification of the 
voltages on all three phases of the Class 1E buses.  
 
The staff evaluated several submittals from the applicant in response to this RAI.  The 
applicant’s response to RAI 08.02-25, dated July 24, 2014, (ML14210A054), described its open 
phase protection approach for STP, Units 3 and 4.  The applicant stated that the overall 
protection scheme for open phase conditions is comprised of detection and alarm for open 
phases on the high voltage side of the Main Power Transformer (MPT) and the two Reserve 
Auxiliary Transformers (RATs) (RAT-A and RAT-B), and automatic protective actuation for a 
negative sequence voltage on any of the three Class 1E 4.16 kV buses.  
 
To address the detection and alarm for open phases on the high voltage side of the MPT and 
RATs the applicant proposed the following markup to the STP FSAR, Subsection 8.2.1.2.4, 
“Monitoring of Main Power and Reserve Auxiliary Transformers”: 
 

NRC Bulletin 2012-01 discusses the possibility that an open phase condition, 
with or without accompanying ground faults, located on the high-voltage side of a 
transformer connecting a GDC 17 offsite power circuit to the plant electrical 
system could, result in a degraded condition in the onsite power system (see 
Reference 8.2-7).  To address this issue, protection of the Class 1E busses is 
provided as described in Subsection 8.3.1, and monitoring of the normal and 
alternate preferred power supply feeds through the MPT and RATs is provided 
as described below.  
 



8-4 

All three phases of the MPT and RATs are monitored by specific transformer 
relays for open phase, and ground faults in any combination of one or more 
phases.  The specific relays initiate alarms in the Main Control Room when an 
open phase or ground fault is detected.  If required, operators will complete 
manual actions to address the alarms.  Testing of the monitoring system is 
performed per Subsection 8.2.4.1 of this chapter to verify proper functionality. 
 
Maintenance and testing procedures, including calibration and troubleshooting 
procedures, associated with the monitoring system are in accordance with 
Subsection 13.5.  Control room operator and maintenance technician training 
associated with the operation and maintenance of the monitoring system is in 
accordance Subsection 13.2. 

 
The staff finds that the applicant’s detection scheme for open phase conditions is acceptable 
since all three phases of the MPT and RATs are monitored for open phase and ground faults.  
Furthermore, alarms in the MCR alert operators of an open phase condition.  The staff finds this 
acceptable since it meets the staff’s position on active reactor designs for open phase circuit 
conditions, as described above. 
 
The automatic protective actuation for a negative sequence voltage on any of the three Class 
1E 4.16 kV buses involves the opening of the breakers to the Class 1E 4.16 kV bus creating an 
undervoltage condition.  The undervoltage signal will start the diesel generator before any of the 
Class 1E loads experience degraded conditions exceeding those for which the equipment is 
qualified.  
 
To address the automatic protective actuation for a negative sequence voltage on any of the 
three Class 1E 4.16 kV buses the applicant proposed the following markup to the STP FSAR, 
Subsection 8.3.1, “AC Power Systems”: 
 

NRC Bulletin 2012-01 discusses the possibility that an open phase condition, 
with or without accompanying ground faults, located on the high-voltage side of a 
transformer connecting a GDC 17 offsite power circuit to the plant electrical 
system could, result in a degraded condition in the onsite power system (see 
Reference 8.2-7).  To address this issue, monitoring of the normal and alternate 
preferred power supply feeds through the MPT and RATs is provided as 
described in Subsection 8.2.1.2.4 and the Class 1E busses are provided with 
negative sequence voltage relays to ensure that the motors on the 1E busses are 
not subjected to unbalanced currents and voltages as described below.  
 
Each of the Divisional Class 1E 4.16kV busses, has 3 negative sequence voltage 
relays configured such that a two-out-of-three trip state will initiate circuitry for 
transferring power from the offsite power supply to the onsite diesel generator 
after a time delay.  Each negative sequence relay monitors all three bus phases 
using the bus instrument potential transformers.  Should negative sequence 
voltage that would adversely affect the motors be present on a 4.16kV bus, the 
two-out-of-three logic will automatically actuate (see Subsection (10) of 
8.3.1.1.7.).   

 
Furthermore, in STP FSAR Subsection 8.3.1.1.6.3, “Bus Protection,” the applicant adds the 
negative sequence voltage protection to the bus protection mechanisms for STP, Units 3 and 4: 
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Bus protection is as follows: 
 

(1) Medium voltage bus incoming circuits have inverse time over-current, ground 
fault, bus differential, under-voltage, and negative sequence voltage protection. 
(emphasis added to identify new language). 

 
Also, in STP FSAR Subsection 8.3.1.1.7, “Load Shedding and Sequencing on Class 1E 
Busses,” the applicant provided the following description for the Negative Sequence Voltage 
Protection: 
 

(10)  Negative Sequence Voltage — For protection of the Division I, II and III 
electrical equipment against the effects of an unbalanced power supply, 
the Class 1E 4.16 kV divisional busses are monitored for negative 
sequence voltage.  If the bus negative sequence voltage increases to the 
setpoint, and after a time delay (to prevent triggering by transients), the 
respective feeder breakers trip open.  The opening of the feeder breakers 
de-energizes the bus causing the undervoltage relays to actuate.  The 
actuation of the undervoltage relays results in a start signal being sent to 
the diesel generator before any of the Class 1E loads experience 
degraded conditions exceeding those for which the equipment is 
qualified.  The expected nominal setpoint is 4.5% (design limit is 5%) and 
the expected nominal time delay is 2.5 seconds (design limit is 3 
seconds).  Final setpoints are determined in accordance with the Setpoint 
Control Program.  The time delay setting is defined to provide appropriate 
motor protection.  This assures such loads will restart when the diesel 
generator assumes the degraded bus and sequences its loads.  If the bus 
voltage recovers within the time delay period, the protective timer will 
automatically reset.  Should a LOCA occur during the time delay, the 
feeder breaker with the negative sequence voltage will be tripped 
instantly.  Subsequent bus transfer will be as described above.  The 
negative sequence voltage relay output circuitry is separate from the 
output circuitry for the degraded grid and undervoltage relays in each of 
the Class 1E 4.16kV switchgear.  At the feeder breakers, the contacts for 
the negative sequence, degraded voltage, and undervoltage are 
connected in parallel to the trip coils of each feeder breaker.  

 
The applicant has stated that the expected nominal negative sequence voltage setpoint is 4.5 
percent (with a design limit of 5 percent), and that the expected nominal time delay is 2.5 
seconds (with a design limit of 3 seconds).  The time delay is selected to be short enough to 
ensure that motors do not trip on overcurrent should a running motor stall or if one tries to start 
and long enough to prevent inadvertent actuations due to normal bus disturbances.  If the 
negative sequence voltage remains above the expected nominal setpoint on 2 out of 3 sensors 
for 2.5 seconds, actuation occurs.  These expected values are nominal and were selected 
based on industry practices similar to that used in developing the undervoltage (UV) relay 
setpoints.  In determining the instrument uncertainty, the statistical method of the Square Root 
of the Sum of the Squares (SRSS) was used to combine the errors on each device.  Also, the 
applicant has stated that once the final design is complete and the negative sequence relays 
have been procured, the final setpoint calculation for these relays will be performed in 
accordance with the previously approved STP, Units 3 and 4, Setpoint Calculation Methodology 
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(see STP, Units 3 and 4, SER, Subsection 16.5) and will be controlled by the Setpoint Control 
Program.  Before initial fuel loading, a reconciliation of this setpoint study, which includes the 
setpoints for the negative sequence relays, against the final design for the plant will be 
performed, as required by the Advanced Boiling Water Reactor (ABWR) ITAAC (Section 3.4, 
“Instrumentation and Control,” Item 13 of Table 3.4, “Instrumentation and Control,” ABWR 
design control document (DCD), Revision 4).  The staff finds this acceptable since the nominal 
negative sequence relay setpoints can identify open phase circuit conditions and actuate to 
protect the loads on the Class 1E buses, as shown in simulations and analyses, documented in 
the RAI 08.02-25 response dated July 24, 2014.  Furthermore, the staff finds this acceptable 
since the applicant will finalize the setpoint values, which will be verified according to the ABWR 
ITAAC.  
 
In regards to the source of power to the safety buses, the applicant stated in its July 24, 2014, 
response that the Class 1E 4.16 kV safety buses at STP, Units 3 and 4, are normally powered 
by offsite power sources during at power conditions.  The applicant also stated that two of the 
Class 1E 4.16 kV buses are supplied with power from the main generator through the unit 
auxiliary transformers.  The third Class 1E 4.16 kV bus is supplied from RAT-B.  RAT-A is 
normally unloaded and in a standby mode.  The applicant also clarified that open phase 
detection and alarm is provided for all three transformers (MPT, RAT-A, RAT-B) that are 
connected to the offsite grid.  Thus, the applicant has provided:  (1) detection of an offsite power 
system open phase circuit condition, both with and without a high impedance ground fault 
condition, on the high voltage side of the MPT and RATs under all loading and operating 
configurations and (2) an alarm of an open phase condition in the MCR.  The staff finds this 
acceptable since it meets the staff’s position on active reactor designs for open phase circuit 
conditions as it pertains to the detection and alarm components of the Bulletin 2012-01 issue. 
 
The applicant addressed plant operating procedures, including off-normal operating procedures, 
that specifically call for verification of the voltages on all three phases of the Class 1E Safety 
buses in its July 24, 2014, response.  As referenced in the STP, Units 3 and 4, FSAR, 
Subsection 8.2.1.2.4, “Monitoring of Main Power and Reserve Auxiliary Transformers,” the 
applicant stated that the control room operator and maintenance technician training associated 
with the operation and maintenance of the monitoring system will be developed in accordance 
with FSAR Subsection 13.2.  Also, the applicant stated that the maintenance and testing 
procedures, including calibration and troubleshooting procedures, associated with the 
monitoring system will be developed in accordance with FSAR Subsection 13.5.  The staff finds 
this acceptable since training will be developed for the operation and maintenance of the 
monitoring system to detect an offsite power system open phase circuit condition.  Furthermore, 
the staff finds this acceptable because maintenance and testing procedures to be developed for 
the monitoring system will include calibration and troubleshooting procedures to ensure the 
monitoring system functions as expected.  
 
Since the applicant:  (1) has provided information on the protection scheme design for safety-
related buses to detect, alarm, and automatically respond to a single-phase open circuit 
condition or high impedance ground fault condition on credited offsite power circuits; (2) has 
clarified whether the safety buses and/or important to safety buses were powered from offsite 
power sources; and (3) has addressed the plant operating procedures, including off-normal 
operating procedures that specifically call for verification of the voltages on all three phases of 
the Class 1E Safety buses, the staff finds that the applicant has addressed GDC 17 as it 
pertains to the provisions to minimize the probability of losing electric power to the safety buses.  
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Therefore, RAI 08.02-25 is closed, and the issue resolved.  The verification that this change will 
be incorporated in the next FSAR revision is being tracked as Confirmatory Item 08.02-25. 
 
To obtain clarification on the revised response to RAI 08.02-25 dated September 4, 2013, 
(ML13256A154), the staff issued RAI 08.02-26 on the applicant’s technical solution to address 
the design vulnerability described in Bulletin 2012-01.  Specifically, the staff asked several 
questions under this RAI.  The staff evaluated several submittals from the applicant in response 
to RAI 08.02-26.  The staff evaluation below is based on the applicant’s latest response dated 
July 24, 2014, (ML14210A054). 
 
Initially, the applicant stated that in the scenario where a single-phase open circuit event was on 
the grid side of the MPT, the feed from the MPT and each of the associated unit auxiliary 
transformers (UAT) does not affect the safety-related or non-safety related loads.  RAI 08.02-
26, Item 1, requested the applicant to provide an analysis that showed that none of the safety-
related or non-safety related loads will exceed their current ratings to cause physical damage to 
motor windings, and other inductive elements.  Specifically, RAI 08.02-26 asked the applicant 
to:  1) provide an analysis that shows that none of the safety-related or non-safety related loads 
will exceed their current ratings that would cause physical damage to motor windings, and other 
inductive elements; 2) clarify how the phase angle change, as well as the presence of negative 
sequence currents, will be detected to preclude damage on inductive loads; 3) provide an 
evaluation and analysis to show that sensitive instrumentation and control and protection 
circuits that are dependent on ac power quality are not adversely impacted by an unbalanced 
power system; and 4) provide supporting documentation from equipment vendors validating the 
capability of their equipment to function with current and voltage variations addressed in 1), 2), 
and 3). 
 
After several RAI response submittals, the applicant agreed to provide a solution to address the 
design vulnerability described in the Bulletin 2012-01 and not rely on the increased capacity of 
the MPT.  By revising the design to include negative sequence relays, the applicant obviated the 
concerns expressed in Parts 3 and 4 of RAI 08.02-26 because these were premised on the 
absence of a negative sequence relay.  As discussed in the July 24, 2014, RAI 08.02-26 
response, negative sequence voltage relays on each of the Class 1E 4.16 kV buses will actuate 
in the presence of an unbalanced voltage if the relay setpoint and time delay are exceeded.  
The setpoint and time delay of the Class 1E negative sequence voltage relays are specifically 
designed to preclude damage to motor windings and other inductive elements.  Since the 
applicant has addressed the concern of the staff described in Bulletin 2012-01 in regards to the 
provision of a technical solution that would avoid the safety-related or non-safety related loads 
to exceed their current ratings that would cause physical damage to motor windings, and other 
inductive elements, the staff finds RAI 08.02-26, Item 1, Parts 1 and 2 are resolved. 
 
Also, during the audit performed on June 2, 2014, and as documented in the “Final Audit 
Report, Analysis and Calculations in Support of the Resolution of Bulletin 2012-01,” dated 
August 29, 2014 (ML14220A349), the staff observed several at-power scenarios and offline 
scenario simulations performed by the applicant using the Electrical Transient Analysis Program 
(ETAP).  These simulations were performed to demonstrate that the negative sequence voltage 
relays will provide protection for the Class 1E 4.16 kV buses and ensure their availability in all 
plant modes.  In summary, for the at-power scenarios with the generator on-line, an open phase 
on the high side of the MPT or a RAT that is feeding a Class 1E 4.16 kV bus(es) will result in an 
actuation of the negative sequence voltage relays on the bus that is being fed and a transfer of 
the bus or buses to the emergency diesel generator (EDG).  For scenarios where the generator 
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is offline and back feeding from offsite via the MPT, an open phase on the high side of the MPT 
will not result in an actuation because the negative sequence voltages on all three Class 1E 
4.16 kV buses remain less than the setpoint; the detection and alarm scheme will provide 
indication to the operators that an open phase condition exists and the operators will follow the 
procedures to disconnect the faulted power source from the plant’s distribution system.  
Following this manual action, the safety bus will be transferred to another power source.  If the 
open phase occurs on RAT-A or RAT-B while feeding a Class 1E 4.16 kV bus, actuation will 
occur on the Class 1E 4.16 kV bus.  The Class 1E 4.16 kV buses fed by the MPT are not 
significantly affected.  The staff finds this acceptable since the loss of one or more phases result 
in the actuation of the negative sequence relay on the 4.16 kV buses and thus, protect the 
safety equipment by separating from the power source with the open phase.  In addition, the 
staff finds the applicant’s design acceptable since in the case where an open phase condition 
exists, but does not result in actuation of the negative sequence relay, the detection and alarm 
scheme provides indication of the open phase condition for the operators to follow procedures 
to disconnect from the power source with the open phase.  Therefore RAI 08.02-26, Item 1 is 
resolved. 
 
RAI 08.02-26, Item 2, requested the applicant to provide a technical solution that would detect 
phase angle and the unbalanced currents on the secondary side of the transformer.  
Specifically, the RAI asked the applicant to:  a) provide a means of detecting a loss of phase 
given the assumptions stated in the applicant’s initial design solution to Bulletin 2012-01 since 
the degraded voltage relays will be incapable of detecting the loss of phase as a function of 
phase angle; b) provide an ITAAC that demonstrates by testing that the selected means of 
protection will actuate and withstand the higher currents during the loss of phase condition; c) 
provide a TS SR that will provide assurance that the protective measures for a loss of phase 
condition are reliable and functional and able to preclude damage to safety related equipment; 
and d) provide details on any tests that will be performed on the plant electrical system to 
validate the analytical results for a loss of phase on the high voltage side of transformers and 
successful operation of worst case plant loading for an extended duration without adverse 
effects. 
 
After several discussions and RAI response submittals, and based on the applicant’s latest 
response dated July 24, 2014, the applicant agreed to provide a solution, as described above, 
to address the design vulnerability described in the Bulletin 2012-01 that would address the 
detection the loss of phase as a function of the phase angle.  Therefore RAI 08.02-26, Item 2, 
Part a, of this item is resolved.   
 
In regards to RAI 08.02-26, Item 2, Part b, the applicant provided an ITAAC to verify the 
function of the detection and alarm components installed on the high side of the MPT.  An 
additional ITAAC for the automatic actuation components residing on the safety-related bus was 
not requested by the staff because there is an ITAAC to reconcile the setpoint analysis against 
the final design for the plant, which includes the setpoints for the negative sequence relays, as 
described above.  In addition, SRs have been placed in TS to address this feature (SR 
3.3.1.4.1, SR 3.3.1.4.2, SR 3.3.1.4.3, SR 3.3.1.4.4, SR 3.3.1.4.5, and SR 3.3.1.4.6).  The ITAAC 
to verify the function of the detection and alarm components installed on the high side of the 
MPT will be located in the STP FSAR, Tier 1, Table 3.0-29, “Detection and Protection of Open 
Phase Events on the Main Power and Reserve Auxiliary Transformers.”  The first ITAAC’s 
design commitment includes the verification of continuous monitoring of the power feeds on the 
high voltage side of the MPT and RATs during an open phase with no transformer high-side 
ground, an open phase with a transformer high side ground between the open phase and the 
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transformer, or two transformer high side open phases (simultaneously).  The second ITAAC’s 
design commitment includes the verification of the monitoring system providing a MCR alarm 
during an open phase with no transformer high-side ground, an open phase with a transformer 
high side ground between the open phase and the transformer, or two transformer high side 
open phases (simultaneously).  The inspections, tests, analyses includes a test of the as-built 
monitoring system using simulated signals, to demonstrate that, at the designated relay set 
points, the MPT and RATs alarm in the MCR.  The acceptance criteria is satisfied when, using 
simulated signals, at the designated relay set points in any combination of the three phases, the 
as-built MPT and RATs initiate an alarm in the MCR.  The staff concludes that the applicant has 
included an ITAAC to verify that the detection and alarm components installed on the high side 
of the MPT function as designed, and that this addresses the detection and alarm guidance in 
Bulletin 2012-01.  Thus, the staff finds RAI 08.02-26, Item 2, Part b, resolved.  
 
In regards to RAI 08.02-26, Item 2, Part c, the applicant provided TS SRs and on the protective 
measures for a loss of phase condition.  In its letter dated July 24, 2014, responding to RAI 
08.02-26, the applicant proposed modifying the engineered safety feature (ESF) actuation 
instrumentation system to add a new instrumentation function to monitor the three Class 1E 
4.16 kV buses for negative sequence voltage.  This function will isolate from offsite power any 
bus that exceeds the negative sequence voltage setpoint for a specified time period (i.e. the 
time delay has elapsed).  This isolation will result in an automatic transfer to the bus’s EDG on 
undervoltage (UV) signal.  The Class 1E negative sequence voltage relays on the Class 1E 4.16 
kV buses will be used to protect safety related motor loads from heat damage due to voltage 
imbalance and the resulting negative sequence currents.  In the RAI 08.02-26 response dated 
July 24, 2014, (ML14210A054), the applicant also proposed the additions to the Limiting 
Condition of Operation (LCO) and bases for PTS 3.3.1.4, as supplemental information.  
 
Chapter 16, “Technical Specifications,” (ML110190259), was amended to include these added 
TS requirements to address the design vulnerability identified in NRC Bulletin 2012-01.These 
added TS requirements are evaluated in Section 16.4.6.4, “3.3.1.4 ESF Actuation 
Instrumentation” of this SER.  In summary, the evaluation in Section 16.4.6.4 concludes that the 
actuation settings and time delay for the negative sequence voltage function will be established 
and maintained in accordance with the setpoint control program (SCP) specification.  The 
revised PTS 3.3.1.4 and bases are acceptable as they pertain to the protective measures for a 
loss of phase condition.  Therefore, RAI 08.02-26, Item 2, Part c, is resolved.  The verification 
that these TS changes will be incorporated in the next FSAR revision is being tracked as 
Confirmatory Item 08.02-26. 
 
In regards to RAI 08.02-26, Item 2, Part d, the applicant stated in its letter dated July 24, 2014, 
that because the STP, Units 3 and 4, design will include open phase detection and control room 
alarm, and automatic protective actuation for unbalanced voltages on the Class 1E 4.16 kV 
buses, there will be no extended duration of operation with an open phase condition.  The staff 
finds that, since the applicant has provided an acceptable solution to the design vulnerability 
described in Bulletin 2012-01 involving the detection and alarm on the high side of the MPT, as 
well as the automatic actuation on the safety-related bus, that would preclude an extended 
duration of an open phase condition.  Therefore, RAI 08.02-26, Item 2, Part d is resolved. 
 
RAI 08.02-26, Item 3, requested the applicant to provide the applicant and/or the grid operator's 
evaluation to show that the availability and reliability of the offsite power system (both capacity 
and capability) is maintained in accordance with transmission system protocols and in 
accordance with 10 CFR Part 50, Appendix A, GDC 17 requirements if no plant design changes 
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are planned to automatically detect and isolate the open phase condition (degraded offsite 
power sources) and transfer the important to safety buses to alternate power source(s).  After 
several discussions and RAI response submittals, the applicant agreed to provide a solution to 
address the design vulnerability described in the Bulletin 2012-01 involving the detection and 
alarm on the high side of the MPT as well as the automatic actuation on the safety-related bus.  
This solution has been evaluated by the staff as shown above.  Therefore, RAI 08.02-26, Item 3 
is resolved. 
 
RAI 08.02-26, Item 4, requested the applicant to provide sufficient analyses in the FSAR 
(Sections 8.2 and 8.3 of Chapter 8) and ITAAC information (Combined License Application 
(COLA), Part 9, Section 3.0, Site-Specific ITAAC) in accordance with 10 CFR 52.79, “Contents 
of applications; technical information in final safety analysis report,” 10 CFR 52.80, “Contents of 
applications; additional technical information,” 10 CFR 50.55a(h)(3) and 10 CFR Part 50, 
Appendix A, GDC 17, regarding the offsite power circuit and onsite electrical power distribution 
system to provide adequate capacity and capability in view of the design vulnerability identified 
in Bulletin 2012-01.  The staff requested the applicant to include, as a minimum, design and 
analyses and ITAAC information to automatically detect and take protective actions for a single 
phase open phase condition, both with and without a high impedance ground condition, on the 
high voltage side of a transformer connecting credited GDC 17 offsite power circuits to the 
transmission system (high voltage side MTs and RATs).  After several discussions and the RAI 
08.02-26 response dated July 24, 2014 (ML14210A054), the applicant agreed to provide a 
solution to address the design vulnerability described in the Bulletin 2012-01 involving the 
detection and alarm on the high side of the MPT as well as the automatic actuation on the 
safety-related bus.  This solution, including FSAR markups, has been provided by the applicant 
as part of the RAI response.  This information has been evaluated by the staff as shown above.  
Therefore, RAI 08.02-26, Item 4, is resolved. 
 
RAI 08.02-26, Item 5, requested the applicant to provide a license condition to reflect an 
applicant’s previous statement in regards to its evaluation of the Nuclear Strategic Issues 
Advisory Committee (NSIAC) initiatives to ensure that the STP, Units 3 and 4, design and 
procedures remain consistent with industry accepted practices.  The staff also requested the 
applicant to provide TS in terms of limiting conditions of operation and SRs.  In its letter dated 
July 24, 2014, the applicant stated that STP, Units 3 and 4, will continue to follow the 
development of industry guidance for open phase conditions, but given that NINA is adding 
detection, alarm, protective actuation, TS, and an ITAAC in response to Bulletin 2012-01 for 
open phase conditions, NINA did not believe that a license condition is warranted.  Since the 
applicant has elected to provide its own solution to the design vulnerability in Bulletin 2012-01, 
as evaluated above, and the staff has deemed that solution adequate, the staff does not require 
a license condition to adopt NSIAC’s solution.  Therefore, RAI 08.02-26, Item 5, is resolved. 
 
RAI 08.02-26, Item 6, requested the applicant to address the Forsmark Operating Experience 
for the loss of two phases condition, both with and without a high impedance ground condition, 
on the high voltage side of a transformer connecting a credited GDC 17 offsite power circuits to 
the transmission high voltage side MTs and RATs.  In its letter dated July 24, 2014, the 
applicant stated that the open phase detection and alarm will be capable of detecting and 
alarming one or more open phases on the high voltage side of the MPT and both RATs with or 
without a high impedance ground condition.  The applicant also stated that the negative 
sequence voltage relays on each Class 1E 4.16 kV bus would be capable of providing their 
protective function based on the negative sequence voltages detected on the bus.  Since the 
scenario for the loss of two phases was considered in the development of the detection, alarm, 
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and automatic actuation protective scheme complying with 10 CFR 50.55a(h)(3), on the design 
criteria for protection systems, the staff finds RAI 08.02-26, Item 6, resolved. 
 
Based on the information discussed above, the staff finds that the STP, Units 3 and 4, design 
complies with the requirements set forth in GDC 17 for having two offsite power and onsite 
electrical power systems, and adequately addresses the situation described in Bulletin 2012-01.  
The offsite circuits are monitored and alarmed in the MCR to detect open phase conditions.  In 
addition, the negative sequence voltage relays protect safety-related equipment in the Class 1E 
4.16 kV divisional buses against the effects of an unbalanced power supply by opening of the 
feeder breaker.  This will result in an undervoltage signal which will start the diesel generator 
before any of the Class 1E loads experience degraded conditions exceeding those for which the 
equipment is qualified.  By providing an adequate monitoring, alarm, and detection system for 
an open phase(s) condition the applicant has satisfied the concerns of the staff.  Therefore, RAI 
08.02-26 is closed, and the issue is resolved.  The verification that the changes evaluated under 
this RAI will be incorporated in the next FSAR revision is being tracked as Confirmatory Item 
08.02-26. 
 
As set forth above, the staff has reviewed the technical solution that provides the features that 
will monitor, alarm, and automatically protect safety-related equipment in the Class 1E 4.16 kV 
divisional buses against the effects of an unbalanced power supply.  Based on the information 
discussed above, the staff concludes that the STP, Units 3 and 4, design meets the 
requirements in GDC 17, as it relates to the offsite electrical power system:  (1) capacity and 
capability to permit functioning of SSCs important to safety; (2) provisions 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 or loss of power from the 
onsite electric power supplies; (3) physical independence; and (4) availability.  In addition, the 
staff finds that the STP, Units 3 and 4, design satisfies 10 CFR 50.55a(h)(3), as it pertains to the 
design criteria for protection systems, and adequately addresses the issued identified in Bulletin 
2012-01 on the loss of one or more of the three phases of the offsite power circuit . 
 
Consideration of Risk  
 
The applicant’s response to RAI 08.02-25 and RAI 08.02-26, dated on May 15, 2014 
(ML14142A377), provided a probabilistic risk assessment to determine the conditional core 
damage probability (CCDP) and core damage frequency (CDF) for an open phase condition 
described in Bulletin 2012-01.  The applicant based the assessment on the probabilistic risk 
assessment (PRA) model described in Chapter 19, “Response to Severe Accident Policy 
Statement,” of the plant’s FSAR.  The assessment referenced a report that documented an 
open phase risk analysis.  The response described three cases considered in the risk analysis 
document, including the CCDP and CDF results of the analysis.  In addition, the response listed 
the key design features that contributed to the low risk results.  The response concluded that 
adding the negative sequence relays has a very low impact on the plant’s base PRA.  
 
The staff audited the referenced risk analysis on June 17-18, 2014, to gain a better 
understanding of the analysis underlying the RAI response and confirm the staffs understanding 
of the response.  The staff provided NINA with a list of areas not addressed in the risk analysis 
and these were documented in the audit report, dated August 13, 2014, (ML14217A047).  The 
staff proposed the following two options to NINA for closure of staff’s questions related to the 
risk analysis discussed in RAI 08.02-25 and RAI 08.02-26 relative to the design proposed for 
mitigating a loss of phase condition:  (1) continue to address the staff’s detailed questions on 
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the risk assessment report, or (2) revise its submittal to provide a qualitative discussion of the 
risk associated with the proposed design.   
 
The applicant’s response to RAI 08.02-25 and RAI 08.02-26 dated July 24, 2014, 
(ML14210A054), provided a detailed qualitative evaluation which discussed the frequency of an 
open phase condition, how the plant would respond during such a condition, and the mitigating 
systems that would remain available during an open phase condition.  The applicant also 
discussed the impact of installing the negative sequence relays by providing information 
supporting the anticipated high reliability of the relays and how it will maintain the high reliability 
of the relays.  The applicant further stated that the negative sequence voltage relays will be 
procured as Class 1E devices and have been included in the TS, the Design Reliability 
Assurance Program (DRAP), and the Maintenance Rule Program to ensure that the relays will 
remain reliable throughout plant life.  Furthermore, the applicant concluded that the addition of 
the negative sequence relays would not significantly impact plant risk. 
 
The staff reviewed the qualitative discussion of the risk in the applicant’s July 24, 2014, 
response.  The STP, Units 3 and 4, TS require two qualified offsite circuits between the offsite 
transmission network and the onsite Class 1E Distribution System to be operable at all times, 
with one of the two sources required to be the MPT.  The third Class 1E 4.16 kV bus is normally 
supplied by RAT-B.  RAT-A is connected to the offsite grid in a standby mode and can be 
readily aligned from the MCR to supply all three of the Class 1E 4.16 kV buses.  If an open 
phase condition were to occur on the MPT, and the Division I and II Class 1E 4.16 kV bus 
motors were damaged, the Division III Class 1E 4.16 kV bus supplied by RAT- B and Reactor 
Core Isolation Cooling (RCIC) system would be unaffected.  In this scenario, core cooling could 
be provided by RCIC, the High Pressure Core Flooder (HPCF) system, or the Residual Heat 
Removal (RHR) (Low Pressure Core Flooder (LPFL) mode) system.  If the open phase occurred 
on RAT-B, Divisions I and II and RCIC would be unaffected.  In this scenario, core cooling could 
be provided by HPCF, two trains of RHR (LPFL mode), or RCIC.  The STP, Units 3 and 4, 
design also includes a combustion turbine generator (CTG) that can supply any two of the three 
Class 1E 4.16 kV buses.  Furthermore, the AC-Independent Water Addition system would be 
available to provide core cooling even if all three of the Class 1E 4.16 kV buses were lost.  The 
RHR or the passive containment vent called the containment over pressurization system 
(COPS) assures that containment cooling and containment pressure control are maintained. 
 
The staff noted that the applicant’s qualitative discussion of the risk determined that the addition 
of the negative sequence relay does not significantly impact plant risk or change the risk 
insights.  In addition, the applicant showed that the relays are included in the TS and programs 
such as the DRAP and the Maintenance Rule Program, which will require the relays to perform 
with high reliability.  Based on the applicant’s response to RAI 08.02-25 and RAI 08.02-26, and 
the applicant’s qualitative discussion of the risk, the staff concluded that the addition of the 
negative sequence relays to the STP, Units 3 and 4, design does not change the results or 
insights of the ABWR DCD PRA.   
 
8.2S.5 Post Combined License Activities 
 
The applicant identifies the following ITAAC:  
 

• Demonstrate satisfactory compliance with acceptance criteria in ITAAC 
Table 3.0-29, “Detection and Protection of Open Phase Events on the Main 
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Power and Reserve Auxiliary Transformers,” for the open phase detection and 
alarm components installed on the high side of the MPT.  

 
8.2S.6 Conclusion 
 
The staff reviewed the applicant’s responses to the NRC’s request for information addressing 
the design vulnerability identified in NRC Bulletin 2012-01.  The staff’s review confirmed that the 
applicant has addressed the required information relating to NRC Bulletin 2012-01.  With the 
exception Confirmatory Items 08.02-25 and 08.02-26, no outstanding information is expected 
to be addressed in the combined license FSAR related to this section.  
 
Based on the above, subject to resolution of Confirmatory Item 08.02-25 and 08.02-26, the 
staff finds that the technical solution described above is appropriate to assure that the 
application adequately addresses the issue identified in Bulletin 2012-01, regarding the 
postulated loss of one or more of the three phases of the offsite power circuit, and accordingly 
meets the requirements specified in GDC 17 and 10 CFR 50.55a(h)(3). 
 


