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Issue Date: 2/4/2014 
 

Application Title: US-APWR Design Certification - Docket Number 52-021 
 

Operating Company: Mitsubishi Heavy Industries 
 

Docket No. 52-021 
 

12.03-12.04 - Radiation Protection Design Features 
 

 
QUESTIONS: 
12.03-71 
The requirements of Title 10 of the Code of Federal Regulations (10 CFR) 70.24 “Criticality accident 
requirements”  specify the use of a radiation monitoring system capable of detecting a criticality in 
designated areas where specified quantities of special nuclear material are handled, used, or stored.  The 
monitoring system, using gamma- or neutron-sensitive radiation detectors is required to energize clearly 
audible alarm signals if accidental criticality occurs and is required to be capable of detecting a criticality that 
produces an absorbed dose in soft tissue of 20 rads of combined neutron and gamma radiation at an 
unshielded distance of 2 meters from the reacting material within one minute. The detection system is 
required to have coverage of all areas provided by two detectors. The requirements in paragraphs (a) 
through (c) of 10 CFR 70.24 do not apply to a holder of a construction permit or operating license for a 
nuclear power reactor issued under part 50 or a combined license issued under part 52 of this chapter, if the 
holder complies with the requirements of paragraph (b) of 10 CFR 50 "Domestic Licensing of Production 
and Utilization Facilities", Part 68 “Criticality accident requirements,” paragraph (b)(6) which states 
“Radiation monitors are provided in storage and associated handling areas when fuel is present to detect 
excessive radiation levels and to initiate appropriate safety actions.”  While the required radiation monitor 
need not meet the “criticality monitoring” design criteria specified in 10 CFR 70.24(a)(1), the requirement of 
10 CFR 50.68(b)(6)  to have a radiation monitor installed, is applicable regardless of the results of the 
design features and reactivity analysis described in 10 CFR 50.68(b)(1) through (b)(5).   

However contrary to the requirement of 10 CFR 50.68(b)(6), in the response to RAI 1055-7184 Question 
09.01.02-47, dated November 14, 2013, the applicant stated “Radiation monitors are provided in storage 
and associated handling areas when fuel is present to detect excessive radiation levels and to initiate 
appropriate safety actions.”  US-APWR DCD Revision 4 subsection 12.3.4 “Area Radiation and Airborne 
Radioactivity Monitoring Instrumentation,” states “The design of the spent fuel storage racks and 
containment racks precludes criticality under all postulated normal and accident conditions. Therefore, 
criticality monitors, as stated in 10 CFR 50.68 (Reference 12.3-26), are not needed.”  US-APWR DCD 
Revision 4, subsection 9.1.2.1 “Design Bases,” does not mention the requirement of 10 CFR 50.68(b)(6), for 
radiation monitors to be provided in storage and associated handling areas when fuel is present to detect 
excessive radiation levels and to initiate appropriate safety actions.  In addition, in the response to RAI 
1055-7184 Question 09.01.02-47, the applicant stated that US-APWR subsection 12.3.4.1.2 “Criteria for 
Location of Area Radiation Monitors,” item j, would be modified to say “Refueling platform and refueling 
cavity area near the containment racks,” without providing any indication of how the control room operators 
would be notified, and how any appropriate safety actions would be initiated, in the event of an alarm from a 
portable area radiation monitor, installed at refueling cavity area near the containment racks. 

In the response to RAI 1055-7184 Question 09.01.02-56, also dated November 14, 2013, the applicant 
stated that portable area radiations monitors (ARMs) would be utilized to warn operators or personnel of 
deteriorating conditions when working on the refueling platform and refueling cavity when fuel is stored in 
the containment racks.  However, the response did not address how design requirements for area radiation 
monitors (ARM) specified in ANSI/ANS-HPSSC-6.8.1-1981 “Location and Design Criteria for Area Radiation 
Monitoring Systems For Light Water Nuclear Reactors,” for fuel storage areas (e.g., range, Main Control 
Room alarm capability, detector over range response etc.), would be addressed by portable ARMs. 

In order to meet the requirements of 10 CFR 50.68(b)(6) to have radiation monitors provided in storage and 
associated handling areas when fuel is present to detect excessive radiation levels and to initiate 
appropriate safety actions, the applicant is requested to: 

� Revise the response to RAI 1055-7184 Question 09.01.02-47,  
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� Change US-APWR DCD subsection 9.1.2.1 “Design Bases,” to add the requirement of 10 CFR 
50.68(b)(6) as part of the design bases for fuel stored in the spent fuel pit, 
 

� Change US-APWR DCD subsection 9.1.2.1 “Design Bases,” to add the requirement of 10 CFR 
50.68(b)(6) as part of the design bases for fuel stored in the temporary racks inside containment, 

 
� change US-APWR DCD subsection 12.3.4 “Area Radiation and Airborne Radioactivity Monitoring 

Instrumentation,”  to add the requirement of 10 CFR 50.68(b)(6) as part of the design bases for fuel 
stored in the spent fuel pit,  

 
� change US-APWR DCD subsection 12.3.4 “Area Radiation and Airborne Radioactivity Monitoring 

Instrumentation,”  to add the requirement of 10 CFR 50.68(b)(6) as part of the design bases for fuel 
stored in the containment racks, and  
 

� revise and update DCD subsection 12.3.4 to provide a description of how the control room operators 
would be notified, and how any appropriate safety actions would be initiated, in the event of an alarm 
from a portable area radiation monitor installed at refueling cavity area near the containment racks as 
stated in the response to RAI 1055-7184 Question 09.01.02-47, or provide the specific alternative 
approaches used and the associated justification. 

 
 
12.03-72 
Title 10 of the Code of Federal Regulations (10 CFR), Part 50 "Domestic Licensing of Production and 
Utilization Facilities" Appendix A "General Design Criteria for Nuclear Power Plants" (GDC) 61 "Fuel storage 
and handling and radioactivity control," requires that the fuel storage system be designed for adequate 
safety under anticipated operating and accident conditions. In RAI 1055-7184 Question 09.01.02-55, dated 
October 7, 2013, the staff asked the applicant to provide information about the use of the spent fuel pit 
water level alarm SFS-LIA-010-N and SFS-LIA-020-N, in the event that the refueling cavity water level 
alarm were to become inoperable, and about how the set points of SFS-LIA-010-N and SFS-LIA-020-N 
were conservative with respect to the alarm set point utilized for LIA-011-N, as described in the applicant’s 
response to RAI 524-4020 Revision 1, Question 12.03-12.04-35, dated September 14, 2013. 

In the response to RAI 1055-7184 Question 09.01.02-55, dated November 14, 2013, the applicant stated 
that the low water level setpoint of the narrow range spent fuel pit water level instruments SFS-LICA-010-S 
and SFS-LICA-020-S were the same as that of RCS-LIA-011-N.  However, this information does not appear 
in the proposed changes to DCD Revision 4 Subsection 9.1.4.2.1.13, nor does it appear in DCD Revision 4, 
Section 5, Section 9 or Section 12.  In addition, the proposed change to DCD Subsection 9.1.4.2.1.13, 
which reads, "In the event that the refueling cavity water level alarm RCS-LIA-011-N becomes inoperable, 
the spent fuel pit water level alarm SFS-LICA-010-S and SFS-LICA-020-S will be utilized while the fuel 
transfer gate valve and the gate between the refueling canal and SFP are open.", does not say anything 
about requiring the gates to be open if there is fuel in the racks and the Refueling Cavity narrow range level 
instrument LIA-011-N, is inoperable.  As noted in RAI 1055-7184, Question 09.01.02-58, dated October 7, 
2013, the changes committed to in the applicant's response to RAI 895-6172 Revision 3, Question 12.03-
12.04-40, dated April 25, 2012, did not discuss any requirement to ensure that the fuel transfer gate valve, 
or the spent fuel pool weir gate remain open, while fuel is in the refueling cavity racks, no fuel is in the 
reactor vessel, and no fuel movement is in progress.  The applicant’s November 14, 2013, response to RAI 
1055-7184, Question 09.01.02-55, did not address this aspect of the question. 

The applicant is requested to revise and update the US-APWR DCD to: (1) Describe the set point of RCS-
LIA-011-N, (2) Describe the required plant configuration for alternate Refueling Cavity level monitoring with 
fuel in the containment racks and RCS-LIA-011-N inoperable, or provide the specific alternative approaches 
used and the associated justification. 
 
12.03-73 
In RAI 1055-7184, Question 09.01.02-46, dated October 7, 2013, the staff asked the applicant to provide 
information about how the drain down dose rate calculations were consistent with the information provided 
in US-APWR DCD Chapter 19 "Probabilistic Risk Assessment and Severe Accident Evaluation," and 
relevant industry operating experience.  In the response to RAI 1055-7184, Question 09.01.02-46, dated 
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November 14, 2013, the applicant stated that neither the drain down dose calculation nor the PRA postulate 
a drain down event from the steam generator (SG) manways because the probability is considered 
negligible for the following reasons: (1) Operating procedures will be developed to reflect Lessons Learned 
from INPO Event Report Level 3 Number 12-33, as shown in the attached markup of DCD Subsection 
5.4.7.2.3.6, (2) As addressed in the response to RAI 669-5219 Q19-492 (Ref. UAP-HF-10345, dated 
December 27, 2010), the SG nozzle dams can withstand up to 1.5 times normal operating pressure. The 
probability of steam generator nozzle dam failure due to the hydrostatic head pressure when the refueling 
cavity is flooded is negligible.   

Title 10 of the Code of Federal Regulations (10 CFR), Part 50 "Domestic Licensing of Production and 
Utilization Facilities" Appendix A "General Design Criteria for Nuclear Power Plants" (GDC) 61 "Fuel storage 
and handling and radioactivity control," requires that the fuel storage system be designed for adequate 
safety under anticipated operating and accident conditions. GDC 63 "Monitoring fuel and waste storage," 
requires systems to ensure fuel safety. The guidance in RG-1.13 Revision 2 "Spent Fuel Storage Facility 
Design Basis," states that the minimum water depth above spent fuel should be 10 feet. 

As stated in the applicant's responses to RAI 1055-7184, Question 09.01.02-46, and RAI 524-4020, 
Question 12.03-12.04-35 Items 2 & 4, Revision 1, dated 14 September 2010, MHI believes a rapid cavity 
drain down event is not considered feasible because the USAPWR permanent cavity seal (PCS) design 
prevents a seal cavity failure rapid drain down event and all cavity drain valves are administratively locked 
closed during fuel movement.  In RAI 895-6172, Question 12.03-12.04-44, dated January 27, 2012, the staff 
asked the applicant to describe maximum feasible drain down rates and the associated dose rates from 
irradiated equipment or fuel. The applicant’s response to RAI 895-6172 Revision 3, Question 12.03-12.04-
44, dated April 25, 2012, stated that the drain down event assumed in the dose rate calculation is 
conservatively based upon the inadvertent opening of an 8-inch drain valve, and evaluates the worst case 
dose workers might receive during a refueling cavity drawdown of 5 feet during a 30-minute period 
(reasonable time for operators to identify the origin of the leak) before the leak is detected and mitigative 
actions are taken to close the valve and restore water level.  The applicant continued to assert that higher 
drain down flow rates were not feasible.  However, in addition to the pump assisted drain down flow rates 
already described by the staff in RAI 895-6172, Question 12.03-12.04-44, Institute of Nuclear Power 
Operations (INPO) Event Report Level 3 number 12-33 “Dislodged Steam Generator Nozzle Dam Bolting 
and Drain Plug During Eddy Current Inspections,” described a near rapid drain down event due to steam 
generator nozzle dams bolts that were missing causing the nozzle dam to bow out at the bottom because of 
the hydrostatic head pressure from the water in the refueling cavity.   

The applicant has not addressed the staff's concern in RAI 1055-7184, Question 09.01.02-46, and this 
concern is also discussed in RAI 1061-7266 dated November 20, 2013.  The applicant is requested to 
revise and update the US-APWR DCD to describe drain down dose rate calculation assumptions that are 
consistent with assumptions used in US-APWR DCD Chapter 19 "Probabilistic Risk Assessment and 
Severe Accident Evaluation," and relevant industry operating experience, or provide the specific alternative 
approaches used and the associated justification. 
 
 
12.03-74 
In RAI 1055-7184, Question 09.01.02-48, dated October 7, 2013, the staff asked the applicant to revise and  
update US-APWR Technical Report MUAP-13013-P (R0) “Thermal-Hydraulic Analysis for US-APWR 
Containment Racks,” to utilize calculation assumptions that are consistent with relevant industry operating 
experience related to potential accident conditions, such as Refueling Cavity drain down events involving 
steam generator nozzle dam failures.  In the response to RAI 1055-7184, Question 09.01.02-48, dated 
November 14, 2013, the applicant stated that the probability of the rapid drain down event from the steam 
generator (SG) manway following failure of SG nozzle dams while fuel assemblies are located in the 
containment racks is considered negligible as discussed in the response to RAI 1055-7184, Question 
09.01.02-46.  The applicant further stated that this unlikely event, which is not considered even in the 
probabilistic risk assessment (PRA), is not taken into consideration for the thermal hydraulic analysis. 
Therefore, the thermal hydraulic analysis report MUAP-1 3013-P (RO) does not need to be updated. 

Title 10 of the Code of Federal Regulations (10 CFR), Part 50 "Domestic Licensing of Production and 
Utilization Facilities" Appendix A "General Design Criteria for Nuclear Power Plants" (GDC) 61 "Fuel storage 
and handling and radioactivity control," requires that the fuel storage system be designed for adequate 
safety under anticipated operating and accident conditions. GDC 63 "Monitoring fuel and waste storage," 
requires systems to ensure fuel safety. 10 CFR 52.47(a)(2) and 10 CFR 52.47(a)(5) require the applicant to 
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describe and fuel handling systems and the kinds and quantities of radioactive materials produced in the 
facility. 

As stated in the response to RAI 1055-7184, Question 09.01.02-48, the RAI 906-6332 Question 09.01.02-
26 response, dated May 23, 2013, included Technical Report MUAP-13013-P (R0) “Thermal-Hydraulic 
Analysis for US-APWR Containment Racks.”  MUAP-13013-P (R0) Section 5.1 “Local Water 
Temperatures,” states that the water space is modeled as extending 6 feet above the containment 
racks.  Institute of Nuclear Power Operations (INPO) Event Report Level 3 number 12-33 “Dislodged Steam 
Generator Nozzle Dam Bolting and Drain Plug During Eddy Current Inspections,” described a near rapid 
drain down event due to steam generator nozzle dams bolts that were missing causing the nozzle dam to 
bow out at the bottom because of the hydrostatic head pressure from the water in the refueling 
cavity.  Should a nozzle dam fail, water level in the area of the temporary fuel racks could decrease to the 
level of the reactor vessel flange. 

This question is related to the questions raised in RAI 1061-7266, dated November 20, 2013.  Since there is 
joint agreement by the staff that the November 14, 2013, response to RAI 1055-7184, Question 09.01.02-
46, does not adequately address the staff’s concerns. The applicant is requested to revise and update US-
APWR MUAP-13013-P to utilize calculation assumptions that are consistent with relevant industry operating 
experience related to potential accident conditions, or provide the specific alternative approaches used and 
the associated justification. 

  
12.03-75 
In US-APWR DCD Revision 4, Table 12.3-2, “Radiation Zones,” the description for “Zone X, >500rad/h, 
Very high radiation sources,” states “Access controlled as stated in the Technical Specifications.”  However, 
USAPWR DCD Revision 4, Chapter 16 “Technical Specifications,” Subsection “5.7 High Radiation Area,” 
only describes access controls for radiation areas with dose rates less than 500 rads/hour at 1 Meter from 
the radiation source.   

Title 10 of the Code of Federal Regulations (10 CFR), Part 20 “Standards For Protection Against Radiation,” 
section 1602 “Control of access to very high radiation areas,” describes the controls licensees are required 
to follow for access to areas in which radiation levels could be encountered at 500 rads (5 grays) or more in 
1 hour at 1 meter from a radiation source or any surface through which the radiation penetrates.” 

The applicant is requested to revise and update the US-APWR DCD Revision 4 description provided in 
Table 12.3-2 “Radiation Zones,” for “Zone X, >500rad/h, Very high radiation sources, to state “…as stated in 
10 CFR 20.1602.”, or provide the specific alternative approaches used and the associated justification. 
 
12.03-76 
Title 10 of the Code of Federal Regulations (10 CFR), Part 50 "Domestic Licensing of Production and 
Utilization Facilities", Part 68 “Criticality accident requirements,” paragraph (b)(6) states “Radiation monitors 
are provided in storage and associated handling areas when fuel is present to detect excessive radiation 
levels and to initiate appropriate safety actions.”   

The applicant’s response to RAI 895-6172 Revision 3, Question 12.03-12.04-42, dated April 25, 2012, 
stated that the containment racks were designed for all postulated normal and accident conditions and do 
not need criticality monitors.  However, the radiation monitor requirement of 10 CFR 50.68(b)(6) is 
applicable regardless of the value of k-effective.  The US-APWR DCD Revision 3 does not describe which 
radiation monitor fulfills the requirement of 10 CFR 50.68(b)(6) when fuel is present in these racks.  In the 
response to RAI 1055-7184, Question 09.01.02-56, dated November 14, 2013, the applicant stated that 
portable area radiations monitors (ARMs) would be utilized to warn operators or personnel of deteriorating 
conditions when working on the refueling platform and refueling cavity when fuel is stored in the 
containment racks.  However, the response did not address how design requirements for area radiation 
monitors (ARM) specified in ANSI/ANS-HPSSC-6.8.1-1981 “Location and Design Criteria for Area Radiation 
Monitoring Systems For Light Water Nuclear Reactors,” for fuel storage areas (e.g., range, Main Control 
Room alarm capability, detector over range response etc.), would be addressed by portable ARMs.  In RAI 
7184,  Question 09.01.02-57, the staff asked the applicant to describe how the DCD complies with 10 CFR 
52.47(b)(1), which requires that a DC application contain the proposed inspections, tests, analyses, and 
acceptance criteria (ITAAC) that are necessary and sufficient to provide reasonable assurance that, if the 
inspections, tests, and analyses are performed and the acceptance criteria met, a plant that incorporates 
the design certification is built and should operate in accordance with the design certification, the provisions 
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of the Atomic Energy Act, and the NRC's regulations, for the 10 CFR 50.68(b)(6) radiation monitor for the 
containment fuel racks.  The applicant’s November 14, 2013, response to RAI 7184, Question 09.01.02-57, 
stated that because a portable ARM would be used for the containment fuel racks, that no ITAAC were 
required.  However, the applicant did not describe in the DCD how the selection of the type, range, alarm 
capabilities, power supplies and other characteristics would be identified and verified prior to using a 
portable ARM for the purpose of complying with 10 CFR 50.68(b)(6) monitoring of the containment fuel 
racks. 

The applicant is requested to revise and update US-APWR DCD Section 12.3 to describe the required 
performance characteristics of portable ARMs used to satisfy 10 CFR 50.68(b)(6) when fuel is present in the 
refueling cavity temporary fuel storage racks, and how the functionality of those characteristics will be 
assured prior to use to meet the requirements of 10 CFR 50.68(b)(6), or provide the specific alternative 
approaches used and the associated justification. 
 
12.03-77 
Title 10 of the Code of Federal Regulations (10 CFR), Part 50 "Domestic Licensing of Production and 
Utilization Facilities" Appendix A "General Design Criteria for Nuclear Power Plants" (GDC) 63 "Monitoring 
fuel and waste storage," requires that the fuel storage system be designed for adequate safety under 
anticipated operating and accident conditions. GDC 64 "Monitoring radioactivity releases," requires systems 
to monitor for excessive radiation levels in the reactor containment atmosphere and the plant environs for 
radioactivity that may be released from normal operations, including anticipated operational occurrences, 
and from postulated accidents, and to initiate appropriate safety actions.  In RAI 1055-7184, Question 
09.01.02-56, dated October 7, 2013, the staff asked the applicant to describe in US-APWR DCD section 
3.1.6.4, the radiation monitoring instruments provided to meet GDC 63 and GDC 64 for fuel located in the 
containment racks.  The applicant’s response to RAI 1055-7184, Question 09.01.02-56, dated November 
22, 2013, stated that in response to RAI 1055-7184, Question 09.01.02-47, DCD Subsection 12.3.4.1.2 was 
revised to indicate that portable area radiations monitors (ARMs) would be utilized to locally warn operators 
or personnel of deteriorating conditions when working on the refueling platform and refueling cavity when 
fuel is stored in the containment racks, and that DCD Subsections 3.1.6.4 and 3.1.6.5 have been revised to 
describe the refueling cavity water level instrumentation that annunciates in the MCR to demonstrate 
compliance with GDCs 63 and 64.  However, because the refueling cavity level indicating instruments are 
not required by 10 CFR 50.68(b)(6); there is no stated requirement in the US-APWR DCD for the refueling 
cavity or Spent Fuel Pool alternate level monitoring instrumentation to be operable and hydraulically 
connected to the refueling cavity, at all times when fuel is in the containment fuel racks; and the response 
did not address how design requirements for area radiation monitors (ARM) specified in ANSI/ANS-
HPSSC-6.8.1-1981 “Location and Design Criteria for Area Radiation Monitoring Systems For Light Water 
Nuclear Reactors,” for fuel storage areas (e.g., range, Main Control Room alarm capability, detector over 
range response etc.), would be addressed by portable ARMs, the staff finds the applicant’s justification 
insufficient to address our concerns stated in RAI 1055-7184, Question 09.01.02-56. 
 
The applicant is requested to revise and update the US-APWR DCD section 3.1.6.4 to describe how the 
plant design for radiation monitoring equipment meets the requirements 10 CFR 50.68(b)(6) when fuel is 
present in the refueling cavity temporary fuel storage racks.  Should the applicant elect to propose crediting 
other methods of meeting the intent of 10 CFR 50.68(b)(6), then clear justification must be provided in all of 
the relevant sections of the DCD as to why the alternate method is acceptable, and how the functionality of 
the method will be assured at all times that fuel is in the containment racks, even if no fuel movement is in 
progress, and when all fuel is out of the reactor vessel. 
 
12.03-78 
Title 10 of the Code of Federal Regulations (10 CFR), Part 50 "Domestic Licensing of Production and 
Utilization Facilities" Appendix A "General Design Criteria for Nuclear Power Plants" (GDC) 61 "Fuel storage 
and handling and radioactivity control," requires that the fuel storage system be designed for adequate 
safety under anticipated operating and accident conditions. GDC 63 "Monitoring fuel and waste storage," 
requires systems to ensure fuel safety. The guidance in RG-1.13 Revision 2 "Spent Fuel Storage Facility 
Design Basis," states that the minimum water depth above spent fuel should be 10 feet. 

The applicant’s response to RAI 7184, Question 09.01.02-46, dated November 14, 2013, committed 
to incorporating lessons learned from INPO Event Report Level 3 Number 12-33 into operating procedures, 
to US-APWR DCD Subsection 5.4.7.2.3.6.  The applicant also stated that, as addressed in the response to 
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RAI 669-5219, Question 19-492 (Ref. UAP-HF-10345, dated December 27, 2010), the SG nozzle dams can 
withstand up to 1.5 times normal operating pressure. The probability of steam generator nozzle dam failure 
due to the hydrostatic head pressure when the refueling cavity is flooded as considered to by the applicant 
was negligible.   

Based on a cross disciplinary review of the applicant’s response, available information in the DCD, and 
relevant operating experience, it is the position of the staff, that one or more signal failure mechanisms are 
available to cause a refueling cavity drain down event (e.g., steam generator nozzle dam failure, pumped 
drain down events) that could challenge the integrity of fuel stored in the containment racks, or result in 
excessive radiation levels in the vicinity of the refueling cavity that could adversely impact the licensee’s 
ability to maintain the plant in a safe condition. (See also RAI 7266 Questions 19-594, 19-565 and 19-596 
for related staff concerns)  Therefore, it is the position of the staff that the applicant’s response did not fully 
address the requirements of GDC 61 and GDC 63, to maintain safety and protection of fuel, and the 
prevention of excessive radiation levels from fuel or irradiated core components. 

The applicant is requested to revise and update the US-APWR DCD pumped drain down and nozzle dam 
failure analysis to describe the impact on fuel safety and radiation levels from the types of failures described 
by the staff, or provide the specific alternative approaches used and the associated justification.  Please 
ensure that the Chapter 19 PRA is updated consistent with the results of this analysis. 
 
12.03-79 
Title 10 of the Code of Federal Regulations (10 CFR), Part 50 "Domestic Licensing of Production and 
Utilization Facilities" Appendix A "General Design Criteria for Nuclear Power Plants" (GDC) 61 "Fuel storage 
and handling and radioactivity control," requires that the fuel storage system be designed for adequate 
safety under anticipated operating and accident conditions. GDC 63 "Monitoring fuel and waste storage," 
requires systems to ensure fuel safety. The guidance in RG-1.13 Revision 2 "Spent Fuel Storage Facility 
Design Basis," states that the minimum water depth above spent fuel should be 10 feet. 

The applicant’s response to RAI 7184, Question 09.01.02-48, dated November 14, 2013 stated that the 
probability of the rapid drain down event from the steam generator (SG) manway following failure of SG 
nozzle dams while fuel assemblies are located in the containment racks, as considered to by the applicant, 
was negligible as discussed in the response to RAI 7184, Question 09.01.02-46.  The applicant’s response 
to RAI 7184, Question 09.01.02-46, dated November 14, 2013, committed to revising US-APWR DCD 
Subsection 5.4.7.2.3.6 to include requiring the incorporation of lessons learned from INPO Event Report 
Level 3 Number 12-33 into operating procedures, to.  The applicant also stated that, as addressed in the 
response to RAI 669-5219, Question 19-492 (Ref. UAP-HF-10345, dated December 27, 2010), the SG 
nozzle dams can withstand up to 1.5 times normal operating pressure. Steam generator nozzle dam failure 
due to the hydrostatic head pressure when the refueling cavity is flooded, as considered to by the applicant, 
was negligible.   

Based on a cross disciplinary review of the applicant’s response, available information in the DCD, and 
relevant operating experience, it is the position of the staff, that one or more signal failure mechanisms are 
available to cause a refueling cavity drain down event (e.g., steam generator nozzle dam failure, pumped 
drain down events) that could challenge the integrity of fuel stored in the containment racks, or result in 
excessive radiation levels in the vicinity of the refueling cavity that could adversely impact the licensee’s 
ability to maintain the plant in a safe condition. (See also RAI 7266, Questions 19-594, 19-565 and 19-596 
for related staff concerns)  Therefore, it is the position of the staff that the applicant’s response did not fully 
address the requirements of GDC 61 and GDC 63, to maintain safety and protection of fuel, and the 
prevention of excessive radiation levels from fuel or irradiated core components. 

Please revise and update the US-APWR DCD pumped drain down and nozzle dam failure analysis to 
describe the impact on fuel safety and radiation levels from the types of failures described by the staff, or 
provide the specific alternative approaches used and the associated justification.  Please ensure that the 
Chapter 19 PRA is updated consistent with the results of this analysis. 

 
12.03-80 
RAI 1055-7184, Question 09.01.02-60 requested the applicant to provide an analysis that demonstrates all 
fuel assemblies located in the refueling cavity will remain protected under all operating conditions.  One of 
the conditions identified by the staff was a failure of a steam generator (SG) nozzle dam.  The applicant’s 
response referenced RAI 1055-7184, Question 09.01.02-46, in which the applicant states that the SG 
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nozzle dam is designed to withstand 1.5 times the hydrostatic head of pressure when the refueling cavity is 
flooded.  The applicant concludes that the probability of a SG nozzle dam failure is negligible, and therefore, 
the applicant has not postulated the consequences of this failure.   

The staff finds the applicant’s justification insufficient to address the concern stated in RAI 1055-7184, 
Question 9.1.2-60.  The SG is a Seismic Category I component designed to maintain pressure boundary 
integrity following a safe shutdown earthquake (SSE).  Replacing the SG openings with a non-seismic 
component creates the possibility of a rapid drain down event following an SSE.  This event has the 
potential to drain the refueling cavity water level to the vessel flange and prevents the use of the RHR 
system to provide makeup/cooling to any fuel in the refueling cavity.   

Therefore, the staff requests the applicant to evaluate the consequences and the mitigation actions 
associated with a SG nozzle dam failure. 
 
 


