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SOUTH TEXAS PROJECT, UNITS 3 AND 4, FLEX INTEGRATED PLAN FOR FUKUSHIMA 
MITIGATION STRATEGIES (INCLUDING CALCULATIONS) AUDIT REPORT 

 
NRC Audit Team: 
 
Chang-Yang Li (NRO -Team Leader) 
George Thomas (NRO - Core Cooling Reviewer) 
Hanry Wagage (NRO - Containment System Reviewer) 
Peter Kang (NRR - Power Supply Reviewer) 
Rocky Foster (NRO - South Texas Project, Units 3 and 4 Project Manager) 
 
1.0 INTRODUCTION 
 
An audit was conducted by the U.S Nuclear Regulatory Commission (NRC) South Texas 
Project (STP) review team regarding Fukushima Mitigation Strategies at the Westinghouse 
reading room located in Rockville, Maryland on August 7, 2013; August 21, 2013, and 
September 20, 2013 (see Audit Plan, ML13189A249).  The review team includes staff members 
from several technical areas:  reactor system, containment system, electrical engineering, and 
balance of plant systems.  The purpose of the audit was to review selected areas relating to 
STP, Units 3 and 4, (Docket Nos. 52-012 and 52-013) FLEX Integrated Plan, Revision 0, dated 
May 2, 2013 (ML13128A140), submitted to the NRC to respond NRC Order EA-12-049 
regarding Fukushima mitigation strategies.  The audit was to review supporting calculations 
related to the Integrated Plan and the responses to the request for additional information (RAI).   
 
2.0 OBSERVATIONS AND RESULTS 
 
The audit primarily focused on the areas of core cooling, containment cooling, spent fuel pool 
cooling, and power supply for the mitigation equipment being used in an extended loss of 
alternating current (ac) power (ELAP) event. 
 
Core Cooling and Containment Cooling: 
 
In its integrated plan, Nuclear Innovation North America (NINA) states timing on events and 
decisions made during an ELAP without providing references to supporting calculations.  For 
example, the Integrated Plan states that the steam driven Reactor Core Isolation Cooling 
System (RCIC) will operate for 36 hours and that the Containment Overpressure Protection 
System (COPS) rupture disk opens at 20 hours into the event without giving references to 
supporting calculations.  In its response to RAI 01.05-16, dated July 31, 2013 (ML13128A290), 
NINA stated that Calculation NSO-2013-000311/PSNN-2013-0513 provides the bases for the 
events and decisions documented in the STP, Units 3 and 4, advanced boiling-water reactor 
(ABWR) FLEX Integrated Plan and that it will be made available for the NRC staff audit.   
 
On August 21, 2013, and September 20, 2013, the NRC staff audited “STP-3/4 MAAP Analysis 
for SBO Sequence Design Report,” NSO-2013-000311/PSNN-2013-0513, Revision 001, dated 
August 8, 2013.  This analysis was performed by Toshiba Corporation under Toshiba quality 
assurance program, which complies with Part 50 of the Title 10 of the Code of Federal 
Regulations Appendix B.  The NRC staff reviewed the assumptions and initial conditions used 
and found them to be acceptable.  The NRC staff confirmed that the Modular Accident Analysis 
Program (MAAP) analysis results showed that the steam driven RCIC will operate for 36 hours.  
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Program (MAAP) analysis results showed that the steam driven RCIC will operate for 36 hours.  
The MAAP analysis results in the report shows that the COPS rupture disk opens at 22 hours 
into the event, which is two hours later than the 20 hours reported in the NINA’s integrated plan.  
The NRC staff finds that the COPS rupture timing given in the NINA’s integrated plan is based 
on MAAP analysis results.  This supports the responses to  
RAI 01.05-16. 
 
The integrated plan does not identify the drywell temperature as essential containment 
instrumentation.  In general, excessive temperatures could result in a loss of containment 
integrity due to the failure of containment penetration seals or other portions of the containment 
boundary.  Furthermore, excessive temperatures may also affect the qualification range of 
necessary measurement instruments located in the drywell.  In RAI 01.05-19, the NRC staff 
requested NINA to justify not identifying the drywell temperature as essential containment 
instrumentation.   
 
In the July 31, 2013, response to RAI 01.05-19 (ML13218A290), NINA stated the following: 
 

Equipment in the drywell is to be designed and qualified for 171 ºC (339.8 ºF).  
Calculation NSO-2013-000311/PSNN-2013-0513...documents that the maximum 
drywell temperature expected during an ELAP condition is approximately 332 
degrees F.  Since this temperature is less than the containment equipment 
design temperature, the penetration seals, instrumentation, and other equipment 
in the drywell will remain functional during ELAP conditions and monitoring of 
drywell temperature to validate equipment survivability is unnecessary. 
 

On August 21, 2013, and September 20, 2013, the NRC staff audited Calculation  
NSO-2013-000311/PSNN-2013-0513 and confirmed from the MAAP analysis results provided in 
the calculation report that the maximum drywell temperature during an ELAP condition as 
167 ºC (332 ºF) which is below the equipment design temperature of 171 ºC (340 ºF).  The NRC 
staff determined that NINA’s justification for not monitoring the drywell temperature during an 
ELAP was based on MAAP analysis results showing a drywell temperature lower than the 
equipment design temperature.  This supports the responses to RAI 01.05-19. 
 
Spent Fuel Pool Cooling: 
 
In the Integrated Plan, Page 5, “Spent Fuel Cooling,” it states that calculations show that it 
would take 76 hours total from event start for the water level to drop to 10 feet above the top of 
the fuel racks assuming no makeup.  On August 7, 2013, the NRC staff audited Calculation 
SAV-2013-000105, Revision 1, dated July 19, 2013, titled, “Spent Fuel Pool Heat-up and 
Inventory Loss calculation.”  The NRC staff satisfactorily verified the following information: 
 

(a) all the assumptions; 
(b) the initial conditions for this analysis including mass of the water in the pool, 

water level, cross section area of the pool; 
(c) the initial heat load in the pool. 
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Power Supply: 
 
In connection with STP, Units 3 and 4, ABWR Flex Integrated Plan that addresses an ELAP, the 
ELAP strategies includes a deep load shed of engineered safety feature direct current (dc) 
batteries to extend battery life.  The load shed will include a cross tie of the batteries to provide 
longer than 72 hours of Class 1E 125V dc power.  The plan also involves moving command and 
control of the event from the Main Control Room (MCR) to the Remote Shutdown System (RSS) 
Room to reduce main computer dc loads. 
 
STP provided a walkthrough of the above Flex plan on August 21, 2013, and the NRC staff 
performed an audit on August 26, 2013.  For the audit, STP provided a copy of the load 
shedding the report titled, “Extended Station Blackout Scenario,” dated August 9, 2012, which 
was performed by DP engineering, and Calculation U7-DCE-E-CALC-DESN-6001, “STP Units 3 
&4 Class 1E 125 VDC Battery Sizing Analysis, Voltage Drop, Short Circuit, and Charger Sizing 
Calculation,” Revision A, which was used as an input for the ELAP plan to insure it contain 
consistent information used for developing the initial station blackout battery loading information. 
 
The NRC staff audited the above dc load shedding calculations, whether it consists of analytical 
methods, key assumptions, and results that determine the STP, Units 3 and 4, battery discharge 
duration can be extended, as provided in the “STP 3&4 ABWR Flex Integrated Plan,” dated 
May 2, 2013.  
 
The following assumptions were used in the integrated FLEX plan:  (1) the command and 
control were performed from the RSS to reduce dc loads, (2) battery sizing included 90 percent 
end of life capacity and a 1.08 temperature correction factor, (3) no ac power circuit breaker 
operation (coils and spring charging motor loads), and (4) a swing charger between Division I 
and II and another between Division III and IV, considered a cross connect the two dc buses to 
provide longer than 72 hours of Class 1E 125V dc power during the event. 
 
The result indicated that:  the Division I battery will last 43.66 hours before the load exceeds its 
battery capacity, the Division II will last an additional 16.5 hours after initial hour depletion, while 
the Division III battery will also last an additional 16.5 hours.  Thus, total time that the Division I, 
II, and III batteries can keep division powered for 76.66 hours conservatively, where the Division 
IV battery is not needed to make 72 hours.  The above evaluation included temperature 
correction factor of 1.08 and capacity margin of 1.11 for the battery capacity determination, 
which is consistent with Institute of Electrical and Electronics Engineers Standard 485-1997.  
The audit confirms ELAP strategies that Class 1E 125V dc power will be available over 72 hours 
following a deep load shedding outlined in STP, Units 3 and 4, ABWR Flex Integrated Plan. 
 
After 36 hours, Phase 3 begins with two FLEX 480V 1500 kW diesel generators brought in from 
offsite and starts to provide ac power for battery charger operation, limited ventilation system 
operation.  The command and control is expected to be shifted back to the MCR early in Phase 
3.  It is expected that battery chargers will be reenergized and operating at about 36 hours into 
the event.  Thus, sufficient battery margin will be available.  
 
In RAI 01.05-11, Part (1), the NRC staff requested the applicant to demonstrate that sufficient 
power supply would be available for core cooling after load shed of the dc batteries.  The 
applicant responded on July 23, 2013 (ML13211A303).  During the audit, the NRC staff 



- 4 - 
 

 

reviewed the Calculation U7-DCE-E-CALC-DESN-6001, “STP Units 3 &4 Class 1E 125 VDC 
Battery Sizing Analysis, Voltage Drop, Short Circuit, and Charger Sizing Calculation,” Revision 
A, for the load shed and found that Class 1E battery is capable operating all the valves for RCIC 
system following the ELAP load shed.  The calculation indicates that RCIC system is the major 
dc loads, which consist of three RCIC steam inlet valves (RCIC-FV-0004, 0011, 0052).  It 
operates manually every hour for little over 40 hours according to the analysis STP provided.  
Since the Division I battery capacity can last 43.66 hours before the load exceeds its battery 
capacity, it is confirmed that Class 1E dc battery is capable of operating all the valves for the 
RCIC system in Phase 1 of the mitigation strategies.  This supports the responses to RAI 01.05-
11, Part (1).  However, there is an insufficient description regarding the methodology and 
compliance to standards.  This can be addressed in future audits and a RAI. 
 
In RAI 01.05-11, Part (3), the NRC staff requested the applicant to list the power sources under 
ELAP for all the valves and pumps that will be required for mitigation strategies for Phase 1 and 
for Phase 3, respectively, including core cooling, containment overpressure protection, and 
spent fuel pool cooling.  Also, identify all the manual operations for the pumps and valves.  In its 
response, the applicant referred to the audit document, “FSAR Section 13.5,” and “NEI 12-06.”  
In the audit, the NRC staff found partial answers to the RAI as related to the battery power 
supply during Phase 1 for three RCIC steam inlet valves as described in Part (1) of the RAI 
described above.  However, the NRC staff found that the power supplies for other pumps and 
valves for core cooling in Phase 3, and for containment cooling and spent fuel cooling during all 
the mitigation phases, were not addressed in the audit document, “FSAR Section 13.5,” or “NEI 
12-06.”  As a result, the NRC staff will issue new RAIs. 
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5.0 CONCLUSION 
 
The NRC staff concluded that for the most part, the information and calculations, provided by 
the applicant, supported the applicant’s Integrated Report and previous responses to the NRC 
staff’s RAIs described above.  However, the NRC staff has identified issues in two follow-up 
RAIs that need to be resolved.  The NRC staff presented these issues to the applicant and 
discussed the possibility of follow-up audit(s) and future dialog to ensure the concerns are 
addressed.   


