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9 AUXILIARY SYSTEMS 

9.1 Fuel Storage and Handling 

9.1.1 Criticality Safety of New and Spent Fuel Storage and Handling 

 

The U.S. EPR includes facilities for the onsite storage of new fuel and irradiated spent fuel.  
Both the new fuel and spent fuel storage facilities are located within the U.S. EPR Fuel Building.  
The Fuel Building is a reinforced concrete Seismic Category I structure. 

The U.S. EPR fuel storage racks are designed for storing, loading and unloading U.S. EPR new 
fuel assemblies in Region 1 and spent fuel assemblies in Region 2 of the spent fuel pool (SFP).  
The Region 1 rack design incorporates a flux trap and fixed neutron absorbers and is able to 
store spent and new fuel in the water filled SFP and new fuel in the dry New Fuel Storage 
Facility (NFSF).  The Region 2 rack is a high density design developed for the long term storage 
of spent fuel and new fuel in acceptable locations.  Use of these two fuel storage rack designs 
allows storage of a maximum of 1247 fuel assemblies in the SFP.  Within the Region 1 rack 
design, the dry NFSF allows storage of a maximum of 120 fuel assemblies.  The new fuel 
storage facilities are designed to maintain a subcritical storage configuration of fuel during 
normal storage and accident conditions. 

 

FSAR Tier 1:  FSAR Tier 1, Section 2.2.8, ―Fuel Handling System,‖ provides that the U.S. EPR 

fuel handling and storage systems maintain fuel in a subcritical array. 

FSAR Tier 2:  The applicant provided an FSAR Tier 2 system description in Section 9.1.1.  

In addition, the applicant submitted technical report, TN-Rack.0101, ―U.S. EPR New and Spent 
Fuel Storage Rack Technical Report,‖ which documents the detailed criticality analysis of fuel 
storage racks for the U.S. EPR.  As described below, the applicant’s criticality analysis 
demonstrates that the U.S. EPR new fuel and spent fuel storage racks comply with Title 10 of 
the Code of Federal Regulations (10 CFR) Part 50, Section 50.68(b)(4) which requires, in part, 

that: 

If credit for soluble boron is taken, the k-effective of the spent fuel storage racks 
loaded with fuel of the maximum fuel assembly reactivity must not exceed 0.95, 
at a 95 percent probability, 95 percent confidence level, if flooded with borated 
water, and the k-effective of the spent fuel storage racks loaded with fuel of the 
maximum fuel assembly reactivity must remain below 1.0 (subcritical), at a 
95 percent probability, 95 percent confidence level, if flooded with unborated 
water. 

TN-Rack.0101 provides the criticality analysis, including a description of the analytical methods, 
uncertainty, analysis, and other analysis assumptions. 

ITAAC:  There are no ITAAC items for this area of review. 
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Technical Specifications:  The Technical Specifications associated with FSAR Tier 2, 

Section 9.1.1 are given in FSAR Tier 2, Chapter 16, Sections 3.7.15, 3.7.16, and 4.3. 

Interface Requirements:  There are no plant interfaces for this area of review. 

 

The relevant requirements of NRC regulations for this area of review, and the associated 
acceptance criteria, are given in NUREG-0800, ―Standard Review Plan for the Review of Safety 
Analysis Reports for Nuclear Power Plants:  LWR Edition,‖ (hereafter referred to as 
NUREG-0800 or the SRP), Section 9.1.1 and are summarized below.  Review interfaces with 
other SRP sections can be found in NUREG-0800, Section 9.1.1. 

1. General Design Criterion (GDC) 62, ―Prevention of Criticality in Fuel Storage and 
Handling,‖ as it relates to the prevention of criticality by physical systems or processes, 
preferably by using geometrically safe configurations. 

2. 10 CFR 50.68, ―Criticality accident requirements,‖ as it relates to preventing a criticality 
accident and to mitigating the radiological consequences of a criticality accident. 

Acceptance criteria adequate to meet the above requirements: 

1 The criteria for GDC 62 are specified in American National Standards Institute 
(ANSI)/American Nuclear Society (ANS) 57.1, ―Design Requirements for Light Water 
Reactor Fuel Handling System,‖ ANSI/ANS 57.2, ―Design Requirements for Light Water 
Reactor Spent Fuel Storage For Facilities at Nuclear Power Plants,‖ and 
ANSI/ANS 57.3, ―Design Requirements for New Fuel Storage Facilities at Light Water 
Reactor Plants,‖ as they relate to the prevention of criticality accidents in fuel storage 
and handling. 

2 Compliance with 10 CFR 50.68 requires that the licensee either maintain monitoring 
systems capable of detecting a criticality accident as described in 10 CFR 70.24, 
―Criticality accident requirements,‖ thereby reducing the consequences of a criticality 
accident, or comply with the requirements specified in 10 CFR 50.68(b), thereby 
reducing the likelihood that a criticality accident will occur. 

 

The staff reviewed FSAR Tier 2, Section 9.1.1, including the associated technical report 
TN-Rack.0101, in accordance with the guidance outlined in NUREG-0800, Section 9.1.1, 
―Criticality Safety of Fresh and Spent Fuel Storage and Handling,‖ Revision 3.  Compliance with 
regulatory requirements was verified based on the criteria delineated in Section 9.1.1.3 of this 
report. 

The staff evaluated key aspects of the applicant’s criticality analysis including fuel handling 
considerations, computational methods and data used, the computational method validation, 
selection of the design basis assembly, the storage rack design, the uncertainty analysis, axial 
burnup profile selection, assumed depletion parameters, normal conditions, and accident 
conditions. 
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As a result of the staff review of TN-Rack.0101, the staff asked the applicant 27 questions, 
Question 09.01.01-26 through Question 09.01.01-52, as documented in Request for Additional 
Information (RAI) 402 dated July 26, 2010.  In a June 10, 2011, response to RAI 402, the 
applicant replied to all 27 questions.  Included in this response is supplemental information that 
resulted from discussions between the staff and the applicant during a November 12, 2010, 
teleconference.  Responses to supplemental information requested are identified by issue 
number in the response to RAI 402. 

The staff also reviewed the Technical Specifications (TS) identified in Section 9.1.1.2 of this 
report.  The staff notes that TS 3.7.15, 3.7.16 and 4.3 are consistent with the design analyses of 
FSAR Tier 2, Section 9.1.1, which the staff finds acceptable with respect to the applicant’s 
criticality safety analysis. 

 

TN-Rack.0101 describes two computational sequences from the modular code system for 
performing Standardized Computer Analyses for Licensing Evaluation (SCALE) used in the 
criticality analysis.  The SAS2H sequence (a coupled one-dimensional depletion and shielding 
analysis module) is used for the depletion calculations to determine the fuel assembly isotopic 
number densities as a function of burnup.  The analysis subsequently uses the Criticality Safety 
Analysis Sequence (CSAS25) to determine the neutron multiplication factor, k-effective, in the 
fuel storage racks.  Both the SAS2H and CSAS25 calculations utilize the 44 energy group 
nuclear cross section data library based on ENDF/B-V data included in the SCALE package.  
TN-Rack.0101, Section 5.3.1 describes the use of the SAS2H sequence and TN-Rack.0101, 
Section 5.3.3.4 describes the use of the CSAS25 sequence. 

The SCALE code package was developed by Oak Ridge National Laboratory and funded by the 
Nuclear Regulatory Commission (NRC).  The staff finds that the use of SCALE as used in this 
application is within the intended use of SCALE and is similar to the confirmatory analysis 
methods used by the staff.  The analysis methodology and code package are used to 
demonstrate compliance with the regulatory criteria outlined in SRP Section 9.1.1.  The staff 
reviewed the cross section libraries and other input data used as input to the SCALE code 
package.  The biases and bias uncertainties calculated by the applicant using appropriate 
benchmark data reflect the impact of the chosen cross section libraries and other input data as 
well as the software version used in this analysis.  As described below, the applicant used the 
USLSTATS module from the SCALE code package to perform the statistical analysis, which 
follows the guidance provided in NUREG/CR-6361.  By investigating the statistical trends of 
various parameters, the applicant is able to benchmark the code used in the criticality analysis 
using a 95 percent confidence level at 95 percent probability.  The staff concludes that the 
applicant correctly used SCALE in accordance with available staff guidance and accounted for 
the benchmark results in the calculation of biases and bias uncertainties. 

 

TN-Rack.0101, Section 5.5 describes the validation for both the SAS2H and CSAS25 
sequences of the SCALE code package.  The purpose of the validation is to determine the bias 
and the bias uncertainty for the computational methods implemented in the safety analysis. 

The validation of SAS2H consists of two separate parts:  (1) Validation of isotopic number 
densities based on radiochemical assays from commercial power reactor spent fuel and 
(2) comparison of SAS2H/CSAS25 with CASMO-3.  The radiochemical assay comparisons are 
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used to generate conservative correction factors for actinide and fission product isotopes that 
are applied to the SAS2H calculated concentrations.  The comparisons between SCALE and 
CASMO-3 are intended to show the conservatism in the SCALE depletion calculations. 

The safety analysis applies the isotopic correction factors to the calculated number densities 
before reactivity is calculated with CSAS25.  The generation and application of the correction 
factors is additional conservatism since a traditional depletion uncertainty, calculated by taking 
five percent of the reactivity decrement is also used.  While the staff does not explicitly endorse 
the use of correction factors, the combined use of correction factors with the traditional 
five percent penalty is acceptable since it is more conservative than previously accepted 
methods based on the five percent depletion uncertainty alone.  In a June 10, 2011, response to 
RAI 402, Questions 09.01.01-50 and 09.01.01-51, the applicant provided adequate clarification 
and additional discussion related to the implementation of the correction factors.  Since the 
correction factors are employed as additional conservatism, the staff considers RAI 402, 
Questions 09.01.01-50 and 09.01.01-51 resolved. 

The staff does not conclude that the code-to-code comparisons with CASMO-3 provide 
additional confidence that the SAS2H sequence is performing as intended, since the applicant 
did not also validate CASMO-3; the code-to-code comparison is not necessary, but is instead 
provided as additional information. 

The applicant performed the validation of the CSAS25 sequence by comparing KENO 
calculated k-effective values with several different sets of critical configurations.  A total of 
267 critical configurations were included.  The sources of critical configurations are the 
International Handbook of Evaluated Criticality Safety Benchmark Experiments (IHECSBE, 
2009), NUREG/CR-6361, ―Criticality Benchmark Guide for Light-Water-Reactor Fuel in 
Transportation and Storage Packages,‖ NUREG/CR-6979, ―Evaluation of the French Haut Taux 
de Combustion (HTC) Critical Experiment Data,‖ and a set of Commercial Reactor Critical 
(CRC) statepoints. 

The staff notes that IHECSBE is an appropriate source of information for the critical experiment 
models as it includes some of the most applicable experimental data that is publicly available.  
The experiments chosen, shown in TN-Rack.0101, Tables 5-14A and 5-14B correspond to 
rectangular and hexagonal lattices of mixed oxide fuel pins with natural UO2 and PuO2 between 
2.0 and 6.6 weight percent.  These experiments also contain augmented concentrations of 
Pu-240 at 16 percent and 14 percent, and are among the most applicable experiments in the 
IHECSBE to the U.S. EPR storage rack design.  Similarity coefficients (ck values) were 
generated by the staff using the TSURFER code as a confirmatory tool, which is part of the 
SCALE 6.0 package.  In short, a ck value comes from a comparison of the nuclear data 
sensitivity between an application system (the U.S. EPR storage rack design in this case) and 
an experiment.  Many things contribute to similarity including the various nuclide concentrations 
and the geometric configuration of the two systems.  The closer a particular experiment’s ck 
value is to one; the more similar it is to the application system to which it is being compared.  
Comparing a subset of experiments (MCT-002) from the IHECSBE chosen by the applicant to 
the U.S. EPR rack design with fuel burned to 30 GWd/MTU, ck values of around 0.65-0.73 were 
calculated by the staff.  In terms of code validation, the ck values give the staff an indication of 
the quality of a particular benchmark set for the given application.  That is, ck values above 0.8 
provide the staff assurance that the benchmark set being used to validate a code for a particular 
application is actually capturing the appropriate physics necessary to estimate the true code 
bias.  While the ck values for the applicant’s benchmarks do not indicate a high degree of 
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similarity, they do indicate some degree of similarity between the experiments and the U.S. EPR 
design.  When combined with the highly similar HTC experiments (see below) with high 
ck values, the staff finds that the applicant provided a comprehensive set of acceptable 
benchmark data. 

The majority of the critical experiments were taken from NUREG/CR-6361.  These experiments 
are all performed using fresh UO2 fuel.  The experiments are intended to be used for the 
validation of computational methods used in light water reactor (LWR) fuel storage and, 
therefore, the staff finds the use of these models acceptable in the context of this application. 

The use of the HTC experiments documented in NUREG/CR-6979 is important to cover the 
actinide distribution of burned fuel.  These experiments use fuel that was specifically tailored to 
match this actinide distribution.  The application does not explicitly state how the applicant 
determined which of the HTC experiments to include or exclude from the benchmark set; 
however, the impact of the case selection on the overall validation is small based on the staff’s 
experience with this database and based on staff calculations using TSURFER.  Similarity 
coefficients between 0.82 and 0.90 were calculated for the HTC experiments when compared to 
fuel burned to 50 GWd/MTU in the U.S. EPR storage rack configuration.  Therefore, the staff 
finds the inclusion of the HTC experiments for the CSAS25 validation as shown in this 
application acceptable. 

The applicant also included the use of CRCs in the validation of CSAS25.  In RAI 402, 
Question 09.01.01-26, the staff requested that the applicant clarify the lack of CRC benchmarks 
at higher average fuel burnups and also clarify how the benchmarks serve to validate safety 
analyses that model fuel at higher burnups.  In a June 10, 2011, response to RAI 402, 
Question 09.01.01-26, the applicant stated that the most reactive axial segments of the fuel 
assembly have burnups in the range of the CRCs and, therefore, the CRCs are applicable for 
the average fuel burnups of interest.  The applicant also clarified that isotopic similarity of 
important burnup credit nuclides helps to demonstrate applicability as seen in Table 5-14F of 
the response.  The staff considers RAI 402, Question 09.01.01-26 resolved since the applicant 
described the similarities of the CRC data and U.S. EPR fuel, and showed that the applicable 
U.S. EPR fuel burnup values were within the range covered by the CRC database.  In RAI 402, 
Question 09.01.01-29, the staff requested that the applicant provide justification for the claim 
that the listed differences between CRCs and the U.S. EPR rack system have insignificant 
impact on the calculation of bias and bias uncertainty.  In a June 10, 2011, response to RAI 402, 
Question 09.01.01-29, the applicant included an additional statement regarding the similarities 
between the CRCs and the rack design, but did not discuss why the differences would be 
insignificant.  The staff does not accept validations solely based on CRCs, but the validation 
presented by the applicant includes CRCs in addition to other methods which have previously 
been accepted by the staff.  The staff independently confirmed that the resultant Upper 
Subcritical Limit (USL) is more limiting, for this case, when the CRCs are included.  The staff 
makes no determination regarding the acceptability of the methods used by the applicant 
regarding CRC data; however, the staff finds it acceptable to use CRC data as an additional 
conservatism when combined with other acceptable methods and, therefore, considers RAI 402, 
Question 09.01.01-29 resolved. 

The staff reviewed the USL determination methodology in technical report TN-Rack.0101, 
Subsection 5.4.1 and identified additional trending parameters that might indicate a larger 
computational bias than previously calculated which would lead to a more limiting USL.  
Therefore, In RAI 402, Question 09.01.01-28, the staff requested that the applicant provide 



 

9-6 

 

additional trending parameters to the computational bias assessment.  In a June 10, 2011, 
response to RAI 402, Question 09.01.01-28, the applicant agreed and updated the analysis 
based on the new, more limiting findings.  Therefore, the staff considers RAI 402, 
Question 09.01.01-28 resolved. 

In RAI 402, Question 09.01.01-31, the staff requested that the applicant provide a complete 
description of the computational method used including confirmation that the criticality code 
validation was performed using the same computational method as was used in the safety 
analysis.  In a June 10, 2011, response to RAI 402, Question 09.01.01-31, the applicant 
confirmed that the criticality calculations in the validation were performed using the same 
computational method used for the safety analysis, except for the CRC benchmarks.  
Safety-related calculations should be validated using the same computational method for both 
the safety analysis and validation. 

The staff does not endorse the applicant’s choice to use a different code system for the CRC 
validation; however, as noted previously, the CRC validation provides additional conservatism to 
the other methods which the staff finds acceptable and, therefore, the staff considers RAI 402, 
Question 09.01.01-31 resolved. 

For the reasons discussed above, the staff finds the overall validation of the CSAS25 sequence 
acceptable.  The staff’s approval of the inclusion of CRC data is specific to this analysis 
because the applicant showed that its inclusion is more limiting. 

 

TN-Rack.0101, Table 5-1 describes the U.S. EPR 17x17 design basis fuel assembly.  Since this 
application supports new construction of the plant, there are no legacy fuel designs that need to 
be considered.  The parameters presented are generally consistent with expected values based 
on typical assemblies in use in currently operating plants.  The staff finds that the criticality 
analysis used the appropriate fuel assembly data based on the U.S. EPR 17x17 fuel design. 

One aspect of the fuel design that is important to the depletion/criticality analysis is the axial 
blanket specification.  As the assembly discharge burnup increases and reactivity shifts to the 
lower burned regions at the axial ends, the importance of correctly modeling the blanket region 
increases for fuel stored in the SFP.  The applicant describes that the lower enrichment blanket 
regions in the depletion/criticality analysis were conservatively reduced for burned fuel 
assemblies.  Additionally, no blanket regions are modeled for fresh fuel assemblies which 
include the maximum assembly enrichment throughout the assembly.  Therefore, in RAI 402, 
Question 09.01.01-37, the staff requested that the applicant provide a more detailed description 
of blanket usage including the range of permitted blanket enrichments, range of blanket 
dimensions, and usage of gadolinia in blankets.  In a June 10, 2011, response to RAI 402, 
Question 09.01.01-37, the applicant stated that FSAR Tier 2, Section 4.2.2.8 and FSAR Tier 2, 
Section 4.3.2, contains information regarding blanket geometry design and usage of the 
blankets.  The applicant also stated that gadolinia rods are not used in the blanket regions and a 
discussion justifying the range of blanket enrichments selected for the first three cores and 
equilibrium fuel cycle was provided.  Based on the response, the staff finds that the axial blanket 
modeling in the reported safety analyses is either consistent with blanket usage for the 
U.S. EPR fuel design or is conservatively treated and, therefore, considers RAI 402, 
Question 09.01.01-37 resolved. 
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TN-Rack.0101, Figures 1-4 and 1-5 provide sketches of the rack designs for Region 1 and 
Region 2 respectively.  TN-Rack.0101, Tables 5-17 and 5-18 provide the rack design inputs for 
the criticality model.  The racks are constructed of a stainless steel frame structure with fuel 
storage tubes containing poison material supported within the steel framework.  The racks are 
free-standing in the SFP, supported by multiple adjustable feet.  Region 1 racks provide a flux 
trap to store and maintain criticality control of new and recently discharged fuel assemblies.  
Region 2 racks use the same fuel storage tubes with poison material but with no flux traps.  The 
Region 2 design is similar to designs in use at current nuclear power plants and the dimensions 
are also similar to typical values for racks currently in use. 

The Region 1 design is unique in that it includes axially oriented neutron absorber panels.  
These panels are not welded or attached to each other.  In past designs that used absorber 
panels, the absorber panels were held in place by a wrapper welded to a storage tube or by 
being welded into place between two storage tubes.  Other than dissolution, there was no place 
for the absorber panel to go. 

For the U.S. EPR design, the k-effective of the array could be increased if the panels move in a 
way that reduces the spacing between the two poison panels that are supposed to be between 
each assembly; a seismic event is one postulated scenario that could result in the reduction of 
this spacing. 

The rack models include both the storage tubes and poison panels.  For Region 1, an infinite 
array of 10x10 storage rack modules with flux traps serves as the base model in the safety 
analysis; for Region 2, an infinite array of 9x10 storage rack modules without flux traps serves 
as the base model.  Various perturbations to these models are used to evaluate the 
uncertainties associated with manufacturing tolerances, other normal conditions such as 
checkerboard loading, and various abnormal conditions. Included in the base model variations 
is a full SFP model incorporating both Region 1 and Region 2 modules with various fuel 
assembly loading assumptions. 

In RAI 402, Question 09.01.01-41, the staff requested that the applicant clarify the structural 
characteristics of the fuel storage rack design during potential accidents since changes in the 
rack geometry can affect the system reactivity.  In a June 10, 2011, response to RAI 402, 
Question 09.01.01-41, the applicant modified the Region 1 rack design to ensure that the flux 
trap widths and poison plate geometry are not substantially altered following a seismic event.  
The rack design was updated by adding "tube grids" at five axial locations for the Region 1 
racks and for the NFSF.  Criticality analyses were updated (NFSF and Region 1) incorporating 
the new seismic dimensional change results.  Additionally, the applicant performed sensitivity 
analyses which incorporate the tube grids into the criticality analysis demonstrating how the 
Region 1 and Region 2 interface case is affected.  This resulted in a 220 percent millirho (pcm) 
increase in reactivity, for the limiting case, relative to the previous Region 1-Region 2 interface 
model.  This issue is related to Issue #12 – ―Region 1-Region 2 Interface‖ regarding interface 
effects and further discussion is deferred to that portion of the review, which is documented 
below in Section 9.1.1.4.5 of this report. 

The seismic analysis calculations indicate that the poison plates maintain their integrity under 
normal and credible accident conditions, including motion resulting from a safe-shutdown 
earthquake (SSE).  Under Region 1 normal conditions, the nominal flux trap gap that was 
previously determined by the positioning of the tube grids is reduced by 0.1 centimeter (cm) 
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based on results from the seismic analysis.  The 0.1 cm gap reduction is incorporated into the 
criticality analysis results for conservatism.  For accident cases, the nominal flux trap gap is 
reduced by a total of 0.735 cm (includes additional elastic deformation changes from structural 
analysis) for the relevant criticality analysis.  To maintain approximately the same amount of 
margin to the 0.95 limit, the amount of soluble boron was increased to 550 parts per million 
(ppm). 

Based on the updated rack design and the incorporation of these changes into the criticality 
analysis models as discussed above, staff finds the June 10, 2011, response to RAI 402, 
Question 09.01.01-41 acceptable and the changes made to the technical report appropriate. 

 

Accounting for the manufacturing tolerances of the storage racks and fuel assemblies as an 
uncertainty component in the criticality analysis impacts the system reactivity.  Determination of 
the maximum k-effective should consider either (1) a worst-case combination with mechanical 
and material conditions set to maximize k-effective or (2) a sensitivity study of the reactivity 
effects of tolerance variations.  If used, a sensitivity study should include all possible significant 
tolerance variations in the material and mechanical specifications of the racks.  The 
uncertainties may be combined statistically provided that they are independent. 

The applicant’s sensitivity analysis considers the following uncertainty components:  Cell 
internal dimension, UO2 density, fuel eccentric positioning, fuel pellet diameter, and fuel pellet 
cladding thickness.  A minimum B-10 loading of 28 mg/cm2 is utilized in the material 
specification for the storage rack neutron absorber.  The analysis conservatively credited 
90 percent of the minimum value, or 25 mg B-10/cm2. 

The staff was concerned with the lack of uncertainty treatment for certain important design 
parameters and these concerns are tracked in RAI 402, Issue #8.  Specific parameters include 
cell pitch, storage cell wall thickness, fuel rod pitch, fuel density, and fuel enrichment.  In related 
RAI 402, Question 9.1.1-48, the staff requested that the applicant to clarify why the fuel pellet 
density sensitivity discussed in TN-Rack.0101, Section 5.3.3.1, was missing in Table 5-26 of the 
same report.  As a result of the applicant's June 10, 2011, response to RAI 402, 
Question 09.01.01-48, and consequential update of TN-Rack.0101, Section 5.3.3.1, the staff 
noted that maximum fuel loading was used as the initial condition for depletion calculations 
(discussed in Technical Report TN-Rack.0101, Section 5.3.3.4).  This resolves the fuel density 
uncertainty treatment for Region 2; since the assumption is conservative and, therefore, the 
staff considers RAI 402, Question 09.01.01-48 resolved.  Fuel density was explicitly addressed 
in the Region 1 analysis by increasing from the nominal 96.5 percent TD to 97.5 percent TD.  
Since the absorber material thickness is modeled at a minimum for all analyses, this is 
conservative, and this uncertainty quantity is not of concern.  Although the sensitivity on the wall 
thickness is not considered, less than the minimum flux trap gap is already assumed, the 
minimum absorber thickness is assumed, and the cell inner diameter uncertainty is included.  
Therefore, cell pitch is not an issue for Region 1.  Similarly for Region 2, cell pitch effects are 
essentially accounted for in the treatment of cell inner diameter and use of the minimum 
absorber thickness; wall thickness sensitivity is again not considered.  Despite the lack of 
uncertainty treatment for the storage cell wall thickness in both regions, the major components 
affecting cell pitch are included with additional conservatism due to the reduction of the flux trap 
based on seismic considerations for Region 1. 
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Fuel rod pitch is addressed in the Region 1 analysis, but was not addressed for Region 2 even 
though the applicant’s response to RAI 402, Issue #8 indicates otherwise (see Technical Report 
TN-Rack.0101, Table 5-26 which does not include fuel rod pitch uncertainty).  Neither Region 1 
nor Region 2 analyses addressed fuel enrichment uncertainty.  Therefore, in RAI 513, 
Question 09.01.01-53, the staff requested that the applicant provide an explanation regarding 
the neglect of uncertainty quantities including, but not limited to, fuel enrichment and fuel rod 
pitch as discussed above.  RAI 513, Question 09.01.01-53 is being tracked as an open item. 

In RAI 402, Issue #8, the staff also requested that the applicant clarify the code that was used to 
evaluate uncertainties since it was not specified so that the staff could better understand the 
impact on the criticality code validation.  In a June 10, 2011, response to RAI 402, Issue #8, the 
applicant stated that KENO was used to estimate uncertainties as part of the CSAS25 
sequence.  Since the same code was used to evaluate uncertainties and no new codes were 
introduced, the staff finds that no additional code bias and bias uncertainty is being introduced 
into the analysis. 

Additionally, in RAI 402, Issue #8, the staff requested that the applicant provide a more detailed 
explanation of how the uncertainties were being treated since the technical report does not 
discuss this in detail.  For the Region 1 analysis, changes in nominal parameters related to the 
rack and fuel designs, which cause only positive reactivity effects, are directly added to the 
nominal k-effective value to obtain a maximum k-effective value.  Included in this assessment is 
a treatment of the uncertainty of the k-effective values from which the reactivity differences are 
calculated in addition to the nominal k-effective uncertainty. 

The applicant calculated a separate set of tolerance uncertainties for each burnup/enrichment 
combination included on the loading curve for Region 2 which are seen in TN-Rack.0101, 
Table 5-26.  The staff also verified that the uncertainty treatment for the various accident cases, 
as seen in TN-Rack.0101, Table 5-28, was applied appropriately by re-producing the maximum 
k-effective values listed in the tables using the numbers given.  This included verifying that only 
positive reactivity effects were being added to the nominal k-effective to produce the maximum 
k-effective. 

In the originally submitted version of TN-Rack.0101, the uncertainty terms from the reactivity 
differences and nominal k-effective calculation were treated properly using standard error 
propagation formulations.  In the updated version of TN-Rack.0101, this treatment has been 
revised (see footnote (3) to Table 5-26) for Region 2; the Region 1 assessment remains 
unchanged and valid.  The basis for making this change is unclear to the staff; however, the 
change results in only a negligible reduction of the subcritical margin (around 40 pcm).  
Justification is not needed for the change and this issue is consequently closed.  Therefore, in 
RAI 538, Question 09.01.01-63, the staff requested that the applicant correct an error identified 
in FSAR Tier 2, Table 5-26, Footnote (2), from the response to RAI 402, which shows a value of 
0.5 when 0.05 is intended.   RAI 538, Question 09.01.01-63 is being tracked as an open 
item. 

The final question in RAI 402, Issue #8 concerns the eccentric positioning modeling.  In 
RAI 402, Issue #8, the staff requested that the applicant clarify how many assemblies were 
moved as a part of this evaluation and how the displacements were determined.  The staff also 
requested that the applicant clarify how the combination of storage inner tube dimension and 
eccentric position was evaluated if the misalignment is constrained by the fuel storage tube. In a 
June 10, 2011, response to RAI 402, Issue #8, the applicant stated that one scenario, in which 
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only one assembly was moved, was evaluated for eccentric positioning in Region 1.  Since 
there is such a large margin to criticality, the applicant stated that it was unnecessary to perform 
further eccentricity uncertainty analysis.  Due to substantial margin to the USL for Region 1, 
staff finds the current analysis acceptable. 

For Region 2, the applicant showed that the eccentric positioning of all assemblies at a given 
inward corner would lower reactivity, rather than increase it, and the analysis with the 
assemblies centered in their respective cells is bounding as seen by results in TN-Rack.0101, 
Table 5-26 (i.e. negative effect for eccentric positioning).  The applicant also states that a 
combination of fuel eccentric position and fuel cell inner dimension was not evaluated because 
these uncertainties are considered independent.  In a June 10, 2011, response to RAI 402, 
Issue #8, Part 3, the applicant stated that due to the tight spacing in Region 2 cells, there is no 
significant difference between the centered configuration and other potential configurations and 
therefore analysis of other configurations is unwarranted.  Since the analyzed eccentricity case 
shows a negative reactivity effect for the extreme case where all fuel assemblies are pushed 
closer together, the staff agrees that further analysis is unwarranted. 

The applicant did not explicitly show the effect of soluble boron on the tolerance uncertainties.  
However, the staff considers this acceptable based on the available margin to the 0.95 limit for 
both the limiting normal condition crediting 500 ppm of natural soluble boron and the limiting 
abnormal condition crediting 1100 ppm (582 ppm enriched) of natural soluble boron.  The 
proposed TS Section 3.7.15 requires 1700 ppm of enriched boron in the SFP. 

The applicant also assumed a SFP temperature of 20 °C (68 °F), which is below the designed 
operating range of 38-60 °C (100-140 °F).  This temperature is most likely limiting relative to 
higher temperatures, but may not cover reactivity effects of potentially lower SFP temperatures.  
In RAI 402, Issue #10, the applicant stated that the criticality code is limited by the cross section 
data used, which are evaluated at 20 °C (68 °F) (i.e., there is no data available at lower 
temperatures).  The applicant further stated that full density water is used for all calculations 
(temperature of 4° C (39 °F).  Reactivity increases much more in response to changes in 
moderator (water) density than from changes in temperature, so despite the modeled 
temperature being potentially non-conservative with respect to reactivity, the moderator density 
chosen provides a much larger conservative reactivity effect; furthermore, the temperature 
difference between the modeled temperature and the actual limiting temperature is relatively 
small. 

The applicant also performed analyses at lower water densities (i.e., higher temperatures) to 
ensure that the optimum moderator density is being used.  Since the full density condition 
provides the most conservative results, the staff considers RAI 402, Issue #10 closed. 

In RAI 402, Question 09.01.01-33, the staff requested that the applicant clarify how the 
treatment of uncertainty in the burnup records is captured.  This uncertainty is typically captured 
in licensee controlled documentation, such as plant procedures, or it can be addressed in the 
criticality safety analysis.  In a June 10, 2011, response to RAI 402, Question 09.01.01-33, the 
applicant stated that FSAR Tier 2, Chapter 16 TS Bases will be updated to indicate that no 
burnup uncertainty term in the plant records is included in FSAR Tier 2, Chapter 16, 
Figure 3.7.16-1 which depicts the spent fuel loading curve.  Furthermore, the applicant specified 
that it will be up to the combined license (COL) applicant to determine the uncertainty 
associated with final assembly burnup values.  Therefore, in RAI 513, Question 09.01.01-54, the 
staff requested that the applicant ensure that the uncertainty will be calculated and that it will be 
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conservatively applied with respect to assembly loading in the SFP.  RAI 513, 
Question 09.01.01-54 is being tracked as an open item. 

Finally, the staff reviewed the discussion on regional interface effects.  In RAI 402, Issue #12, 
the staff requested that the applicant provide additional confirmation that Region 1 does not 
cause a significant reactivity increase in Region 2, specifically, at lower burnup and enrichment 
combinations since only two interface analyses, both at higher burnup and enrichment 
combinations were originally provided.  In a June 10, 2011, response to RAI 402, Issue #12, the 
applicant responded by updating Table 5-23 and Table 5-24 to include additional cases at lower 
burnup and enrichment.  Based on (1) the results of the whole pool models, including the effect 
of the checkerboard loading, and including cases at each burnup and enrichment combination 
along the spent fuel loading curve; and (2) the results of the Region 1-Region 2 interface 
models depicted in TN-Rack.0101, Figure 5-4, the staff concludes that the Region 2 criticality 
models that are used for the basis of the spent fuel loading curve either produce k-effective 
values that are statistically the same as the corresponding interface effects models, or 
conservatively bound those models.  Therefore, the staff finds Issue #12 related to RAI 402 
resolved.  An additional calculation was performed with one of the interface effects models that 
incorporated the hollow tube grids.  This calculation produced a 220 pcm increase in k-effective, 
but due to the remaining subcritical margins present in all Region 2 analyses, there is 
reasonable assurance that the limits specified in 10 CFR 50.68 will not be exceeded. 

Except for the open items discussed above, the staff finds the applicant’s treatment of 
manufacturing tolerances, fuel eccentricity, SFP temperature, burnup record uncertainty, and 
incorporation of regional interface effects acceptable. 

 

To take credit for the reduction in reactivity due to fuel burnup, the spent fuel must be properly 
characterized with a conservative axial burnup profile.  At the beginning of life, a pressurized 
water reactor (PWR) fuel assembly will be exposed to a near-cosine shaped axial flux profile, 
which will deplete fuel near the axial center at a greater rate than at the ends.  As the reactor 
continues to operate, the cosine flux shape will flatten because of the fuel depletion and fission 
product buildup that occurs near the center.  Near the fuel assembly ends, burnup is 
suppressed due to neutron leakage from the volume of the fuel.  Beyond a certain burnup, if a 
uniform axial burnup profile is assumed, then the burnup at the ends is over-predicted.  Analysis 
has shown that this results in an under-prediction of k-effective in the SFP, and generally, the 
under-prediction becomes larger as burnup increases.  The difference in the SFP k-effective 
between a calculation with explicit representation of the axially distributed burnup and a 
calculation that assumes an axially uniform burnup is known as the ―end effect.‖ 

Judicious selection of the axial burnup profile is necessary to ensure k-effective is not 
under-predicted due to the end effect. 

TN-Rack.0101, Table 5.3 provides the five axial burnup profiles evaluated for the analysis, 
corresponding to assembly average burnups of 15, 25, 30, 40, and 50 GWd/MTU.  The 36 node 
profiles were collapsed to 11 node profiles to ensure that the ends of the fuel assemblies are 
modeled using at least five original 11.68 cm (4.6-in.) segments since the most reactive portions 
of the fuel assembly for criticality analyses are at its ends.  The profile at 15 GWd/MTU was 
added in the June 10, 2011, response to RAI 402, Question 09.01.01-35.  The staff was 
concerned with the applicability of burnup profiles from NUREG/CR-6801 for burnups less than 
18 GWd/MTU and, therefore, in RAI 402, Question 09.01.01-35, requested that the applicant 
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provide a discussion of the development of the modified profile based on the NUREG/CR-6801 
profile at 18 GWd/MTU and justification for its use.  In a June 10, 2011, response to RAI 402, 
Question 09.01.01-35, the applicant stated that the profile from NUREG/CR-6801 is no longer 
being used and is replaced by a burnup profile based on U.S. EPR design calculations.  Based 
on the applicant’s response, the staff considers RAI 402, Question 09.01.01-35 resolved. 

The burnup profiles used in the depletion calculations were derived from the U.S. EPR design 
calculations encompassing fuel assemblies from Cycles 1, 2, 3 and the equilibrium cycle where 
fresh fuel is only added to a single region of the core for subsequent core reloads.  A composite 
relative axial burnup shape was generated using two relative burnup shapes (i.e., one shape for 
the top and one for the bottom). To ensure that all discharged fuel assemblies are 
conservatively represented in the U.S. EPR SFP, assemblies with uniform axial burnup profiles 
are also considered for burnups less than 15 GWd/MTU.  The staff performed calculations with 
both uniform and distributed profiles and the most reactive representation was used to 
determine the minimum acceptable burnup for safe storage.  As discussed below, in RAI 402, 
Questions 09.01.01-34 and 09.01.01-32, the staff requested that the applicant clarify how 
profiles were selected through the screening process and also clarify how the composite burnup 
profile was formed. 

In RAI 402, Question 09.01.01-34, the staff requested that the applicant expand the discussion 
on the use of assembly burnup profiles from U.S. EPR design calculations.  Supplemental 
responses are provided under the section titled, ―Supplemental Information Requested 
(Issue #1, Burnup Profile),‖ given as part of the June 10, 2011, response to RAI 402, 
Question 09.01.01-34.  In RAI 402, Part 1, the staff requested that the applicant clarify if any 
fuel assemblies without axial blankets are to be used in U.S. EPR core designs.  In a June 10, 
2011, response to RAI 402, Question 09.01.01-34, the applicant stated that axial blankets are 
included in the design, and if fuel assemblies without blankets are to be used in the future, then 
mixed reactor core effects will have to be considered and an update of supporting evaluations 
will be required. 

In RAI 402, Question 09.01.01-34, Issue #1, Part 2, the staff requested that the applicant clarify 
if there will be any intended variations in traditional reactor control systems or approaches that 
would impact the axial burnup profiles.  In a June 10, 2011, response to RAI 402, 
Question 09.01.01-34, Issue #1, Part 2, the applicant indicated that axial burnup profiles are 
based on traditional reactor control systems and approaches, and any alternative control 
strategies would not be implemented without require evaluation of the impact on the axial 
burnup profiles and possibly re-evaluation of the criticality analyses. 

In RAI 402, Question 09.01.01-34, Issue #1, Part 3, the staff also requested that the applicant 
clarify how axial burnup profiles generated from a specific assembly were applied to assemblies 
with different axial zoning and if the profiles were generated and applied independent of blanket 
enrichment.  As indicated the applicant’s June 10, 2011, response, the criticality safety analysis 
identifies a single limiting axial burnup profile considering all profiles from potentially differing 
assembly types at a given burnup.  Therefore, the staff concluded that profiles were generated 
and applied independent of blanket enrichment and in a conservative manner. 

In RAI 402, Issue #1, Part 4, the staff requested that the applicant justify the selection process 
for identifying the limiting axial burnup profiles since it was unclear to the staff that the 
applicant’s method can definitively identify limiting profiles.  The applicant explains that the axial 
burnup profiles were developed to minimize the relative burnup at each segment, and the 
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composite treatment of the profile helps to ensure this only after a proper 36-node profile is 
selected as limiting; however, this is not the staff’s concern.  The applicant also clarified 
additional conservatisms in depletion modeling and reduced blanket regions in criticality 
calculations.  The applicant did not provide clear justification that shows the specified limiting 
profiles are actually limiting before the composite shape is formed. 

The staff’s understanding is that there are 36 total nodes in the burnup profiles.  The top and 
bottom 18 nodes are averaged independently for each existing profile in the database.  For both 
the top and bottom averaged burnup, the lowest is determined.  The profiles corresponding to 
these minimum top and bottom profiles are then selected as limiting.  The top five nodes of the 
top profile and the bottom five nodes of the bottom profile are maintained, and are not included 
in the renormalization of the central composite shape.  The remaining central 26 nodes are then 
renormalized. 

In RAI 402, Question 09.01.02-32, the staff requested that the applicant provide an explanation 
of a non-physical discontinuity in TN-Rack.0101, Table 5-3 burnup profiles; this discontinuity 
occurs because of the averaging as previously discussed regarding RAI 402, 
Question 09.01.01-34, Issue #1, Part 4 above.  As part of the applicant’s June 10, 2011, 
response to RAI 402, Question 09.01.01-34, the applicant stated, ―…the minimum relative 
burnup for each of the four top and bottom nodes was used to determine the composite axial 
profile as a function of burnup.‖  The staff’s concern is that the top/bottom nodes weren't 
exclusively used to select the limiting profile.  Averaging the top and bottom halves of various 
36-node profiles to determine the minimum average burnup for these halves does not guarantee 
that the top and bottom five nodes are also at a minimum burnup.  The reactivity contribution 
from the axial ends of the fuel increases with fuel burnup since they are depleted to a lesser 
extent during operation. When determining limiting burnup profiles, weighting toward the axial 
ends should be considered in certain cases. Additional information should be provided 
demonstrating that the method for identifying the limiting 36-node burnup-dependent profiles, 
which are selected to form the corresponding composite profiles given in TN-Rack.0101, 
Table 5-3, can actually produce the most limiting profiles.  In RAI 513, Question 09.01.01 56, 
the staff requested that the applicant provide this information.  RAI 513, Question 09.01.01-56 
is being tracked as an open item. 

In RAI 402, Issue #1, Part 5, the staff requested that the applicant justify using five 11.68 cm 
(4.6 in.) zones to capture the lower burnup regions of a fuel assembly since more zones, 
concentrated at the ends, may predict a significant increase in reactivity.  In a June 10, 2011, 
response to Issue #1, Part 5, the applicant stated that the sensitivity analysis was done with 
15 axial zones for an initial enrichment of 5 percent burned to 51 GWD/MTU (i.e., seven nodes 
at the top and bottom with one centrally averaged node).  The result of the sensitivity analysis 
indicates that 11 nodes are enough to adequately characterize the reactivity at the fuel ends 
since the case with more nodes actually produces a lower keff by 130 pcm.  Since the 11-node 
assumption is conservative, the staff finds the use of 11 axial nodes for the burnup profile 
appropriate. 

Although this sensitivity analysis is performed for only one point on the spent fuel loading curve, 
other points with differing axial burnup profiles are expected to exhibit a similar, but potentially 
more pronounced effect.  The sensitivity analysis for the point at an initial enrichment of 
five percent is likely the case that provides the smallest impact since it has the smallest gradient 
between the top/bottom nodes and the centrally averaged node.  However, based on the 
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analysis provided, it is not expected that using more nodes will predict a significant increase in 
reactivity relative to the current 11 node assumption. 

In RAI 402, Issue #1, Part 6, the staff requested that the applicant describe the processes and 
procedures that would be used to identify assembly design changes that may change the 
reactivity characteristics of the fuel assembly, and which would need evaluation against the 
original analyses to ensure compliance.  In a June 10, 2011, response to RAI 402, Issue #1, 
Part 6, the applicant limits the applicability of the criticality analysis to a subset of design and 
operating conditions which include, but are not limited to, the following important parameters or 
conditions: 

1. Presence of blankets for all fuel assemblies (see response to RAI 402, Issue #1, Part 1) 

2. Blanketed assemblies w/ a minimum 20.32 cm (8 in.) blanket height 

3. A maximum blanket enrichment as a function of assembly average initial enrichment 
(see response to RAI 402, Question-09.01.01-37) 

4. Traditional reactor control systems and other core management approaches which 
impact the shape of limiting axial burnup profiles (see response to RAI 402, Issue #1, 
Part 2) 

5. Average coolant temperature at full power as specified in FSAR Tier 2, Section 4.3 since 
it affects the amount of spectral hardening and thus fuel reactivity 

6. Fuel assembly designs as specified in FSAR Tier 2, Section 4.3 

Any deviations with respect to these parameters and conditions would trigger re-evaluation of 
the analyses described in TN-Rack.0101.  Changes in other parameters and conditions, not 
specifically mentioned, may also trigger re-analysis.  Section 9.1.1.10 of this report summarizes 
the conditions and limitations related to this safety evaluation. 

In RAI 402, Issue #1, Part 7, the staff requested that the applicant clarify the treatment of the 
axial burnup profile for the reduced height blanket regions.  In a June 10, 2011, response to 
RAI 402, Issue #1, Part 7, the applicant stated that using smaller than actual blankets in the 
criticality models is conservative since there is more ―maximum assembly average enrichment‖ 
modeled in the fuel assembly; however, this does not explicitly address the question.  From 
other responses, it is clear to the staff that the limiting burnup profile, assuming the full blanket 
height, is being used regardless of the as-modeled blanket height.  This approach is 
conservative because a lower relative burnup is being applied to the reduced blanket height 
(i.e., the as-modeled and higher-than-designed enriched fuel in the blanket region is calculated 
as being depleted to a lower burnup than would occur in reality). 

Based on the above, the staff concludes that the analysis properly accounted for the effects of 
the axial burnup profiles for the U.S. EPR SFP upon closure of all related open items. 

 

To take credit for the reduction in reactivity due to fuel burnup, the spent fuel should be properly 
characterized with conservative core depletion.  The spent fuel model in the criticality analysis 
should be based on isotopics generated by bounding depletion parameters.  NUREG/CR-6665, 
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"Review and Prioritization of Technical Issues Related to Burnup Credit for LWR Fuel," 
discusses the treatment of depletion parameters.  While NUREG/CR-6665 is focused on 
criticality analysis in storage and transportation casks, the same treatment of depletion effects 
can be applied to SFP criticality analysis.  The basic premise is to select parameters that 
maximize the Doppler broadening/spectral hardening of the neutron field resulting in maximum 
Pu-241 production.  NUREG/CR-6665 discusses six parameters affecting the depletion 
analysis: (1) Fuel temperature; (2) moderator temperature; (3) soluble boron; (4) specific power 
and operating history; (5) fixed burnable poisons; and (6) burnable poisons integral to the fuel. 

In RAI 402, Issue #1, Part 8, the staff requested that the applicant clarify the moderator 
temperature for the depletion calculations that assume a uniform burnup profile.  In a June 10, 
2011, response to RAI 402, Issue #1, Part 8, the applicant verified that 342 °C (647 °F) is the 
assumed moderator temperature for these calculations.  For fuel and moderator temperatures, 
NUREG/CR-6665 recommends using the maximum operating temperatures to maximize 
Pu-241 production.  The applicant used 342 °C (647 °F) and 737 °C (1358 °F) for the moderator 
and fuel temperatures, respectively, which are bounding for all projected operating conditions.  
Therefore, the staff concludes that the moderator and fuel temperature used is acceptable. 

For boron concentration for shim control, NUREG/CR-6665 recommends using a conservative 
cycle average boron concentration.  The applicant’s analysis used a boron concentration of 
1000 ppm throughout the depletion of the fuel assemblies.  In RAI 402, Question 09.01.01-40, 
the staff requested that the applicant justify using 1000 ppm of soluble boron during the 
depletion analysis for lower fuel burnups, where the actual boron letdown curve has a higher 
boron concentration.  In a June 10, 2011, response to RAI 402, Issue #3, the applicant stated 
that a sensitivity study was performed using the letdown curve pictured in TN-Rack.0101, 
Figure 5-19 resembling a first core letdown curve for the U.S. EPR design.  The results, given in 
TN-Rack.0101, Table 5-24, show that assuming a constant 1000 ppm soluble boron 
concentration throughout depletion is conservative for all points on the Region 2 spent fuel 
loading curve shown in TN-Rack.0101, Figure 5-6.  Therefore, the staff considers this issue 
closed and the staff finds the assumed boron concentration acceptable. 

The applicant used a constant specific power of 32 MWD/MTU throughout the depletion of the 
fuel assemblies.  However, based on the parameters in the original revision of the technical 
report, the staff was concerned about the specific power assumed for the depletion calculations. 
The value given in TN-Rack.0101, Table 5-2 originally indicated that the average specific power 
being assumed was approximately twice as large as it should have been for the given power 
output of the plant.  Furthermore, NUREG/CR-6655 indicated that ―calculations with both 
actinide and fission product credit show a trend for conservative prediction of fuel reactivity 
worth when fuel is burned at lower specific power for a longer period of time for a given burnup.‖  
Therefore, in RAI 402, Question 09.01.01-38, the staff requested that the applicant justify the 
assumed value.  In a June 10, 2011, response to RAI 402, Question 09.01.01-38, the applicant 
added additional sensitivity calculations showing that the specific power treatment was 
appropriate; however, the treatment of specific power during depletion was not the staff’s 
concern.  The concern of the staff was with the magnitude of the average specific power being 
used in conjunction with the limiting burnup profile.  With the update of the specific power given 
in TN-Rack.0101, Table 5-2, which now contains a value of appropriate magnitude (i.e., on the 
order expected for the rated power output of the design), and correct units as a result of 
resolution of RAI 402, Issue #13, ―Editorial Items,‖ the staff considers RAI 402, 
Question 09.01.01-38 resolved.  RAI 402, Issue #2, ―Specific Power Sensitivity Study,‖ 
augments the response to RAI 402, Question 09.01.01-38 and, therefore, no additional 
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discussion is needed.  The staff finds that the applicant’s treatment of specific power and 
operating history is appropriate and also consistent with NUREG/CR-6665, and is therefore 
acceptable. 

The applicant stated that the U.S. EPR will generally operate with all rods out and, therefore, 
does not account for them in the depletion analysis.  The applicant is using burnable poison rod 
assemblies (BPRAs) as a conservative alternative to modeling the gadolinia that is actually 
used in the current U.S. EPR fuel design.  For all the fuel assemblies, the depletion calculations 
are performed assuming all burnable poison rods per BPRA are present during the entire 
duration of the depletion.  As discussed further below, the staff finds the use of BPRAs in the 
depletion analysis as described in TN-Rack.0101, instead of gadolinia, acceptable since 
sufficient evidence was provided in the June 10, 2011, response to RAI 402, 
Question 09.01.01-36, in which the applicant justified the conservatism of this approach for the 
current U.S. EPR design.   

In RAI 402, Question 09.01.01-36, the staff requested that the applicant provide some indication 
that the intended use of gadolinia in the U.S. EPR fuel design will be bounded by the modeling 
of BPRAs for the entire range of fuel burnup assumed in the safety analysis calculation. 

In a June 10, 2011, response to RAI 402 Question 09.01.01-36, the applicant explains that 
sensitivity calculations were performed using gadolinia integral burnable absorber to determine 
the effect on burned fuel reactivity; Table 5-31 was added to the technical report to show the 
results.  The staff concludes that the sensitivity calculations provide an adequate demonstration 
that gadolinia is not as limiting as BPRAs in terms of the final reactivity state of the fuel for both 
lower and higher fuel burnups.  A contributor to this is due to the presence of residual gadolinia; 
the higher the gadolinia loading, the more residual gadolinia that would be present. The 
applicant does not attempt to quantify the affect on the criticality code bias and bias uncertainty 
due to a lack of gadolinia coverage in the code validation, but any increase in the code bias and 
bias uncertainty would likely be more than balanced by the gadolinia residual reactivity effect. 

Based on the discussion above, the staff concludes that the applicant implemented conservative 
core depletion parameters and conservatively accounted for the depletion effects of burnable 
absorbers.  Although the applicant will be using gadolinia in its fuel designs, the staff finds that 
the use of BPRAs as described in TN-Rack.0101 is justifiably conservative with respect to 
maximizing the reactivity of the fuel in the criticality safety analysis for Region 2 of the SFP. 

9.1.1.6 Normal Conditions 

The normal condition models are presented in TN-Rack.0101, Section 5.3.3.4.  The normal 
condition models are used as the basis for various tolerance or uncertainty calculations.  The 
models include normal conditions for Region 1 and both the spent fuel and checkerboard 
storage configurations for Region 2.  The checkerboard storage configuration is a special 
configuration that refers to fresh fuel storage in Region 2 where every other cell is occupied. 

Based on lack of sufficient information regarding the checkerboard configuration, in RAI 402, 
Issue 9, the staff requested that the applicant clarify if a specific analysis was performed for the 
checkerboard configuration.  In a June 10, 2011, response to RAI 402, Issue #9, the applicant 
indicated that a separate evaluation was performed and discussion was added in 
TN-Rack.0101, Section 5.3.3.4 and Section 5.4.4.  This information is evaluated below. 
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In RAI 402, Issue #9, the staff also requested that the applicant confirm that the fresh fuel 
methodology, which assumes the entire axial length of the fuel assembly is modeled as fresh 
fuel, is being used in the checkerboard configuration analysis.  In a June 10, 2011, response to 
this RAI, the applicant confirmed that the fresh fuel methodology is being used in the 
checkerboard configuration analysis. 

In RAI 402, Issue #9, the staff requested that the applicant clarify if a separate uncertainty 
evaluation has been performed.  In a June 10, 2011, response to this RAI, the applicant stated 
that a separate uncertainty evaluation was not performed and that the uncertainties for Region 1 
are used for the checkerboard configuration.  The staff finds this treatment acceptable since the 
Region 1 uncertainties bound all cases in Region 2 resulting in a larger k-effective if Region 1 
uncertainties are applied to checkerboard cases. 

The checkerboard descriptions given in TN-Rack.0101, Table 5-23 were unclear to the staff.  
Therefore, in RAI 402 Issue #9, the staff requested that the applicant provide a more detailed 
description for cases CB1 and CB2.  In a June 10, 2011, response to this RAI, the applicant 
stated that CB1 and CB2 are variations of the full pool models which contain three distinct 
regions including (1) all-cell storage of fresh fuel assemblies in Region 1, (2) checkerboard 
storage of fresh fuel assemblies in selected Region 2 locations, and (3) all-cell storage of 
burned fuel assemblies in selected Region 2 locations.  In CB1, the burned assemblies 
correspond to an initial fuel enrichment of five percent and depleted to 51 GWd/MTU.  The CB2 
case corresponds to an initial fuel enrichment of four percent depleted to 37 GWd/MTU. 

In RAI 402, Issue #9, the staff requested that the applicant clarify the reduced loading 
configuration.  Specifically, the staff questioned if it was the applicant's intent that the interface 
between the checkerboard area in Region 2 and the area containing spent fuel in Region 2 be 
adjustable.  In a June 10, 2011, response to this RAI, the applicant states that since the Region 
2 all-cell configuration bounds the checkerboard configuration in Region 2 (as demonstrated in 
the updated analysis), the interface between the checkerboard area and spent fuel area in 
Region 2 can be adjusted as needed to accommodate more spent fuel assemblies.  The staff 
agrees with the response since the most limiting all-cell case has a higher k-effective than the 
most limiting case modeling the checkerboard configuration.  Additionally, sensitivity analysis 
(Case IDs CBR1, CBR4, and CBR5) shows that going from a solely checkerboard configuration 
to an all-cell configuration causes k-effective to increase.  Furthermore, if the interface were 
altered to allow the all-cell configuration in Region 2, the highest k-effective would correspond to 
the Case ID C7 configuration, which is the infinite array of all-cell assemblies and exceeds any 
other normal condition configuration.  Therefore, the staff concludes that it is acceptable for the 
interface to be adjustable.  Based on the responses to questions regarding the checkerboard 
loading configuration, the staff finds there is sufficient information to understand how the 
checkerboard configuration was modeled and, therefore, considers RAI 402, Issue #9 resolved. 

Since fuel handling is not discussed in terms of impact to normal conditions, in RAI 402, 
Question 09.01.01-43, the staff requested that the applicant provide additional information.  
The staff reviewed the criticality safety of U.S. EPR fuel handling evolutions as provided in the 
June10, 2011, response to RAI 402, Question 09.01.01-43.  As part of that review, the staff 
requested that the applicant clarify if it was considered permissible for an assembly to be moved 
next to the spent fuel storage racks during normal operations.  The staff requested confirmation 
that controls are implemented to prevent movement of one or more assemblies next to the 
spent fuel storage racks.  In the response to this RAI, the applicant stated that controls exist that 
restrict fuel movement to authorized locations only.  Authorized locations are defined during 
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pre-operational testing (FSAR Tier 2, Section 14.2, Test #038), and based on the design 
information provided, placement of fuel assemblies outside of the storage racks is precluded.  
An interlock exists allowing vertical movement to occur only at authorized locations during 
normal operation.  Based on this description, the applicant confirmed that an operational 
program exists to preclude fuel movement to and from unauthorized locations in the SFP during 
normal operations.  However, the staff requested more information regarding other fuel handling 
scenarios. 

The June 10, 2011, response to RAI 402, Question 09.01.01-43 is limited to existing controls in 
place to prevent fuel from being moved at the level of fuel stored in the fuel storage rack.  
Therefore, in RAI 402, Issue #5, the staff requested further discussion related to anticipated 
evolutions such as fuel cleaning or inspections that would involve handling assemblies outside 
of the racks.  The staff also requested that the applicant provide analyses that justify the 
criticality safety of fuel handling operations in areas such as the new fuel elevator and refueling 
canal. 

The applicant explains in the June 10, 2011, response to RAI 402, Question 09.01.01-43, that 
since new fuel is handled one-at-a-time and in dry conditions during inspection from shipping 
containers, a criticality event is highly unlikely and does not warrant criticality analysis. 

For criticality safety of fuel handling operations in and around the new fuel elevator, the 
applicant again states that only one fuel assembly can be moved at a time.  An interlock exists 
which prevents the spent fuel machine (which transfers fuel to and from the SFP) from operating 
while the new fuel elevator is in operation to preclude any interaction between the two machines 
while either one is operating. 

For criticality safety of fuel handling operations in and around the refueling canal, it is again 
stated that only one fuel assembly can be moved at a time.  Additionally, the applicant states 
that there are no fuel assembly storage locations in the Reactor Building refueling cavity, 
implying that fuel cannot be transferred and stored anywhere in the Reactor Building cavity.  
Since there are no fuel storage locations in the Reactor Building refueling cavity, and given 
there is 1700 ppm of soluble boron present in the water for refueling activities as described by 
U.S. EPR Technical Specifications, there is reasonable assurance that criticality safety will be 
maintained for refueling operations involving transferring of fuel assemblies from the reactor 
vessel to the SFP. 

Based on the discussion above, except for the identified open items, the staff concludes that the 
applicant has satisfied GDC 62 by designing a fuel assembly storage and handling system that 
can prevent criticality in the spent fuel pool under normal conditions by use of geometrically safe 
configurations.  Furthermore, based on the additional discussion regarding fuel handling 
operations including operational programs and controls to be implemented, the staff has 
reasonable assurance that the potential for a criticality excursion is unlikely during normal 
operations. 

9.1.1.7 Abnormal Conditions 

Discussions of accident analyses are found in TN-Rack.0101, Sections 5.4.2 through 5.4.4; 
TN-Rack.0101, Section 5.4.2 discusses the new fuel storage facility, TN-Rack.0101, 
Section 5.4.3 discusses the Region 1 storage racks, and TN-Rack.0101, Section 5.4.4 
discusses the abnormal conditions considered in Region 2.  The considered configurations 
include dropped assembly scenarios with the dropped fuel assembly coming to rest both 
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horizontally on top of the rack and vertically in or near the rack and do not include calculational 
analyses.  TN-Rack.0101 states that the vertical drop accident would be bounded by the normal 
condition analysis for all regions and therefore an analysis is not performed.  It was unclear to 
the staff that this case would be bounded by the normal condition and the analysis should justify 
that no significant rack dimensional changes (i.e., plastic deformation) would occur as a result of 
this accident case.  As with the vertical drop accident scenario, the analysis should also justify 
that no significant rack dimensional changes would occur as a result of the horizontal drop 
accident.  Therefore, in RAI 513, Question 09.01.01-57, the staff requested that the applicant 
provide this justification.  RAI 513, Question 09.01.01-57 is being tracked as an open item. 

Additional cases have also been performed by the applicant to determine the minimum 
separation distance of five percent enriched UO2 fresh fuel assemblies outside of the storage 
racks.  The applicant’s analyses indicate that fuel assemblies (fresh or spent) can be safely 
handled outside of the storage racks with respect to criticality safety as long as this minimum 
distance is maintained.  Furthermore, the June 10, 2011, response to RAI 402, 
Question 09.01.01-43 does not explicitly state that fuel assemblies are not to be moved next to 
the storage racks during normal operations, however the response seems to indicate that this 
will not be allowable. 

Accordingly, in RAI 513, Question 09.01.01-58, the staff requested that the applicant clarify the 
intent of this analysis since the design implies that fuel assemblies will not be handled together 
outside of the storage racks under normal conditions. If the normal condition has been 
augmented to include operations with fuel outside of the racks, additional analysis may be 
needed to account for additional abnormal conditions.  Based on the discussion above Issue #5 
remains an open item until further clarification is provided regarding placement of fuel 
assemblies next to fuel storage racks during normal operations.  RAI 513, 
Question 09.01.01-58 is being tracked as an open item. 

In RAI 402, Question 09.01.01-44, the staff noted that the accidental drop of an assembly 
outside of the racks was only evaluated for Region 2 and requested that the applicant either 
perform the analysis for Region 1, or provide an explanation for not including such a scenario.  
The requested cases were added to the analysis so the question is resolved. 

In RAI 402, Issue #6 related to locations in which a fuel assembly could be mislocated 
(i.e., a fuel assembly is placed in a location outside, but adjacent to the fuel racks).  In this 
regard, the staff requested that the applicant consider additional mislocated fuel assembly 
locations and update the analysis accordingly to ensure that the most limiting case is analyzed.  
The staff pointed out various locations for consideration that appeared to have the potential of 
being more limiting based on the close proximity to other regions of the fuel pool with differing 
loading patterns.  In a June 10, 2011, response to RAI 402, Issue #6, the applicant added more 
cases, all of which are depicted in TN-Rack.0101, Figures 5-14 through 5-17.  The results of 
these additional cases are shown in TN-Rack.0101, Table 5-28.  Accordingly, the mislocated 
fuel assembly analysis adequately characterizes what the staff considers to be potential limiting 
scenarios based on the variety of mislocated fuel assembly locations sampled and, therefore, 
the staff considers RAI 402, Issue #6 resolved. 

In RAI 402, Issue #7 related to abnormal conditions, the staff requested that the applicant clarify 
the limiting abnormal condition.  The staff requested that the applicant clarify if it is possible for 
an assembly to be in the new fuel elevator during the postulated scenario leading to the 
mislocation of an assembly outside of the storage racks in the limiting area.  This question was 
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not answered, but from FSAR Tier 2, Figure 9.1.2-8, ―Fuel Storage and Handling Areas Layout,‖ 
it appears to the staff that mislocated assembly cannot be placed closer than several feet to an 
assembly in the new fuel elevator area.  The staff notes that this appears to be enough distance 
to ensure that system reactivity is unaffected by having an assembly in the new fuel elevator for 
this accident condition, but the applicant needs to either verify that this scenario is not possible 
or provide an analysis that demonstrates that the minimum soluble boron requirement of 
1100 ppm remains adequate in the event of such a mislocation of a fuel assembly and 
consequently this is an open item.  RAI 513, Question 09.01.01-59 is being tracked as an 
open item. 

In RAI 402, Question 09.01.01-45, the staff requested that the applicant discuss an accidental 
fuel misload scenario when a checkerboard loading pattern is used in Region 2.  The abnormal 
condition results from placing a fresh fuel assembly in an open storage cell adjacent to an 
occupied cell.  In a June 10, 2011, response to this RAI, the applicant noted that this scenario 
was already analyzed as depicted in TN-Rack.0101, Figure 5-8.  TN-Rack.0101 was also 
updated with an additional unnumbered table below TN-Rack.0101, Table 5-28 which provides 
the results of the checkerboard misload and other mishandling/misloading accidents.  The staff 
considers RAI 402, Question 09.01.01-45 resolved because the requested cases were already 
included and this accident scenario is bounded by the limiting accident scenario where a fuel 
assembly is placed in the open region of the spent fuel pool next to the Region 2 rack in the 
vicinity of the new fuel elevator; this calculational model is depicted in TN-Rack.0101, 
Figure 5-5.  The limiting accident scenario sets the minimum soluble boron requirement required 
to achieve a subcritical condition in accordance with 10 CFR 50.68.  The k-effective for the 
limiting checkerboard configuration misload is more than 3000 pcm less than that of the limiting 
accident scenario. 

For the limiting accident scenario, the staff requested that the applicant provide the spacing 
between the mislocated assembly and the storage racks, along with analysis considering 
spacing optimization that maximizes reactivity.  In a June 10, 2011, response to RAI 402, 
Issue #7, the applicant stated, ―the spacing between the mislocated assembly and the storage 
racks is as close as practicable – within the limitations of the KENO geometry options.‖  In this 
response, the applicant also stated that any change in spacing would not affect the soluble 
boron requirement given in TN-Rack.0101, Table 5-28 for this case.  However, the staff noted 
that the KENO geometry shown in TN-Rack.0101 Figure 5-5 does not depict the absolute 
minimum distance between the storage rack and the mislocated assembly.  The staff also noted 
that there might be a water gap of a few centimeters that remains.  Additionally, it was unclear 
to the staff that moving the assembly farther from the racks will not result in an increase in 
reactivity.  However, the staff noted that the 1800 pcm of margin to the USL (Table 5-28) for this 
case is enough to provide reasonable assurance, that despite an optimum water gap sensitivity 
study, the 1100 ppm minimum soluble boron limit remains valid. Although 1800 pcm provides 
substantial margin, additional staff review has led the staff to question whether the assumption 
of five percent initially enriched fuel is limiting for the all-cell portion of Region 2 for this accident.  
A lower burnup would have a less top peaked fission density which could interact more strongly 
with the fresh fuel assembly and therefore additional analysis should be performed at lower 
burnups along the spent fuel loading curve to verify that the 1100 ppm minimum soluble boron 
limit remains adequate.  Therefore, in RAI 513, Question 09.01.01-60, the staff requested that 
the applicant clarify this issue.  RAI 513, Question 09.01.01-60 is being tracked as an open 
item. 
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The staff identified that the technical report did not include an analysis justifying why a dilution 
event that would cause the soluble boron in the SFP to go below the 1100 ppm minimum 
soluble boron limit is not credible.  Therefore, in RAI 402, Question 09.01.01-42, the staff 
requested that the applicant address this concern.  In June 10, 2011, response to RAI 402, 
Question 09.01.01-42, after identification of five dilution sources, the applicant proposed that the 
following statement be added to FSAR Tier 2, Section 9.1.1.3 to clarify that boron dilution below 
the minimum soluble boron requirement is not a credible event: 

A boron dilution analysis demonstrates that the dilution of the SFP below the 
boron concentration required for subcriticality is not credible due to the quantity 
of unborated water required.  The undetected addition of 448,500 gallons of 
unborated water to the SFP is required to dilute the SFP such that the 
subcriticality limit (k-effective less than or equal to 0.95) is exceeded.  This 
volume of water movement would be easily detected by pool level alarms, floor 
sump level alarms, and visible observation of spillover by operators. If a dilution 
event is detected, boron could be added to the SFP by the reactor boron and 
water makeup system (RBWMS) or by other means. 

The applicant’s June 10, 2011, response to RAI 402, Question 09.01.01-42 indicated that the 
operators have 2.99 hours to respond.  Based on the discussion added to the FSAR, the staff 
believes that the applicant has multiple barriers in place to mitigate a boron dilution event that 
would cause a dilution of the soluble boron concentration below the 1100 ppm minimum soluble 
boron limit.  The large quantity of water needed to achieve dilution below the minimum soluble 
boron limit would have to go unnoticed, in spite of the multiple sets of alarms (both pool and 
sump level alarms) that would activate before dilution could occur.  Accordingly, the staff finds 
that 2.99 hours is sufficient time for appropriate action to be taken to avoid this accident 
scenario and preclude a boron dilution event and, therefore, the staff considers RAI 402, 
Question 09.01.01-42 resolved. 

After the boron dilution analysis was provided, the staff had additional questions regarding the 
various sources of boron available at the plant and the potential for an abnormal condition 
associated with introduction of natural enrichment soluble boron into the SFP.  Therefore in 
RAI 402, Question 09.01.01-42, Issue #4, the staff requested that the applicant address these 
concerns.  The staff also requested that the applicant justify TS SR 3.7.15.2 (which would 
require the licensee to verify the isotopic enrichment of the boron in the SFP on a 24 month 
basis) with regard to both the expected impact of B-10 depletion in the SFP and the potential for 
introduction of natural boron.  

In a June 10, 2011, response to RAI 402, Question 09.01.01-42, Issue #4, the applicant 
explained that both natural and enriched boron could be available as feed stock and that fresh 
boric acid is introduced into plant systems via the boric acid mixing tank.  The applicant also 
explained that the boric acid storage tanks will be maintained at an enrichment of 40 ± 1 
percent.  The applicant provided two ways that allow for altering of the storage tank boron 
enrichment:  (1) Highly enriched boron will be added in the RCS water to account for B-10 
depletion; and (2) blends of highly enriched boron and natural boron will be added to the 
storage tanks to replace boric acid that cannot be recycled.  The applicant stated that mixture of 
the boric acid storage tank water with the SFP water is possible because the storage tank water 
is injected into the RCS before the refueling cavity is filled for refueling.  The applicant also 
stated, ―because the boric acid storage tank enrichment is maintained above 37% before 
borating the RCS to refueling concentration, it will not reduce the average enrichment of the 
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spent fuel pool.‖  However, the applicant did not explain how a minimum of 37 percent B-10 
enrichment is maintained or controlled in the boric acid storage tank.  Therefore in RAI 513, 
Question 09.01.01-61, the staff requested that the applicant clarify this issue.  RAI 513, 
Question 09.01.01-61 is being tracked as an open item. 

The major source of water during refueling is the IRWST; therefore, this tank of water is another 
source of boron that comes in contact with the SFP.  However, the IRWST does not experience 
any significant neutron flux, therefore, the staff notes that a more frequent B-10 enrichment 
verification schedule than the one specified in TS Surveillance Requirement 3.5.4.6 is not 
necessary. 

The applicant identified two additional ways in which the SFP B-10 enrichment could potentially 
be impacted:  (1) impact of makeup batches from the boric acid mixing tank to the SFP and 
(2) B-10 depletion that occurs as a result of the neutron fluence in the SFP.  One reason for a 
makeup batch to the SFP is to add water lost due to evaporation.  This case does not involve 
boron addition and, therefore, is not of concern with respect to B-10 enrichment.  The other 
reason for a makeup batch is to add borated water, which could potentially contain natural 
boron, to the SFP.  Despite the fact that borated water additions are planned to be an infrequent 
event, the staff is unaware of any limitations on the number of borated makeup operations to the 
SFP or the quantity of water that is added in a given makeup batch. With this in mind, it was 
unclear to the staff how proper B-10 enrichment for this operation will be verified.  Therefore, in 
RAI 513, Question 09.01.01-62, the staff requested that the applicant address this issue.  
RAI 513, Question 09.01.01-62 is being tracked as an open item. 

Based on the discussion above, and except for the identified open items, the staff concludes 
that the applicant has satisfied GDC 62 by designing a fuel assembly storage and handling 
system that can prevent criticality in the spent fuel pool under abnormal conditions,  Topical 
Report TN-Rack.0101 RACK includes consideration consideration of additional fuel assembly 
mislocation scenarios, and the staff concludes that sufficient coverage has been provided for 
credible abnormal conditions. 

9.1.1.8 Combined License Information Items  

There are no Combined License Information Items for FSAR Tier 2, Section 9.1.1. 

9.1.1.9 Conditions and Limitations 

 The staff’s review and approval of the U.S. EPR spent fuel pool criticality analysis is 
based on the fuel designs, fuel storage rack design, and spent fuel pool design presented and 
analyzed in TN-Rack.0101.  Any changes to the inputs and assumptions used in the application 
(e.g., changing burnable poison designs from the Gd designs analyzed in TN-Rack.0101 to 
another burnable poison design) would be considered a change to the approved methodology 
and would require additional analysis, review and approval. 

9.1.1.10 Conclusions 

The staff reviewed the criticality analysis described in FSAR Tier 2, Section 9.1.1 and 
TN-Rack.0101.  TN-Rack.0101, Section 5.1.3 summarizes the results of the criticality analyses 
for the NFSF, and SFP Region 1 and Region 2 storage racks.  The staff evaluated the analysis 
to ensure that the applicant’s assumptions and analytical techniques are adequately 
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substantiated to conclude that the regulatory requirements will be met at a 95 percent 
probability and 95 percent confidence level. 

A concentration of 500 ppm of natural boron will maintain the fuel storage rack k-effective less 
than 0.95 during normal conditions and the fuel storage rack k-effective will be less than 0.95 in 
the limiting credible abnormal condition with a concentration of at least 1100 ppm of natural 
boron.  These concentrations are not converted to the concentrations necessary with the use of 
enriched boron. 

Based on the analysis results and the staff evaluation set forth above, the staff finds that the 
applicant has demonstrated that the fuel storage rack k-effective will remain less than 1.0 under 
unborated conditions at a 95 percent probability, 95 percent confidence level and the fuel 
storage rack k-effective will remain less than 0.95 under borated conditions at a 95 percent 
probability, 95 percent confidence level for the NFSF, and SFP Region 1 and Region 2 storage 
racks. 

Except for the eight open items discussed above, an update of TN-Rack.0101 and the FSAR 
with the markups provided in the June 10, 2011, response to RAI 402, Questions 09.01.01-26 
to 09.01.01-52, and in consideration of the information discussed above, the staff finds that the 
design of the NFSF, and SFP Region 1 and Region 2 storage racks provides reasonable 
assurance that the regulatory criteria under GDC 62 and 10 CFR 50.68 for all normal and 
credible abnormal conditions will be met. 

9.1.2 New and Spent Fuel Storage 

 

Onsite dry storage of new fuel assemblies required for refueling the reactor is provided by the 
New Fuel Storage Facility (NFSF).  Onsite underwater storage of spent fuel assemblies and 
optional underwater storage of some of the new fuel assemblies is provided by the Spent Fuel 
Storage Facility (SFSF).  The NFSF and SFSF provide the necessary design features unique to 
fuel storage during initial receipt, refueling operations, and accident conditions, including 
maintaining cooling and limiting offsite exposure in the event of a fuel handling accident (FHA).  
New and spent fuel is transferred between the Reactor Building and the Fuel Building (FB) by 
the fuel transfer tube or loaded into casks in the cask loading pit.  The fuel racks ensure that 
stored fuel is maintained in a suitable geometry to prevent criticality and provide cooling for all 
design conditions. 

The NFSF and SFSF structures, systems, and components (SSCs) related to fuel storage are 
described in FSAR Tier 2.  The Fuel Building, spent fuel pool cooling system, fuel handling 
system and FB ventilation are evaluated separately. 

 

FSAR Tier 1:  The Fuel Building functional requirement to house new and spent fuel is 

described in FSAR Tier 1, Section 2.1.1, ―Nuclear Island.‖  There are no FSAR Tier 1 sections 
specific to the NFSF and SFSF. 

FSAR Tier 2:  The applicant has provided a description of new and spent fuel storage in FSAR 

Tier 2, Sections 9.1 and 9.1.2.  These facilities provide for the storage of new and spent fuel 
assemblies and include the new fuel storage facility, new fuel storage racks, spent fuel pool, 
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and spent fuel storage racks.  The safety functions are to maintain the fuel assemblies in a safe 
and subcritical array during all storage conditions and to provide a safe means of loading the 
spent fuel assemblies into casks for shipping and storage. 

ITAAC:  The NFSF and SFSF designs include multiple systems that have their own unique 

ITAAC identified in FSAR Tier 1.  This includes the various support systems used for fuel 
handling, spent fuel pool cooling, floor drains, and building ventilation.  The structural 
components of the NFSF and the SFSF are located in the FB.  FSAR Tier 1, Section 2.1.1.3 
discusses the FB design criteria and includes several ITAAC to verify the proper construction of 
this structure, and consequently, verify the proper construction of the structural components of 
the NFSF and the SFSF.  FSAR Tier 1, Table 2.1.1-11, ITAAC items 2.3-5 verifies the proper 
construction of the SFSF. 

Technical Specifications:  There are no Technical Specifications applicable to the NFSF.  

The Technical Specifications applicable to the storage of spent fuel can be found in 
FSAR Tier 2, Chapter 16, ―Technical Specifications‖: 

 Section 3.7.14, ―Spent Fuel Pool Water Level‖ 

 Section 3.7.15, ―Spent Fuel Pool Boron Concentration and Enrichment‖ 

 Section 3.7.16, ―Spent Fuel Storage‖ 

 

The relevant requirements of NRC regulations for this area of review, and the associated 
acceptance criteria, are specified in NUREG-0800, Section 9.1.2, ―New and Spent Fuel 
Storage,‖ Revision 4, March 2007, and are summarized below.  Review interfaces with other 
SRP sections can be found in NUREG-0800, Section 9.1.2. 

1. GDC 2, ―Design Bases for Protection Against Natural Phenomena,‖ of 10 CFR Part 50, 
Appendix A, as it relates to structures housing the facility and the facility itself 
withstanding the effects of natural phenomena like earthquakes, tornadoes, and 
hurricanes. 

3. GDC 4, ―Environmental and Dynamic Effects Design Bases,‖ as it relates to structures 
housing the facility and the facility itself withstanding the effects of environmental 
conditions, externally-generated missiles, internally-generated missiles, pipe whip, and 
jet impingement forces of pipe breaks so safety functions are not precluded. 

4. GDC 5, ―Sharing of Structures, Systems, and Components,‖ as it relates to shared SSCs 
important to safety performing required safety functions. 

5. GDC 61, ―Fuel Storage and Handling and Radioactivity Control,‖ as it relates to the 
facility design for fuel storage and handling of radioactive materials. 

6. GDC 63, ―Monitoring Fuel and Waste Storage,‖ as it relates to monitoring systems for 
detecting conditions that could cause the loss of residual heat removal capabilities for 
spent fuel assemblies, detecting excessive radiation levels, and initiating appropriate 
safety actions. 
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7. 10 CFR 20.1101(b), ―Radiation protection programs,‖ as it relates to radiation doses kept 
as low as reasonably achievable (ALARA). 

8. 10 CFR 52.47(b)(1), which requires that a design certification application contain the 
proposed 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 has been constructed and will operate in 
accordance with the design certification, the provisions of the Atomic Energy Act of 
1954, and NRC regulations. 

 

Dry storage of new fuel assemblies required for refueling the reactor is provided by the NFSF.  
Underwater storage of spent fuel assemblies and optional underwater storage of new fuel 
assemblies is provided by the SFSF.  These facilities are located within the FB and consist of 
the new fuel storage facility, new fuel storage racks, spent fuel pool, and spent fuel storage 
racks.  The determination of a satisfactory design for the storage of new and spent fuel is based 
on conformance with recommendations of NUREG-0800, Section 9.1.2 and applicable 
10 CFR Part 50, Appendix A general design criteria. 

 

The NFSF provides onsite dry storage for new fuel assemblies required for refueling the reactor.  
In accordance with FSAR Tier 2, Table 4.1-1, ―Summary of U.S. EPR Reactor Design and 
Performance Characteristics,‖ the U.S. EPR reactor contains 241 fuel assemblies.  In RAI 84, 
Question 09.01.02-1, the staff requested that the applicant identify and include in the FSAR the 
design basis of the new fuel storage facility, including the storage capacity for new fuel 
assemblies.  In a December 9, 2009, response to RAI 84, Question 09.01.02-1, the applicant 
stated that the NFSF is designed with storage capacity for 120 new fuel assemblies.  In this 
response, the applicant provided a sufficient level of design detail, in accordance with the 
recommendations of SRP Section 9.1.2; therefore, the staff finds that the concerns described in 
RAI 84, Question 09.01.02-1 have been addressed, and the staff considers RAI 84, 
Question 09.01.02-1 resolved. 

The applicant’s December 9, 2009, response to RAI 84, Question 09.01.02-1 also proposed to 
update the next revision of the FSAR Tier 2, Section 9.1.2 to provide additional design basis 
information for the new fuel storage racks.  The staff confirmed that the revised FSAR Tier 2, 
Section 9.1.2, Revision 3, dated August 10, 2011, included the proposed FSAR changes 
described in the response to RAI 84, Question 09.01.02-1. 

GDC 2, “Design Bases for Protection Against Natural Phenomena” 

GDC 2 requires that nuclear power plant SSCs important to safety be designed to withstand the 
effects of such natural phenomena as earthquakes, tornados, hurricanes, floods, tsunamis, and 
seiches without loss of capability to perform their safety functions.  The design of these SSCs 
also must reflect appropriate combinations of the effects of accidents and natural phenomena. 

The new fuel storage facility is located within the FB, which is a Seismic Category I, reinforced 
concrete structure designed to provide protection from the effects of natural phenomena, 
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including earthquakes, tornadoes, hurricanes, floods, and external missiles, aircraft hazards, 
and explosion pressure waves, as well as providing radiation shielding.  The fuel racks are also 
required to meet Seismic Category I requirements. 

The seismic design requirements for the FB and the NFSF meet the Regulatory Guide 
(RG) 1.13, ―Spent Fuel Storage Facility Design Basis,‖ Regulatory Position C.1 that all 
structures and equipment necessary to safely maintain the conditions necessary for radiation 
shielding, should be designed to Seismic Category I requirements; and the RG 1.29, ―Seismic 
Design Classification,‖ recommendation to design SSCs, that must remain functional following a 
design basis seismic event (SSE) to Seismic Category I criteria.  The NFSF is located inside the 
FB, which meets the RG 1.117, ―Tornado Design Classification,‖ recommendations that SSCs 
important to safety be designed to withstand the effects of natural phenomena such as 
tornadoes without loss of capability to perform their safety functions. 

Based on the seismic design and protection identified above, the staff finds that the U.S. EPR 
design of the NFSF satisfies GDC 2.  Combined License (COL) Information Item 3.3-1, in FSAR 
Tier 2, Table 1.8-2, ―U.S. EPR Combined License Information Items,‖ states that the COL 
applicant that references the U.S. EPR design certification will determine site-specific wind and 
tornado design parameters and compare these to the standard plant criteria. 

GDC 4 “Environmental and Dynamic Effects Design Bases” 

GDC 4 requires that SSCs important to safety be designed to accommodate the effects of, and 
be compatible with, the environmental conditions of anticipated operating and accident 
conditions.  This requirement includes protection against dynamic effects, including those of 
missiles, pipe whipping, and discharging fluids caused by equipment failures and from events 
and conditions outside the nuclear power unit. 

In accordance with RG 1.117, protection of designated SSCs from the effects of tornado strikes 
may be accomplished by designing protective barriers to preclude tornado damage.  The staff 
notes that, as stated above, the FB is designed for missile impact, and therefore satisfies 
RG 1.117. 

The FSAR does not specifically address the NFSF protection from internally generated missiles.  
It is unclear to the staff that the applicant has properly addressed the protection of essential 
systems from turbine blade missiles, as recommended in RG 1.115, ―Protection Against 
Low-Trajectory Turbine Missiles.‖  RG 1.13, Regulatory Position C.3 states that the SFSF 
should be designed to protect the spent fuel from low-trajectory turbine missiles (i.e., turbine 
blades ejected from the turbine casing directly toward an essential system), and the storage 
pool should be designed to retain watertight integrity if struck by such missiles.  Therefore, in 
RAI 84, Question 09.01.02-5, the staff requested that the applicant describe how the design of 
the NFSF addresses the recommendations of RG 1.13, Regulatory Position C.3. 

In an October 27, 2008, response to RAI 84, Question 09.01.02-5, the applicant stated that 
FSAR Tier 2, Section 9.1.2 states that the NFSF is located within the reinforced concrete 
structure of the FB.  In addition, FSAR Tier 2, Figure 9.1.2-1, ―Typical New Fuel Rack Array,‖ 
depicts a representative layout of the new fuel and spent fuel storage locations in the FB.  
The FB along with all safety-related SSCs on the Nuclear Island common basemat are located 
outside the low-trajectory hazard zone as defined by RG 1.115 and as stated in FSAR Tier 2, 
Section 3.5.1.3, ―Turbine Missiles.‖  Therefore, all SSCs inside the FB, including the NFSF, 
meet RG 1.13, Regulatory Position C.3.  The staff reviewed the applicant’s response and 
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confirms that locating the FB outside the low-trajectory hazard zone meets both 
recommendations of RG 1.13, Regulatory Position C.3 that the spent fuel storage facility should 
be designed to protect the spent fuel from low-trajectory turbine missiles, and the storage pool 
should retain watertight integrity if struck by such missiles.  Accordingly, the staff considers 
RAI 84, Question 09.01.02-5 resolved.  The staff evaluation of the FB structural design criteria is 
in Section 3.8.4 of this report. 

Based on the missile design features identified above, the staff finds that the U.S. EPR design 
of the NFSF meets the requirements of GDC 4, in that SSCs important to safety will be 
protected against the effects of missiles from events and conditions inside and outside the 
nuclear power unit.  A COL applicant that references the U.S. EPR design certification will 
evaluate the potential for other missiles generated by natural phenomena, such as hurricanes 
and extreme winds, and their potential impact on the missile protection design features of the 
U.S. EPR and compare these to the standard plant criteria. 

GDC 5, “Sharing of Structures, Systems, and Components” 

GDC 5 requires that SSCs important to safety not be shared among nuclear power units unless 
such sharing can be shown not to significantly impair their ability to perform safety functions, 
including, in an accident in one unit, an orderly shutdown and cooldown of the remaining units. 

The U.S. EPR design is a single-unit design, and a COL applicant must comply with GDC 5 for 
a multiple-unit site; therefore, the staff finds that the new fuel storage design satisfies the 
requirements of GDC 5 as they relate to whether shared SSCs important to safety are capable 
of performing their required safety functions. 

GDC 61, “Fuel Storage and Handling and Radioactivity Control” 

GDC 61 requires that the fuel storage system be designed for adequate safety under 
anticipated operating and accident conditions.  The fuel storage system must be designed with 
(1) the capability for appropriate periodic inspection and testing of components important to 
safety, (2) suitable shielding for radiation protection, (3) appropriate containment, confinement, 
and filtering capability, (4) residual heat removal that reflects the safety importance of decay 
heat and other residual heat removal, and (5) the capability to prevent a significant reduction in 
fuel storage coolant inventory under accident conditions. 

The new fuel is not considered radioactive prior to initial core load and, therefore, does not 
require radiation shielding, but is protected from external hazards by the new fuel storage 
facility.  Also, the new fuel does not generate sufficient residual heat to require residual heat 
removal system.  The concrete storage vault houses the new fuel assembly storage racks and 
auxiliary components.  In FSAR Tier 2, Section 9.1.2, the applicant stated that the new fuel 
assemblies can be stored dry in the new fuel storage rack such that they are maintained 
subcritical and accessible for inspection, or the new fuel assemblies can also be stored 
underwater in the SFP.  In FSAR Tier 2, Section 3.2, ―Classification of Structures, Systems, and 
Components,‖ the applicant states that the new fuel storage racks are classified as 
safety-related, Seismic Category I.  Additionally, the applicant states that non-safety-related 
equipment or structures not designed to Seismic Category I criteria that are located in the 
vicinity of the NFSF (and SFSF) will be evaluated to confirm that their failure could not cause an 
increase in the keff value beyond the maximum allowable.  The staff concluded that establishing 
this condition as a design criterion is acceptable.  However, the evaluation is site-specific and, 
as such, should be included as a COL information item.  Therefore, in RAI 84, Question 
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09.01.02-6, the staff requested that the applicant justify why a new COL information item is not 
given in the FSAR to confirm that the failure of non-safety-related equipment or structures not 
designed to Seismic Category I criteria could not cause an increase in the keff value beyond the 
maximum allowable. 

In a January 21, 2009, response to RAI 84, Question 09.01.02-6, the applicant stated that the 
seismic design classification of non-safety-related equipment located in the vicinity of the NFSF 
and SFSF is provided in FSAR Tier 2, Table 3.2.2-1, ―Classification Summary,‖ and is 
consistent with the guidance of SRP Section 3.2.1.  The applicant referred to the November 14, 
2008, response to RAI 71, Question 03.02.01-1, to provide further details of the methodology 
used for classifying SSCs.  The impact of the failure of non-safety-related equipment on 
safety-related components is reflected in FSAR Tier 2, Table 3.2.2-1.  Designation of a 
particular non-safety-related component as Seismic Category II (as stated in RG 1.29, 
Regulatory Position C.2) is dependent on the effect of the potential failure on safety-related 
components.  Non-seismic lines and associated equipment are routed, to the extent possible, 
outside of safety-related structures and areas to avoid potentially adverse interactions.  In the 
event that this routing is not possible and non-seismic lines must be routed in safety-related 
areas, the non-seismic items are evaluated for seismic interactions.  The staff evaluation of the 
methodology used for classifying SSCs is described in Section 3.2 of this report.  The applicant 
stated that this design criterion is not considered to be site-specific and, therefore, a new COL 
information item is not required. 

The staff reviewed the applicant’s November 26, 2008, response to RAI 84, 
Question 09.01.02-6, and concluded that, following the staff approved methodology, the 
applicant can protect safety-related components from the failure of non-seismic components; 
therefore, the staff finds the applicant’s response acceptable, and considers RAI 84, 
Question 09.01.02-6 resolved. 

A representative layout and cross-section sketch of new and spent fuel storage racks are given 
in FSAR Tier 2, Figure 9.1.2-1, and Figure 9.1.2-2, ―Dry New Fuel Storage Racks.‖  In 
accordance with the guidance provided in SRP Section 9.1.2, adequate spacing will be provided 
to maintain a minimum clearance to prevent criticality during earthquakes or other natural 
phenomena.  In FSAR Tier 2, Section 9.1.2, the applicant stated that new and spent fuel 
storage racks will be designed so that it is impossible to insert or jam a fuel assembly between 
two adjacent storage positions, or between the rack and the wall.  The new and spent fuel 
storage rack design prevents inserting more than one fuel assembly into a single storage cell.  
These design features meet the recommendations of SRP Section 9.1.2 for the new and spent 
fuel storage racks. 

The applicant stated that a drainage system is provided to prevent accumulation of water or 
other moderation media in the NFSF.  In accordance with SRP Section 9.1.2, flood prevention in 
the NFSF is required to prevent submerging the new fuel in an unintentional moderator which 
may lead to an unintentional criticality.  The floor drainage systems described in FSAR Tier 2, 
Section 9.3.3, ―Equipment and Floor Drainage System,‖ did not contain details of the NFSF 
system.  Therefore, in RAI 84, Question 09.01.02-8, the staff requested that the applicant 
include in FSAR Tier 2, Section 9.1.2 the design basis for the drainage system credited to 
prevent submerging the new stored fuel, including the sizing requirements. 

In an October 27, 2008, response to RAI 84 Question 09.01.02-8, the applicant stated that the 
NFSF does not rely on the floor drainage system described in FSAR Tier 2, Section 9.3.3 to 



 

9-29 

 

prevent accumulation of water or other moderation media.  Building features such as door 
thresholds, curbs, and floor openings are provided to prevent entry of water or other moderation 
media into the NFSF. 

The staff reviewed the applicant’s response and determined that the response does not address 
the staff concerns as described in RAI 84, Question 09.01.02-8.  SRP Section 9.1.2, Section III, 
―Review Procedures,‖ 2.L states: 

If new fuel is intended to be stored dry, adequate drainage for the new fuel 
storage vault to prevent accumulation of any liquid moderators.  The drain 
system should be sized to handle the maximum flow from the rupture of the 
largest water pipe in the area.  Backflow into the vault through the drain system 
should be prevented. 

In RAI 298, Question 09.01.02-28, the staff requested that the applicant include in the FSAR the 
methodology for handling the maximum flow, from the rupture of the largest water pipe in the 
area, by the building features (such as door thresholds, curbs, and floor openings); and to justify 
in the FSAR the absence of backflow protections, as recommended by SRP Section 9.1.2.III.2.L 
for the floor drains located in the NFSF. 

In a May 21, 2010, response to RAI 298, Question 09.01.02-28, the applicant stated that the 
drain system in the NFSF is designed to accommodate the maximum expected flow rate from a 
rupture of the largest water pipe in the NFSF area.  The response also stated that the drains on 
the NFSF are gravity drained to the building sump and that these drains are the highest drains 
that connect to the header. 

The staff reviewed the applicant’s May 10, 2010, response to RAI 298, Question 09.01.02-28, 
and finds that the flow capacity of the drain system meets the recommendation of SRP 
Section 9.1.2.III.2.L.  The NFSF drain system is designed in a way that it naturally prevents the 
backflow of water from other zones into the NFSF by locating its connection into the drain 
header at a higher elevation of any other connection, thus meeting the recommendations of 
SRP Section 9.1.2.III.2.L.  Therefore, the staff finds the applicant’s response acceptable, and 
considers RAI 84, Question 09.01.02-8 and RAI 298, Question 09.01.02-28 resolved. 

Based on the staff evaluation of the NFSF described above, the staff finds that the FSAR has 
demonstrated that the NFSF meets the requirements of GDC 61, in that the new fuel storage 
facilities provide assurance of adequate cooling of stored fuel, appropriate confinement of 
radioactive materials, adequate radiation shielding for personnel, and the capability for 
appropriate periodic inspection and testing of components important to safety. 

GDC 63, “Monitoring Fuel and Waste Storage” 

GDC 63 for spent fuel storage facilities requires for dry storage of new fuel, either criticality 
accident monitors pursuant to 10 CFR 70.24, ―Criticality accident requirements,‖ or an 
acceptable method of preventing an increase in keff beyond safe limits pursuant to 
10 CFR 50.68, ―Criticality accident requirements.‖ 

The FSAR states that the NFSF is designed with features that prevent an increase in keff beyond 
safe limits.  In Subsection, ―GDC 61,‖ of this section of this report, the staff evaluated and finds 
acceptable, a method of preventing an increase in keff beyond safe limits.  Based on this 
evaluation, the staff finds that the NFSF meets the requirements of GDC 63. 
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ALARA 

The new fuel areas are located within the FB, and the FB provides containment and 
confinement of the fuel during operations and limits offsite exposure in the event of an FHA.  
The new fuel is not considered radioactive prior to initial core load and does not require 
radiation shielding.  In FSAR Tier 2, Section 12.1, ―Ensuring that Occupational Radiation 
Exposures are As Low As Reasonably Achievable,‖ and FSAR Tier 2, Section 12.3.1, ―Facility 
Design Features,‖ the applicant stated that engineering controls, including alarms and 
communication systems, are provided to keep radiation doses in the NFSF to ALARA levels.  
The staff’s evaluation of the ALARA design and decontamination is discussed in Chapter 12 of 
this report.  The staff concluded that these features meet requirements of 10 CFR 20.1101(b). 

ITAAC 

The NFSF designs include multiple systems that have their own unique ITAAC.  The multiple 
systems include the various support systems used for fuel handling, floor drains, and building 
ventilation.  However, the NFSF has no specific ITAAC. 

The staff reviewed FSAR Tier 1 and concluded that there were no specific ITAAC needed for 
the NFSF. 

FSAR Tier 2, Section 14.0, ―Initial Plant Test Program,‖ describes the testing program 
developed to demonstrate that SSCs operate and comply with design requirements and meet 
the requirements of 10 CFR Part 50, Appendix B, Criterion XI.  FSAR Tier 2, Chapter 14.0 does 
not have a specific test for the NSFS. 

The staff reviewed the initial plant testing program and determined that there were no specific 
tests proposed for the NFSF.  In FSAR Revision 1, the design of the new fuel racks was to be 
addressed by the COL applicant.  Therefore, in RAI 84, Question 09.01.02-9, the staff 
requested that the applicant create a COL information item requiring that the COL applicant 
develop a test for the storage racks to confirm that they were properly constructed. 

In a January 21, 2009, response to RAI 84, Question 09.01.02-9, the applicant stated that the 
January 15, 2009, response to RAI 77, Question 14.02-32 proposed to modify FSAR Tier 2, 
Section 14.2.12.3.15, ―Fuel Handling System (Test #038),‖ to use a dummy fuel assembly to 
test each new fuel location. 

The staff reviewed the applicant’s response and concluded that the proposed change to 
FSAR Tier 2, Section 14.2.12.3.15 would confirm the proper construction and installation of the 
new fuel racks.  Therefore, the staff finds the January 21, 2009, response to RAI 84, 
Question 09.01.02-9 acceptable, and considers RAI 84, Question 09.01.02-9 resolved.  
The staff also confirmed that Revision 3 of the FSAR dated August 11, 2011, included the 
proposed changes described in the January 15, 2009, response to RAI 77, Question 14.02-32. 

Technical Specifications 

The applicant has not identified any TS for the NFSF.  The staff reviewed the FSAR and 
concluded that no TS are required for the NFSF. 
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FSAR Tier 2, Section 9.1.2 states that the SFSF provides storage for a maximum of 1,247 spent 
fuel assemblies stored in a single SFP.  As stated in FSAR Tier 2, Section 4.3.1.3, ―Core Design 
Lifetime,‖ the U.S. EPR refueling schedule can vary from 12 to 24 months.  In accordance with 
the SRP Section 9.1.2(iii)(1) recommendation, the minimum SFP storage capacity should equal 
or exceed the amount of spent fuel from 5 years of operation at full power plus one full-core 
discharge.  Therefore, in RAI 84, Question 09.01.02-2, the staff requested that the applicant 
identify and include in the FSAR the design basis of the SFSF, including the number of fuel 
assemblies to be offloaded into the SFP from the core during a typical refueling outage and the 
number of refueling outages the SFP is designed to accommodate. 

In a February 13, 2009, response to RAI 84, Question 09.01.02-2, the applicant stated that the 
SFSF is designed with storage capacity for 1,020 spent fuel assemblies, which provides 
sufficient spent fuel storage capacity for at least 10 years worth of operation and a full core 
offload, regardless of the offload interval chosen by the COL applicant.  This design criterion is 
in accordance with the recommendations of SRP Section 9.1.2.  Therefore, the staff finds that 
the concerns described in RAI 84, Question 09.01.02-2 have been addressed.  Therefore, the 
staff considers RAI 84, Question 09.01.02-2 resolved. 

The applicant’s February 13, 2009, response to RAI 84, Question 09.01.02-2 also proposed to 
update the next revision of FSAR Tier 2, Section 9.1.2 to provide additional design basis 
information for the spent fuel storage racks.  The staff confirmed that FSAR Tier 2, 
Section 9.1.2, Revision 3, dated August 10, 2011, included the proposed FSAR changes 
described in the response to RAI 84, Question 09.01.02-2. 

GDC 2, “Design Bases for Protection Against Natural Phenomena” 

GDC 2 requires that nuclear power plant SSCs important to safety be designed to withstand the 
effects of such natural phenomena as earthquakes, tornados, hurricanes, floods, tsunamis, and 
seiches without loss of capability to perform their safety functions.  The design of these SSCs 
also must reflect appropriate combinations of the effects of accidents and natural phenomena. 

The SFSF is located within the FB and contains the SFP and the spent fuel storage racks.  
The FB is a Seismic Category I, safety-related reinforced concrete structure designed to provide 
protection from the effects of natural phenomena, including earthquakes, tornadoes, hurricanes, 
floods, and external missiles, aircraft hazards, and explosion pressure waves, as well as 
providing radiation shielding. 

FSAR Tier 2, Table 1.8-2, COL Information Item 3.3-1 states that the COL applicant that 
references the U.S. EPR design certification will determine site-specific wind and tornado 
design parameters and compare these to the standard plant criteria. 

The staff evaluated the applicant’s design of the SFSF and determined that locating the SFSF 
inside the FB meets the recommendations of RG 1.117 that SSCs important to safety be 
designed to withstand the effects of natural phenomena such as tornadoes without loss of 
capability to perform their safety functions.  The SFSF is located inside the FB, which meets 
RG 1.13, Regulatory Position C.2 that the SFSF should be designed to (1) keep extreme winds 
and missiles generated by those winds from causing significant loss of watertight integrity of the 
fuel storage pool, and (2) keep missiles generated by extreme winds from contacting fuel within 
the pool. 
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The seismic design of the SFSF (and its components) are evaluated against the 
recommendations of RG 1.13, Regulatory Position C.1 that all structures and equipment 
necessary to maintain minimum water levels necessary for radiation shielding, should be 
designed to Seismic Category I requirements and RG 1.29 recommendations to design SSCs, 
that must remain functional following a design basis seismic event (SSE), to Seismic Category I 
criteria. 

The SFP is provided with a leak-tight stainless steel liner.  In RAI 84, Question 09.01.02-4, the 
staff requested that the applicant identify and include in the FSAR the SFP liner seismic design 
criteria and the evaluation of consequences of the liner failure following an SSE. 

In an October 27, 2008, response to RAI 84, Question 09.01.02-4, the applicant stated that the 
SFP stainless steel liner is an integral part of the spent fuel pool structure and that it is designed 
as Seismic Category I structure.  The staff evaluated the applicant’s response and concluded 
that the SFP stainless steel liner seismic classification is in accordance with the 
recommendations of SRP Section 9.1.2.  Therefore, the staff finds that the concerns described 
in RAI 84, Question 09.01.02-4 have been addressed.  Therefore, the staff considers RAI 84, 
Question 09.01.02-4 resolved.  The applicant’s October 27, 2008, response to RAI 84, 
Question 09.01.02-4 also proposed to update the next revision of FSAR Tier 2, 
Section 9.1.2.2.2, ―Spent Fuel Storage,‖ to provide additional design basis information for the 
SFP stainless steel liner seismic classifications.  The staff confirmed that FSAR Tier 2, 
Revision 3, Section 9.1.2, dated August 10, 2011, included the proposed FSAR changes 
described in the response to RAI 84, Question 09.01.02-4. 

Adjacent to the SFP, and separated by gates, are the volumes of the fuel transfer canal and the 
cask loading pit (CLP).  The fuel transfer canal and the gates separating the canal from the 
refueling cavity and the SFP are designed as Seismic Category I components that are designed 
to remain leak-tight after an SSE.  The CLP is a Seismic Category I structure that is normally 
isolated from the SFP by two Seismic Category I gates. 

The CLP is part of the spent fuel cask transfer facility (SFCTF), and it is designed with a large 
opening at the bottom of the pit that permits the connection of a spent fuel cask to the SFCTF. 

The staff submitted several RAIs (RAI 84, Questions 09.01.04-5, 09.01.04-7, 09.01.04-15, 
09.01.04-16, and 09.01.04-17) to request that the applicant provide the SFCTF design criteria 
and how this system interacts with safety-related SSCs.  In an August 31, 2011, response to 
RAI 84, Question 09.01.04-17, the applicant provided the design information and the safety 
analysis of the SFCTF. 

For this evaluation, the staff reviewed the portion of the applicant’s response, as it pertains to 
the prevention of draining the SFP.  The staff’s evaluation of the remaining portions of the 
applicant’s response is discussed in Section 9.1.4 of this report. 

The applicant stated in the response that the SFCTF is a Seismic Category I system that will 
remain leak-tight following an SSE.  The SFCTF includes an upper cover (at the bottom of the 
CLP) and a lower cover that are designed to be Seismic Category I components.  During the 
infrequent cask loading operation, a cask is positioned below the CLP, and a leak-tight 
connection between the SFCTF and the cask is established.  In order to move spent fuel 
assemblies from the SFP into the spent fuel cask, the two Seismic Category I gates separating 
the SFP and the CLP, and the two Seismic Category I covers in the SFCTF are required to be 
open.  This extends the SFP pressure boundary into the SFCTF and the spent fuel cask. 
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The staff reviewed the RAI responses and confirmed that the applicant identified all pressure 
boundary components and structures of the SFCTF as Seismic Category I.  The applicant’s 
response also stated that the SFCTF is designed with leak detection capability to identify any 
sources of leakage through its pressure boundary or the upper cover.  In addition, the applicant 
stated that the SFP swivel gate can be used to isolate the SFCTF from the SFP. 

FSAR Tier 2, Sections 9.1.2.2.2, ―Spent Fuel Storage,‖ and 9.1.2.3, ―Safety Evaluation,‖ 
describe how the seismic design of the SFP and the gates that separate the CLP and the SFP 
are credited to prevent draining of the SFP following a seismic event.  The staff concluded that 
this is acceptable for most operations in the SFP, but it does not address the impact of a 
seismic event while the SFCTF is in operation.  Therefore, in RAI 526, Question 09.01.02-40, 
the staff requested that the applicant update FSAR Tier 2, Section 9.1.2 to include the 
justification of how the seismic classification of the SFCTF is credited to prevent a SFP 
draindown.  RAI 526, Question 09.01.02-40 is being tracked as an open item. 

In a December 9, 2009, response to RAI 84, Question 09.01.04-17, the applicant stated that the 
swivel gate between the CLP and the SFP, and the SFCTF upper cover are prevented from 
opening simultaneously, without having a cask connected to the SFCTF by an interlock.  The 
staff evaluated the applicant’s design for the SFCTF and determined that the applicant has not 
proposed any regulatory control over the SFP gates or the SFCTF cover to prevent inadvertent 
opening of these gates, which would result in draining of the SFP below the minimum water 
level.  Therefore, in RAI 526, Question 09.01.02-41, the staff requested that the applicant justify 
why there is no need for the creation of a Technical Specification or a license condition that 
would require at least two of the seismic barriers to be in place while there is no cask attached 
to the SFCTFS.  RAI 526, Question 09.01.02-41 is being tracked as an open item. 

Based on the above discussion and except for the open items in RAI 526, 
Questions 09.01.02-40 and 09.01.02-41, the staff concludes that the U.S. EPR SFSF meets the 
requirements of GDC 2 because it is designed to withstand the effects of natural phenomena 
without loss of capability to perform its safety function. 

GDC 4, “Environmental and Dynamic Effects Design Bases” 

GDC 4 requires that SSCs important to safety be designed to accommodate the effects of, and 
be compatible with, the environmental conditions of anticipated operating and accident 
conditions.  This requirement includes protection against dynamic effects, including those of 
missiles, pipe whipping, and discharging fluids caused by equipment failures and from events 
and conditions outside the nuclear power unit. 

In accordance with RG 1.117, protection of designated SSCs from the effects of missiles 
created by tornado strikes may be accomplished by designing protective barriers to preclude 
such damage.  As stated above, the SFSF is located inside the FB which is designed to sustain 
missile impact and, therefore, satisfies RG 1.117.  The SFSF is designed as a Seismic 
Category I structure that provides protection from the effects of internally generated missiles. 

Based on the missile design features identified above, the staff finds that the U.S. EPR design 
of the SFSF meets the requirements of GDC 4, in that SSCs important to safety are protected 
against the effects of missiles from events and conditions outside the nuclear power unit.  A 
COL applicant that references the U.S. EPR design certification will evaluate the potential for 
other missiles generated by natural phenomena, such as hurricanes and extreme winds, and 
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their potential impact on the missile protection design features of the U.S. EPR and compare 
these to the standard plant criteria. 

GDC 5, “Sharing of Structures, Systems, and Components” 

GDC 5 requires that SSCs important to safety not be shared among nuclear power units unless 
such sharing can be shown not to significantly impair their ability to perform safety functions, 
including, in an accident in one unit, an orderly shutdown and cooldown of the remaining units. 

The U.S. EPR design is a single-unit design, and a COL applicant must comply with GDC 5 for 
a multiple-unit site; therefore, the staff finds that the spent fuel storage design satisfies the 
requirements of GDC 5 as they relate to whether shared SSCs important to safety are capable 
of performing their required safety functions. 

GDC 61, “Fuel Storage and Handling and Radioactivity Control” 

GDC 61 requires that the fuel storage system be designed for adequate safety under 
anticipated operating and accident conditions.  The fuel storage system must be designed with 
(1) the capability for appropriate periodic inspection and testing of components important to 
safety, (2) suitable shielding for radiation protection, (3) appropriate containment, confinement, 
and filtering capability, (4) residual heat removal that reflects the safety importance of decay 
heat and other residual heat removal, and (5) the capability to prevent a significant reduction in 
fuel storage coolant inventory under accident conditions. 

SRP Section 9.1.2 recommends that low-density storage should be used, at a minimum, for the 
most recently discharged fuel to enhance the capability to cool it.  If low-density storage is not 
used, the use of high-density storage racks needs to be evaluated on a case-by-case basis.  
The staff determined that the applicant has not specified in the FSAR the density requirements 
for the spent fuel racks.  Therefore, in RAI 84, Question 09.01.02-3, the staff requested that the 
applicant identify and include in the FSAR the density requirements for spent fuel storage and if 
applicable, provide justification. 

In a December 9, 2009, response to RAI 84, Question 09.01.02-3 the applicant stated that the 
SFSF is designed with two storage regions.  Region 1 contains 382 low-density storage 
locations to be used for the storage of freshly offloaded fuel.  Region 2 contains 865 high-
density storage locations to be used for storage of older fuel, or for the storage of freshly 
offloaded fuel stored in a checkerboard or other pattern.  The staff’s evaluation of the criticality 
analysis for the SFSF is discussed in Section 9.1.1 of this report.  The staff’s evaluation of the 
applicant’s thermal analysis report that demonstrates adequate cooling in the SFSF is reviewed 
in Section 9.1.3 of this report.  The staff evaluated the applicant’s response and finds that this 
design criterion is in accordance with the recommendations of SRP Section 9.1.2.  Therefore, 
the staff finds that the concerns described in RAI 84, Question 09.01.02-3 have been 
addressed.  The staff considers RAI 84, Question 09.01.02-3 resolved. 

The applicant’s December 9, 2009, response to RAI 84, Question 09.01.02-3 also proposed to 
update the next revision of FSAR Tier 2, Section 9.1.2 to provide additional design basis 
information for the SFSF rack storage density.  The staff confirmed that FSAR Tier 2, 
Section 9.1.2, Revision 3, dated August 10, 2011, included the proposed FSAR changes 
described in the response to RAI 84, Question 09.01.02-3. 
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The SFSF includes the spent fuel storage racks, the SFP containing those racks, and the 
associated equipment storage pits.  The SFP located in the SFSF provides underwater storage 
for spent fuel assemblies.  Control rod clusters and thimble plug assemblies are normally stored 
with the fuel assemblies in the SFP.  The storage pit design as shown on FSAR Tier 2, 
Figure 3.8-52, ―Fuel Building Plan Section C-C,‖ is such that the spent fuel cask is not required 
to be moved over or at an elevation that could result in the cask falling into the SFP. 

The applicant stated in FSAR Tier 2, Revision 1, Section 9.1.2, that a COL applicant that 
references the U.S. EPR design certification will describe the spent fuel storage racks, including 
a description of confirmatory criticality analysis, structural dynamic analysis to meet Seismic 
Category I requirements and stress analyses and thermal-hydraulic cooling analyses.  The COL 
information items associated with the spent fuel storage racks were given in FSAR Tier 2, 
Table 1.8-2.  FSAR Revision 2 incorporated the design of the spent fuel storage racks and the 
supporting analyses into FSAR Tier 2, Section 9.1.2, and deleted the COL Information 
Items 9.1-3 and 9.1-4 from FSAR Tier 2, Table 1.8-2.  The staff finds the deletion of COL 
Information Items 9.1-3 and 9.1-4 from FSAR Tier 2, Table 1.8-2 acceptable, because the 
information that the COL information items requested from the COL applicants was addressed 
in FSAR Revision 2. 

SRP Section 9.1.2 states that the spent fuel racks need to be designed to withstand the 
maximum fuel handling equipment uplift forces without an increase in keff or damage to the 
watertight integrity of the spent fuel pool liner.  FSAR Tier 2, Section 9.1.4, ―Fuel Handling 
System,‖ states that the spent fuel storage racks are designed to withstand the SFP bridge 
crane maximum uplift force and the impact load from a dropped fuel assembly with no increase 
in keff.  The staff finds that this design criterion meets the recommendations of 
SRP Section 9.1.2(III)2.D.  FSAR Tier 2, Section 9.1.2, stated that access to the SFSF is 
provided for periodic inspection as shown in FSAR Tier 2, Figures 3.8.4-5 through 3.8.4-13.  
However, the staff identified that these figures were not in the FSAR.  Therefore, in RAI 84, 
Question 09.01.02-10, the staff requested that the applicant update the FSAR to include 
Figures 3.8.4-5 through 3.8.4-13.  In an October 27, 2008, response to RAI 84, 
Question 09.01.02-10, the applicant stated that the reference to these figures will be corrected 
in the next FSAR revision.  The applicant also identified another cross-reference error and 
proposed to make the proper corrections in the next FSAR revision.  The staff reviewed the 
applicant’s response and concluded that because the applicant is correcting this editorial error, 
the response is acceptable.  Therefore, the staff considers RAI 84, Question 09.01.02-10 
resolved.  The staff reviewed FSAR Tier 2, Revision 3, Section 9.1.2, August 10, 2011, and 
confirmed that the applicant included the proposed FSAR changes described in the response to 
RAI 84, Question 09.01.02-10. 

FSAR Tier 2, Section 9.1.2, states that the SFP has a normal water volume of approximately 
1.42x106 L (375,000 gal) and a depth of 12.2 m (40 ft).  Instrumentation is available to monitor 
radiation, water level, and water temperature for personnel protection, and to detect loss of 
decay heat removal.  Spent fuel assemblies are submerged and stored in the spent fuel storage 
racks.  FSAR Tier 2, Section 4.2, ―Fuel System Design,‖ states that the nominal length of a fuel 
assembly is 4.2 m (13.8 ft).  In accordance with SRP Section 9.1.2, the spent fuel storage rack 
design needs to have an opening in the bottom of each storage cell and clearance below the 
base plate to allow for cooling water flow across the stored fuel.  A minimum of 7 m (23 ft) of 
water is needed for shielding above the top of the rack to satisfy the fuel handling accident 
assumptions as stated in FSAR Tier 2, Section 15.0.3.10.2, ―Input Parameters and Initial 
Conditions,‖ and as required by GDC 61.  The spent fuel rack storage location within the SFP is 
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shown on FSAR Tier 2, Figure 9.1.2-1.  As shown in the representative cross-section sketch of 
new and spent fuel storage racks in FSAR Tier 2, Figure 9.1.2-2, no dimensional data is 
provided.  Therefore, in RAI 84, Question 09.01.02-11, the staff requested that the applicant 
include in the FSAR the elevation of the top of the spent fuel storage racks and confirm that the 
spent fuel storage rack maximum height limitation is included in COL Information Item 9.1-4. 

In a February 13, 2009, response to RAI 84, Question 09.01.02-11, the applicant stated that 
FSAR Tier 2, Section 9.1.2.2.2 will be revised to delete reference to the normal water volume, 
because it is dependent on the number of fuel assemblies stored in the pool and the volume of 
the racks.  The critical parameter credited is the height of water above the top of the stored fuel 
assemblies.  The applicant proposed to revise this value in FSAR Tier 2, Section 9.1.2.2, 
―Facilities Description,‖ to reflect a nominal SFP water depth of 14 m (45 ft 7 in.) and 
approximately 8.8 m (29 ft) of water above the top of the spent fuel assemblies seated in the 
storage racks.  The applicant further states that as long as at least 7.0 m (23 ft) of water is 
provided above the top of the stored fuel assemblies; it is unnecessary to add the SFP rack 
maximum height limitation to the existing COL information item. 

The staff reviewed the applicant’s February 13, 2009, response to RAI 84, 
Question 09.01.02-11, and determined that it is inadequate to address the staff concerns.  In a 
February 13, 2009, response to RAI 84, Question 09.01.02-12, the applicant stated that the 
bottom of the loading pit gate is approximately 0.76 m (2 ft 6 in.) above the top of the spent fuel 
assemblies in the storage racks.  SRP Section 9.1.2(III).H, ―Review Procedures,‖ specifies that 
the bottoms of any gates should be above the top of the fuel assemblies.  The staff considers 
that these two parameters (a minimum of 7.0 m (23 ft) of water coverage above the top of the 
stored fuel assemblies and the top of the fuel assemblies remains below the bottom of the 
loading pit gate) should be included in COL Information Item 9.1-4.  Therefore, in RAI 298, 
Question 09.01.02-29, the staff requested that the applicant justify in the FSAR the absence of 
the need to include the spent fuel storage rack maximum height limitation in COL Information 
Item 9.1-4. 

Later, in FSAR Revision 2, the applicant provided additional design information for the fuel racks 
and deleted COL Information Item 9.1-4.  In a February 4, 2010, response to RAI 298, 
Question 09.01.02-29, the applicant stated that the latest revision to the FSAR deleted COL 
Information Item 9.1-4 in FSAR Tier 2, Table 1.8-2, and that FSAR Tier 2, Figure 9.1.2-3, ―Spent 
Fuel Pool Elevation,‖ shows the elevation of the stored fuel assemblies.  Additionally, the staff 
notes that FSAR Tier 2, Section 9.1.2.2.2 was modified to state that the ―gates and the weir, 
shown in Figure 3.8-52, are arranged so that the bottoms of the gates are higher than the top of 
the stored fuel assemblies.‖ 

The staff reviewed the applicant’s February 4, 2010, response to RAI 298, 
Question 09.01.02-29 and concluded that the latest revision to the FSAR had incorporated the 
discussion about the minimum water level needed to provide shielding and the design criteria 
that there are no openings (weirs or gates) that open below the top of the active fuel.  
Additionally, in a February 4, 2010, response to RAI 298, Question 09.01.02-30, the applicant 
proposed to modify FSAR Tier 1, Section 2.1.1.3 and Table 2.1.1-11, ―Fuel Building ITAAC,‖ to 
verify the absence of gates, openings, or drains below the top of stored fuel assemblies.  
Therefore, the staff finds the applicant response acceptable and considers RAI 298, 
Question 09.01.02-11 and RAI 298, Question 09.01.02-29 resolved.  The staff has verified that 
the proposed changes to FSAR Tier 1, Section 2.1.1.3 and Table 2.1.1-11 have been 
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incorporated into FSAR Revision 3, dated August 10, 2011, as presented in the response to 
RAI 298, Question 09.01.02-30. 

FSAR Tier 2, Section 9.1.2, states that the SFCTF is located adjacent to the SFP, isolated from 
the SFP by double gates.  The elevation of the gates is shown in FSAR Tier 2, Figure 3.8-52.  
As shown, the bottom of the loading pit gates is at elevation 10.9 m (35 ft 9 in.).  FSAR 
Revision 0 did not provide the elevation of the top of the spent fuel storage racks.  The staff was 
not able to confirm that the bottom of the gates was above the top of the fuel assemblies.  
Therefore, in RAI 84, Question 09.01.02-12, the staff requested that the applicant specify in the 
FSAR that the bottom of the gates is above the top of the fuel assemblies and include in 
FSAR Tier 1, an ITAAC for the verification that the elevation of the bottom of the loading pit gate 
is as shown in FSAR Tier 2, Figure 3.8-52. 

In a February 13, 2009, response to RAI 84, Question 09.01.02-12, the applicant stated that the 
elevation of the top of the fuel assemblies seated in the spent fuel storage racks is at elevation 
10.1 m (33 ft 2 in.).  The bottom of the loading pit gate is approximately 0.76 m (2 ft 6 in.) above 
the top of the spent fuel assemblies in the storage racks.  The applicant stated that the 
safety-significant design features are identified for the U.S. EPR based on guidance from SRP 
Section 14.3.  The applicant also stated that the location of the bottom of the loading pit gates, 
however, is not a safety-significant design feature and is not included in FSAR Tier 1.  The 
applicant stated that the FSAR should not be changed as a result of this question. 

The staff reviewed the applicant’s response and determined that it was inadequate to address 
the staff concerns.  The location of the bottom of the loading pit gates relative to the top of the 
stored fuel is a key design parameter that ensures that there are no openings or drains in the 
spent fuel pool below the stored fuel that could potentially drain down the SFP to an 
unacceptable level.  The spent fuel pool and the SFP liner are Seismic Category I structures 
that are credited to maintain stored fuel covered with water under all accident scenarios.  
In FSAR Tier 1, Table 2.1.1-11, ―Fuel Building ITAAC,‖ Commitment 2.3, the applicant proposes 
to verify the minimum depth of the spent fuel pool.  The staff considers that the key design 
features (i.e., no gates, openings, pipes, or drainages located below the active fuel) are as 
important to safety as the minimum depth of the spent fuel pool and need to be verified through 
ITAAC.  Therefore, in RAI 298, Question 09.01.02-30, the staff requested that the applicant 
update FSAR Tier 1,Table 2.1.1-11 to include the verification of the proper construction of key 
safety features of the SFP, not only the depth of the spent fuel pool. 

In a February 4, 2010, response to RAI 298, Question 09.01.02-30, the applicant stated that the 
next revision of the FSAR will include a modification to FSAR Tier 1, Section 2.1.1.3 and 
Table 2.1.1-11, to verify the absence of gates, openings, or drains below the top of stored fuel 
assemblies. 

The staff reviewed the applicant’s February 4, 2010, response to RAI 298, 
Question 09.01.02-30 and finds that the proposed modifications to FSAR Tier 1, Section 2.1.1.3 
and FSAR Tier 1, Table 2.1.1-11 are adequate to verify the proper construction of the SFP and, 
therefore, addresses the staff concerns described in RAI 84, Question 09.01.02-12 and 
RAI 298, Question 09.01.02-30.  The staff considers these RAIs resolved.  The staff has verified 
that the proposed changes to FSAR Tier 1, Section 2.1.1.3 and FSAR Tier 1, Table 2.1.1-11 
have been incorporated into FSAR Revision 3, dated August 10, 2011, as presented in the 
response to RAI 298, Question 09.01.02-30. 
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The CLP has capacity for approximately 110,000 L (29,000 gal) of water during the spent fuel 
removal and cask loading process.  In RAI 84, Question 09.01.02-13, the staff requested that 
the applicant determine the reduction in SFP water level if leakage into the adjacent 
fuel-handling areas were to occur and confirm that the leakage into these areas would not 
reduce the SFP coolant inventory to less than 3 m (10 ft) above the top of the stored fuel 
assemblies.  

In an October 27, 2008, response to RAI 84, Question 09.01.02-13, the applicant stated that 
110,000 L (29,000 gal) of water is maintained in the transfer compartment or the cask loading 
pit, which would result in an equilibrium level of the three pool compartments of 17.4 m (57.2 ft), 
which is about 7.3 m (24 ft) above the active fuel stored in the SFP, and is over 0.6 m (2 ft) 
above the top of the fuel pool cooling pump suction pipes.  The staff noted that in the 
November 26, 2008, response to RAI 84, Question 09.01.04-17, the applicant clarified that the 
gates separating the SFP and FB transfer compartment and the gates separating the SFP and 
the CLP are safety-related, Seismic Category I components and are designed to withstand the 
effects of an SSE.  Therefore, since these gates are Seismic Category I, the staff finds that the 
concerns described in RAI 84, Question 09.01.02-13 have been addressed by the gate 
description provided in response to RAI 84, Question 09.01.02-17. 

The SFP is a leak-tight, reinforced concrete Seismic Category I structure designed to prevent 
the loss of cooling water from the pool during a postulated accident.  A demineralized water 
supply system and Seismic Category I emergency makeup water supply are provided to add 
water to the SFP.  Further discussion of the makeup water systems is included in the fuel pool 
cooling and purification system (FPCPS) described in FSAR Tier 2, Section 9.1.3, ―Fuel Pool 
Cooling and Purification System.‖  The staff concludes that these makeup systems satisfy the 
RG 1.13, Regulatory Position C.8 recommendation that a Quality Group C, Seismic Category I 
makeup system should be provided to add coolant to the pool.  The capacity of the SFP 
makeup supply as recommended in RG 1.13 Regulatory Position C.8 is evaluated by the staff in 
Section 9.1.3 of this report. 

Seismic design criteria applied to the SFP design are described in FSAR Tier 2, Sections 3.7, 
―Seismic Design,‖ and 3.8, ―Design of Category I Structures.‖  Piping penetrations in the SFP 
are at least 6.1 m (20 ft) above the top of the stored fuel assemblies.  As shown on 
FSAR Tier 2, Figure 9.1.3-1, ―Fuel Pool Cooling System,‖ and Figure 9.1.3-2, Sheet 2, 
―Fuel Pool Purification System,‖ the piping systems that are attached to the SFP are designed to 
Seismic Category I criteria or are provided with anti-siphon features.  The Seismic Category I 
design and anti-siphon design features prevent inadvertent draining of the SFP to assure that 
adequate water is available above the active fuel as recommended by 
SRP Section 9.1.2(iii).2.H.(ii).  However, the demineralized water distribution system (GHC) 
piping as shown on FSAR Tier 2, Figure 9.1.3-1 is not provided with an anti-siphon device or 
qualified to Seismic Category I criteria.  Therefore, in RAI 84, Question 09.01.02-15, the staff 
requested that the applicant justify in the FSAR why the GHC piping is not provided with an 
anti-siphon device or qualified to Seismic Category I criteria. 

In an October 27, 2008, response to RAI 84, Question 09.01.02-15, the applicant stated that 
siphoning is not a concern based on the elevation of the demineralized water distribution system 
piping to ―just below the spent fuel pool water surface.‖ 

The staff reviewed the applicant’s October 27, 2008, response to RAI 84, Question 09.01.02-15 
and determined it inadequate to address the staff concerns.  The staff considers that any piping 
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that reaches below the minimum water level should contain an anti-siphon device.  It is unclear 
to the staff that the GHC piping does not extend below the minimum water level.  One of the 
bases of the thermal analysis report of the spent fuel pool is that no pipe is capable of draining 
the spent fuel pool below the minimum inventory level, and to assure this, some pipes are 
adapted with anti-siphon devices.  The staff also identified that the applicant has not proposed 
an ITAAC to verify that all pipes that extend below the minimum water level have a working 
anti-siphon device.  Therefore, in RAI 298, Question 09.01.02-31, the staff requested that the 
applicant clarify in the FSAR that the GHC piping does not extend below the minimum water 
level and justify the absence of an ITAAC to verify that no pipe extends below the minimum 
water level without an anti-siphon device. 

In a February 4, 2010, response to RAI 298, Question 09.01.02-31, the applicant proposed to 
modify FSAR Tier 2, Section 9.1.2.3 to clarify that the GHC pipe does not extend below the 
minimum water level, and FSAR Tier 1, Section 2.1.1.3 and FSAR Tier 1, Table 2.1.1-11, ―Fuel 
Building ITAAC,‖ to verify the absence of piping that extends below an elevation 3 m (10 ft) 
above the top of stored fuel assemblies. 

The staff reviewed the applicant’s February 4, 2010, response to RAI 298, 
Question 09.01.02-31, and concluded that the proposed FSAR Tier 2 modifications would clarify 
that the GHC piping does not extend below the minimum water level.  The staff finds that the 
proposed FSAR Tier 1 modification is adequate to confirm that no pipe extends below the 
minimum water level.  Therefore, the staff finds the response acceptable and considers RAI 84, 
Question 09.01.02-15, and RAI 298, Question 09.01.02-31 resolved.  The staff verified that the 
proposed changes to the FSAR have been incorporated into FSAR Revision 3, dated 
August 10, 2011, as presented in the response to RAI 298, Question 09.01.02-31. 

Borated water is used in the SFP as a cooling medium, with a nominal enriched (greater than or 
equal to 37 percent B-10) boron concentration of 1,334 ppm.  The applicant stated in 
FSAR Tier 2, Section 3.1.6.3, ―Criterion 62 – Prevention of Criticality in Fuel Storage and 
Handling,‖ that criticality in the new and spent fuel storage areas is prevented by physical 
separation of fuel assemblies, and the use of borated water, and borated neutron absorber 
panels in the fuel storage pool.  However, the applicant has also stated in FSAR Tier 2, 
Section 9.1.2.2.2, that borated demineralized reactor makeup water is used to fill and to 
supplement water inventory in the SFP, but boration is not essential for maintaining the 
subcriticality of the stored fuel assemblies.  Therefore, in RAI 84, Question 09.01.02-17, the 
staff requested that the applicant clarify in the FSAR the U.S. EPR design requirements for 
borated water in the SFP. 

In a December 9, 2008, response to RAI 84, Question 09.01.02-17, the applicant stated that in 
the next FSAR revision, FSAR Tier 2, Section 9.1.2 will be revised to clearly state that diluted 
boron is not required to maintain subcriticality under normal storage conditions.  However, to 
remain within criticality limits for accident conditions, a concentration of 1,100 ppm natural boron 
is required. 

The staff reviewed the applicant’s response and concluded that the proposed modification to 
FSAR Tier 2, Section 9.1.2.2.2 removes confusion about SFP design criteria.  Therefore, the 
staff finds the response acceptable, and considers RAI 84, Question 09.01.02-17 resolved.  The 
staff evaluation of criticality concerns is addressed in Section 9.1.1 of this report. 
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The fuel handling system (FHS) is provided with instrumentation and electrical and mechanical 
interlocks to prevent movement of heavy loads over the spent fuel.  These interlocks are 
evaluated in Section 9.1.5 of this report. 

Based on the design features reviewed above, the staff finds that the U.S. EPR design meets 
GDC 61, ―Fuel storage and handling and radioactivity control,‖ requirements for the spent fuel 
storage facilities, by providing assurance of (1) the capability for appropriate periodic inspection 
and testing of components important to safety, (2) suitable shielding for radiation protection, 
(3) appropriate containment, confinement, and filtering capability, (4) residual heat removal that 
reflects the safety importance of decay heat and other residual heat removal, and (5) the 
capability to prevent a significant reduction in fuel storage coolant inventory under accident 
conditions. 

GDC 63, “Monitoring Fuel and Waste Storage” 

GDC 63 requires appropriate systems in fuel storage and radioactive waste systems and 
handling areas to detect conditions that may result in loss of residual heat removal capability 
and excessive radiation levels and to initiate appropriate safety actions. 

The FPCPS maintains the SFP water clarity and temperature less than 60 °C (140 °F) during 
non-refueling plant conditions.  The SFP structural design temperature is 82 °C (180 °F).  
A description of the FPCPS is provided in FSAR Tier 2, Section 9.1.3.  The FPCPS includes 
SFP level and temperature instrumentation, SFP leakage detection, FB sump alarms and 
radiation monitors to provide timely detection and control room notification of SFP leakage and 
to allow for operator actions.  The staff finds that this instrumentation meets the RG 1.13, 
Regulatory Position C.7 recommendation to provide alarms for SFP water level, temperature, 
and high local radiation levels both locally and in a continuously manned location. 

During fuel handling operations, gaseous radioactivity from the atmosphere above the SFP is 
removed and processed through high efficiency particulate air (HEPA) filters and charcoal 
absorber units before release to the plant vent.  A description of the SFP area ventilation system 
normal and accident operation is available in FSAR Tier 2, Sections 9.4.2, ―Fuel Building 
Ventilation System,‖ and 9.4.3, ―Nuclear Auxiliary Building Ventilation System.‖  The staff 
evaluation of the SFP area ventilation system is discussed in Section 9.4 of this report. 

Process ventilation monitors are described in FSAR Tier 2, Section 11.5, ―Process and Effluent 
Radiological Monitoring and Sampling Systems.‖  The staff finds that the SFSF use of the FB 
ventilation systems meets the RG 1.13, Regulatory Position C.7 recommendation that upon 
detection of high-radiation, automatic ventilation and/or filtration functions are placed in service. 

The SFP structure includes a stainless steel liner.  The liner weld joints are provided with a leak 
chase system for initial testing and subsequent liner leakage monitoring as described in FSAR 
Tier 2, Section 9.1.2.3.  Leakage is directed to the floor and equipment drain system and 
processed by the liquid radwaste system.  The description of the liner leakage system design in 
the FSAR meets the SRP Section 9.1.2 Review Procedures (iii).2.K recommendation that 
detection and collection of SFP liner leaks are incorporated into the design with capability to 
collect pool liner leaks to prevent uncontrolled releases of radioactive material to the 
environment and to keep radiation exposure as low as reasonably achievable for personnel. 

The FSAR states that initial testing and liner leakage monitoring is described in FSAR Tier 2, 
Section 9.3.3.  The staff reviewed FSAR Tier 2, Section 9.3.3 and did not find a reference to the 
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SFP liner leak chase system.  Therefore, in RAI 84, Question 09.01.02-16, the staff requested 
that the applicant include in the FSAR a description of initial testing and liner leakage 
monitoring. 

In an October 27, 2008, response to RAI 84, Question 09.01.02-16, the applicant stated that this 
question is very similar in nature to RAI 86, Question 09.01.02-20.  In the January 21, 2009, 
response to RAI 86, Question 09.01.02-20, the applicant stated that the proper fabrication and 
construction of the leak chase system (LCS) reduces the chance of formation of blockages.  
The staff reviewed the applicant’s response and determined it inadequate to address the staff 
concerns as described in RAI 84, Question 09.01.02-16.  The staff reviewed the FSAR and 
could not find an ITAAC or an Initial Plant Test that will verify that the LCS has been properly 
constructed or that it is free of obstructions. 

Therefore, in RAI 298, Question 09.01.02-32, the staff requested that the applicant justify the 
absence in the FSAR of an ITAAC or an Initial Plant Test that will verify that the LCS has been 
properly constructed and that it is free of obstructions. 

In a February 4, 2010, response to RAI 298, Question 09.01.02-32, the applicant proposed to 
update FSAR Tier 2, Section 14.2.12.1.1, ―Fuel Pool Cooling and Purification System 
(Test #001),‖ to include the verification of each leak chase channel to confirm that they have 
been properly constructed and are free of obstructions.  The staff reviewed the applicant’s 
response and concluded that the proposed modifications to the FSAR Tier 2, 
Section 14.2.12.1.1 test would ensure that the LCS has been properly constructed.  Therefore, 
the staff considers that the concerns described in RAI 84, Question 09.01.02-16 and RAI 298, 
Question 09.01.02-32 have been addressed, and considers these RAIs resolved.  The staff 
confirmed that the applicant has incorporated the FSAR changes described in the response to 
RAI 298, Question 09.01.02-32 in FSAR Revision 3, August 10, 2011. 

Based on the design features reviewed above, the staff finds that the U.S. EPR design meets 
GDC 63 and provides assurance that loss of residual heat removal capability and high radiation 
levels will be detected and that the release of radioactive materials to the environment will be 
prevented. 

ALARA 

The spent fuel areas within the building provide containment and confinement of the fuel during 
operations and limit offsite exposure in the event of a FHA.  The applicant stated in the FSAR 
that engineering controls, including alarms and communication systems, are provided to keep 
radiation doses in the SFSF to ALARA levels.  The staff’s evaluation of the ALARA design and 
decontamination details that the applicant described in FSAR Tier 2, Section 12.1 and 
Section 12.3.1 are discussed in Section 12 of this report.  Therefore, the staff concluded that 
these features meet the requirements of 10 CFR 20.1101(b). 

ITAAC 

The SFSF is a composite of systems that have their own unique ITAAC described in their 
respective FSAR Tier 2 sections for SFP cooling, fuel handling, and ventilation.  FSAR Tier 1, 
Table 2.1.1-11 contains the structural ITAAC for the FB.  FSAR Tier 1,Table 2.1.1-11, Item 2.3 
requires the verification that the Spent Fuel Storage Pool (SFSP) has a minimum depth of 
14.4 m (47 ft, 2 in.) as measured from the bottom of the SFSP to the spent fuel pool operating 
floor.  FSAR Tier 1, Table 2.1.1-11, Item 2.4 requires the verification that the SFSP includes no 
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gates, openings, or drains below 5 m (16 ft, 6-11/16 in.) as measured from the bottom of the 
SFSP.  FSAR Tier 1, Table 2.1.1-11, Item 2.5 requires the verification that SFSP includes no 
piping that extends below 8.1 m (26 ft, 6-11/16 in.) as measured from the bottom of the SFSP. 

Based on ITAAC identified for the SFSF support systems, the staff concludes that the applicant 
has proposed adequate ITAAC to verify the proper construction and operation of the SFSF. 

Technical Specifications 

TS 3.7.14, ―Spent Fuel Storage Pool Water Level,‖ requires that the applicant maintain a 
minimum of 7 m (23 ft) of water above the stored fuel.  The staff finds this requirement adequate 
to assure that the fuel stored in the SFP has sufficient shielding to maintain the dosage on the 
SFP floor below acceptable levels. 

TS 3.7.15, ―Spent Fuel Storage Pool Boron Concentration,‖ and TS 3.7.16, ―Spent Fuel 
Storage,‖ are related to the spent fuel criticality, and the staff evaluation of these TS is 
documented in Chapter 16 and Section 9.1.1 of this report. 

 

The staff reviewed EPR new and spent fuel storage in accordance with NUREG-0800, 
Section 9.1.2, ―New and Spent Fuel Storage,‖ Revision 4, March 2007, as it relates to chemistry 
issues.  Staff acceptance of the design is based on meeting the requirements of GDC 4, 
GDC 61, GDC 63, and 10 CFR 50.68.  The staff reviewed the requirements of GDC 4, GDC 61, 
GDC 63, 10 CFR 20.1101, and 10 CFR 50.68 against FSAR Tier 2 Section 9.1.2, ―New and 
Spent Fuel Storage,‖ supplemented by AREVA Transnuclear Report TN-Rack.0101, ―U.S. EPR 
New and Spent Fuel Rack Technical Report,‖ December 9, 2009.  The staff’s evaluation of 
those areas related to chemical compatibility issues and neutron moderation chemical effects is 
provided below. 

The materials wetted in the SFP with SFP liquid need to be chemically compatible with the 
materials of construction and stable as noted in NUREG-0800 Sections I.11 and III.2.G.  
Therefore, in RAI 185, Questions 09.01.02-22 and 09.01.02-23, the staff requested that the 
applicant: 

 Provide evidence showing that quarterly sampling will provide sufficient time to take 
remedial actions to stem contaminant transients in the SFP 

 Provide the limits on contaminants imposed during the operating fuel cycle when the 
SFP and RCS are not connected 

 If the contaminant limits for the spent fuel pool during normal operation are different than 
the limits during the refueling outage, provide a technical justification for these different 
limits 

In an April 22, 2009, response to RAI 185, Questions 09.01.02-22 and 09.01.02-23, the 
applicant identified the Electric Power Research Institute (EPRI) Primary Water Chemistry 
Guidelines as the reference document for parameters and frequency of sampling for the SFP.  
Additionally, it is the position of the NRC that neutron-absorbing materials should remain 
geometrically intact so that the maximum keff allowed is not challenged.  This design aspect of 
the SFP complies with 10 CFR 50.68 that states that absent a borated water source the keff 
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within the SFP shall remain less than 0.95.  The staff finds that the current design configuration 
complies with this requirement based on FSAR Tier 2, Figures 9.1.2-4 and 9.1.2-5 (which 
provide a schematic of the neutron-absorber material configurations).  Neutron absorber 
materials that have been used in the past (BoraflexTM and BoralTM) were found to degrade in the 
SFP environment.  These materials were tested prior to their being used in SFPs; however, the 
testing conditions did not simulate the real SFP conditions. 

Although Transnuclear Report TN-Rack.0101 notes that testing performed on the Metamic
®
 (the 

applicant’s neutron absorbing material) was satisfactory, it does not specifically address the 
issue of chemical plus radiolytic stability of the neutron absorber materials in the SFP 
simultaneously (i.e., it was tested in the same manner as the previous materials which proved to 
be unsatisfactory).  Transnuclear Report TN-Rack.0101 describes a coupon testing program for 
the Metamic®; however, it did not appear to the staff to be robust enough to detect potential 
problems with this new material at an early stage.  Therefore, in RAI 200, 
Question 09.01.01-18, the staff requested that the applicant: 

 Provide data from the other metallic, neutron-absorber materials that have been in 
service (cited in the Metamic® report) that supports the assertion that Metamic® will not 
be degraded under conditions of radiation fields (dose rates at the surface of the 
Metamic® when faced with freshly discharged spent fuel) and chemistry experienced at 
U.S. PWRs (2800 ppm boric acid, 5 ppm peroxide, 150 ppm sulfates, up to 1 ppm of 
silica) 

In a June 5, 2009, response to RAI 200, Question 09.01.01-18, the applicant stated that a test 
facility does not exist that can simultaneously apply conditions of faulted water chemistry and 

radiation exposure representative of SFP conditions to the Metamic
®
 for preoperational testing. 

In RAI 263, Question 09.01.01-24, the staff requested that the applicant provide additional 

details on the coupon testing program for Metamic
®

 which would be implemented once the plant 
has become operational.   Part 1 of the question asked for Metamic® coupon construction and 
location details.  In a December 9, 2009, response to RAI 263, Question 09.01.01-24, the 
applicant stated that the coupons will be made from ―excised‖ material from the plant sheets 
and, thus, will be identical to the material used for neutron absorption purposes.  The applicant 
also stated that the coupons would not be placed inside stainless steel sheathing as are the 
actual neutron absorber materials so that they will accrue a bounding flux.  This change to the 
coupon configuration material may not be a conservative measure, as past experience with 
coupons has shown that ―blistering‖ of the surface layer has occurred.  If such blistering were to 
occur, it could change the geometric neutron absorption properties.  If the coupons do not 
match the actual material, this potential issue may not be observed in coupon testing.  In 
RAI 263, Question 09.01.01-24, Item A, the staff requested that the applicant further explain 
how the lack of coupon encasement will not negatively bias the testing results.  NRC has 
previously issued a license amendment, ―Shearon Harris Nuclear Power Plant, Unit 1 – 
Amendment Regarding the Use of Metamic® as a Neutron Absorbing Materials,‖ for an existing 
nuclear power plant approving a license amendment for a similar method of coupon testing.  
Based on this precedent, the staff finds the applicant’s response to RAI 263, 
Question 09.01.01-24, Item A acceptable and, therefore, considers RAI 263, 
Question 09.01.01-24 resolved. 

In RAI 263, Question 09.01.01-24, Parts 2 and 4, the staff requested that the applicant specify 
the location of the coupons so that the coupons would be exposed to a bounding dose and 
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clarify how the coupons withdrawal schedule supports any future license extension and post 
shutdown fuel storage.  In a July 30, 2009, response to RAI 263, Question 09.01.01-24, Parts 2 
and 4, the applicant stated that the coupons would be continuously surrounded by recently 
discharged assemblies, and repositioned with recently discharged assemblies following each 
outage.  The applicant also stated that since the tests on the coupons are non-destructive, they 
would be placed back into the SFP after examination to be re-evaluated at a later time.  The 
staff finds the applicant’s response to RAI 263, Question 09.01.01-24, Parts 2 and 4 acceptable. 

In RAI 263, Question 09.01.01-24, Part 5, the staff requested that the applicant provide 
information regarding the monitoring of spent fuel pool chemistry for aluminum and other 
chemical substances that could be damaging to reactor fuel.  In a July 30, 2009, response to 
RAI 263, Question 09.01.01-24, Part 5, the applicant stated that it will follow the EPRI Primary 
Water Chemistry Guidelines, and that aluminum, in particular, would be analyzed on a quarterly 
basis.  The staff finds the applicant’s response to RAI 263, Question 09.01.02-24, Part 5 
acceptable. 

In RAI 263, Question 09.01.01-24, Parts 3 and 6, the staff requested that the applicant describe 
the sampling frequency for the Metamic® Coupons and how the coupon monitoring program and 
scheduling of coupon testing will be incorporated into the FSAR.  Following the issuance of this 

RAI, the staff reconsidered the applicant’s commitment to use the newer type of Metamic
®
 

material called MMC, comprised mainly of aluminum and boron carbide micro spheres 
compressed into sheets.  The staff determined that there was no combined corrosion and 
irradiation test data available indicating the performance of Metamic®. Accordingly, the staff 
conditions the use of Metamic® for SFP applications upon periodic surveillance and testing of 
Metamic® coupons to ensure adequate performance.  The staff also considered what would 
occur if the coupons were to show deterioration that affected reactivity.  The staff determined 
that a reevaluation of the fuel storage density or use of new material would be required.  The 
NRC has allowed operating reactors to use Metamic® in their spent fuel pools as a solid neutron 
moderator replacement for other materials currently in the SF pools.  For example, the NRC 
issued a license amendment, ―Shearon Harris Nuclear Power Plant, Unit 1- Amendment 
Regarding the Use of Metamic® as a Neutron Absorbing Material,‖ for an existing nuclear power 
plant which states: 

Based on its review of the licensee's proposed Coupon Sampling Program, as 
well as previous analyses of the use of Metamic® as a neutron absorber, the staff 
concludes that the Metamic® neutron absorber is compatible with the 
environment of the SFP. Also, the staff finds that the proposed surveillance 
program, which includes visual, physical and confirmatory tests, is capable of 
detecting potential degradation of the Metamic® material that could impair its 
neutron absorption capability. Therefore, the staff concludes that the Metamic® 
Coupon Sampling Program is an acceptable surveillance method to monitor 
possible degradation of the Metamic® material in an adequate timeframe to allow 
for compensatory measures to be taken. 

The applicant’s proposed coupon surveillance program is at least as detailed as that approved 
by NRC in this license amendment, and the surveillance would be performed more frequently 
under the applicant’s proposed program.  Thus, the staff finds the applicant’s response to 

RAI 263, Question 09.01.02-24, Parts 3 and 6 acceptable and, therefore, considers these parts 
of the RAI resolved. 
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The material of construction of the spent fuel racks (stainless steel) is compatible with the 
chemical environment that will be present in the spent fuel pool.  The Metamic® is also 
compatible with potable/ground water.  This is important since emergency make up to the spent 
fuel pool may be un-borated fire protection water (the source of which is groundwater or potable 
water both similar in chemical composition).  The pool liner is also stainless steel and, thus, is 
similarly compatible.  These materials are sufficiently corrosion resistant to boric acid at the 
concentrations and temperatures existing in the SFP and provide a suitable barrier to the 
cooling fluid of the fuel.  The design materials used for this system comply with GDC 4 as it 
relates to the corrosion of the materials in the system.  In RAI 86, Question 09.01.01-2, the staff 
requested that the applicant provide test results or surveillance requirements to show that the 
304 stainless steel would not be susceptible to stress corrosion cracking (SCC) under SFP 
conditions.  In an October 3, 2008, response to RAI 86, Question 09.01.01-2, the applicant 
stated that both 304 and 304L stainless steel will be used in the SFP racks.  The applicant also 
stated that, based on the temperature control (< 93 °C (< 200 °F)) and monitoring to prevent 
build up of contaminants that the conditions that could cause either SCC or intergranular SCC 
will be detected and corrected, as discussed in the October 3, 2008, response to RAI 86, 
Question 09.01.02-19.  The staff finds the applicant’s responses to RAI 86, 
Question 09.01.02-19 and RAI 86, Question 09.01.01-2 acceptable and, therefore, considers 
these RAIs resolved. 

The same neutron absorber materials are used in the new fuel storage areas.  These are only 
subject to building air and the new fuel.  Since dose rates are minimal and no water is used in 
this storage area, this is a chemically stable configuration for the absorber.  Therefore, the staff 
concludes that the materials for use in the new fuel storage area comply with GDC 4. 

Pursuant to NUREG-Section III.2.k, the plant design should incorporate the detection and 
collection of spent fuel pool liner leaks such that that licensed radioactive materials are not 
released to the environment in an uncontrolled manner and radiation exposure is kept ALARA.  
FSAR Tier 2, Section 9.1.2.3 identifies the presence of leak chases to direct leakage to the plant 
equipment and drainage system where the liquid will be processed.  However, the staff notes 
that the description has no details regarding monitoring of this leakage and identifies FSAR 
Tier 2, Section 9.3.3 as the description location.  FSAR Tier 2, Section 9.3.3 provides a general 
description of the drainage systems from the containment and shows leakage from other 
systems directed to the Fuel Building; however, there is no indication of how the SFP leak 
chase system is designed or materials of construction.  FSAR Tier 2, Chapter 14.3 and 
associated tables do not identify any ITAAC monitoring activities associated with spent fuel pool 
leak off.  FSAR Tier 2, Section 3.4.3.5 identifies the design of the SFP system that prevents 
inadvertent, large water loss from the pool but does not identify monitoring requirements.  FSAR 
Tier 2, Section 9.3.4 discusses the functions of the Nuclear Island drain/vent system (NIDVS) 
design and references FSAR Tier 2, Section 9.1.2.3, Item 6 as describing the SFP leak off 
monitoring; however, no description of the monitoring is provided.  Therefore, in RAI 86, 
Question 09.01.02-20, and in RAI 185, Questions 09.01.02-24 and 09.01.02-25, the staff 
requested that the applicant address the above issues.  In an October 3, 2008, response to 
RAI 86, Question 09.01.02-20, and in a March 25, 2009, response to RAI 185, 
Questions 09.01.02-24, the applicant provided the following responded as follows: 

The SFP leak off monitoring system will be assessed using routine leak-off channel inspections 
as part of the plant’s regular maintenance program.  The applicant stated that the primary 
objective of the inspection is to: 
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1. confirm that the pool liner Leak-off Channel System (LCS) is unobstructed to the 
collection point (tank) – reducing the potential for offsite contamination 

2. determine of the pool leakage magnitude 

3. be able to identify the leak location or chase blockage for subsequent repair 

Additionally the applicant stated that the initial system inspections would include: 

 maintenance of an Inspection and Maintenance Report for the pool liner Leak-off 
Channel System (LCS) 

 mechanical removal of debris utilizing a coiled reamer (snake), and/or 

 flushing the leak off channels with warm de-ionized (demineralized) water 

The applicant also stated that the LCS will be regularly monitored for leakage during plant 
operation by regular LCS testing and inspections to verify that the LCS is free from obstruction 
that could potentially block flow between the pool liner welds and the collection points, and that 
the LCS leakage rates will be monitored with actual monitoring frequencies provided as part of 
the regular plant maintenance program.  The applicant added that the components of the LCS 
that are accessible during normal plant operation will initially be monitored every 3 months for 
evidence of liner leakage.  Components of the LCS that are inaccessible during normal plant 
operation will be monitored at the beginning of a scheduled refueling outage, and again prior to 
the plant going back into operation.  The maintenance and repair program will also take the 
following actions to locate a spent fuel pool liner leak: 

 Perform an air test after plugging all inspection access points to allow slight 
pressurization of the leakage channels behind the liner weld seams 

 Monitor the inside of the pool, below fluid level, for the release of air bubbles 

 Document the location of any air bubbles (liner leakage location) for liner repair 

 Repair liner in accordance with the liner designer’s recommendations or alternate 
approved procedure 

Furthermore, the applicant stated that the design detail of the SFP was not a requirement of 
NUREG-0800, Section 9.1.2, and that providing that design detail at this time would be 
inconsistent with the NUREG requirements.  The applicant added:  ―the details on the pool liner 
leakage monitoring LCS are integral to the pool liner supplier manufacturer’s final design.‖  The 
staff finds the applicant’s response acceptable, and, therefore, considers RAI 85, 
Question 09.01.02-20 and RAI 185, Questions 09.01.02-24 and 09.01.02-25 resolved. 

In FSAR Tier 2, Revision 1, Section 9.1.2.2.2, the applicant further described the SFP leak 
chase system.  Additionally, in a June 9. 2009, response to RAI 223, Question 09.01.02-27, the 
applicant identified that the guidance of NEI -07-07, ―Industry Initiative on Groundwater 
Protection,‖ would be used in the design of the U.S. EPR pool liner leakage monitoring system 
(PLLM).  In that same RAI response, the applicant clarified how the piping and collection system 
of the leak chase system was arranged by referencing FSAR Tier 2, Section 3.8, Figures 3.8-48 
to 3.8-52.  These diagrams identify the various levels that are in the spent fuel system and the 
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leak chase system.  All of the sides of the spent fuel pool, transfer canal and cask handling area 
are above ground level elevation for the plant.  Thus, there is no direct interface between the 
bulk volumes of the system and the environment.  The details provided in the diagrams in FSAR 
Tier 2, Section 3.8 show that the leak off system is routed through pipe chases to the tanks and 
pumps at the (-) 9.5 m ((-) 31 ft)) elevation of the plant.  The June 9, 2009, response to RAI 223, 
Question 09.01.02-27 clarifies that the sumps that are used for collection are to be stainless 
steel lined and other concrete surfaces are to be epoxy lined.  The staff finds the applicant’s 
response acceptable and, therefore, considers RAI 223, Question 09.01.02-27 resolved. 

GDC 61 and 10 CFR 20.1101 

Pursuant to GDC 61 and 10 CFR 20.1011, in the event of a fuel handling accident or pool 
boiling, an air filtration system that limits offsite dose is required.  FSAR Tier 2, Tables 12.3-3 
and 12.3-4 identify the radiation monitor types and concentration ranges specifically for the SFP 
exhaust.  In the event of pool boiling or a fuel handling accident, the FB ventilation is shifted to 
the Safeguard Building controlled-area ventilation system (SBVS) (FSAR Tier 2, Section 9.4.5) 
that conforms to RG 1.52 and 10 CFR 20.1101. 

FSAR Tier 2, Section 9.4.2 indicates that the Nuclear Auxiliary Building ventilation system 
(NABVS) processes the Fuel Storage Building ventilation.  Specifically, the Fuel Storage 
Building exhaust is filtered through the NABVS and released through the plant vent.  The 
NABVS is described in FSAR Tier 2, Section 9.4.3, and the functions of the radiation monitors in 
the NABVS are noted in FSAR Tier 2, Table 12.3-4.  The NABVS has continuous radiation 
monitoring at levels appropriate to meet the requirements for limiting offsite dose.  The staff 
notes that these monitors are of the appropriate type and range for continuous analysis of the 
radionuclides expected in the airflow through the SFP system during system operation.  The 
design complies with to those engineering controls identified in 10 CFR 20.1101. 

FSAR Tier 2, Section 9.1.2.3, Item 11 states that the SFP is contained within the Fuel Building.  
The SFP is constructed of reinforced concrete lined with stainless steel which limits the direct 
dose radiation immediately outside the FB to 0.01 mSv/hour (1 mrem/hour).  The SFP has an 
independent make-up water supply as shown in FSAR Tier 2, Figure 9.1.3-1.  The independent 
make-up water supply is described in the figure as a demineralized water supply.  FSAR Tier 2, 
Section 9.1.2.1 describes it as a ―redundant seismic Category I emergency water make-up 
supply.‖  This supply described in FSAR Tier 2, Section 9.1.3.2.4 contains a minimum of 
110,000 liters (L) (29,000 gallons (gal)).  The FWDS water is transferred to the SFP using a 
hose from a standpipe in the Fuel Building.  In RAI 185, Question 09.01.02-26, the staff 
requested that the applicant clarify how the water from the independent make-up water supply 
would be transferred to the SFP.  In a March 24, 2009, response to RAI 185, 
Question 09.01.02-26, the applicant stated that the Fire Water Distribution System (FWDS) is 
designed to remain functional following an SSE, and can provide approximately 1.06x106 L 
(280,000 gal) of water.  Additionally, the applicant identified that the Low Head Safety Injection 
(LHSI) pump can be aligned for IRWST recirculation with water directed to the SFP using hose 
connected to existing hose connections on the discharge of the pump.  The staff finds the 
applicant’s March 24, 2009, response acceptable and, therefore, considers RAI 185, 
Question 09.01.02-26 resolved. 

The FB materials of construction details described in FSAR Tier 2, Sections 12.3.1.3 and 
12.3.1.8.2 comply with the requirements of GDC 61 concerning appropriate containment, 
confinement, and filtering of cooling water for the fuel storage. 
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FSAR Tier 2, Section 9.1.2.3, Item 5 states that the minimum height of water above the fuel of is 
7 meters (m) (23 ft).  This engineering design feature provides adequate shielding for 
maintaining occupational doses ALARA which complies with 10 CFR 20.1101 and GDC 61. 

FSAR Tier 1, Chapter 5, Table 5.0-1 provides a list of radionuclides that can potentially 
contaminate the groundwater.  Several of the radionuclides listed have half-lives that are so 
short that there is no reasonable pathway for them to the groundwater.  In contrast, certain 
radionuclides known to exist in the plant systems and normal effluents are not listed.  Therefore, 
in RAI 86, Question 09.01.02-21, the staff requested that the applicant address this issue.  In an 
October 3, 2008, response to RAI 86, Question 09.01.02-21, the applicant stated: 

Because the list was compiled by screening a list of nearly 400 radionuclides for 
various radiological applications, there are some radionuclides that may not be 
as important for the evaluation of groundwater contamination as others. 
However, all important radionuclides for the evaluation of groundwater 
contamination are present. Some decay daughters are not listed, but are 
included in the relevant radiological analysis applications. For certain radiological 
analysis applications, important noble gas isotopes are also considered. 

The staff noted that tritium was omitted and the applicant provided information updating the 
table to include tritium as one of the radionuclides.  FSAR Tier 1, Revision 1, Chapter 5, 
Table 5.0-1 did include 3H, but the concentration listed was only 1.0 μCi/g.  Existing PWRs often 

experience tritium concentrations above this level with some experiencing concentrations 
approaching 4 μCi/g.  Additionally, the staff noted that information on radionuclides was not 

provided, nor was any correction made to delete a radionuclide that is not a possible 
contributor (130I).  Therefore, in RAI 86, Question 09.01.02-21, the staff requested that the 
applicant include radionuclides such as3H, 124, 125, 126, 127Sb, 108mAg, 121, 123, 125, 126, 127Sn, 99Tc, 
94Nb, 95mNb, 93mNb and 93Zr in the table, and eliminate short lived radionuclides that could not 
possibly contribute to the groundwater dose (based on the suspended design of the spent fuel 
pool) and update the value for tritium to 3 μCi/g.  In a December 19, 2009, response to RAI 86, 
Question 09.01.02-21, the applicant demonstrated the bounding nature of the radionuclides in 
FSAR Tier 1, Revision 1, Chapter 5, Table 5.0-1.  Based on the applicant’s assessment, the 
staff finds the applicant’s response acceptable and, therefore, considers RAI 86, 
Question 09.01.02-21 resolved.  No other FSAR Tier 1 information relates to the SFP chemistry, 
system integrity to prevent environmental releases or materials compatibility issues (except as 
noted above). 

GDC 63 – Radiation Monitoring 

GDC 63 requirements concerning limiting excessive radiation levels by use of area radiation 
monitoring and building ventilation radiation monitoring have been met as indicated in the 
system description and the figures in FSAR Tier 2, Section 9.1.2.  FSAR Tier 2, Section 9.1.2.3 
states that instrumentation is provided to monitor the pool water level and water temperature to 
provide indication of the loss of decay heat removal and to warn personnel of potentially unsafe 
conditions.  FSAR Tier 2, Section 9.1.2 also states that area radiation monitors are provided 
near the SFP which will provide a distinct audible and visual alarm to alert personnel in the 
vicinity of the need to take appropriate action.  FSAR Tier 2, Section 12.3.4.2.1 states that 
automatic air isolation of the fuel handling area is initiated when a high exhaust activity setpoint 
is reached or instrument failure is detected.  Since area radiation monitors that provide audible 
and visual alarms are located in the SFP area, and the Fuel Building ventilation is automatically 
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isolated in the event of a high exhaust activity setpoint, the staff finds the requirements of 
GDC 63 are met to (1) to detect conditions that may result in loss of residual heat removal 
capability and excessive radiation levels and (2) initiate appropriate safety actions. 

ITAAC 

No chemistry-related ITAAC are identified, and there are none that need to be added to FSAR 
Tier 2, Chapter 14. 

Technical Specifications and Requirements 

FSAR Tier 2, Chapter 16, Technical Specification 3.7.15 addresses SFP boron concentration.  
The materials in the SFP will be unaffected by the required boron concentration.  No initial 
testing requirements of the SFP materials (with the exception of the Metamic®, which is 
discussed above) are necessary, as the compatibility of these materials with the proposed boric 
acid concentration is satisfactory. 

 

There are no COL information items related to the design and criticality analysis, and seismic, 
structural and stress analyses, associated with both the new and spent fuel racks. The staff 
determined that no COL information items need to be included in FSAR Tier 2, Table 1.8-2, 
―U.S. EPR Combined License Information Items,‖ for this area of review. 

 

The staff finds that the U.S. EPR proposed materials and chemistry environment for the new 
and spent fuel storage facilities (and supporting systems) are appropriate to prevent 
degradation of neutron absorbing and structural materials, thus supporting the maintenance of a 
sub-critical array and preventing uncontrolled releases of radiation.  The design of the spent fuel 
storage facility and supporting systems complies with 10 CFR 20.1101(b), 10 CFR 50.68, and 
GDC 2, GDC 4, GDC 61, and GDC 63. 

Based on the above discussion, and except for the open items in RAI 526, 
Questions 09.01.02-40 and 09.01.02-41, the staff concludes that the U.S. EPR NFSF and SFSF 
designs meet the requirements of GDC 2, GDC 4, GDC 5, GDC 61, GDC 63, and 
10 CFR 0.1101(b) and comply with the guidance in SRP Section 9.1.2.  The staff also reviewed 
the ITAAC, Technical Specifications, and COL applicant requirements and finds them adequate. 

9.1.3 Fuel Pool Cooling and Purification System 

 

All nuclear reactor plants include a spent fuel pool for the wet storage of spent fuel assemblies.  
The safety function to be performed by the spent fuel cooling system (in conjunction with the 
spent fuel pool itself) is to assure that the spent fuel assemblies are cooled and remain covered 
with water during all storage conditions.  Other functions performed by the system but not 
related to safety include water cleanup for the spent fuel pool, refueling canal, in-containment 
refueling water storage tank, and other equipment storage pools; means for filling and draining 
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the refueling canal and other storage pools; and surface skimming to provide clear water in the 
storage pool. 

 

FSAR Tier 1:  In FSAR Tier 1, Section 2.2.5, ―Fuel Pool Cooling and Purification System,‖ the 

applicant states that the fuel pool cooling system (FPCS) is a safety-related system and that the 
fuel pool purification system (FPPS) is non-safety-related but provides two safety-related 
functions:  containment isolation and spent fuel pool makeup water.  The American Society of 
Mechanical Engineers (ASME) component classifications are given in FSAR Tier 1, 
Table 2.2.5-1, ―FPCPS Equipment Mechanical Design.‖ 

FSAR Tier 2:  The applicant has provided FSAR Tier 2 system description in Section 9.1.3, 

―Fuel Pool Cooling and Purification System.‖  The FPCPS consists of two separate subsystems:  
the FPCS and the FPPS. 

The FPCS is a safety-related system that is designed to provide adequate cooling to the spent 
fuel during all heat load conditions, and to maintain the required pool water levels during normal 
operation and accident conditions.  The FPCS is shown in FSAR Tier 2, Figure 9.1.3-1, ―Fuel 
Pool Cooling System.‖  This system consists of two separate cooling trains for removal of decay 
heat generated by irradiated fuel stored in the SFP.  Each division consists of two pumps in 
parallel, one heat exchanger, supply and return piping, and associated valves.  The trains are 
located on opposite sides of the spent fuel pool.  The heat exchangers are cooled by the 
component cooling water system (CCWS). 

The cooling system is designed to maintain the SFP temperature below 48.9 °C (120 °F) during 
refueling periods to facilitate operations in the pool area, with a maximum temperature of 60 °C 
(140 °F) if a single failure occurs. 

Normal makeup water to the spent fuel pool is supplied by the demineralized water system.  
The safety-related and Seismic Category I pool water makeup capability can compensate for 
evaporation losses from the pool for up to 7 days with the FPCS in operation and while 
maintaining pool temperatures not exceeding 60 °C (140 °F). 

The FPPS is a non-safety-related system with two safety-related functions:  Containment 
isolation and spent fuel pool makeup water.  This system is also designed (1) to provide 
isolation of non-safety-related FPPS piping from the Reactor Building transfer compartment and 
reactor cavity and Fuel Building transfer compartment and cask loading pit, (2) to provide 
purification of the Fuel Building and Reactor Building pool compartments, and (3) to transfer 
water between the pool compartments or the IRWST. 

Boron addition to the spent fuel pool for the purpose of criticality control is normally provided by 
the reactor boron water and makeup system.  Makeup and boron addition operations are 
performed manually.  The staff evaluation of SFP criticality is addressed in Section 9.1.1 of this 
report. 

Other independent onsite Seismic Category I water supplies are available to provide additional 
water makeup capability, including the IRWST with at least 1,892,706 L (500,000 gal) available 
during plant operation. 
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ITAAC:  The inspections, tests, analyses, and acceptance criteria associated FSAR Tier 2, 

Section 9.1.3 are identified in FSAR Tier 1, Section 2.2.5. 

Technical Specifications:  There are no Technical Specifications applicable to the spent fuel 

pool cooling and purification system; however, related Technical Specification information can 
be found in FSAR Tier 2, Chapter 16, ―Technical Specifications,‖ Sections 3.7.14, ―Spent Fuel 
Storage Pool Water Level,‖ through 3.7.16, ―Spent Fuel Storage‖; 4.3, ―Fuel Storage‖; and 
Bases 3.7.14, ―Spent Fuel Storage Pool Water Level,‖ through Bases 3.7.16, ―Spent Fuel 
Storage.‖ 

 

The relevant requirements of NRC regulations for this area of review, and the associated 
acceptance criteria, are given in NUREG-0800, Section 9.1.3, ―Spent Fuel Pool Cooling and 
Cleanup System,‖ and are summarized below.  Review interfaces with other SRP sections also 
can be found in NUREG-0800, Section 9.1.3. 

1. 10 CFR Part 50, Appendix A, ―General Design Criteria for Nuclear Power Plants,‖ 
GDC 2, ―Design Bases for Protection Against Natural Phenomena,‖ as it relates to 
structures housing the system and the system itself being capable of withstanding the 
effects of natural phenomena such as earthquakes, tornadoes, and hurricanes.  This 
criterion only applies to components important to safety and, therefore, it does not apply 
to the cleanup portion of the system and need not apply to the cooling system if the fuel 
pool makeup water system and its source meet this criterion, and the Fuel Pool Building 
and its ventilation and filtration system meet this criterion. 

2. GDC 4, ―Environmental and Dynamic Effects Design Bases,‖ as it relates to the 
requirement that structures, systems, and components important to safety be designed 
to accommodate the effects of, and be compatible with, environmental conditions 
associated with normal operation, maintenance, testing, and postulated accidents, 
including loss-of-coolant accidents and dynamic effects resulting from pipe whip, 
missiles, and discharging fluids. 

3. GDC 5, ―Sharing of Structures, Systems, and Components,‖ as it relates to shared 
systems and components important to safety being capable of performing required 
safety functions. 

4. GDC 61, ―Fuel Storage and Handling and Radioactivity Control,‖ as it relates to the 
requirement that the fuel storage system be designed to assure adequate safety under 
normal and postulated accident conditions.  The system shall be designed with:  the 
capability to permit appropriate periodic inspection and testing of components important 
to safety; suitable shielding for radiation protection; appropriate containment, 
confinement and filtering capability; residual heat removal capability that reflects the 
importance to safety of decay heat and other residual heat removal; and the capability to 
prevent a significant reduction in fuel storage coolant inventory under accident 
conditions. 

5. GDC 63, ―Monitoring Fuel and Waste Storage,‖ as it relates to monitoring systems 
provided to detect conditions that could result in the loss of decay heat removal 
capability, to detect excessive radiation levels, and to initiate appropriate safety actions. 
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6. 10 CFR 20.1101(b), ―Radiation protection programs,‖ as it relates to radiation doses 
being kept as low as is reasonably achievable. 

7. 10 CFR 52.47(b)(1), which requires that a design certification application contain the 
proposed 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 has been constructed and will operate in 
accordance with the design certification, the provisions of the Atomic Energy Act of 
1954, and NRC regulations. 

Acceptance criteria related to the above requirements include: 

1. RG 1.13, ―Spent Fuel Storage Facility Design Basis,‖ Regulatory Positions C.1 (seismic), 
C.2 (extreme winds), C.6 (drainage prevention), and C.8 (makeup). 

2. RG 1.29, ―Seismic Design Classification,‖ Regulatory Positions C.1 and C.2, as they 
relate to the safety-related and non-safety-related portions of the fuel pool cooling and 
purification system, respectively. 

3. RG 1.52, ―Design, Inspection, and Testing Criteria for Air Filtration and Adsorption Units 
of Post-Accident Engineered-Safety-Feature Atmosphere Cleanup Systems in 
Light-Water-Cooled Nuclear Power Plants,‖ as it relates to Fuel Building ventilation. 

4. RG 8.8, ―Information Relevant to Ensuring that Occupational Radiation Exposures at 
Nuclear Power Stations Will Be as Low as Is Reasonably Achievable,‖ Revision 3, 
Regulatory Positions C.2.f (2) and C.2.f (3) as they relate to maintaining doses ALARA. 

 

 

The FPCPS removes decay heat generated by irradiated fuel stored in the pool and also 
removes impurities and fission products from the pool water.  The staff reviewed the applicant’s 
FPCPS information in FSAR Tier 1 and the supporting FSAR Tier 2 information in accordance 
with the applicable GDC and the guidance provided by NUREG-0800, Section 9.1.3. 

The FPCS is a safety-related system that consists of two separate cooling trains located on 
opposite sides of the SFP.  Each fuel pool cooling division consists of two (parallel) pumps, one 
heat exchanger, piping, and associated valves.  The pumps can be operated individually or 
simultaneously.  Heat exchanger cooling is supplied by the component cooling water system.  
The FPCS is designed to maintain the SFP temperature below 48.9 °C (120 °F) during refueling 
operations.  It is also designed to maintain a maximum temperature of 60 °C (140 °F) in the 
event of a component single-failure.  The applicant’s FSAR states that with redundant cooling 
trains, no single failure can prevent operation of at least one of the two full-capacity trains.  The 
applicant’s FSAR, Revision 0, also states that single failures are considered during normal 
operations but are not postulated during infrequent refueling operations that involve a full-core 
offload of the SFP.  As discussed below, FSAR, Revision 1, changed this to clarify that the 
FPCS has the capability to maintain the SFP temperature below 60 °C (140 °F) during normal 
refueling operations, including a full core offload, following the complete loss of one division. 
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The applicant’s FSAR states that safety-related and Seismic Category I SFP makeup capability 
is provided with sufficient inventory and capacity to compensate for evaporation losses.  Other 
independent Seismic Category I makeup water sources are available to back up the SFP 
makeup capability, including the IRWST.  The IRWST contains a minimum of 1.89 x 106 L 
(500,000 gal) of water during plant operation.  In addition, supply and return piping is designed 
to prevent siphoning of the pool and to preclude an unacceptable loss of pool water inventory. 

In the non-safety-related FPPS, water is pumped through a pre-filter, mixed bed ion exchanger, 
resin trap, and post filter before being returned to the pool.  The mixed bed ion exchanger 
removes the ionic corrosion impurities and fission products, and the filters remove particulate 
matter.  Spent resin from the ion exchangers is sent to the resin waste tank of the coolant 
purification system.  Supply and return piping that exits the SFP from the top is designed to 
prevent siphoning water from the pool.  Boron addition to the pool is normally provided by the 
reactor boron water and makeup system, both of which require manual additions.  While 
non-safety-related, the fuel pool purification system does provide two safety functions, including 
a containment isolation function and a SFP makeup water source. 

The determination of a satisfactory design for the FPCPS is based on compliance with the 
requirements of the applicable regulations.  The regulations that are applicable to this system 
are provided in Section 9.1.3.3 of this report: 

 GDC 2, as it relates to the protection of the FPCPS from natural phenomena 

 GDC 4, as it relates to the protection of the FPCPS from missiles and pipe break forces 

 GDC 5, as it relates to the sharing of components between units 

 GDC 61, as it relates to the storage and handling of radioactive materials 

 GDC 63, as it relates to monitoring for the potential loss of decay heat removal 

 10 CFR 20.1101(b), as it relates to radiation doses being kept ALARA 

 10 CFR 52.47(b)(1), as it relates to ITAAC 

The staff evaluated the FSAR information against these regulatory requirements, as discussed 
in the paragraphs below. 

GDC 2, “Design Bases for Protection Against Natural Phenomena” 

Compliance with GDC 2 requires that structures, systems, and components important to safety 
be designed to withstand the effects of expected natural phenomena combined with the 
appropriate effects of normal and accident conditions without loss of capability to perform their 
safety functions.  The acceptance criteria for meeting GDC 2 are based on conformance to 
RG 1.13, Regulatory Positions C.1, C.2, C.6, and C.8; and RG 1.29, Regulatory Position C.1, 
for safety-related portions of the system, and Regulatory Position C.2 for non-safety-related 
portions of the system. 

RG 1.13, Regulatory Position C.1, ―Seismic Design,‖ states that the spent fuel storage facility, 
including all structures and equipment necessary to maintain minimum water levels necessary 
for radiation shielding, should be designed to Seismic Category I requirements.  RG 1.13, 
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Regulatory Position C.2, ―Protection Against Extreme Winds,‖ states that the spent fuel storage 
facility should be designed to (1) keep extreme winds and missiles generated by those winds 
from causing significant loss of watertight integrity of the fuel storage pool, and (2) keep missiles 
generated by extreme winds from contacting fuel within the pool.  RG 1.13, Regulatory 
Position C.6, ―Drainage Prevention,‖ states that the drains, permanently connected mechanical 
or hydraulic systems, and other features that (by maloperation or failure) could reduce the 
coolant inventory to unsafe levels should not be installed or included in the design.  RG 1.13, 
Regulatory Position C.8, ―Makeup Water,‖ states that a Quality Group C, Seismic Category I 
makeup system should be provided to add coolant to the pool.  RG 1.29, Regulatory 
Position C.1 contains a list of SSCs, including their foundations and supports, which should be 
designed to withstand the effects of the SSE and remain functional.  RG 1.29, Regulatory 
Position C.2 states that any portion of SSCs that are not required to remain functional after an 
SSE but that could reduce the functioning of any plant feature that is required to remain 
functional to an unacceptable safety level or could result in incapacitating injury to occupants of 
the control room should be designed and constructed so that the SSE would not cause such 
failure. 

The FPCPS components are located within the Fuel Building structure.  The Fuel Building is 
classified as Seismic Category I and is designed to withstand the effects of earthquakes, 
tornadoes, hurricanes, floods, external missiles, and other natural phenomena, as described in 
FSAR Tier 2, Sections 3.3, ―Wind and Tornado Loadings,‖ to 3.8, ―Design of Category I 
Structures.‖  The applicant states that the FPCPS design meets the guidance of RG 1.29, 
Regulatory Positions C.1 (for the safety portion) and C.2 (for the non-safety portion).  The 
acceptability of the adequacy of the structural design of the building is evaluated in Sections 3.3 
to 3.8 of this report.  The CLP and the transfer compartment are Seismic Category I structures 
that provide makeup water for the SFP.  The applicant also stated that the IRWST is a Seismic 
Category I structure that provides backup of makeup water for the SFP. 

The CLP is designed with a large opening at the bottom of the pool to allow a cask to connect to 
the SFCTF.  When the SFCTF is in operation, all the seismic gates and covers within the 
system are open, and the SFP pressure boundary is extended into the SFCTF and the cask 
connected below.  In an August 31, 2011, response to RAI 385, Question 09.01.04-17, the 
applicant provided the design information and the safety analysis for the SFCTF.  

In an August 31, 2011, response to RAI 385, Question 09.01.04-17, the applicant states that all 
the pressure retaining components of the SFCTF are designed as Seismic Category I 
components capable of withstanding the effects of an SSE.  The SFCTF is designed with 
safety-related double seals with leak detection capability that would identify the failure of either 
seal.  The applicant analyzed several system failures and calculated that in the unlikely 
beyond-design-basis event of a double seal failure, the facility could have a leakage rate of no 
more than 1,773 L per minute (390 gpm).  The FPCS is capable of providing a minimum of 
1,818 L per minute (400 gpm) from Seismic Category I, safety-related water sources. 

The staff evaluated the system description and the analysis included in the applicant’s 
August 31, 2011, response to RAI 385, Question 09.01.04-17 and finds that the applicant has 
classified all pressure retaining components as Seismic Category I, in accordance with the 
recommendations of SRP Section 9.1.3 and RG 1.29.  The staff also identified that the FPCS 
has sufficient makeup capability to prevent the draindown of the SFP below the minimum safety 
level. 
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The staff also identified that the applicant’s August 31, 2011, response to RAI 385, 
Question 09.01.04-17 proposed to update FSAR Tier 2, Section 9.1.4, ―Fuel Handling System,‖ 
to address the design and safety evaluation of the SFCTF.  The staff notes that FSAR Tier 2, 
Section 9.1.3 also needs to be updated to reflect a new safety function of the FPCS (makeup to 
the CLP if the SFCTF leaks) and to include the safety analysis discussion that addresses the 
impact of a seismic event while the SFCTF is in operation and the design features relied upon to 
minimize potential leakage and to handle the event.  Therefore, in RAI 526, 
Question 09.01.0-14, the staff requested that the applicant update FSAR Tier 2, Section 9.1.3 to 
address the impact on the SFP of an SSE while the SFCTF is in operation.  RAI 526, 
Question 09.01.03-14 is being tracked as an open item. 

FSAR Tier 2, Figure 9.1.3-2, ―Fuel Pool Purification System,‖ shows the seismic qualification of 
non-safety portions of the purification system within the Fuel Building to be Non-Seismic 
Category (NSC) rather than Seismic Category II.  It was unclear to the staff how the design of 
non-safety portions of the purification system within the Fuel Building met RG 1.29, Regulatory 
Position C.2.  The Non-seismic Category design provides no assurance of piping integrity in a 
seismic event, and the applicant did not justify how the safety-related SSCs are protected from 
the failure of these Non-seismic Category components.  Therefore, in RAI 87, 
Question 09.01.03-4, the staff requested that the applicant include in the FSAR the justification 
for how the safety-related SSCs are protected from the failures of these non-seismic Category 
components. 

In an October 9, 2008, response to RAI 87, Question 09.01.03-4, the applicant stated that 
failure of the non-safety-related non-seismic portions of the FPPS does not prevent or degrade 
the functioning of any safety-related Seismic Category I component of either the FPPS or the 
FPCS.  Non-seismic lines and associated equipment are routed, to the extent possible, outside 
of safety-related structures and areas to avoid potentially adverse interactions.  In the event that 
this routing is not possible and non-seismic lines must be routed in safety-related areas, the 
non-seismic items are evaluated for seismic interactions (as discussed in FSAR Tier 2, 
Section 3.7.3.8, ―Interaction of Other Systems with Seismic Category I Systems‖).  The 
applicant revised FSAR Tier 2, Section 9.1.3.1, ―Design Basis,‖ to state that the seismic design 
of the FPCPS system components meets the guidance of RG 1.29 (Regulatory Position C.1 for 
the safety-related portions and Regulatory Position C.2 for those non-safety-related portions of 
which failure could reduce the functioning of any safety-related or Seismic Category I system 
components to an unacceptable safety level). 

The staff reviewed the applicant’s October 9, 2008, response to RAI 87, Question 09.01.03-4, 
including the proposed revision to FSAR Tier 2, Section 9.1.3.1, and concluded that the seismic 
design of the FPCPS system components meets the guidance of RG 1.29, Regulatory 
Positions C.1 and C.2.  The staff finds the RAI response acceptable.  The staff confirmed that 
Revision 1 of the U.S. EPR FSAR, dated May 29, 2009, contains the changes committed to in 
the RAI response.  Accordingly, the staff finds the applicant has adequately addressed this 
issue and, therefore, considers RAI 87, Question 09.01.03-4 resolved. 

FSAR Tier 2, Section 9.1.3.7, states that all piping penetrations to the SFP are located at least 
6.1 m (20 ft) above the top of the stored fuel; this piping is designed to prevent siphoning water 
from the SFP to ensure that more than 3 m (10 ft) of water is maintained above the fuel. 

Based on the above discussion, except for the open item in RAI 526, Question 09.01.03-14, the 
staff concludes that the U.S. EPR FPCPS design meets the requirements of GDC 2 by 
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complying with the guidance in RG 1.29, Regulatory Positions C.1 and C.2 and RG 1.13, 
Regulatory Positions C.1, C.2, C.6, and C.8. 

GDC 4, “Environmental and Dynamic Effects Design Bases” 

Compliance with GDC 4 requires that SSCs important to safety be designed to accommodate 
the effects of, and be compatible with, environmental conditions associated with normal 
operation, maintenance, testing, and postulated accidents, including loss-of-coolant accidents 
and dynamic effects resulting from pipe whip, missiles, and discharging fluids. 

The applicant stated that the fuel pool cooling pumps and heat exchangers are located in 
separate rooms within the Fuel Building to minimize the potential impact of internal flooding.  
Similarly, piping for each division is routed on opposite sides of the SFP for separation 
purposes.  The Fuel Building design and the plant layout are such that the FPCPS is protected 
from low trajectory turbine missiles.  FSAR Tier 1, Table 2.2.5-3, ―FPCPS Inspections, Tests, 
Analyses, and Acceptance Criteria,‖ Item 2.3 will confirm adequate physical separation of the 
FPCPS trains within the Fuel Building.  FPCPS components are designed to operate in the 
anticipated environmental conditions associated with normal Fuel Building operations.  Based 
on the evaluation discussed above and the satisfactory resolution of FSAR Tier 1, Table 2.2.5-3, 
Item 2.3, the staff concludes that the FPCPS design meets the requirements of GDC 4. 

GDC 5, “Sharing of Structures, Systems and Components” 

Compliance with GDC 5 requires that SSCs important to safety not be shared among nuclear 
power units unless it can be shown that such sharing will not impair their ability to perform their 
safety functions. 

The U.S. EPR design is a single-unit design, and a COL applicant must comply with GDC 5 for 
a multiple-unit site; therefore, the staff finds that the FPCPS design satisfies the requirements of 
GDC 5 as they relate to whether shared SSCs important to safety are capable of performing 
their required safety functions. 

GDC 61, “Fuel Storage and Handling and Radioactivity Control” 

Compliance with GDC 61 requires that the fuel storage system be designed to assure adequate 
safety under normal and postulated accident conditions.  The system shall be designed with:  
the capability to permit appropriate periodic inspection and testing of components important to 
safety; suitable shielding for radiation protection; appropriate containment, confinement, and 
filtering capability; residual heat removal that reflects the importance to safety of decay heat and 
other residual heat removal; and the capability to prevent a significant reduction in fuel storage 
coolant inventory under accident conditions. 

The applicant stated that normal SFP makeup water is supplied by demineralized water.  
Safety-related makeup capability is provided to compensate for pool evaporation at 60 °C 
(140 °F) for 7 days.  FSAR Tier 2, Section 9.1.3.2.4, ―SFP Make-up Capability,‖ states that pool 
leakage associated with a dropped fuel assembly is not part of the design, since a dropped 
assembly will not perforate the pool liner.  The evaluation of the integrity of the SFP liner after a 
fuel drop accident is reviewed in Section 9.1.2 of this report. 

The applicant stated that approximately 109,777 L (29,000 gal) of makeup is available in the 
adjacent Seismic Category I cask loading pit or the transfer compartment.  A Quality Group C 
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and Seismic Category I pump is installed in both compartments, along with piping to the SFP.  
The makeup pump is operated from the main control room and is supplied with emergency 
power.  In addition, SFP makeup can be supplied by aligning the FPPS to the Seismic 
Category I IRWST, which contains a minimum of 1.89 x 106 L (500,000 gal) of water during 
plant operations. 

FSAR Tier 2, Section 9.1.3.4, stated that with pool temperature at the structural design limit of 
82.2 °C (180 °F) and considering a single failure in the FPCS, the system can remove a heat 
load of 0.3 percent reactor rated thermal power 23.54 MBtu/hour (6.9 MWt) with component 
cooling water (CCW) inlet temperature at the maximum value of 45 °C (113 °F).  However, the 
staff identified that 23.54 MBtu/hour (6.9 MWt) was not 0.3 percent of the reactor rated thermal 
power of 15,661 MBtu/hour (4,590 MWt).  Therefore, in RAI 87, Question 09.01.03-5, the staff 
requested that the applicant update the FSAR in order to clarify the design basis of the FPCS. 

In an October 9, 2008, response to RAI 87, Question 09.01.03-5, the applicant proposed 
revising the FSAR description of the heat removal capacity to clarify that 23.54 MBtu/hour 
(6.9 MWt) is one half of 0.3 percent reactor rated thermal power.  The staff concluded that the 
applicant’s revised description complies with the SRP Section III.(1).D recommendation that the 
cooling system retain at least half of its full heat removal capacity assuming a single active 
failure to the forced-circulation cooling system, the pool at the design temperature of the 
structure 82.2 °C (180 °F), and the heat sink (component cooling water) at its maximum design 
temperature 45 °C (113 °F).  The staff determined this design basis to be acceptable.  The staff 
confirmed that Revision 1 of the U.S. EPR FSAR, dated May 29, 2009, contains the changes 
committed to in the RAI response.  Accordingly, the staff finds that the applicant has adequately 
addressed this issue and, therefore, the staff considers RAI 87, Question 09.01.03-5 resolved. 

The staff evaluated the applicant’s submittal and determined that additional information was 
needed in order to determine that the FPCS is adequately designed with sufficient heat 
removing capacity.  Therefore, in RAI 87, Question 09.01.03-6, the staff requested that the 
applicant update the FSAR to discuss the thermal analysis assumptions, to specify the number 
of fuel assemblies assumed in the SFP during the different scenarios evaluated, to specify the 
minimum required in-vessel decay time before fuel transfer can begin, to specify what are the 
time to boil and the boil off rates for the analyzed scenarios, and to discuss how the boil off 
rates compare to the makeup capabilities.  In an October 9, 2008, response to RAI 87, 
Question 09.01.03-6, the applicant proposed revising the FSAR to reflect that the full core off 
load is conservatively used to determine the bounding SFP heat load for normal refueling.  
Accordingly, the following FPCS heat removal capabilities would be revised to reflect that the 
heat load from a full core offload is the bounding case: 

With SFP temperature at 60 °C (140 °F) and considering a single failure in the FPCS, the 
system can remove the bounding refueling heat load of 67.70 MBtu/hour (19.84 MWt) with CCW 
at the normal value of 38 °C (100.4 °F). 

With pool temperature at 48.9 °C (120 °F) and all spent fuel pool cooling (SFPC) equipment 
available (i.e., no single failure), the system can remove the bounding refueling heat load of 
67.70 MBtu/hour (19.84 MWt) with CCW at the normal value of 38 °C (100.4 °F). 

Using thermal-performance information from Transnuclear Technical Report TN-Rack.0101, the 
staff independently confirmed the heat transfer capability above.  The staff finds this capability 
acceptable, because the system is capable of limiting pool temperature increase to 60 °C 
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(140 °F) with the design-basis heat load in the pool and a limiting single failure (loss of division) 
to the FPCS. 

The applicant revised the FSAR to include a discussion of fuel transfer during partial and full 
core offloads during refueling.  The applicant stated that the full core offload case is the normal 
refueling method.  Also, in a May 8, 2009, response to RAI 219, Question 09.01.03-12, the 
applicant stated that FSAR Tier 2, Section 9.1.3.2.3, ―Fuel Pool Cooling System,‖ had been 
revised to delete the sentence that indicated a full core offload was an infrequent refueling 
operation.  Additionally, FSAR Tier 2, Section 9.1.3.3.2, ―Abnormal Operating Conditions,‖ was 
changed to clarify that the FPCS has the capability to maintain the SFP temperature below 
60 °C (140 °F) during normal refueling operations, including a full core offload, following the 
complete loss of one division.  The staff confirmed that Revision 1 of the FSAR, dated May 29, 
2009, contains the changes committed to in the RAI response.  Accordingly, the staff finds that 
the applicant has adequately addressed this issue and, therefore, the staff considers RAI 87, 
Question 09.01.03-6 resolved. 

The partial core offload results in 140 fuel assemblies added to the SFP.  The applicant stated 
that the full core offload is considered to be the normal refueling method and is considered to 
result in a total of 1,645 assemblies, which is assumed to be the maximum capacity of the SFP.  
Therefore, the bounding refueling heat load is based on a full core offload plus the resident 
decay heat from 1,404 stored assemblies.  The staff noted that Transnuclear Technical Report 
TN-Rack.0101  indicates that the SFP has locations to store 1,247 fuel assemblies.  Therefore, 
the staff finds the assumed maximum SFP storage capacity acceptable for determination of 
SFP heat load. 

Based on the applicant’s revised FPCS description, fuel transfer to the SFP begins no sooner 
than 90 hours after reactor shutdown.  While not stated in the FSAR, Transnuclear Technical 
Report TN-Rack.0101 states that the fuel transfer time is 40 hours.  Using American National 
Standards Institute (ANSI) 5.1-1979, ―American National Standard Decay Heat Power in Light 
Water Reactors,‖ (with 2 sigma uncertainty), the staff calculated that the decay heat rate at 
130 hours after plant shutdown would be approximately 56 MBtu/hour (16.4 MWt).  This would 
leave approximately 12 MBtu/hour (3.5 MWt) for background heat from the previous fuel 
assemblies, which would be a conservative value.  Accordingly, the staff finds the heat rate 
parameters used by the applicant acceptable. 

The applicant provided additional information to describe the calculation of ―time to boil‖ in the 
SFP following a complete loss of FPCS.  The calculation assumes that prior to the loss of the 
FPCS, the SFP heat load is 67.5 MBtu/hour (19.8 MWt), both FPCS trains are operating to 
maintain the SFP temperature at 48.9 °C (120 °F), and the mass of water in the pool is based 
on estimated masses of fuel and equipment in the pool at normal level.  The calculated ―time to 
boil‖ assuming the loss of both FPCS trains is 4.29 hours.  The staff performed an independent 
check of this value (using the simplifying assumption that the pool is full of water) and calculated 
a time-to-boil within two percent of the applicant’s value, which is acceptable.  The staff also 
concluded that this time-period is acceptable in that it provides sufficient time for operators to 
initiate timely actions to ensure the safety functions are satisfied. 

The applicant calculated boil-off rate is approximately 530 lpm (140 gpm), which was 
independently confirmed by the staff.  The applicant stated that the safety-related SFP makeup 
capacity used for normal evaporation is approximately 76 lpm (20 gpm) with the FPCS 
maintaining the pool temperature at 60 °C (140 °F).  Other available makeup sources include 
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the demineralized water distribution system (approximately 757 lpm (200 gpm), see the June 4, 
2009, response to RAI 219, Question 09.01.03-13), fire protection system (approximately 
1,893 lpm (500 gpm)1), and internal refueling water storage tank (via the fuel pool purification 
system--approximately 15,141 lpm (400 gpm).  Each of these sources can provide makeup to 
supplement SFP makeup.  The staff determined that sufficient sources of makeup water are 
available to maintain SFP level in the unlikely event of loss of both FPCS trains and subsequent 
SFP boiling. 

The applicant stated that the FPCPS is designed to permit periodic inspection and functional 
testing in order to confirm system operability and component integrity.  Safety-related and 
Seismic Category I piping and valves allow isolation of the purification piping exiting the pool to 
contain radioactive water in the event of failures in the non-safety portions of the system.  
Ion exchangers, filters, and strainers are provided to remove corrosion products, impurities, or 
other radioactive materials.  Instrumentation to monitor ion exchanger performance and filter 
loading are provided to preclude excessive radiation levels. 

In FSAR Tier 2, Section 9.1.3.4, ―Safety Evaluation,‖ Item 7, the applicant states that the 
safety-related FPCS pumps will automatically trip on a low SFP level of 16.9 m (55 ft 6 in.).  
The FSAR further states that the SFP is provided with a low level and a low-low level alarms at 
elevations of 18.7 m (61 ft 6 in.) and 17.8 m (58 ft 6 in.), respectively.  In FSAR Tier 2, 
Section 9.1.3.4, Item 10, the application states that Seismic Category 1 piping and valves are 
provided to allow isolation of purification piping exiting the bottom of the FB pools. 

It is unclear to the staff if all the piping that exits and connects to the SFP is designed to Seismic 
Category 1 criteria.  Therefore, in RAI 526, Question 09.01.03-15, the staff requested that the 
applicant clarify FSAR Tier 2, Section 9.1.3 to clearly indicate the seismic criteria of all the 
piping and valves that connect with the SFP, and to clearly indicate the elevation of any 
non-seismic pipe and of its anti-siphon device.  RAI 526, Question 09.01.03-15 is being 
tracked as an open item. 

FPCPS design data is provided in FSAR Tier 2, Table 9.1.3-1, ―Fuel Pool Cooling and 
Purification System Component Design Data.‖  Typical purification system designs include 
filtering in stages to prevent overloading the filters that remove the smallest particulates.  
However, design data presented for cartridge filters in FSAR Tier 2, Table 9.1.3-1 indicate that 
the cartridge pre-filter retention rating is 1 micron (3.28 x 10-6 ft) while the cartridge post-filter 
retention rating is 10 micron (3.28 x 10-5 ft).  Since this Table 9.1.3-1 data appears to not be of a 
typical design, in RAI 87, Question 09.01.03-7, the staff requested that the applicant provide 
further information on these filters. 

In a January 20, 2009, response to RAI 87, Question 09.01.03-7, the applicant acknowledged 
that the cartridge filter retention ratings (pore sizes) in FSAR Tier 2, Table 9.1.3-1 were 
reversed.  The applicant proposed revising FSAR Tier 2, Table 9.1.3-1 to correct the pore sizes, 
(10 micron for the pre-filter and 1 micron for the post-filter).  The staff confirmed that Revision 1 
of the FSAR, dated May 29, 2009, contains the changes committed to in the RAI response.  
Accordingly, the staff finds that the applicant has adequately addressed this issue and, 
therefore, considers RAI 87, Question 09.01.03-7 resolved. 

                                                
1 The fire water distribution system (FWDS) supplies 1,893 lpm (500 gpm) during normal 
conditions and 568 lpm (150 gpm) following a safe-shutdown earthquake (RAI 219, 
Question 09.01.03-13). 
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Based on the above discussion, except for the open item RAI 526, Question 09.01.03-15, the 
staff concludes that the U.S. EPR FPCPS design meets the requirements of GDC 61 because it 
provides periodic inspection and testing capability, suitable shielding for radiation protection, 
appropriate containment, confinement, and filtering capability, residual heat removal, and 
prevention of a significant reduction in fuel storage coolant inventory under accident conditions. 

GDC 63, “Monitoring Fuel and Waste Storage” 

Compliance with GDC 63 requires that appropriate systems be provided in the fuel storage area 
to detect conditions that may result in the loss of residual heat removal capability or excessive 
radiation levels, and to initiate appropriate safety actions. 

SFP piping penetrations are located a minimum of 6.1 m (20 ft) above the top of the active fuel, 
and the piping is further designed to preclude possible siphoning of coolant from the pool.  
These features were implemented to prevent inadvertent draining of the pool to assure more 
than 3.048 m (10 ft) of water remains above the active fuel, so as to prevent the loss of both 
cooling and shielding.  The minimum levels are intended to prevent loss of suction to the fuel 
pool cooling pumps.  However, FSAR Tier 1, Figure 2.2.5-1, ―Fuel Pool Cooling and Purification 
System Functional Arrangement,‖ and FSAR Tier 2, Figure 9.1.3-2 do not clearly indicate how 
the anti-siphon features are implemented.  Therefore, in RAI 87, Question 09.01.03-8, the staff 
requested that the applicant clarify the FSAR to establish in more detail how the anti-siphon 
features operate. 

In a September 10, 2008, response to RAI 87, Question 09.01.03-8, the applicant provided 
additional information that described the SFP piping configuration and alarm set-points.  The 
two common suction pipes to each FPCS pump are the lowest SFP piping penetrations.  These 
lines attach to the SFP at elevation 16.5 m (54 ft 1 in.) and extend down into the SFP to 
approximately elevation 15.9 m (52 ft 2 in.).  Siphon breakers tap into the top of the suction lines 
and limit draining the SFP below the elevation of the bottom inside diameter (ID) of the pipe at 
approximately 16.3 m (53 ft 6 in.).  The top of the active fuel is at an elevation of 9.6 m 
(31 ft 8 in.).  This maintains over 6.1 m (20 ft) of water above the active fuel. 

The applicant’s September 10, 2008, response to RAI 87, Question 09.01.03-8 also stated that 
the FPCS pumps will automatically trip on a low SFP level at approximately 16.9 m (55 ft 6 in.) 
(including instrument uncertainty), which is above the FPCS pump suction line.  Decreasing 
SFP level at elevations 18.7 m (61 ft 6 in.) and 17.7 m (58 ft) is alarmed in the main control 
room prior to reaching the pump trip level.  At the pump trip elevation, the minimum net positive 
suction head (NPSH) margin (available NPSH – required NPSH) exceeds 10.4 m (34 ft). 

The staff reviewed the applicant’s information and concluded that the SRP recommendation that 
the FPCS is designed so that in the event of failure of inlets, outlets, piping, or drains, the pool 
level will not be inadvertently drained below a point approximately 3 m (10 ft) above the top of 
the active fuel is satisfied.  The staff concurred that the applicant’s FSAR changes on 
inadvertent SFP draining are acceptable.  The staff confirmed that Revision 1 of the FSAR, 
dated May 29, 2009, contains the changes committed to in the RAI response.  Accordingly, the 
staff finds the applicant has adequately addressed this issue and, therefore, considers RAI 87, 
Question 09.01.03-8 resolved. 

Piping arrangements and minimum flow rates are also established to assure adequate mixing 
and uniform temperatures across the pool.  Finally, potential leakage is monitored by a variety 
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of different methods including SFP level instruments and leak detection instruments such as 
building sump alarms and radiation monitors. 

Based on the above discussion, the staff concludes that the GDC 63 requirements have been 
met by both the available monitoring and the various leakage provisions, including both ITAAC 
testing and startup testing requirements as further described below. 

ALARA 

Compliance with 10 CFR 20.1101(b) requires that the licensee use, to the extent practicable, 
procedures and engineering controls based on sound radiation protection principles to achieve 
occupational doses and doses to members of the public that are ALARA. 

The applicant stated that the FPCS is provided with instrumentation and alarms on SFP water 
level, pool temperature, and pump on/off indications.  Level instruments are Class 1E and are 
provided in the main control room.  Controls and instrumentation are designed to assure 
radiation levels meet the ALARA conditions and requirements and are further discussed in 
FSAR Tier 2, Section 12.1, ―Ensuring that Occupational Radiation Exposures are as Low as 
Reasonably Achievable (ALARA).‖  FSAR Tier 2, Section 12.1 discusses compartmentalization 
within the Fuel Building along with separation of components as part of the ALARA plan for the 
Fuel Building.  In addition, ALARA principles are accommodated based upon filter replacement 
by remote methods, decontamination provisions, shielding, and associated monitoring and 
alarms.  In view of these reviews, the staff finds that the fuel pool cooling and purification 
system design meets the guidelines of RG 8.8 and complies with 10 CFR 20.1101(b) as it 
relates to radiation doses being kept as low as is reasonably achievable. 

ITAAC 

FSAR Tier 1, Section 2.2.5 describes the FPCPS.  FSAR Tier 1, Tables 2.2.5-1 and 2.2.5-2, 
―FPCPS Equipment I&C and Electrical Design,‖ provide listings of the FSAR Tier 1 mechanical 
and electrical equipment, including design requirements, power supplies, instrumentation, and 
locations.  The primary FPCPS components given in these tables include the cooling pumps, 
heat exchangers, containment isolation valves, non-safety piping isolation valves, and the 
makeup pumps.  In addition, FSAR Tier 1, Table 2.2.5-3 provides ITAAC requirements for the 
FPCPS.  In general, the ITAAC items include confirmations of functional arrangements, 
locations, separation, design codes, and hydrostatic testing.  The staff reviewed the 
FSAR Tier 1 information and the ITAAC requirements and determined that they adequately 
describe the design certification requirements for the fuel pool cooling and purification system.  
The staff further concluded that the ITAAC requirements are sufficient to demonstrate that the 
FPCPS will be designed and will operate in accordance with the design certification. 

In FSAR Tier 2, Section 14.2, ―Initial Startup Test Program,‖ Test No. 001 addresses the 
FPCPS.  This testing will involve demonstrations of both cooling capacity and purification 
capabilities.  The system will be tested for various leakage paths, makeup capacity, system flow 
rates, pump-head, and related critical parameters.  The acceptance criteria for this testing will 
be FSAR Tier 2, Section 9.1.3.  However, the applicable acceptance criteria for Test No. 001 
were unclear to the staff.  Therefore, in RAI 87, Question 09.01.03-10, the staff requested that 
the applicant include in the FSAR a list of the initial conditions and the acceptance criteria for 
Test No. 001. 
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In an October 9, 2008, response to RAI 87, Question 09.01.03-10, the applicant stated that 
FSAR Tier 2, Section 14.2.12.1.1, ―Fuel Pool Cooling and Purification System (Test No. 001),‖ 
had been revised for consistency with other tests in Section 14.2 in response to RAI 77, 
Question 14.02-32.  The functionality of the spent fuel pool gates is not associated specifically 
with the FPCPS; however, it has been included in Test No. 001, since it is most closely related 
to the testing of this system (the gates are discussed in Section 9.1.2 of this report). 

The applicant further stated that, testing of the leakage associated with the refueling cavity, and 
the reactor vessel (to the refueling cavity seal) has been deleted from Test No. 001 as it is 
outside the scope of the FPCPS.  Testing of leakage from the IRWST has been moved to Test 
No. 022, because it is more appropriate to add this to the testing of the IRWST.  For most of the 
tests, it is not possible to generate the COL applicant test acceptance criteria (e.g., values, 
prescribed limits, or measurable parameters) at this stage of the design process.  As stated in 
the response to RAI 77, Question 14.02-32, test procedures generated by the COL holder will 
contain final, explicit, and measurable criteria. 

The staff reviewed Test No. 001 along with the changes introduced by the applicant in 
Revision 1 of the FSAR, and reviewed Test No. 022.  The staff finds these tests sufficient to 
demonstrate the performance of the FPCPS.  Therefore, the staff considers RAI 87, 
Question 09.01.03-10 resolved, and concludes that the applicant has proposed adequate 
ITAAC to verify the proper construction and operation of the FPCPS. 

Technical Specifications 

No specific Technical Specifications are provided to address the FPCPS.  However, 
FSAR Tier 2, Chapter 16, TS Sections 3.7.14 to 3.7.16, and 4.3 all address SFP or SFP related 
requirements.  The staff reviewed these TS requirements and their bases, and finds them 
adequate. 

The FPCS is required to be operational, while there is fuel stored in the SFP.  The staff did not 
find TS requirements to address the failure of these systems under normal operations or before, 
during, and after a refueling outage.  Therefore, in RAI 87, Question 09.01.03-9, the staff 
requested that the applicant justify that no Technical Specifications are needed to address 
functionality of the FPCS during normal conditions or outages. 

In a September 10, 2008, response to RAI 87, Question 09.01.03-9, the applicant stated that 
the FPCS is not a process variable, design feature, or operating restriction that is an initial 
condition of a design-basis accident or transient analysis that either assumes the failure of or 
presents a challenge to the integrity of a fission product barrier.  The response further stated 
that the FPCS is not a structure, system, or component that is part of the primary success path, 
and which functions or actuates to mitigate a design-basis accident or transient that either 
assumes the failure of, or presents a challenge to, the integrity of a fission product barrier.  
Neither the U.S. EPR specific or generic probabilistic risk assessments (PRAs), nor operating 
experience, have shown the FPCS to be significant to public health and safety.  Therefore, the 
applicant concluded that no limiting conditions for operation (LCOs) are applicable for the 
FPCS.  The staff reviewed this response and finds that it conforms to NUREG-1431, ―Standard 
Technical Specifications — Westinghouse Plants.‖  Therefore, the staff finds the applicant has 
adequately addressed this issue, and considers RAI 87, Question 09.01.03-9 resolved.  Based 
on the above discussion, the staff concludes that FSAR Tier 2, Chapter 16, TS Sections 3.7.14 
to 3.7.16, and 4.3 and their bases are adequate to ensure the proper operation of the FPCPS. 
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The staff reviewed the fuel pool cooling and purification system in accordance with 
NUREG-0800, Section 9.1.3, ―Spent Fuel Pool Cooling and Cleanup System,‖ Revision 2, 
March 2007, as it relates to chemical engineering issues.  The staff’s acceptance of the design 
is based on its meeting the requirements of GDC 61. 

The fuel pool cooling and purification system consists of two separate subsystems:  The fuel 
pool cooling system (FPCS) and the fuel pool purification system (FPPS).  FSAR Tier 2, 
Table 9.1.3-1 provides basic design information regarding the materials of the system 
components and their temperature and pressure specifications.  The sub-system components 
are all made of stainless steel which is an appropriate metallic component for the borated water 
environment.  FSAR Tier 2, Figures 9.1.3-1 and 9.1.3-2 provide general arrangements of the 
spent fuel pool area and the coling and purification sub-systems.  The purification sub-system 
as separate transfer pumps from the spent fuel cooling system. 

FSAR Tier 2, Sections 9.1.3.2.2 through 9.1.3.2.6 describe the cooling and purification 
sub-systems and their inter-relationship with the fuel handling and transfer system (including the 
in containment refueling water storage tank) in the Fuel Building and in containment.  The 
specific design features noted in the FSAR account for normal operations of: 

 fuel cycle operation 

 refueling operations 

 routine inspection of plant facilities by plant equipment operators 

 remote transfer of used resin to storage tanks (minimizing exposure) 

The abnormal conditions considered with regard to effects on structural integrity, such as 
hurricanes, tornadoes, earthquakes, and flooding have been considered in the design of the fuel 
pool cooling and purification system.  Two additional sources of water, other than the normal, 
manually operated demineralized make-up water are provided.  One source is the cask loading 
pit and fuel transfer area.  This area has a transfer pump on emergency power that is remotely 
operated from the main control board (MCB).  Under this arrangement, the pump delivers the 
make-up water to the spent fuel pool via a safety-related piping system that is designated 
Seismic Category I.  The details for this arrangement are discussed in FSAR Tier 2, 
Figure 9.1.3-2, Sheet 2 of 5.  The cask loading pit and fuel transfer area water source volume 
would only be available to supply a small fraction of the make-up water needed for accident 
conditions to the SFP to maintain cooling.  A second‖independent make-up water supply‖ is 
shown in FSAR Tier 2, Figure 9.1.3-1.  However no details regarding this water source were 
provided.  The applicant replied to RAI 185, Question 09.01.02-20, Item 6, and in an April 22, 
follow-up response to RAI 185, Question 09.01.02-26, identified that the in-containment 
refueling water storage tank (IRWST) is the primary make-up water supply and can be 
transferred to the SFP by using the installed Low Head Safety Injection (LHSI) sumps.  
The IRWST is Seismic Category I, but the piping connections to the SFP are not.  Additionally, 
a hose connection to the Fire Water Distribution System is available for more make-up, if 
required.  The staff reviewed the applicant’s response and finds it acceptable with no changes 
to the FSAR.  Therefore, the staff considers RAI 185, Question 09.01.02-20 and RAI 185, 
Question 09.01.02-26 resolved for this issue. 
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Normal water make-up to the SFP is accomplished using the demineralized water system.  
If boron addition is required, this is accomplished using reactor or IRWST water by manual 
operation of valves. 

GDC 61, “Fuel Storage and Handling and Radioactivity Control” 

The FPPS described in FSAR Tier 2, Section 9.1.3.3.1 has the capability and capacity to 
remove corrosion products and radioactive materials using a mixed bed ion exchange resin 
(3 m3 or 106 ft3) and resin pre- and post-filters.  The filtration and demineralization 
sub-subsystem is manually actuated and stated to need only intermittent operation.  The current 
design in U.S. PWRs is for a continuous SFP purification flow rate of about 568 lpm (150 gpm).  
This results in a purification rate of 1 per 4.6 days (assuming an SFP volume of 3.78x106 L 
(1x106 gal) and can maintain the SFP clarity and purity to meet the guidance provided in the 
EPRI PWR Primary Water Chemistry Guidelines.  The level to which contaminants are 
controlled is not described by the applicant.  Additionally, FSAR Tier 2, Table 9.3.2.-1 identifies 
two sample points in the FPPS and two sample points in the FPCS, but the parameters to be 
sampled were not identified.  In an April 22, 2009, response to RAI 185, Questions 09.01.02-22, 
09.01.02-23, and 09.01.03-11, the applicant identified the EPRI PWR Primary Water Chemistry 
Guidelines as the document that will identify the SFP parameters to be sampled, their 
frequencies, and their setpoints.  The staff reviewed the responses to the above questions and 
finds the responses acceptable with no changes to the FSAR.  Therefore, the staff considers 
RAI 185, Questions 09.01.02-22, and 09.01.02-23, and RAI 185, Question 09.01.03-11, 
resolved for this issue. 

Technical Specifications 

The Technical Specifications applicable to the chemistry aspects of the fuel pool cooling and 
purification system storage of spent fuel can be found in the FSAR Tier 2, Chapter 16, 
―Technical Specifications,‖ sections listed below: 

 Section 3.7.15, Spent Fuel Storage Pool Boron Concentration 

The staff concludes that the Technical Specifications requirements are adequate to support the 
design considerations.  All materials of construction are compatible with the boric acid chemical 
environment. 

 

There are no COL information items related to this area of review.  The staff determined that no 
COL information items need to be included in FSAR Tier 2, Table 1.8-2, ―U.S. EPR Combined 
License Information Items,‖ for fuel pool cooling and purification system consideration. 

 

 

Except for the open items related to RAI 526, Questions 09.01.03-14 and 09.01.03-15, the 
FPCPS functional design meets the requirements of GDC 2, GDC 4, GDC 61, GDC 63, 
10 CFR 20.1101(b), and 10 CFR 52.47(b)(1).  In addition, the staff concludes that GDC 5 is not 
applicable to the FPCPS of the U.S. EPR as it is not shared between multiple nuclear power 
units. 
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The staff concludes that the fuel pool cooling and purification system provides the capability of 
removing radioactive materials, corrosion products, and impurities from the pool water and, 
thus, meets the requirements of GDC 61 as it relates to appropriate filtering systems for fuel 
cooling and storage. 

9.1.4 Fuel Handling System 

 

The fuel handling system provides for handling of new fuel assemblies from receipt at the plant 
site until spent fuel assemblies are removed from the SFP.  The FHS provides a means of 
receiving, inspecting, and storing new and spent fuel assemblies.  The fuel handling system is 
used to remove and reload fuel assemblies in the reactor vessel and place spent fuel 
assemblies into the SFP for storage.  After a sufficient decay period, the spent fuel assemblies 
can be removed from the SFP and loaded into spent fuel shipping casks for removal from the 
site. 

The U.S. EPR design contains a relatively typical FHS, with the exception of the SFCTF which 
includes a penetration at the base of the CLP that is located adjacent to the SFP.  This cask 
loading penetration allows spent fuel assemblies to be loaded into a cask located below the 
CLP in a cask loading hall of the fuel building.  This concept differs from that previously used in 
the U.S., where fuel assemblies are loaded in a spent fuel cask that is submerged in the SFP 
and the spent fuel cask is moved in and out of the SFP with an overhead crane.  Therefore, 
although cask loading is an integral part of the fuel handling system, due to the uniqueness of 
the SFCTF, the staff documented its review of the FHS and SFCTF separately, as set forth 
below. 

 

The FHS structures, systems, and components are described in both FSAR Tier 1 and 2.  
The fuel building, spent fuel pool cooling system, fuel handling system, and fuel building 
ventilation systems are evaluated separately in this report. 

FSAR Tier 1:  The applicant has provided a description of the fuel handling system in FSAR 

Tier 1, Section 2.2.8, ―Fuel Handling System.‖ 

FSAR Tier 2:  The applicant has provided a description of the fuel handling system in FSAR 

Tier 2, Section 9.1.4, ―Fuel Handling System.‖ 

ITAAC:  FSAR Tier 1, Section 2.2.8, Table 2.2.8-2, ―FHS ITAAC (2 sheets),‖ specifies the 

ITAAC for the fuel handling equipment. 

Testing:  Initial testing of the fuel handling system is identified in FSAR Tier 2, Section 14.2, 
Fuel Handling System (Test #038), Fuel Transfer System Operation and Leak Test (Test #039) 
and Spent Fuel Cask Transfer Facility (Test #047). 
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The relevant requirements for this area of review, and the associated acceptance criteria, are 
given in NUREG-0800, Section 9.1.4, and are summarized below.  Review interfaces with other 
SRP sections also can be found in NUREG-0800, Section 9.1.4. 

1. GDC 2, as it relates to the ability of structures, equipment, and mechanisms to withstand 
the effects of earthquakes. 

2. GDC 5, ―Sharing of Structures, Systems, and Components,‖ as it relates to 
safety-related structures not being shared among nuclear power units, unless it can be 
shown that such sharing will not significantly impair their ability to perform their safety 
functions. 

3. GDC 61, as it relates to the fuel storage and handling, radioactive waste, and other 
systems which may contain radioactivity shall be designed to assure adequate safety 
under normal and postulated accident conditions. 

4. GDC 62 as it relates to prevention of criticality in fuel storage and handling system by 
physical systems or processes, preferably by use of geometrically safe configurations. 

5. 10 CFR 52.47(b)(1), which requires that a design certification application contain the 
proposed 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 has been constructed and will operate in 
accordance with the design certification, the provisions of the Atomic Energy Act of 
1954, and NRC regulations. 

Acceptance criteria adequate to meet the above requirements are: 

1. RG 1.29, ―Seismic Design Classification,‖ Regulatory Positions C.1 and C.2, provides 
acceptance criteria for meeting the relevant aspects of GDC 2. 

2. The guidelines of American National Standards Institute/American Nuclear Society 
(ANSI/ANS) Standard 57.1-1992, ―Design Requirements for LWR Fuel Handling 
Systems,‖ provide, in part, acceptance criteria for meeting the relevant aspects of 
GDC 61. 

3. ANSI/ANS 57.1-1992 provides, in part, acceptance criteria for meeting the relevant 
aspects of GDC 62. 

 

The staff reviewed Revision 3 of the FSAR for the FHS in accordance with NUREG-0800, 
Section 9.1.4, ―Light Load Handling System Related to Refueling,‖ Revision 3, March 2007.  
Conformance with the acceptance criteria in Section II of NUREG-0800, Section 9.1.4, formed 
the basis for the evaluation of the FHS with respect to the applicable regulations.  

The staff’s review includes evaluation of the fuel handling system which is comprised of the FHS 
and SFCTF, including the system’s capability to preclude unacceptable releases of radiation as 
a result of mechanical damage to fuel, maintain an adequate degree of subcriticality, and 
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maintain acceptable shielding during fuel handling.  RG 1.206 recommends that this evaluation 
should consider the design of components and mechanisms to withstand earthquakes and 
interlocks and design features to ensure that the applicant will perform fuel handling within 
acceptable limits. 

Based on an initial review of the information provided in FSAR Tier 2, Revision 1, Section 9.1.4, 
the staff determined that additional FHS and SFCTF information was needed to complete its 
review.  Therefore, in RAI 131, Questions 09.01.04-5 and 09.01.04-7, the staff requested that 
the applicant provide additional design details of the SFCTF.  In a May 12, 2009, response to 
RAI 131, Questions 09.01.04-5 and a June 25, 2009, response to RAI 131, 
Question 09.01.04-7, the applicant redefined the cask loading facility as out of the scope of the 
FSAR.  The applicant specified that cask handling operations will be covered under a 
10 CFR Part 72 license application.  The staff determined that all nuclear power plants should 
operate with the ability to remove a spent fuel assembly from the SFP and in follow-up RAI 385, 
Questions 09.01.04-15 through 09.01.04-18, the staff requested that the applicant provide 
details of the SFCTF design and address all staff concerns.  In these responses, the applicant 
proposed to address the portions outside the scope of review with a COL Information Item and 
ITAAC.  Based on the lack of design details and information provided by the applicant, the staff 
held telephone conferences and public meetings to address the insufficient amount of design 
details.  During a U.S. EPR design center working group (DCWG) public meeting on March 15, 
2011, the staff discussed some available options for a path forward for the design certification 
and the COL applicants to consider.  During the meeting, the staff communicated its position 
that prior to granting a COL, a COL applicant should have an approved method to remove at 
least one spent fuel assembly out of the SFP and the facility.  During a public meeting, the staff 
communicated options for the design certification applicant to define the portions of the SFCTF 
that were in-scope and portions out-of-scope of the design certification FSAR and define 
appropriate conceptual design and interface requirements, if needed.  This topic is further 
discussed below in the section on Combined License Activities. 

The staff requested that the applicant respond to RAIs that were based on the information  in 
FSAR Tier 2, Revisions 0, 1, and 2 that described the design, operation, and testing of the FHS 
and SFCTF.  In particular, the staff identified the possibility for a partial drain down of the SFP, 
since the design included a penetration below the cask loading pit, which is connected to the 
SFP, albeit at a location above the top of the active fuel stored in the SFP.  The applicant 
answered these questions in numerous responses that included FSAR markups which the staff 
has reviewed.  In these responses the applicant provided details of how the system operates, 
provided content to address the drain down concerns with the design and provided necessary 
details to allow the staff to perform its review.  In the August 31, 2011, response to RAI 385, 
Question 09.01.04-15, 09.01.04-16, and 09.01.04-17, the applicant provided a ―Revision 4 – 
Interim‖ markup for the applicable sections.  In this report, the staff is not describing each staff 
RAI and the information the applicant provided in response to each RAI; rather, the staff’s 
technical evaluation below is based on the staff’s review of the ―Revision 4 – Interim‖ markup for 
the applicable sections, which includes all the information submitted in response to the original 
staff RAIs.  In some cases, the staff may discuss the details of the applicant’s RAI responses for 
added clarity, but this content is not needed in the FSAR.  To ensure that Revision 4 – Interim 
information is ultimately included in the FSAR, RAI 385, Questions 09.01.04-15, 09.01.04-16, 
and 09.01.04-17 are being tracked as a confirmatory items. 
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GDC 2, “Design Basis for Protection Against Natural Phenomena” 

The Fuel Handling System should be capable of withstanding the effects of natural phenomena 
(earthquake) without loss of capability to safely carry loads that if dropped could cause unsafe 
conditions, which is a prerequisite for keeping exposures to within acceptable limits.  The staff 
reviewed the FHS and SFCTF for compliance with the requirements of GDC 2, with respect to 
its design for protection against the effects of natural phenomena.  The staff determined 
whether the design complies with the requirements of GDC 2 based on whether the design 
adheres to RG 1.29, Regulatory Positions C.1 and C.2. 

FSAR Tier 2, Section 9.1.4 describes the FHS and SFCTF, which are used to remove and 
reload fuel assemblies in the reactor vessel and place spent fuel assemblies into the spent fuel 
pool for storage and subsequent removal into spent fuel casks.  The FHS provides a means of 
receiving, inspecting, and storing new fuel assemblies.  The spent fuel assemblies are stored in 
the underwater storage racks in the spent fuel pool.  The SFCTF provides a means for removing 
spent fuel from the SFP for transportation or long term storage. 

As indicated in FSAR Tier 2, Section 9.1.4.1, the following fuel handling components are 
safety-related and designed to Seismic Category I: 

 transfer tube, isolation devices, and expansion joints 

 cask loading pit penetration assembly 

 spent fuel cask transfer machine (SFCTM) 

 SFCTF fluid and pneumatic systems isolation devices 

The major components of the FHS are the refueling machine (RM), fuel transfer tube facility 
(FTTF), new fuel elevator (NFE), spent fuel machine (SFM), auxiliary crane, and fuel storage 
racks.  The major components of the SFCTF are the SFCTM, for movement of the spent fuel 
cask within the loading hall of the fuel building, and a penetration assembly for connection of the 
spent fuel cask to the CLP.  After sufficient decay, spent fuel assemblies are removed from the 
SFP for loading into a spent fuel cask using the SFCTF. 

Fuel Handling System 

FHS equipment is used in the reactor cavity, the core internal storage area, the reactor building 
transfer compartment, the FTTF, the spent fuel pool transfer pit, the spent fuel pool loading pit, 
the SFP, the new fuel storage area and the CLP.  All these areas are located inside the FB or 
the RB.  These two buildings are Seismic Category I, safety-related structures, designed to 
withstand the effects of natural phenomena including earthquakes, tornadoes, hurricanes, 
floods, and external missiles, as discussed in Chapter 3 of this report and described below. 

FSAR Tier 2, Table 3.2.2-1, ―Classification Summary,‖ lists the components of the FHS as 
Seismic Category I or II and the safety-related SSCs are classified Seismic Category I.  
The U.S. EPR system and component classification includes non-safety-related, supplemented 
grade components (NS-AQ).  The NS-AQ designation is applied to components that are 
non-safety-related but are subject to a significant licensing requirement or commitment as 
defined in FSAR Tier 2, Section 3.2.  As shown in FSAR Tier 2, Table 3.2.2-1, FHS equipment 
designated as NS-AQ is classified as Seismic Category II.  In order to determine if the FHS 
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component design meets the requirements of GDC 2, in RAI 131, Question 09.01.04-1, the staff 
requested that the applicant verify that Seismic Category II hoists and cranes are designed to 
hold their maximum load during an SSE.  In a February 18, 2010, response to RAI 131, 
Question 09.01.04-1, the applicant stated that the refueling machine, spent fuel machine, new 
fuel elevator, and fuel transfer tube facility are designed to hold their maximum load during an 
SSE.  In addition, the applicant further clarified, in the May 19, 2009, response to RAI 173, 
Question 09.01.05-3, further clarified that the RB polar crane and the auxiliary crane in the FB 
are designed in accordance with ASME NOG-1 as Type I cranes and, by definition, these Type I 
cranes are designed to hold their maximum critical load (i.e., not drop the load) during an SSE. 

Some FHS equipment (e.g., control rod drive shaft tools, instrumentation tooling, and video 
mapping equipment) shown in FSAR Tier 2, Table 3.2.2-1 were classified as non-safety-related.  
Therefore, in RAI 131, Question 09.01.04-1, the staff requested that the applicant identify if 
non-safety-related and non-seismic (NSC) components have been evaluated for their impact on 
safety-related SSCs following an SSE event.  In a February 18, 2010, response to RAI 131, 
Question 09.01.04-1, the applicant stated that the FHS tools identified in this RAI are not 
defined as principal components of the fuel handling system and, as a result, were removed 
from FSAR Tier 2, Table 3.2.2-1.  The response further states that the tools are designed so 
that they will not reduce the functioning of any safety-related or Seismic Category I SSC to an 
unacceptable level of safety during an SSE in accordance with the guidance of RG 1.29.  Since 
the Seismic Category II components will be designed to hold their maximum load during an SSE 
and will, therefore, not adversely affect safety-related SSCs, the staff considers the concern 
identified in RAI 131, Question 09.01.04-1 and this RAI resolved. 

The major components of the FHS are non-safety-related, with the exception of the fuel transfer 
tube and blind flange, and designed to Seismic Category I or II.  These components, are housed 
in Seismic Category I structures which are designed to withstand natural phenomena, including 
earthquakes, floods, and tornados, among others, as explained in Section 3.2.2 of this report.  
The fuel transfer tube and blind flange are safety-related, Seismic Category I in accordance with 
RG 1.29, Regulatory Position C.1.  The cranes that are part of the FHS were reviewed, and the 
staff finds that the cranes are designed to retain their loads during and following an SSE in 
accordance with RG 1.29, Regulatory Position C.2. 

Spent Fuel Cask Transfer Facility 

FSAR Tier 2, Table 3.2.2-1 lists the components of the SFCTF as safety-related and Seismic 
Category I, with the exception of the biological lid handling station that is classified as Seismic 
Category II.  The biological lid station is used to handle the biological lid of the cask which is 
considered a heavy load; therefore, the staff’s evaluation of the hoists used at the biological lid 
station is included in Section 9.1.5 of this report.  The SFCTM, the penetration assembly, and 
the pool boundary isolation components of the connected piping systems are designed and 
qualified as Seismic Category I, as described in Section 3.2. of this report and, therefore, are 
designed to perform their safety-related functions during and following an SSE. 

The staff notes that FSAR Tier 2, Revision 1, Table 3.2.2-1, did not list any components of the 
spent fuel cask transfer facility, some of which are safety-related.  Therefore, in RAI 131, 
Question 09.01.04-6, the staff requested that the applicant clarify why FSAR Tier 2, 
Table 3.2.2-1 did not list the components of the SFCTF.  In a February 18, 2010, response to 
RAI 131, Question 09.01.04-6, the applicant reply clarified that the SFCTF penetration and 
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cover are safety-related, Seismic Category I components and will be added to FSAR Tier 2, 
Table 3.2.2-1. 

The cask loading operation takes place inside the FB, which protects the facility from natural 
phenomena including extreme winds and tornado missiles in accordance with RG 1.13 and 
RG 1.117.  The applicant further clarified that the CLP is designed to Seismic Category I. 

As a Seismic Category I component, the SFCTM is equipped with many features to prevent 
failure in the event of an earthquake.  The SFCTM trolley moves within the cask loading hall 
located beneath the CLP on rails and transports the spent fuel cask in a vertical configuration to 
the individual handling stations during the cask loading process.  FSAR Tier 2, Figure 9.1.4-7, 
‖Spent Fuel Cast Transfer Facility,‖ illustrates the SFCTM connected to the CLP at the 
penetration station.  The SFCTM is firmly positioned at each handling station by the use of 
brakes that prevent the SFCTM from moving along the rails.  Further, SFCTM movement is 
stopped on a loss of power.  The SFCTM is also equipped with lateral guiding devices and 
anti-seismic locking devices that interface with the walls of the cask loading hall for support in 
the event of an SSE.  Anti-seismic locking devices are provided to prevent any movement of the 
SFCTM when it is located at any one of the handling stations in the event of an SSE or spurious 
behavior of the traveling drive system.  The lateral guiding devices also serve to prevent tilting 
of the SFCTM and cask when it is not positioned at a handling station. 

Fluid and pneumatic systems are provided in the SFCTF for filling, draining, and drying the cask 
and penetration assembly.  These SFCTF systems are connected with the respective plant 
systems: compressed air system, demineralized water system, nuclear island drain/vent 
system, and fuel pool cooling and purification system.  The isolation capability of these systems 
is evaluated by the staff in Section 9.1.3 of this report.  The portions of SFCTF fluid and 
pneumatic systems piping directly connected to the penetration assembly and cask are 
designed with isolation capability to prevent a loss of water from the SFP and CLP during and 
following an SSE that could result in a potential offsite exposure. 

The cask loading and unloading operation is performed by moving the SCFTM, with cask 
attached, along the cask loading hall rails to four separate handling stations.  While the SFCTM 
is moving between the stations, the SFCTM lateral guiding device slides against guiding rails 
along the walls of the cask loading hall and prevents tilting of the SFCTM in the event of an 
SSE.  The following four workstations perform their respective cask loading and supporting 
operations: 

 Lifting station:  This station is where the cask is placed on the SFCTM by the gantry 
crane (not a part of the SFCTF) outside the FB prior to entering the cask loading hall, 
and where the cask is removed from the SFCTM by the gantry crane after cask loading 
is complete. 

 Handling opening station:  This station is located in the cask loading hall where an empty 
cask is prepared for fuel loading and a fully loaded cask is prepared for final removal 
from the FB.  To prevent load drop of components during an SSE at this station, lifting 
operations are performed using the single failure proof FB auxiliary crane through a 
handling opening.  This auxiliary crane is evaluated by the staff in Section 9.1.5 of this 
report.  At this station, brakes and anti-seismic locking devices on the SFCTM are 
engaged prior to cask handling activities. 
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 Biological lid handling station:  This station is located in the cask loading hall where the 
biological lid is removed from the empty cask prior to fuel loading, and is placed back on 
a full cask after loading.  The biological lid handling station gripper is lowered, and the lid 
is lifted and held in the ceiling recess.  Potential of a load drop is avoided by the use of 
an irreversible screw that is designed to hold the biological lid in place even with the loss 
of power, when moving the SFCTM to the penetration system.  In addition, the biological 
lid is not suspended during cask loading operations, since prior to the cask connection 
with the CLP penetration, the biological lid is lowered and placed on a support storage 
location on the SFCTM.  During the cask loading operation, the penetration lower cover 
is similarly stored on the SFCTM and not susceptible to load drop. 

 Penetration station:  This station is located in the cask loading hall where the cask is 
connected to the loading pit penetration assembly and spent fuel is loaded using the 
SFM.  The SFCTM, the penetration assembly, and the pool boundary isolation 
components of the connected piping systems are designed and qualified as Seismic 
Category I so they will retain the capability to perform their safety-related functions 
during and following an SSE. 

While it is clear to the staff that the biological lid handling station is designed in accordance with 
NOG-1, it was unclear to the staff whether the hoists of the SFCTF are single failure proof and 
designed with redundant components.  Therefore, the staff requested that the applicant define 
which SFCTF components are designed to NOG-1 as a single failure proof hoist.  In addition, 
the applicant indicates that the anti-seismic devices are engaged at every station, prior to any 
cask handling operations.  However, it was unclear to the staff whether the SFCTM brakes are 
also applied at every station or whether the SFCTM is held in place with just the anti-seismic 
device.  Therefore, in RAI 525, Question 09.01.04-21, the staff requested that the applicant 
clearly define which components are designed to NOG-1 as a single failure proof hoist.  
RAI 525, Question 09.01.04-21 is being tracked as an open item. 

The spent fuel cask transfer facility includes two pieces of mechanical equipment, namely, one 
spent fuel transfer machine and one penetration assembly.  This equipment functions to ensure 
safe transfer of spent fuel assemblies from the spent fuel pool into the spent fuel cask.  FSAR 
Tier 2, Revision 4 Interim, Section 9.1.4.2, provided with the August 31, 2011, response to 
RAI 385, Questions 09.01.04-15, 09.01.04-16, and 09.01.04-17 provides a detailed description 
of the functional features of the SFCTF and states that both pieces of the SFCTF equipment are 
designed as Seismic Category I.  However, the staff noted that insufficient information is 
provided regarding the structural aspects of the SFCTF design. Therefore, to facilitate the 
structural review of the SFCTF design, in RAI 525, Question 09.01.04-29, the staff requested 
that the applicant provide the following: 

1. Description of overall dimensions, structural elements (beams, girders, trusses, plates, 
etc.) and their connections for the SFCTM and the penetration assembly, including 
sketches. 

2. Description of the anti-seismic locking devices including their connections with the 
SFCTM and the structural walls (provide sketches). 

3. Overall dimensions and structural description of the loading hall (concrete walls and 
slabs) including sketches 

RAI 525, Question 09.01.04-29 is being tracked as an open item. 
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FSAR Tier 2, Revision 4 Interim, Section 9.1.4.2 provided with the August 31, 2011, response to 
RAI 385, Questions 09.01.04-15, 09.01.04-16, and 09.01.04-17 stated that the SFCTM is 
designed in accordance with the applicable portions of ASME NOG-1-2004.  Since ASME 
NOG-1-2004 is specific to overhead and gantry cranes, while the SFCTM is described as a 
trolley in the FSAR, in RAI 525, Question 09.01.04-30, the staff requested that the applicant 
provide the following: 

1. Description of how specific provisions of ASME NOG-1-2004 are applied to the structural 
design of the SFCTM. 

2. Description of how the Seismic Category I requirements for the SFCTM would be met 
through ASME Code provisions. 

RAI 525, Question 09.01.04-30 is being tracked as an open item. 

In FSAR Tier 2, Revision 4 Interim, Section 9.1.4.2 provided in the August 31, 2011, response 
to RAI 385, Questions 09.01.04-15, 09.01.04-16, and 09.01.04-17; the applicant stated that the 
penetration assembly is designed in accordance with ANSI/ANS-57.2-1983.  No specifics are 
provided in the FSAR with respect to how the provisions of the standard are used in the design 
of the penetration assembly, given the standard often refers to other Codes and Standards for 
technical details.  Therefore, in RAI 525, Question 09.01.04-31, the staff requested that the 
applicant provide the following: 

1 Description of how specific provisions of ANSI/ANS-57.2-1983 are applied to the design 
of the fuel assembly; if other codes and standards are referenced for technical details, 
provide a description of the extent to which other codes and standards are applied to the 
structural design/analysis of the penetration assembly. 

2 Description of how the penetration assembly would be designed as Seismic Category I 
to maintain the leak-tight fluid boundary during and following an SSE through the 
provisions ANSI/ANS-57.2-1983. 

3 Description of how the standard is used to design the various seals to ensure the 
leak-tight fluid boundary of the penetration assembly during and following an SSE, as 
well as the dropping of a fuel assembly. 

RAI 525, Question 09.01.04-31 is being tracked as an open item. 

FSAR Tier 2, Revision 4 Interim, Section 9.1.4.2 provided in the August 31, 2011, response to 
RAI 385, Questions 09.01.04-15, 09.01.04-16, and 09.01.04-17 stated that the SFCTM and the 
penetration assembly are designed as Seismic Category I equipment.  The SFCTM is designed 
in accordance with the applicable portions of ASME NOG-1-2004, while the design for the 
penetration assembly follows the ANSI/ANS-57.2-1983.  However, no description of the analysis 
methods and associated analysis results is provided in the FSAR section to support the designs 
of the SFCTM and the penetration assembly.  Therefore, in RAI 525, Question 09.01.04-34, the 
staff requested that the applicant provide the following: 

1 Description of the design/analysis procedures and results used for the SFCTM and 
penetration assembly. 
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2 Description of the computer models used to establish that the design of the SFCTM and 
the penetration assembly are Seismic Category I. 

3 Description of the modeling of various connections, such as the lateral supports to the 
SFCTM with concrete walls through the anti-seismic locking devices and the vertical 
support at the base, as well as the interfaces between the SFCTM and the penetration 
assembly, to ensure leak-tightness during an SSE event. 

4 Description of the design/analysis procedures and results used for the loading hall and 
cast loading pit structures. 

RAI 525, Question 09.01.04-34 is being tracked as an open item. 

The SFCTM is moved in the loading hall on rails which are anchored to the base slab.  
However, the FSAR did not describe how the anchors are designed and analyzed to ensure 
adequate structural support for the safe movement of the SFCTM trolley.  Therefore, in RAI 525, 
Question 09.01.04-35, the staff requested that the applicant provide the description of the 
analysis/design procedures used for the design of the anchors to ensure adequate structural 
support for the SFCTM when subject to the SSE loads.  RAI 525, Question 09.01.04-35 is 
being tracked as an open item. 

FSAR Tier 2, Revision 4 Interim, Section 9.1.4.2 provided with the August 31, 2011, response to 
RAI 385, Questions 09.01.04-15, 09.01.04-16, and 09.01.04-17 did not provide description of 
any acceptance limits for the SFCTF equipment and associated structures.  Therefore, in 
RAI 525, Question 09.01.04-36, the staff requested that the applicant provide the description of 
applicable acceptance limits in terms of allowable stresses, strains, deformation and other 
design criteria for the SFCTM, penetration assembly components, seals, and loading hall and 
cask loading pit structures. 

RAI 525, Question 09.01.04-36 is being tracked as an open item. 

FSAR Tier 2, Revision 4 Interim, Section 9.1.4.2 provided with the August 31, 2011, response to 
RAI 385, Questions 09.01.04-15, 09.01.04-16, and 09.01.04-17 did not provide description of 
materials for the SFCTF equipment and the quality control procedures to ensure adequate 
designs.  Therefore, in RAI 525, Question 09.01.04-37, the staff requested that the applicant 
provide the following: 

1 Description of materials used for the SFCTM, penetration assembly components, seals, 
and loading hall and cask loading pit structures. 

2 Description of quality control procedures in place to ensure adequate designs. 

3 Description of special construction techniques, if used. 

RAI 525, Question 09.01.04-37 is being tracked as an open item. 

The operation for transferring spent fuels to the cask underneath the spent fuel pool is unique 
among U.S. nuclear power plants.  Although the penetration assembly and SFCTM are 
classified as Seismic Category I, operation of the SFCTF to transfer the spent fuel relies on a 
number of safety devices such as safety interlocks and seals to maintain the leak-tight boundary 
for the penetration assembly.  To demonstrate that these safety devices and seals will perform 
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their intended functions during normal operation and under the SSE loads (no drain-down 
events), in RAI 525, Question 09.01.04-38, the staff requested that the applicant provide the 
following: 

1 Whether theses safety devices and seals are seismically qualified, and to what codes 
and standards these will be qualified. 

2 Whether any tests will be performed to demonstrate the safety performance of the 
SFCTF during the normal operation and under SSE loads. 

RAI 525, Question 09.01.04-38 is being tracked as an open item. 

As summarized above, the equipment that makes up the FHS is non-safety-related, with the 
exception of the fuel transfer tube and blind flange, and the SFCTF equipment is safety-related, 
with the exception of the biological lid handling station.  The fuel handling operation takes place 
inside the FB, which protects the facility from natural phenomena including extreme winds and 
tornado missiles in accordance with RG 1.13, RG 1.29, and RG 1.117.  The applicant further 
clarified that the CLP is designed to Seismic Category I.  The fuel transfer tube and blind flange 
are Seismic Category I in accordance with RG 1.29, Regulatory Position C.1. 

In view of the open items identified above, the staff is unable to make a determination on 
whether the FHS and SFCTF meet the requirements of GDC 2. 

GDC 5, “Sharing of Structures, Systems, and Components” 

The FHS system of the U.S. EPR is not shared among multiple units in accordance with FSAR 
Tier 2, Section 9.1.4.1 which states, ―The FHS components are not shared among nuclear 
power units (GDC 5).‖  Therefore, the provisions of GDC 5 are not applicable to the U.S. EPR 
standard plant design. 

GDC 61, “Fuel storage and handling and radioactivity control” 

The staff reviewed the FHS and SFCTF for compliance with the requirements of GDC 61, with 
respect to its design for protection as it relates to radioactive release as a result of fuel damage 
and assure adequate safety under normal and postulated accident conditions.  Satisfaction of 
the guidelines of American National Standards Institute/American Nuclear Society 
(ANSI/ANS) 57.1-1992 is an acceptable means for demonstrating, in part, that the relevant 
aspects of GDC 61are met. 

In accordance with SRP Section 9.1.4, the staff notes that the application should include a 
description of the FHS and SFTCF, including all components for handling new fuel from the 
receiving station to loading spent fuel into the shipping cask. 

Fuel Handling System 

In accordance with SRP Section 9.1.4, the FSAR should contain a description of the integrated 
design of the FHS structural, mechanical, and electrical elements.  The applicant should provide 
a description of the FHS, including all components for transporting and handling fuel, the 
manual and automatic operating controls, and the safety interlocks.  The staff evaluated the 
FHS capability to preclude unacceptable releases of radiation as a result of mechanical damage 
to fuel and maintain acceptable shielding during fuel handling. 
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The RM moves fuel assemblies in the reactor vessel and between the reactor vessel and the 
FTTF during outages.  The RM is primarily designed for underwater handling of fuel assemblies.  
The RM is used to provide access to fuel assemblies to detect fuel cladding ruptures, and is 
also used for visual core mapping.  The RM is also used as an operational platform for handling 
control rod drive shafts and instrumentation, and provides access to the upper internals of the 
reactor vessel.  The RM hoisting mechanism is designed in accordance with ANSI/ANS 57.1. 

The FTTF is designed in accordance with ANSI/ANS 57.1, and used to transfer fuel underwater 
between the SFP and the refueling cavity.  The fuel transfer tube is attached to the RB internal 
containment wall by means of a rigid and leak tight connection so as to not affect containment 
integrity.  The fuel transfer tube is fitted with a blind flange on the RB side to provide 
containment isolation during power operations and with a manual gate valve on the FB side to 
allow isolation of the SFP from the refueling cavity. 

The NFE is used to lower new fuel assemblies from the operating deck to the bottom of the 
spent fuel storage pool for transfer via the SFM.  The NFE supports and rotates the fuel 
assemblies, protects them from shock, and allows for underwater inspection. 

The SFM is designed for underwater handling of fuel assemblies between the SFP and the 
FTTF and is also used for fuel transfers between the SFP and the CLP.  The SFM provides 
access to the fuel assemblies to detect fuel cladding ruptures and is also used for loading of 
spent fuel into the shipping casks.  The SFM hoisting mechanism has an operational brake, an 
auxiliary brake, and a safety brake that engages in case of over-speed, chain failure, reverse 
rotation, or malfunction of the loop drive train configuration.  The brakes engage when 
de-energized. 

The SFM transports spent fuel assemblies over and above the spent fuel racks.  If the raised 
fuel assembly were too close to the water surface of the SFP, excessive radiation levels on the 
fuel handling floor might occur.  GDC 61 requires the avoidance of excessive personnel 
radiation exposure.  Therefore, in RAI 131, Question 09.01.04-8, the staff requested that the 
applicant clarify how the operating interlocks for the SFM ensure a spent fuel assembly is not 
raised above a specified water level in the SFP, such that radiation levels in the FB are ALARA.  
In a March 31, 2009, response to RAI 131, Question 09.01.04-8, the applicant provided 
additional clarification that the SFM is restricted from raising a fuel assembly to a height which 
could result in excessive personnel radiation exposure.  A limit switch prevents lifting of a fuel 
assembly beyond the level above which personnel exposure from an irradiated fuel assembly 
will be >2.5 mrem/hour.  In addition, the SFM is provided with a dose rate measurement device 
and fuel assembly lifting is stopped in case the allowable dose rate limit.  Based on the 
applicant’s commitment to provide interlocks to prevent lifting of a fuel assembly beyond an 
acceptable level below the surface of the water in the SFP, the staff considered this an 
acceptable response and, therefore, considers RAI 131, Question 09.01.04-8 resolved.  The 
staff confirmed that FSAR Tier 2, Section 9.1.4.3.1 was updated to clarify the SFM limits on 
raising an irradiated spent fuel assembly in the SFP. 

ANSI/ANS-57.1-1992, Table 1, ―Required Interlock Protection,‖ provides interlock protection 
guidelines for the components of the FHS.  The application describes the interlocks associated 
with the RM, FTTF, and SFM, which were not complete with respect to Table 1 referenced 
above.  Additionally, ANSI/ANS-57.1-1992, Table 1 lists interlock guidelines for the NFE, 
auxiliary crane, and the upenders, which were not described in the application.  Therefore, in 
RAI 131, Question 09.01.04-03, the staff requested that the applicant describe in the FSAR how 
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the interlocks specified in ANSI/ANS-57.1-1992, Table 1 are applied for each of the FHS 
components listed in the table and provide a markup of the FSAR showing the above requested 
information. 

In a February 18, 2010, response to RAI 131, Question 09.01.04-3, the applicant referred to the 
commitment located in FSAR Tier 2, Section 9.1.4.5 which demonstrates that the FHS design 
provides, at a minimum, the interlocks listed in ANSI/ANS-57.1-1992, Table 1.  The applicant  
also summarized how the stated FSAR interlocks corresponded to the relevant interlocks in 
ANSI/ANS-57.1-1992, Table 1.  In the case of the RM, the applicant proposed to provide 
additional information in FSAR Tier 2, Section 9.1.4.3.1 confirm that the RM is provided with a 
dose rate measurement device, and lifting is stopped in case the allowable dose rate is 
exceeded. 

The commitment to the interlocks located in ANSI/ANS-57.1-1992, Table 1 and the summary of 
how these correspond to the interlocks identified in the FSAR in the applicant’s February 18, 
2010, response to RAI 131, Question 09.01.04-03 confirms that the FHS component interlocks 
comply with the recommendations of ANSI/ANS-57.1-1992.  Therefore, the staff considers 
RAI 131, Question 09.01.04-3 resolved.  The staff confirmed that the proposed change 
regarding the inclusion of a dose rate measurement device on the RM that provides a signal to 
stop lifting in case the allowable dose rate is exceeded has been added to FSAR Tier 2, 
Section 9.1.4.3.1. 

As stated in SRP Section 9.1.4, the fuel handling system load with the potential to cause the 
greatest damage to stored fuel should be identified for the fuel handling accident evaluation.  
The staff notes that in FSAR Tier 2, Section 15.0.3.10, ―Fuel Handling Accident,‖ the bounding 
fuel handling accident is the postulated drop of a fuel assembly during the refueling operation 
that results in submerged fuel damage in the SFP.  Details regarding the specific assumptions, 
sequences, and analyses of fuel handling accidents are provided in FSAR Tier 2, 
Section 15.0.3.10. 

Based on the above, the staff concludes that the design of the FHS complies with the guideline 
of ANSI 57.1-1992.  Therefore, the staff concludes that the FHS meets the requirements of 
GDC 61 with respect to its design for protection as it relates to radioactive release as a result of 
fuel damage and to assure adequate safety under normal and postulated accident conditions. 

Spent Fuel Cask Transfer Facility 

The staff evaluated the SFCTF’s capability to preclude unacceptable releases of radiation as a 
result of mechanical damage to fuel and maintain acceptable shielding during fuel handling. 

After sufficient decay, spent fuel assemblies are able to be removed from the SFP for loading 
into a spent fuel cask using the SFCTF.  The SFCTF includes equipment for receipt and 
preparation of a spent fuel cask, transfer of the cask within the cask loading hall, connection of 
the cask to the loading pit, and removal of the loaded cask from the FB.  The main components 
of the SFCTF are defined as the SFCTM, penetration station equipment, biological lid handling 
station, and auxiliary fluid circuits. 

The SFCTM is located in a separate room from the SFP area.  This configuration ensures that 
lifting storage casks would not occur above or near the SFP, thereby eliminating the potential to 
damage the SFP or stored fuel in the SFP from a cask drop accident.  The SFCTM is designed 
to remain in place and support the cask while the cask is attached to the loading pit penetration 
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and prevent a loss of water from the SFP during an SSE that could result in potential offsite 
exposures.  The SFCTM also provides structural support to a cask containing spent fuel to 
preclude fuel damage or a criticality accident.  In an April 18, 2011, response to RAI 385, 
Question 09.01.04-15, the applicant stated that the SFCTM is designed in accordance with the 
applicable portions of ASME NOG-1-2004 as a single failure-proof Type I crane trolley and has 
protective features such as conservative design factors, redundant systems, and speed 
limitations making the possibility of a tip over, collision, or uncontrolled movement extremely 
small.  However, it was unclear to the staff what is meant by the term ―applicable portions‖ of 
ASME NOG-1-2004.  Therefore, in RAI 525, Question 09.01.04-21, the staff requested that the 
applicant define in the FSAR which components and portions of the NOG-1 code are 
―applicable‖ or credited as single failure proof.  RAI 525, Question 09.01.04-21 is being 
tracked as an open item. 

The CLP is located adjacent to the SFP.  Spent fuel assemblies are loaded into the casks at the 
spent fuel cask transfer facility, which is located below the CLP in the loading hall of the fuel 
building.  The CLP contains a penetration assembly for connection to a spent fuel cask.  To 
maintain leak-tightness, the penetration assembly is equipped with dual seals at the interfaces 
between the penetration, on the one hand, and the cask and CLP.  FSAR Tier 2, Figure 9.1.4-9, 
‖Loading Pit Penetration Assembly Seals,‖ shows the location of the seals.  In order to monitor 
leakage, the space between the dual seals is pressurized with compressed air at a pressure 
greater than the loading pit water column pressure.  The CLP also includes instrumentation to 
monitor the leak-tightness of the upper cover of the penetration and provide indication in the 
main control room when the SFCTF is not in use.  Since the spent fuel loading cask is at an 
elevation lower than the SFP and based on abnormal drain down concerns, as explained above, 
in RAI 131, Question 09.01.04-7, the staff requested that the applicant explain all design and 
controls that prevent draining the SFP.  In a February 18, 2010, response to RAI 131, 
Question 09.01.04-7, the applicant provided a brief description indicating that the loading 
penetration in the loading pit is provided with a cover that is maintained closed.  Based on the 
information provided in the FSAR and applicant’s response to RAI 131, Question 09.01.04-7, 
the staff determined additional information was needed to complete the evaluation of movement 
of spent fuel.  Therefore, in follow-up RAI 385, Question 09.01.04-16, the staff requested that 
the applicant provide the methodology for preventing draining of the SFP, when the cask is 
connected to the bottom of the CLP, assuming a single failure.  In an April 18, 2011, response 
to RAI 385, Question 09.01.4-16, the applicant provided an evaluation of potential failure 
scenarios involving cask loading operations including:  (1) Fuel assembly drop; (2) cask drop or 
tip; (3) improper cask docking; (4) operator error; (5) penetration seal failure; (6) gate seal 
failure; (7) failure of piping attached to the CLP; (8) failure of the cask handling machine; 
(9) seismic events; (10) loss of power; (11) radiological release in the loading hall; and 
(12) leakage detection.  The staff’s review of these potential draindown events and final closure 
of RAI 385, Question 09.01.04-16 is contained in Section 9.1.2 of this report. 

The gates separating the SFP and FB transfer compartment/cask loading pit are safety-related, 
Seismic Category I components.  The loading pit is separated from the SFP by two gates:  
(1) a swivel gate, and (2) a slot gate, which are shown in FSAR Tier 2, Figure 9.1.2-9, ―Cask 
Loading Pit Gates.‖  The staff’s further review of the transfer gates is included in Section 9.1.2 of 
this report. 

The penetration assembly is a safety-related, Seismic Category I component.  The penetration 
assembly is designed to maintain the fluid boundary of the CLP during and following an SSE, 
both when the upper cover is closed and when it is open with a cask connected.  FSAR Tier 2, 
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Section 9.1.4 states that a brief unseating of the normally leak-tight connection at the mating 
surface of the connected cask may occur during an SSE.  The staff evaluation of leakage is 
discussed in Section 9.1.3 of this report. 

The penetration assembly is closed by an upper cover at the bottom of the CLP and a lower 
cover below a leak-tightness flange at the base of the penetration.  The upper cover of the 
penetration is a thick plate with a pressurization mechanism that pressurizes the cover uniformly 
and locks it closed for maintaining a leak tight seal, as follows:  Two seals are provided to 
maintain leak-tightness between the upper cover and the supporting structure and compressed 
air is supplied between the two seals to ensure and monitor leak-tightness.  A seismic locking 
device holds the upper cover in the closed position during an SSE.  The hoist, located above the 
CLP, is designed for lifting the penetration assembly upper cover and is designed in accordance 
with the applicable portions of ASME NOG-1 as a single failure-proof hoist (Type 1).  The lower 
cover is a thick disk bolted to the leak-tightness flange of the penetration assembly with 
two seals providing leak-tightness.  It was unclear to the staff how the penetration mechanism is 
configured and designed to maintain leak-tightness during the time cask loading is not in 
operation.  Therefore, in RAI 525, Question 09.01.04-21, the staff requested that the applicant 
describe in the FSAR the configuration of the penetration mechanism at all times when not 
performing cask loading and also define which components and portions of the NOG-1 code are 
applicable or credited.  RAI 525, Question 09.01.04-21 is being tracked as an open item. 

The fuel building auxiliary crane is used to move new fuel containers, container covers, 
protection lids, new fuel assemblies, erection opening covers, canisters, slot gates, tilting 
basket, and for miscellaneous handling operations.  This auxiliary crane is single failure proof 
and considered part of the heavy load handling system discussed in FSAR Tier 2, Section 9.1.5.  
The auxiliary crane bridge hoist uses the new fuel handling tool to handle new fuel assemblies 
for operations above the SFP water level. 

In addition to the auxiliary crane, the biological lid handling station, used for handling of the 
biological lid and the penetration upper cover hoist, which maneuvers the upper cover and the 
SFCTM, is categorized as heavy load handling equipment.  The staff’s evaluation of this heavy 
load handling equipment is discussed in Section 9.1.5 of this report. 

In FSAR Tier 2, Section 9.1.4.2.2, the applicant stated that one of the main components of the 
SFCTF are the fluid circuits.  It was unclear to the staff the applicant use of the term ―fluid 
circuits‖ in this application.  Therefore, in RAI 131, Question 09.01.04-13, the staff requested 
that the applicant clarify the meaning of the term ―fluid circuits‖ as used in the FSAR.  In 
addition, the staff requested the applicable components of the SFCTF referred to as "fluid 
circuits" should be listed in FSAR Tier 2, Table 3.2.2-1.  In a May 12, 2009, response to 
RAI 131, Question 09.01.04-13, the applicant stated that the fluid circuits of the spent fuel cask 
transfer facility are outside the scope of the FSAR and will be removed from the FSAR in 
response to RAI 131, Question 09.01.04-05 above.  Therefore, the staff considers RAI 131, 
Question 09.01.04-13 resolved. 

Components performing safety functions, failure of which may lead to abnormal levels of 
occupational radiation exposure, are designed to meet single failure criterion.  Mechanical 
components were designed to fail in the safe position on loss of power.  As indicated in FSAR 
Tier 2, Section 9.1.4.3, the SFCTF is provided with internal and external interlocks related to 
operation of the cask opening, operation of the cover of the loading penetration and operation of 
the SFCTM. 
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However, the application did not explain the function of these interlocks or explain how these 
interlocks prevent unsafe operation.  The FSAR neither identified the safety-related SSCs of the 
SFCTF, nor described the safety functions such that the staff could evaluate the safe handling 
practices of the spent fuel cask transfer facility in accordance with SRP Section 9.1.4.  
Therefore, in RAI 131, Question 09.01.04-05, the staff requested that the applicant clarify the 
safety functions of the SFCTF and explain the function of these interlocks and clarify how these 
interlocks prevent unsafe operation. 

In an August 31, 2011, response to RAI 385, Question 09.01.04-15, the applicant provided 
Table 09.01.04-15-6 which contains an extensive list of conditions to satisfy prior to performing 
various operations.  Although these are presented in the RAI response as interlocks, it is 
unclear to the staff how these features will be provided and initiated to prevent damage to fuel 
units or control components and provide for personnel safety.  To minimize potential for 
operator error, in RAI 525, Question 09.01.04-22, the staff requested that the applicant describe 
any mechanical stops or electric interlocks included with the equipment to prevent movement in 
an unsafe manner in the FSAR.  In addition, the staff requested that the applicant describe how 
Table 09.01.04-15-6 items provided in the response will be monitored and controlled 
(i.e., physical limitations, procedurally, etc.) and justify not including this table in the FSAR.  
RAI 525, Question 09.01.04-22 is being tracked as an open item.  

As indicated above, to minimize exposure during cask loading operation, the SFCTF is 
designed to be remotely operated during normal operation, with no personnel in the loading hall, 
from the time the cask is connected to the penetration assembly leak tested (prior to fuel 
movement) until the biological lid is placed back on the loaded cask.  The SFCTF has an 
interlock with the loading hall external door, so the SFCTM cannot be operated if the external 
door is open.  The external door remains closed during cask loading operations.  Doses to 
operators are maintained ALARA by remote operation of the SFCTM.  This precludes the need 
for operators to enter the loading hall containing a loaded cask until the biological lid is placed 
on the cask.  The space above the SFP, CLP, and FB transfer pit are supplied by a common 
fuel pool room ventilation arrangement.  The under-pool loading configuration precludes 
contamination of the exterior surface of the cask, which minimizes occupational dose during 
cask loading operations.  As indicated by the applicant, the loading hall is provided with a 
separate supply and exhaust duct.  The FB ventilation system has isolation provisions that can 
isolate the SFP room and loading hall from the rest of the building when needed.  The April 18, 
2011, response to RAI 385, Question 09.01.04-15 indicates that occupational doses are 
minimized if an operator is called upon to enter the loading hall under abnormal conditions.  
However, it is unclear to the staff why an operator would need to enter the SFCTF during cask 
loading.  Therefore, in RAI 525, Question 09.01.04-23, the staff requested that the applicant 
identify what abnormal conditions would call for an operator to enter the cask loading hall during 
cask loading operation.  RAI 525, Question 09.01.04-23 is being tracked as an open item. 

In RAI 131, Question 09.01.04-7 and RAI 385, Question 09.01.04-17, the staff requested that 
the applicant provide the methodology for preventing draining of the SFP, when a cask is 
connected to bottom of the CLP, assuming a single failure.  In a February 18, 2010, response to 
RAI 131, Question 09.01.04-7, the applicant proposed markup indicated that the gates and weir 
are arranged so that the bottoms of the gates are higher than the top of the stored fuel 
assemblies.  The gates elevations, leak-tightness, volume of the adjacent fuel-handling areas 
and leakage limitations to avoid reducing the coolant inventory to less than 3 m (10 ft) above the 
top of the fuel assemblies.  The protection against spent fuel pool draindown is evaluated by the 
staff in Section 9.1.2 of this report. 
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Fuel is transferred underwater between the SFP and the CLP using the SFM to lower the spent 
fuel into an attached cask through a penetration in the floor of the CLP.  The fuel assembly 
transfer is performed only when the cask pit is full of water.  As stated in FSAR Tier 2, 
Section 9.1.2, a minimum amount of water is maintained above the top of the fuel assemblies 
stored in the spent fuel pool.  The shielding provided by the water allows personnel access 
during all modes of plant operation.  Underwater fuel handling also provides continuous residual 
decay heat removal for spent fuel assemblies.  In addition, the spent fuel rack design is such 
that stored fuel assemblies are below the top of the rack such that underwater movement in the 
SFP can occur without striking stored fuel. 

As indicated above, the SFM is designed to hold its load during and after an SSE, but is not 
designed to operate under seismic conditions.  In an April 18, 2011, response to RAI 385, 
Question 09.01.04-15, the applicant stated that in the event of an earthquake, a fuel assembly 
in transit may be suspended in the CLP or partially inserted into the penetration.  In this 
configuration, the penetration cover could not be closed and the applicant credits operator 
action for closure of the swivel gate and manual operation of FHM to move the fuel element to a 
safe location.  However, the applicant does not provide any input for the time needed to 
complete these manual actions or any recovery plan.  Therefore, in RAI 525, 
Question 09.01.04-24, the staff requested that the applicant justify how it intends to credit 
manual actions of potentially failed equipment to recovery from an SSE with a suspended fuel 
assembly and justify the safe use of the FHM as Seismic Category II.  RAI 525, 
Question 09.01.04-24 is being tracked as an open item. 

As summarized above, the equipment that makes up the SFCTF is safety-related and Seismic 
Category I, with the exception of the biological lid handling station, which is classified as 
Seismic Category II.  With respect to the FHS, as stated above, the staff finds that the design of 
the FHS satisfies GDC 61.  With respect the SFCTF, however, the staff is unable to make any 
finding in regard to GDC 61 in light of the open items identified above. 

GDC 62, “Prevention of criticality in fuel storage and handling” 

Section 9.1.1 of this report provides the staff’s evaluation of the prevention of new and spent 
fuel criticality, including conformance with ANSI/ANS 57.1 and the assumptions and initial 
conditions in the criticality analysis that need to be addressed by administrative control 
procedures and checklists used during refueling and other fuel handling operations. 

The NFE supports and rotates the fuel assemblies, protects them from shock, and allows for 
underwater inspection.  In RAI 131, Question 09.01.04-4, the staff requested that the applicant 
clarify how the NFE is designed and operated, and include the number of fuel assemblies that 
can be lowered or raised at a single time, while ensuring that an inadvertent criticality is 
avoided.  In a February 18, 2010, response to RAI 131, Question 09.01.04-4, the applicant 
provided additional clarification regarding the normal operation to transfer a new fuel assembly 
into the spent fuel storage pool.  The NFE is designed to accommodate only one fuel assembly 
at a time and is provided with a radiation monitor that stops the NFE in the event of exceeding 
the radiation limit.  The SFM is interlocked with the NFE to avoid a collision risk between the 
SFM, its load, and the NFE.  The applicant revised FSAR Tier 2, Section 9.1.4.3.1 to add these 
additional statements about the various brakes and cable safety provisions and interlocks of the 
NFE.  The staff finds the additional clarification on the operation of NFE is consistent with typical 
NFE operation and, therefore, considers RAI 131, Question 09.01.04-4 resolved. 
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FSAR Tier 2, Section 9.1.4.2.1 contained statements taking credit for boric acid which resulted 
in conflicting statements with respect to the need for borated water to prevent criticality.  
Therefore, in RAI 131, Question 09.01.04-9, the staff requested that the applicant clarify the 
purpose of using borated water and make the necessary FSAR changes for consistency.  In a 
February 18, 2010, response to RAI 131, Question 09.01.04-9, the applicant clarified that 
soluble boron is credited in the spent fuel pool during refueling operations to prevent criticality, 
as addressed in the February 18, 2010, response to RAI 84, Question 09.01.02-17.  The staff 
confirmed that the use of boron is reviewed in Section 9.1.1 of this report and, therefore, 
considers RAI 131, Question 09.01.04-09 resolved. 

The relevant aspects of GDC 62 can be met, in part, by conformance to the guidelines of 
ANSI/ANS Standard 57.1-1992.  Since the FHS is designed to ensure that subcriticality is 
maintained with the equipment fully loaded with fuel and the pool flooded with unborated water, 
and since the FHS is designed to retain its load in the event of an SSE (not failing in a manner 
to cause damage to fuel or permit criticality), the staff finds the FHS design complies with the 
guidelines provided in ANSI/ANS Standard 57.1-1992.  Therefore, based on the above, the staff 
concludes that the FHS meets the requirements of GDC 62 as it relates to prevention of 
criticality. 

ITAAC and Tier 1 

The applicant must meet 10 CFR 52.47(b)(1), which requires that an FSAR contain the 
proposed 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 facility that 
incorporates the design certification has been constructed and will be operated in accordance 
with the design certification, the provisions of the Atomic Energy Act of 1954, and NRC 
regulations. 

FSAR Tier 1, Section 2.2.8, ―Fuel Handling System,‖ provides ITAAC for the.  The FSAR Tier 1 
ITAAC information for balance-of-plant SSCs is evaluated in Section 14.3.7 of this report, and 
evaluation of the FSAR Tier 1 information in this section is an extension of the evaluation 
provided in Section 14.3.7 of this report.  The staff reviewed the information provided in FSAR 
Tier 2, Table 2.2.8-2, ―FHS Inspections, Test, and Analysis and Acceptance Criteria (ITAAC),‖ to 
confirm that the proposed ITAAC are adequate for U.S. EPR design certification. 

Safety-related functions should be described in FSAR Tier 1, Section 2.2.8, and FSAR Tier 1, 
Table 2.2.8-2.  Therefore, in RAI 131, Question 09.01.04-11, the staff requested that the 
applicant add ITAAC for all safety-related functions.  In a February 18, 2010, response to 
RAI 131, Question 09.01.04-11, the applicant stated that the safety-related functions of the FHS 
are listed in FSAR Tier 1, Section 2.2.8.  The fuel transfer tube provides a containment isolation 
function, as listed in FSAR Tier 1, Section 2.2.8 and FSAR Tier 1, Table 2.2.8.  The applicant’s 
RAI response further indicated that the SFCTF penetration and cover maintain water inventory 
to facilitate cooling of irradiated fuel assemblies, which is also listed in FSAR Tier 1, 
Section 2.2.8.  However, the applicant did not provide an ITAAC for SFCTF, which is the subject 
of follow-up RAI 525, Question 09.01.04-25, as discussed below. 

ITAAC in FSAR Tier 2, Revision 3, Section 2.2.8 are provided for verification of the seismic 
classification and the location of the components listed in FSAR Tier 1, Table 2.2.8-1.  However, 
the staff notes that verification of the safety-related SFCTF ITAAC should demonstrate that the 
system is built and will operate in accordance with the FSAR.  System ITAAC should be 
developed based on the latest design of SFCTF (such as, single failure proof design, dual 
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loading components, etc.).  The ITAAC should demonstrate that the safety and operating 
features credited for safe handling and operation are included to validate that the design of 
components and mechanisms to withstand earthquakes and inclusion of interlocks and design 
features to ensure that the SFCTF will perform fuel handling within acceptable limits.  In 
addition, the staff notes an inconsistency between FSAR Tier 2, Table 3.2.2-1 and Tier 1, 
Table 2.2.8-1 for the SFM (i.e., FSAR Tier 2, Table 2.2.8 indicates the seismic category of the 
SFM as ―N/A‖ and Table 3.2.2-1 classifies the SFM as Seismic Category II). 

In RAI 525, Question 09.01.04-25, the staff requested that the applicant [rpvide ITAAC for the 
SFCTF and review all components for consistency between classifications in FSAR Tier 1 and 
FSAR Tier 2 to ensure consistency.  RAI 525, Question 09.01.04-25 is being tracked as an 
open item. 

Operating experience 

The applicant must meet 10 CFR 52.47(a)(22), which requires that information demonstrating 
how operating experience insights have been incorporated into the plant design be included in 
the FSAR. 

Since this design has not been approved at any nuclear plant in the U.S., in RAI 131, 
Question 09.01.04-5, the staff requested that the applicant provide any relevant international 
operating experience insights and an explanation of how the spent fuel cask loading and spent 
fuel cask transfer facility is designed and operating to prevent design deficiencies and 
undesirable operating events. 

In a February 18, 2010, response to RAI 131, Question 09.01.04-5, the applicant indicated that 
experience with existing operating units is limited due to the limited public availability of event 
reports.  No experience relating to currently installed SFCTFs was found during a search of the 
international operating experience database of the INPO Nuclear Network and the Incident 
Reporting System of IAEA/NEA. 

The applicant further indicated that the following was obtained from their discussions with 
European colleagues concerning their operating experience: 

It is estimated that about 1,000 loading campaigns have been successfully 
performed at French nuclear power plants.  The spent fuel is typically located into 
transport casks for shipment to a reprocessing facility.  Based on information 
provided by European colleagues, no major incidents related to the operation of 
the facility have been reported.  In 2006, an incorrect lineup between the cask 
transfer machine and penetration at one of the facilities resulted in damage to the 
penetration seal.  Cask loading operations were stopped for inspection and 
damage assessment before filling the penetration and prior to moving spent fuel.  
Another event occurred where the docking mechanism jammed and had to be 
manually cut to undock the cask.  A contamination event occurred at one plant 
during placement of the biological lid due to thermal expansion of the water in the 
cask causing it to spill over the sides of the cask.  None of these incidents posed 
a significant safety risk. 

It shold be noted that the applicant has not addressed or provided any additional assessment on 
the lessons learned from these events. 
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Based on the limited experience provided, the staff finds that, to date, there has not been any 
indication of a significant reported incident that would pose a threat to stored fuel assemblies or 
could result in a draindown of either the CLP or the SFP. 

Operator Error 

As indicated in NUREG-0612, the review of crane historical data indicated the need to give 
special attention to operator training, guidance on rigging and lifting devices, crane inspection 
and well defined procedures, which were principal causes of load drop or handling accidents.  
Based on the uniqueness of the SFCTF design, protection against operator error is of great 
importance. 

Interlocks and alarms are provided to monitor SFCTF operations and prevent operator error.  
A control interlock permits opening of the penetration assembly upper cover only after 
verification of leak-tightness of the seals, anti-seismic locking of the SFCTM, and correct cask 
water level.  An interlock also prevents undocking of the cask from the penetration assembly 
unless the upper cover is closed, the swivel gate is closed, and the water level in the cask is 
reduced to the proper level. 

The development of operator training and detailed procedures is the responsibility of the 
COL applicant as described in FSAR Tier 2, Sections 13.2 and 13.5 and COL Information 
Items 13.2-1 and 13.5-1 in FSAR Tier 2, Table 1.8-2, ‖U.S. EPR Combined License Information 
Items.‖ 

Since operation of the SFCTM is complex and involves the attachment of heavy load casks, the 
applicant needs to address potential causes for error, including operator error rigging failures, 
lack of adequate inspection, and inadequate procedures for heavy load handling to address 
NUREG-0612 and Regulatory Issue Summary (RIS) 2005-25.  Therefore, in RAI 525, 
Question 09.01.04-26, the staff requested that the applicant address the guidelines of SRP 
Section 9.1.5.III.3 for safe movement of cask and heavy loads and movement of heavy loads 
during the SFCTF operation.  RAI 525, Question 09.01.04-26 is being tracked as an open 
item. 

Spent Fuel Cask Transfer Facility Health Physics Review 

GDC 61 states, in part, that the design of the fuel storage and handling systems shall have 
suitable shielding for radiation protection and appropriate containment, confinement, and 
filtering systems.  Sufficient shielding provides protection for workers from the spent fuel so that 
regulatory limits are not exceeded and overexposures do not occur. 

FSAR Tier 2, Figure 9.1.4-7, ―Spent Fuel Cask Transfer Facility,‖ shows a cask loading pit with 
a penetration at the bottom of the pit which has an upper plate cover and a lower plate cover.  
In an August 30, 2011, response to RAI 398, Question 09.01.04-18, the applicant provided 
design features that would serve to protect workers from radiation exposure to spent fuel.  
These include a non-safety-related instrumentation and control system that provide indication of 
water levels in the cask and penetration, initiates an alarm in case of an abnormal water level 
during cask loading, and closes the remote controlled valves of the Spent Fuel Cask Transfer 
Facility’s fluid systems to stop water loss upon detection of leakage.  These features provide 
assurance that the water needed to provide shielding is maintained.  However, it is unclear to 
the staff which remote controlled valves are being credited.  Therefore, the staff closed RAI 398, 
Question 09.01.04-18 as unresolved and in RAI 534, Question 09.01.04-39, the staff requested 
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that the applicant provide additional information specifying the valves that are used to stop 
water loss from the penetration and cask.  RAI 534, Question 09.01.04-39 is being tracked as 
an open item. 

In addition, if personnel should need to access the area under the cask loading pit in case of an 
equipment malfunction, the SFCTF is equipped with biological shielding around the penetration, 
on top of the transfer machine, around the top of the cask, and around the equipment and piping 
that are in contact with contaminated fluids.  An area radiation monitor located in the loading hall 
warns workers of increased radiation (should they need to access the area because of 
equipment malfunction or other emergency), and an interlock prevents the SFCTF from 
operating while the external door to the loading hall is open.  The design of the SFCTF itself 
allows the cask to be loaded with spent fuel without contaminating the outside of the cask.  
These features reduce the occupational dose associated with cask loading operations and 
conform to the requirements of GDC 61.  However, in an August 30, 2011, response to RAI 398, 
Question 09.01.04-18, the applicant stated, ―all cask loading operations are automatically 
performed from the SFCTF control room.  This includes automatic welding of the biological lid 
and its covers.‖  It was unclear to the staff where and how welding is performed in closing the 
cask.  FSAR Tier 2, Section 9.1.4 states that the biological lid flange is bolted to the cask prior 
to leak-tightness checks and does not mention welding at all.  Since welding seems to be 
credited to ensure leak-tightness of the cask, in RAI 534, Question 09.01.04-39, the staff 
requested that the applicant revise the FSAR to describe where and how welding occurs during 
the cask closing operations.  In addition, the staff requested that the applicant clarify which lid or 
cover is welded versus which one may be bolted, and whether the welding or bolting of lids or 
covers is automatic or remotely operated.  RAI 534, Question 09.01.04-39 is being tracked as 
an open item. 

The staff requested that the applicant provide a dose estimate for the areas around the 
penetration during cask loading operations to verify that the radiation zones in Chapter 12 of the 
FSAR showed maximum dose rates.  The applicant performed a conservative radiation 
shielding calculation assuming no boron in the water (boron is used to absorb neutrons and its 
presence would result in lower radiation levels since most of the radiation associated with older 
spent fuel is neutron radiation).  Based on a bounding source term from 4 MOX and 8 UO2 fuel 
assemblies, the highest dose rate was calculated to be 100 mrem/hour.  The applicant revised 
FSAR Tier 2, Figure 12.3-33, ―Fuel Building +0 Ft Elevation Radiation Zones,‖ and FSAR Tier 2, 
Figure 12.4-34, ―Fuel Building +12 Ft Elevation Radiation Zones,‖ to include a footnote stating 
that access to the penetration and lid-handling stations are controlled in accordance with 
10 CFR 20.1601, ―Control of Access to High Radiation Areas.‖  Given that the dose rates at 
these locations reach 100 mrem/hour and, therefore, create a high radiation area, the staff finds 
these revisions to the FSAR acceptable to comply with 10 CFR 20.1601 and GDC 61. 

When the SFCTF is not in use, the radiation zone associated with the loading hall is green, or 
less than 2.5 mrem/hour.  However, radiation levels would increase if fuel were moved into the 
pit prior to the cask being attached to the penetration.  In response to RAI 84, 
Question 09.01.04-18, the applicant stated that the SFM would have an external interlock with 
the SFCTF which would allow the SFM access to the loading pit only if the swivel gate and the 
slot gate, which separate the loading pit from the spent fuel pool, are open and removed and the 
loading pit upper cover is completely open.  An additional interlock prevents the upper cover 
from opening unless the correct docking of the spent fuel cask with the loading penetration has 
been successfully accomplished.  The functioning of these interlocks is the subject of RAI 84, 
Question 09.01.04-05 described earlier in this SER section.  As described above, the 
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acceptability of this design feature for maintaining occupational exposures ALARA is the subject 
of RAI 525, Question 09.01.04-22 which is being tracked as an open item. 

10 CFR 20.1406 states, in part, that design features will be incorporated into the design of the 
reactor to minimize contamination of SSCs, the facility, and the environment.  In response to 
RAI 84, Question 09.01.04-18 the applicant provided additional detail on this aspect of the 
design for the SFCTM.  For example, the SFCTM can collect its operational fluid circuit’s 
effluents via the trolley platform from where they can be drained to the Nuclear Island Drain and 
Vent System (NIDVS) or loading hall sumps.  The sumps in the loading hall are in turn also 
connected to the NIDVS, which prevents the flooding of the hall.  The lower cover of the 
penetration assembly is equipped with a nozzle for the recovery of drip-offs.  Additionally, the 
geometry and surface finish of the immersed parts are selected to prevent the formation of 
radioactive-particle retention areas and to facilitate decontamination.  Piping is designed to 
maintain minimum flow velocities and is installed with slopes to facilitate complete draining.  
Immersed parts, including moving immersed parts, are designed to facilitate cleaning.  The 
design features described above conform to RG 4.21, ―Minimization of Contamination and 
Radioactive Waste Generation: Life-Cycle Planning,‖ and therefore comply with 
10 CFR 20.1406.  However, with the exception of the nozzle for collecting drip-offs, these 
design features are not described in the FSAR.  Therefore, in RAI 534, Question 09.01.04-39, 
the staff requested that the applicant update the FSAR accordingly to reflect these features.  
RAI 534, Question 09.01.04-39 is being tracked as an open item. 

Reactor Cavity Draindown 

With regard to operating experience considerations, Inspection and Enforcement (IE) 
Bulletin 84-03, ―Refueling Cavity Water Seal,‖ was issued to address the potential failure of 
refueling cavity seals to assure that fuel uncovery while refueling remains an unlikely event.  
The bulletin called for licensees to evaluate the potential for and consequences of a refueling 
cavity seal failure.  Additional information concerning refueling cavity seal failures was provided 
by Information Notice (IN) 84-93, ―Potential for Loss of Water from the Refueling Cavity.‖  
IN 84-93 noted that refueling cavities can also be drained due to failures associated with other 
seals and as a consequence of valve misalignments.  Inadvertent drain down of the refueling 
cavity can result in a loss of cooling for fuel in transit and may cause a loss of water inventory 
and cooling for fuel in the buffer pool.  Since the water inventory in the refueling cavity is also 
needed for shielding purposes, high radiation levels can also result from exposed fuel and 
reactor components.  10 CFR Part 50, Appendix A, GDC 61, ―Fuel Storage and Handling and 
Radioactivity Control,‖ requires that the system design for fuel storage and handling of 
radioactive materials shall include the capability to prevent reduction in fuel storage coolant 
inventory under accident conditions.  GDC 63, ―Monitoring Fuel and Waste Storage,‖ requires 
that monitoring systems shall be provided to detect conditions that could result in the loss of 
decay heat removal, to detect excessive radiation levels, and to initiate appropriate safety 
actions. 

The staff reviewed the FSAR and determined that it was not clear that the applicant had 
addressed the operational experience regarding refueling cavity draindown.  Therefore, in 
RAI 337, Question 09.01.04-14, the staff requested that the applicant address operating 
experience considerations associated with IE Bulletin 84-03. 

In an August 5, 2011, response to RAI 337, Question 09.01.04-14, the applicant provided 
design information about the cavity ring and the safety analysis of the refueling cavity draindown 
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event.  The response also included several proposed FSAR additions and modifications.  
The staff is tracking the incorporations of these FSAR changes, as described in response.  
RAI 337, Question 09.01.04-14 is being tracked as a confirmatory item.  The content of the 

applicant’s response and the staff evaluation of it is discussed below. 

Refueling Seals 

In an August 5, 2011, response to RAI 337, Question 09.01.04-14, the applicant stated that the 
U.S. EPR does not use a refueling cavity seal.  The area between the reactor vessel and the 
reactor building support structure is covered by a permanently installed cavity ring.  The cavity 
ring does not rely on a pneumatic/flexible seal to maintain its leak-tightness.  The cavity ring is 
classified as a Seismic Category I mechanical component that is designed for a 60-year life.  
Additionally, the cavity ring is designed to withstand the impact of dropping one fuel assembly 
and limiting the resulting leakage to less than the makeup capability. 

The staff reviewed the applicant’s August 5, 2011, response to RAI 337, Question 09.01.04-14, 
and concluded that the cavity ring design is sufficiently robust to preclude a catastrophic failure 
of the seal during normal or abnormal operations and during a seismic event.  The staff also 
identified that the applicant had not described any leakage detection system that would monitor 
the cavity seal in order to identify a cavity ring integrity failure.  The applicant’s response to this 
RAI states that a decrease in reactor cavity level can be detected by level instrumentation 
installed in the fuel pool or visually in the cavity by an operator.  The staff identified that the fuel 
building can be isolated from the reactor building, leaving no instrumentation in the reactor 
cavity to alert operators of an abnormal condition.  The staff does not consider visual water level 
monitoring an adequate method to identify a draindown event, without having either alarmed 
level instrumentation in the reactor cavity or a dedicated ring leak detection/collection system.  
In addition, TS 3.9.6 requires a minimum water level of 7.07 m (23 ft) above the reactor vessel 
flange before initiating movement of fuel in the reactor cavity. 

In RAI 513, Question 09.01.04-20, Item a, the staff requested that the applicant justify in the 
FSAR how TS 3.9.6 will be satisfied without alarmed level instrumentation in the reactor cavity, 
and in the absence of reactor cavity water level instrumentation that provides level indication 
and alarm for abnormal conditions (low level and rate of change) both locally and in the main 
control room.  RAI 513, Question 09.01.04-20, Item a, is being tracked as an open item. 

As part of the August 5, 2011, response to RAI 337, Question 09.01.04-14, the applicant 
provided proposed Figure 9.1.4-14-1, ―Permanent RVP Refueling Cavity Ring – General 
Configuration,‖ which shows details of the refueling cavity ring.  The cavity ring is shown to 
protrude above the reactor vessel flange.  It was unclear to the staff the means by which the 
ring is protected from the movement of core components and fuel assemblies since parts of the 
ring are above the reactor vessel flange.  Therefore, in RAI 513, Question 09.01.04-20, Item c, 
the staff requested that the applicant clarify in the FSAR the protective measures and design 
features credited to ensure the movement of core components do not damage the reactor cavity 
ring.  In addition, for illustrative purposes, the staff requested that the applicant include this 
figure in the FSAR.  RAI 513, Question 09.01.04-20, Item c, is being tracked as an open 
item. 

The proposed FSAR markups included with the RAI response states, ―[t]he cavity ring is also 
designed to withstand the impact of one fuel assembly with resultant leakage less than the 
capacity of the makeup flow to the refueling cavity.‖  The staff identified that the design does not 
include a protective cover plate for the cavity ring, and does not include a leak detection system 
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for the cavity ring.  Therefore, in RAI 513, Question 09.01.04-20, Item d, the staff requested that 
the applicant provide the analysis that demonstrates a dropped fuel assembly will not result in a 
leak greater than makeup capability.  RAI 513, Question 09.01.04-20, Item d, is being tracked 
as an open item. 

Refueling Cavity Drainage Paths 

In addition to the flow paths associated with the cavity ring discussed above, the applicant’s 
August 5, 2011, response to RAI 337, Question 09.01.04-14 addressed other flow paths that 
could potentially cause the refueling cavity to drain.  These other flow paths include personnel 
access doors located at the bottom of the refueling cavity, fuel transfer system, and other flow 
paths that may result due to valve misalignments. 

The August 5, 2011, response to RAI 337, Question 09.01.04-14, states that the personnel 
access doors are designed with passive double seals and inter-seal leakage testing capability.  
The doors have locking mechanisms that maintain seal leak-tightness.  The doors open towards 
the inside of the refueling cavity, therefore, the hydrostatic pressure of the refueling water helps 
keep the doors closed against their frames. 

The staff evaluated the design description provided for the personnel access doors and 
concluded that based on previous experience, the doors are not expected to experience 
catastrophic failure after the refueling cavity has been flooded.  Any significant leakage is 
typically identified and corrected while the refueling cavity is being flooded and before fuel is 
removed from the reactor vessel.  If a significant leak should occur while moving fuel, the 
personnel access doors will limit the leakage and provide sufficient time for the operator to 
position the fuel assembly in transfer in a safe position.  Therefore, the staff finds that there is 
reasonable assurance that the personnel access doors will not pose a threat to the refueling 
cavity water inventory. 

The refueling cavity is provided with openings for cavity ventilation and for instrumentation and 
power supply connections to the RV closure head equipment.  The applicant’s August 5, 2011, 
response to RAI 337, Question 09.01.04-14 states that these openings are located at an 
elevation higher than the top of the fuel assembly in movement.  These openings are also 
designed with double seals that prevent a draindown event. 

The staff evaluated the design description provided for the openings for cavity ventilation and for 
instrumentation and power supply.  The staff concluded that, due to the relative elevation of the 
openings, there is reasonable assurance that the instrumentation opening will not pose a threat 
to the refueling cavity water inventory. 

The fuel transfer tube is designed as a Seismic Category I structure that has expansion joints 
located at each end of the tube which provide a leak-tight connection between the RB and the 
FB pools.  The design of the fuel transfer tube and the leak tight joints are described in FSAR 
Tier 2, Section 3.8, and the staff evaluation of these designs is presented in Section 3.8 of this 
report. 

The applicant’s August 5, 2011, response to RAI 337, Question 09.01.04-14 also identified that 
the residual heat removal system (RHRS), the fuel pool cooling and purification system, and the 
post-accident cavity drain line valve are potential paths for inadvertently draining the refueling 
cavity due to valve misalignment or operator error.  The response further states that the 



 

9-88 

 

operating procedures described by the applicant in FSAR Tier 2, Section 13.5.2 govern 
administrative control of systems with the potential for draining the refueling cavity. 

The staff evaluated the applicant’s August 5, 2011, response to RAI 337, Question 09.01.04-14, 
and concluded that valve misalignments can cause the reactor (and refueling cavity) to drain 
when a licensee is aligning systems for operation and establishing maintenance boundaries.  
However, these evolutions are performed in accordance with strict procedural controls that are 
established as specified in FSAR Tier 2, Section 13.5.2 and are subject to NRC inspection.  
Based on operating experience, this approach has been effective in preventing catastrophic 
drainage from systems connected to the reactor vessel.  Therefore, the staff finds that there is 
reasonable assurance that valve misalignments will not pose a threat to the refueling cavity 
water inventory or the inventory of water in the reactor vessel. 

However, the staff identified that the FSAR did not contain a COL information item instructing 
the COL applicant to create these particular procedures.  Therefore, in RAI 513, 
Question 09.01.04-20, Item b, the staff requested that the applicant include in FSAR Tier 2, 
Section 9.1.4.3, a description of the essential elements of the procedures or to make this a 
commitment for a COL information item.  The essential elements should consider directing the 
COL applicants to establish and implement procedures for responding to pool drain down 
events, performing periodic maintenance and inspection of the cavity ring and other seals in 
accordance with vendor recommendations, and monitoring cavity leakage.  RAI 513, 
Question 09.01.04-20, Item b is being tracked as an open item. 

Impact and Mitigation of Refueling Cavity Leakage 

As discussed above, a rapid drain down of the refueling cavity is not likely to occur.  Level 
indication is provided to alert operators to any leakage from the refueling cavity that develops, 
and any leakage that does occur should be well within the available makeup capability.  The 
applicant stated that if a drain down event is identified, the operator has sufficient time to place 
a fuel assembly in transit into the reactor or in the fuel transfer facility, where it can be 
positioned horizontally.  These two safe laydown locations provide assurance that in the unlikely 
event that the refueling cavity suffers a complete draindown (water level drop until the reactor 
vessel flange) there will be sufficient water covering the fuel to provide adequate shielding. 

The staff evaluated the applicant’s August 5, 2011, response to RAI 337, Question 09.01.04-14 
and determined that the refueling cavity and connected openings are designed with features 
that preclude the rapid draindown of the reactor cavity.   The staff also determined that, except 
for the open item in RAI 513, Question 09.01.04-20), any refueling cavity leakage will be less 
than the available makeup capability.  Therefore, the staff concludes that cooling for the fuel 
bundle in transit and for those stored in the reactor vessel or the fuel transfer tube will not be 
compromised, and shielding that is needed for reactor components and spent fuel will be 
maintained.  Dose considerations associated with refueling operations are evaluated in 
Section 12.4 of this report. 

Procedural Controls for Maintaining Refueling Cavity Integrity 

FSAR Tier 2, Section 13.5. ―Plant Procedures,‖ states that a COL applicant that references the 
U.S. EPR design certification will provide site-specific information for administrative, operating, 
emergency, maintenance and other operating procedures.  However, as identified above in 
―Refueling Cavity Drainage Paths,‖ the staff determined that the applicant has not provided a 
COL information item to specifically address the prevention and mitigation of the refueling cavity 
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draindown event.  Therefore, in RAI 513, Question 09.01.04-20, Item b, the staff requested that 
the applicant include in FSAR Tier 2, Section 9.1.4.3 a description of the essential elements of 
these procedures.  RAI 513, Question 09.01.04-20 Item b, is being tracked as an open item. 

In summary, the staff has evaluated the information provided by the applicant with respect to 
reactor cavity draindown and has identified open items and one confirmatory item.  In light of the 
open items, the staff is unable to conclude that the applicant has properly addressed the 
operational experience related to IE Bulletin 84-03 and IN 84-93, and has adequately addressed 
the requirements of GDC 61 and GDC 63. 

Initial Plant Test Program 

FSAR Tier 2, Section 14.2.12.3.15, ―Fuel Handling System (Test #038),‖ describes the initial 
test program to verify the proper operation of the FHS.  In addition, FSAR Tier 2, 
Section 14.2.12.3.16, ―Fuel Transfer System Operation and Leak Test (Test #039),‖ describes 
the initial test program to verify leak-tightness and operation of the FTTF.  Section 14.2 of this 
report addresses the staff’s evaluation of the initial test program for U.S. EPR.  The staff’s 
evaluation below is an extension of Section 14.2 of this report.  

In addition, the applicant’s April 18, 2011, response to RAI 385, Question 09.01.04-15 has 
proposed preoperational verification of many aspects of the SFCTF (Test #047).  The objective 
of this testing is to verify the proper operation of the SFCTF.  The applicant’s response 
proposed pre-operational tests to include handling sequence tests, electrical circuit tests, 
leak-tightness tests, and load tests.  Some of the items in the proposed SFCTF (Test #047) may 
become ITAAC when the ITAAC are provided in response to RAI 525, Question 09.01.04-25 
above. 

The staff finds the objective of the FHS preoperational test program appropriate to demonstrate 
the capability of the FHS to perform.  The staff considers the results of the FHS test program 
acceptable if the FHS performs as described in FSAR Tier 2, Section 9.1.4. 

While the pre-operational tests are appropriate to address the objective of the test, the staff has 
a concern about when this testing will be performed.  For safe operation, the staff finds that the 
capability of the SFCTF should be performed prior to operation of the SFCTF.  However, the 
SFCTF is not planned for use until some duration after plant operation.  Therefore, in RAI 525, 
Question 09.01.04-27, the staff requested that the applicant clearly state what testing will be 
performed prior to use of the SFCTF.  RAI 525, Question 09.01.04-27 is being tracked as an 
open item. 

Combined License Activities 

Revision 2 of the FSAR does not include any COL items related to the FHS. 

However, based on the applicant’s April 18, 2011, response to RAI 385, Question 09.01.04-15, 
COL Information Item 9.1-2 was added to FSAR Tier 2, Table 1.8-2, ―U.S. EPR Combined 
License Information Items,‖ instructing the COL applicant that references the U.S. EPR to 
provide a spent fuel cask acceptable for use with the SFCTF prior to initial cask loading 
operations. 

The proposed COL information item requests that the cask design be addressed prior to initial 
cask loading operations.  Initial cask loading operations may occur many years after plant 
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startup.  The staff needs assurance that the facility has the capability to remove spent fuel once 
fuel is loaded.  Therefore, in RAI 525, Question 09.01.04-28, the staff requested that the 
applicant revise the COL information item.  The COL information item should instruct the COL 
applicant to identify an NRC-approved cask and demonstrate that the cask can be safely 
connected to the certified SFCTF and remove spent fuel from the SFP prior to initial fuel load 
and plant startup.  RAI 525, Question 09.01.04-28 is being tracked as an open item. 

9.1.4.5 Conclusions 

The staff finds the applicant meets the requirements of GDC 5 for the FHS.  The staff cannot 
make a conclusion with respect to whether or not the applicant complies with GDC 2, GDC 61, 
GDC 62 and 10 CFR 52.47(b) (1) until the open items addressed above are resolved. 

9.1.5 Overhead Heavy Load Handling System 

 

Critical heavy loads may be handled during plant operation, shutdown and refueling conditions.  
If a critical heavy load handling operation resulted in a load drop, extensive damage to 
safety-related equipment, stored spent fuel or fuel in the core may occur.  Fuel damage could 
result in a potential release of radioactivity or unplanned criticality from the crushed, damaged 
fuel.  Therefore, critical overhead heavy-load handling system (OHLHS) operation includes 
multiple barriers to prevent a load drop and subsequent damage.  Regulatory guidance and 
industry experience has resulted in OHLHS design recommendations that include single failure 
proof criteria, use of mechanical stops or electrical interlocks to keep heavy loads away from 
fuel and safe shutdown equipment, defining safe heavy load paths, heavy load handling 
procedures, crane operator training, slings and special lifting device guidance, crane inspection 
and maintenance, and detailed analysis of load drop consequences. 

In accordance with SRP Section 9.1.5, the main emphasis in the OHLHS review is on critical 
load handling where inadvertent operations or equipment malfunctions, separately or in 
combination, could cause a release of radioactivity, a criticality accident, inability to cool fuel 
within the reactor vessel, or spent fuel pool or could prevent safe shutdown of the reactor. 

 

FSAR Tier 1:  The applicant has provided a general description of the polar and auxiliary 

cranes in FSAR Tier 1, Section 2.10.1 ―Cranes,‖ as part of Chapter 2, System Based Design 
Description and ITAAC. 

FSAR Tier 2: The applicant has provided a detailed description of the overhead heavy-load 

handling system in FSAR Tier 2, Section 9.1.5, ―Overhead Heavy Load Handling System.‖ 

The equipment designated for OHLHS is identified in FSAR Tier 2, Table 9.1.5-1, ―Heavy Load 
Handling Equipment.‖ 

ITAAC:  FSAR Tier 1, Table 2.10.1-2, ―Cranes Inspections, Tests, Analyses, and Acceptance 

Criteria,‖ specifies the ITAAC for the cranes. 

Testing:  FSAR Tier 2, Section 14.2 test abstracts #040 contains the performance testing of the 

containment polar crane and #041 contains the performance testing of the fuel handling cranes. 



 

9-91 

 

Technical Specifications:  There are no Technical Specifications applicable to the OHLHS. 

 

The relevant guidance of NRC regulations for this area of review, and the associated 
acceptance criteria, are given in NUREG-0800, Section 9.1.5, ―Overhead Heavy Load Handling 
Systems,‖ and are summarized below.  Review interfaces with other SRP sections also can also 
be found in NUREG-0800, Section 9.1.5.  Acceptance criteria are based on meeting the 
relevant requirements of the following NRC regulations: 

1. GDC 1 of 10 CFR Part 50, Appendix A, as it relates to the design, fabrication, and 
testing of structures, systems, and components important to safety in accordance with 
quality standards commensurate with the importance of the safety function to be 
performed. 

2. GDC 2, as it relates to the ability of structures, equipment, and mechanisms to withstand 
the effects of earthquakes. 

3. GDC 4, as it relates to the protection of safety-related equipment from the effects of 
internally-generated missiles (i.e., dropped loads). 

4. GDC 5, ―Sharing of Structures, Systems, and Components,‖ as it relates to 
safety-related structures not being shared among nuclear power units, unless it can be 
shown that such sharing will not significantly impair their ability to perform their safety 
functions. 

5. 10 CFR 52.47(b)(1),. which requires that a design certification application contain the 
proposed 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 
facility that incorporates the design certification has been constructed and will operate in 
accordance with the design certification, the provisions of the Atomic Energy Act of 
1954, and NRC regulations. 

Acceptance criteria adequate to meet the above requirements include: 

1. Acceptance for meeting the relevant aspects of GDC 1 is based, in part, on meeting 
NUREG-0554, ―Single-Failure Proof Cranes for Nuclear Power Plants,‖ for overhead 
handling systems and American National Standards Institute (ANSI) N14.6 or American 
Society of Mechanical Engineers (ASME) B30.9, ―Slings,‖ for lifting devices provide, 
in part, acceptance criteria for meeting the relevant aspects of GDC 1. 

2. Acceptance for meeting the relevant aspects of GDC 2 is based in part on RG 1.29, 
―Seismic Design classification,‖ Regulatory Position C.2, and NUREG-0554, 
Section 2.5 4 provide, in part, acceptance criteria for meeting the relevant aspects of 
GDC 2. 

3. Acceptance for meeting the relevant aspects of GDC 4 is based in part on RG 1.13, 
―Spent Fuel Storage Facility Design Basis,‖ Regulatory Position C.5 provides, in part, 
acceptance criteria for meeting the relevant aspects of GDC 4. 
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The staff reviewed the information on the OHLHS in FSAR Tier 2, Section 9.1.5, and FSAR 
Tier 1, Section 2.10, ―Other Systems,‖ in accordance with the guidance provided in SRP 
Section 9.1.5.  Conformance to the acceptance criteria of SRP Sections 9.1.5 formed the basis 
for the evaluation of the OHLHS with respect to the applicable regulations.  The results of the 
staff’s review are provided below.  The evaluation addresses whether the application complies 
with the SRP acceptance criteria listed in Section 9.1.5.3 of this report. 

The OHLHS consist of the components and equipment necessary for safe handling of heavy 
loads.  For the U.S. EPR, a heavy load is defined as a load which weighs more than the 
combined weight of a single spent fuel assembly and its handling tool.  For the U. S. EPR, a 
heavy load is defined as greater than 785 kg (1730 lb) based on the combined weight of a 
single fuel assembly and its handling device.  The OHLHS described in this section consists of 
components and equipment used for critical load handling.  In FSAR Tier 2, Section 9.1.5, 
critical load handling is defined as load handling operations with the potential for inadvertent 
movement or equipment malfunction causing one or more of the following. 

 a significant release of radioactivity 

 a loss of margin to subcriticality 

 uncovering of the irradiated fuel in the reactor vessel or spent fuel pool 

 damage to safety-related equipment needed to achieve or maintain safe shutdown 

FSAR Tier 2, Section 9.1.5, provides a description of the heavy load handling equipment 
(HLHE).  The primary single failure proof cranes of the HLHE include: 

 Reactor building polar crane 

 Fuel building auxiliary crane 

However, as indicated in the May 19, 2009, response to RAI 173, Question 09.01.04-15, which 
discusses the FHS, the applicant indicated that the SFCTF contains heavy load handling 
equipment that is designed to applicable portions of the ASME NOG-1, ―Rules for Construction 
of Overhead and Gantry Cranes (Top Running Bridge, Multiple Girder),‖ standards.  Since the 
design details of the single failure proof OHLHE components were not well defined, in RAI 525, 
Question 09.01.04-21, the staff requested that the applicant define which components of the 
SFCTF are single failure proof and designed to NOG-1 and to identify which portions of NOG-1 
are applicable.  RAI 525, Question 09.01.04-21 is being tracked as an open item. 

Other HLHE (non-single failure-proof) are shown in FSAR Tier 2, Table 9.1.5-1. 

GDC 1 

The staff reviewed the OHLHS for compliance with the requirements of GDC 1.  The staff 
determined whether the application complies with GDC 1, in part, by considering whether it 
meets NUREG-0554 and ANSI N14.6 or ASME B30.9 for lifting devices. 
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NUREG-0554, Section 10 specifies that a quality assurance program should be established to 
the extent necessary to include the NUREG-0554 recommendations for design, fabrication, 
installation, testing, and operation of crane handling systems for safe handling of critical loads. 

The RB polar crane and FB auxiliary crane are both single failure-proof, double girder electric 
overhead traveling (EOT) bridge crane.  The RB polar crane has a capacity of 320 metric tons 
(353 tons) and FB auxiliary crane has a capacity of 20 metric tons (22 tons).  The RB polar 
crane (located in containment building) and FB auxiliary crane (located over the spent fuel pool), 
are classified as Seismic Category II.  FSAR Tier 2, Section 9.1.5.1, ―Design Basis,‖ states that 
items designated as single failure-proof meet the applicable portions of NUREG-0554 and 
NUREG-0612, ―Control of Heavy Loads at Nuclear Power Plants.‖ 

FSAR Tier 2, Section 9.1.5.1, ―Design Bases,‖ also specifies that the cranes for the U.S. EPR 
are designed in accordance with ASME NOG-1 and ASME NUM-1, ―Rules for Construction of 
Cranes, Monorails, and Hoists (With Bridge or Trolley or Hoist of the Underhung Type).‖  In 
accordance with NOG-1, cranes are designated as Type I, II, or III based on their function to 
handle critical loads and their seismic design criteria.  FSAR Tier 2, Table 3.2.2-1 lists the 
design code for each crane (NUM-1 or NOG-1), but did not list the corresponding type (I, II, or 
III).  The NOG-1 or NUM-1 type was also not indicated in FSAR Tier 2, Section 9.1.5.  To 
evaluate the adequacy of the design of the various cranes being used as part of the OHLHS, 
the type designation for each of the cranes is needed.  Therefore, in RAI 173, Question 
09.01.05-1, the staff requested that the applicant specify the design code and crane type 
designation for each HLHE. 

In an April 20, 2009, response to RAI 173, Question 09.01.05-1, the applicant stated that the 
crane’s configuration determines the design code and that top running, multiple girder overhead 
and gantry cranes are designed in accordance with ASME NOG-1, and that cranes, monorails, 
and lifting equipment with the bridge, trolley or hoist of the underhung type are designed in 
accordance with ASME NUM-1.  In addition, the applicant identified additional HLHE cranes that 
have the potential to handle heavy loads and proposed to include these in FSAR Tier 2, 
Table 3.2.2-1 and FSAR Tier 2, Table 9.1.5-1.  The cranes located in the reactor building, fuel 
building, safeguard building, electric power generating building, and essential service water 
pump building are specified as Seismic Category II in FSAR Tier 2, Table 3.2.2-1.  The polar 
crane and FB auxiliary crane are shown as single-failure proof cranes and specified as NOG-1, 
Type I cranes, which are subject to the most restrictive design standards. 

The staff reviewed the information provided by the applicant in the April 20, 2009, response to 
RAI 173, Question 09.01.05-1 and finds that the cranes are properly classified.  The staff has 
also confirmed that FSAR Tier 2, Table 3.2.2-1 and FSAR Tier 2, Table 9.1.5-1 were revised, as 
indicated in the applicants response, and now includes the applicable crane type and design 
codes.  Therefore, based on its review of the response, the staff finds that the applicant has 
adequately addressed RAI 173, Question 09.01.05-1, and considers this RAI resolved. 

SRP Section 9.1.5 states that an overhead handling system that complies with ASME NOG-1 
criteria for Type 1 cranes is an acceptable method to comply with the NUREG-0554 guidelines 
for a single failure proof crane.  However, FSAR Tier 2, Section 9.1.5.1 did not specify the 
NOG-1 ―Type‖ classification for the single failure proof cranes.  The RB polar crane and FB 
auxiliary crane are single failure-proof and, therefore, should be designed in accordance with 
ASME NOG-1 standards for a Type 1 crane.  Therefore, in RAI 173, Question 09.01.05-2, the 
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staff requested that the applicant clarify whether the cranes were being designed to ASME 
NOG-1, Type 1. 

In a February 20, 2009, response to RAI 173, Question 09.01.05-2, the applicant stated that the 
RB polar crane and the FB auxiliary crane are both designed to meet the standards of NOG-1 
for Type I cranes.  The applicant also provided a markup of FSAR Tier 2, Sections 9.1.5.2.2 
and 9.1.5.2.3 in which the cranes are identified as designed to ASME NOG-1 and Type 1. 

Based on its review of the applicant response, the staff finds that the cranes are being designed 
to ASME NOG-1, Type 1 standards, and the cranes are properly classified as single failure 
proof.  The staff has confirmed that FSAR Tier 2, Sections 9.1.5.2.2 and 9.1.5.2.3 were revised 
as committed in the RAI response and, therefore, considers RAI 173, Question 09.01.05-2 
resolved. 

In FSAR Tier 2, Section 9.1.5.4, the applicant indicates that preoperational inspection and 
testing of the HLHE will be performed in accordance with to ASME NOG-1.  The test will include 
a full load test of the crane loaded at 100 percent of rating, along with a rated load test at 
125 percent of the manufacture rated load.  The applicant also states that the inservice 
inspection and testing of special lifting devices used in safety-related areas of the plant meet 
criteria specified in ANSI N14.6, and that slings used in safety-related areas meet the criteria of 
ANSI/ASME B30.9.  A review of the Inspections and Testing Program is included later in this 
evaluation.  The design and inspection adhere to a recommendation provided in the SRP. 

However, the applicant’s May 19, 2009, response to RAI 173, Questions 09.01.04-15 through 
09.01.04-18 includes additional single failure proof heavy lifting components that are not defined 
in Revision 3 of the FSAR.  The staff noted that additional details of these hoists for the fuel 
handling system are needed in FSAR Tier 2, Section 9.1.4 to complete the staff’s review of the 
OHLHS.  Therefore, in RAI 525, Question 09.01.04-21, the staff requested that the applicant 
provide additional details of the components used in the SFCTF that are classified as heavy 
load handling components.  RAI 525, Question 09.01.04-21 is being tracked as an open 
item. 

On the basis of the information presented above, the staff finds the OHLHS complies with the 
requirements of GDC 1, except for the open item related to RAI 530, Question 09.01.05-24, 
Question 09.01.04-21, as it relates to the systems and components important to safety being 
designed, fabricated, erected, and tested to quality standards commensurate with the 
importance of the safety function to be performed. 

GDC 2 

The staff reviewed the OHLHS for compliance with the requirements of GDC 2.  In accordance 
with SRP Section 9.1.5, GDC 2 can be met, in part, by meeting RG 1.29, Regulatory Position 
C.2, which describes the guidance for Seismic Category II SSCs.  This guidance states, in part, 
that Seismic Category II SSCs are designed to preclude structural failure during an SSE to 
preclude interaction with safety-related SSCs.  NUREG-0554, Section 2.5 further specifies that 
single failure proof cranes should be designed to retain control of and hold the load during an 
SSE.  FSAR Tier 2, Section 9.1.5.1 indicates the RB polar crane and the FB auxiliary crane are 
designed to Seismic Category II and, thus, meet the guidelines of RG 1.29, Regulatory 
Position C.2.  Although the FSAR states that the RB polar crane and FB auxiliary crane are 
Seismic Category II, the applicant did not clearly indicate that these cranes will not drop a 
critical load during an SSE as specified in NUREG-0554, Section 2.5.  Therefore, in RAI 173, 
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Question 09.01.05-3, the staff requested that the applicant verify that these cranes will continue 
to hold their maximum load (not drop the load) during an SSE and revise the FSAR accordingly. 

In a February 20, 2009, response to RAI 173, Question 09.01.05-3, the applicant stated that the 
RB polar crane and the FB auxiliary crane are designed in accordance with ASME NOG-1 as 
Type I cranes.  By definition, these Type I cranes are designed to hold their maximum critical 
load (i.e., not drop the load) during an SSE.  In addition, FSAR details of the RB polar crane and 
the FB auxiliary crane in FSAR Tier 2, Section 9.1.5.2 (Sections 9.1.5.2.2 and 9.1.5.2.3) 
provides clarification of the capability of these cranes to not drop their load during an SSE. 

The staff has reviewed the information provided by the applicant and has concluded that 
because the cranes in question are designed to ASME NOG-1 standards, they are therefore 
designed to retain their load during and after a SSE.  Therefore, the staff considers the concern 
raised in RAI 173, Question 09.01.05-3 resolved. 

As indicated in FSAR Tier 2, Section 9.1.5, the RB polar crane is primarily used during plant 
outages to assist in refueling and maintenance activities.  The RB polar crane is controlled by 
an operator using a portable remote control station, or a fixed control station located on the 
operating floor.  FSAR Tier 2, Section 9.1.5.2 lists the major heavy loads normally handled by 
the RB crane; however, the weight of these loads was not provided.  In order to verify that loads 
are within the RB polar crane maximum critical load rating, the weights of the loads are needed. 

Similarly, the FB auxiliary crane is designed to the same single failure-proof and seismic criteria 
as the RB polar crane.  The heavy loads that the FB auxiliary crane normally handles include 
slot gates and new fuel containers.  The weights of each of these loads were not identified and 
the applicant failed to provide confirmation that the loads are within the FB auxiliary crane 
maximum critical load rating.  Therefore, in RAI 173, Question 09.01.05-4, the staff requested 
that the applicant provide the weight of each of the major heavy loads lifted by the RB polar 
crane and the FB auxiliary crane and verify that the loads are within the cranes maximum lifting 
capacities. 

In a May 19, 2009, response to RAI 173, Question 09.01.05-4, the applicant provided the 
approximate weights of the equipment and components to be normally handled by the RB polar 
crane and FB auxiliary crane.  The applicant clarified that all of the listed loads are less than the 
maximum critical load rating for their respective crane (i.e., either the reactor building polar 
crane or the fuel building auxiliary crane).  The staff notes that FSAR Tier 2, Sections 9.1.5.2.2 
and 9.1.5.2.3 have been updated to include the approximate weights of the equipment and 
components to be handled by RB polar crane and the FB auxiliary crane.  Since the applicant 
has provided the approximate weights of the equipment to be handled by the RB polar crane 
and the fuel building crane, the staff confirmed that they are below the crane rated loads 
handling capability.  Therefore, the staff considers RAI 173, Question 09.01.05-4 resolved. 

However, based on the April 18, 2011, response to RAI 385, Question 09.01.04-15, the FB 
auxiliary crane is used to handle heavy loads during the cask loading process (i.e. loads at the 
handling opening station of the SFCTF) that were not addressed in the May 19, 2009, response 
to RAI 173, Questions 09.01.05-4.  In addition, the SFCTF contains additional heavy load 
handling components.  In regard to the SFCTF, the staff was unable to locate the heavy loads 
normally handled, their weights and the SFCTF hoist capacities.  Therefore, in RAI 530, 
Question 09.01.05-24, the staff requested that the applicant provide in the FSAR the weight of 
each of the major heavy loads lifted by the FB auxiliary crane, the heavy loads normally handled 



 

9-96 

 

the weights of the loads, and the hoist capacities of the SFCTF.  RAI 530, 
Question 09.01.05-24 is being tracked as an open item. 

FSAR Tier 2, Section 9.1.5.2.2 indicates that the RB polar crane can be used as a backup tool 
for handling fuel assemblies.  FSAR Tier 2, Section 9.1.5.2.3 indicates that the FB auxiliary 
crane can be used as a backup to handle spent fuel assemblies in the spent fuel pool.  For safe 
handling of fuel assemblies, interlocks are needed in accordance with ANSI/ANS -57.1, ―Design 
Requirements for Light Water Reactor Fuel Handling Systems,‖ to prevent damage to fuel and 
to prevent excessive personnel radiation exposure.  Information on interlocks was not included 
in the FSAR.  Therefore, in RAI 173, Question 09.01.05-5, the staff requested that the applicant 
clarify how the interlock guidelines of ANSI/ANS-57.1 are satisfied when handling fuel 
assemblies with either the RB polar crane or the FB auxiliary crane. 

In a May 19, 2009, response to RAI 173, Question 09.01.05-5, the applicant stated that 
interlocks will be provided to control the movement of fuel assemblies and associated 
components handled by the RB polar crane and the FB auxiliary crane during fuel handling 
modes.  The applicant also stated in the response that these interlocks will include under load, 
overload, up-position, end of travel, up limit, non-simultaneous motion, bridge travel, and trolley 
travel, in accordance with ANSI/ANS 57.1.  The staff notes that FSAR Tier 2, Sections 9.1.5.2.2 
and 9.1.5.2.3 have incorporated a description of the interlocks provided to prevent unsafe 
movement of fuel while using the RB polar crane and the FB auxiliary crane. 

The staff reviewed the information provided in the applicant’s May 19, 2009, response to 
RAI 173, Question 09.01.05-5 and concluded that ANSI/ANS 57.1 is applicable to the RB polar 
crane and the FB auxiliary crane during fuel movement.  Therefore, the staff considers use of 
these single-failure proof cranes acceptable to be used as back-up to handle fuel movement, 
since interlocks are provided to prevent unsafe movement of fuel while using the RB polar crane 
and the FB auxiliary crane.  Therefore, the staff considers RAI 173, Question 09.01.05-5 
resolved. 

SRP Section 9.1.5.III.4.C.ii specifies that lifting devices for use with single-failure-proof handling 
system should satisfy the criteria of ANSI N14.6.  However for the U.S. EPR, the licensing 
bases for lifting devices in single failure handling systems were not specified.  If special lifting 
devices are not used, slings should be selected to satisfy the criteria of ASME B30.9.  
In addition, slings for use with single-failure-proof handling systems should be constructed of 
metallic material (chain or wire rope).  SRP Section 9.1.5.III.4.C.ii also specifies that special 
lifting device and slings used in single failure proof handling systems should have either dual, 
independent load paths or a single load path with twice the design safety factor specified.  
Therefore, in RAI 173, Question 09.01.05-6, the staff requested that the applicant clarify why 
these guidelines were not specified for lifting devices and slings for use with single failure proof 
handling systems. 

In a May 20, 2009, response to RAI 173, Question 09.01.05-6, the applicant stated that the 
lifting devices for single-failure-proof systems will meet the design criteria specified in 
ANSI N14.6.  If special lifting devices are not used, slings that satisfy the criteria of ASME B30.9 
will be used.  In addition, slings for use with single-failure-proof handling systems will be metallic 
(chain or wire rope).  Special lifting devices and slings used with single-failure-proof systems will 
have either dual, independent load paths or a single load path with twice the design safety 
factor.  Since the applicant commits to meeting both ASME B30.9 and ANSI 14.6 criteria 
consistent with SRP Section 9.1.5, the staff considers that RAI 173, Question 09.01.05-6 
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resolved.  The staff verified that FSAR Tier 2, Sections 9.1.5.2.2 and 9.1.5.2.3 has been 
updated to address special lifting devices and slings for heavy loads. 

Non-single failure-proof cranes are located throughout the plant in areas containing 
safety-related equipment or nuclear fuel with various type and maximum handling capacities, 
depending on their function as shown in FSAR Tier 2, Table 9.1.5-1, ―Heavy Load Handling 
Equipment.‖  FSAR Tier 2, Section 9.1.5.2.4, ―Other Overhead Load Handling Systems,‖ 
indicates the ultimate heat sink and essential service water structures contain heavy load 
handling cranes and safety-related components, however, heavy load handling equipment in 
these structures were not included in FSAR Tier 2, Table 9.1.5-1.  Therefore, in RAI 173, 
Question 09.01.05-7, the staff requested that the applicant clarify why heavy load handling 
equipment in the ultimate heat sink and essential service water structures were not included in 
FSAR Tier 2, Table 9.1.5-1 and FSAR Tier 2, Table 3.2.2-1, ―Classification Summary.‖ 

In a May 20, 2009, response to RAI 173, Question 09.01.05-7, the applicant stated that the 
information was added to FSAR Tier 2, Table 9.1.5-1 and FSAR Tier 2, Table 3.2.2-1, in the 
April 20, 2009, response to RAI 173, Question 09.01.05-1, and further addressed in RAI 173, 
Question 09.01.05-10.  The applicant revised FSAR Tier 2, Tables 9.1.5-1 and 3.2.2 to include 
the heavy load handling equipment in the ultimate heat sink and essential service water 
structures cranes.  As indicated in the staff review of the April 20, 2009, response to RAI 173, 
Question 09.01.05-1, the cranes are properly classified.  Therefore, the staff considers RAI 173, 
Question 09.01.05-7 resolved. 

During its review of FSAR Tier 2, Section 09.01.05, the staff was unable to locate information on 
the location and paths of the HLHE relative to areas containing nuclear fuel or safety-related 
SSCs.  Therefore, in RAI 173, Question 09.01.05-8, the staff requested that the applicant 
provide information on the geometric arrangement of HLHE for areas that contain nuclear fuel or 
safety-related SSC.  Additionally, in RAI 173, Question 09.01.05-9, the staff requested that the 
applicant clarify why the FSAR does not include drawings that identify safe load paths in areas 
containing fuel or safe shutdown equipment for the heavy loads identified in the FSAR. 

In a July 24, 2009, response to RAI 173, Question 09.01.05-8, the applicant stated that FSAR 
Tier 2, Section 9.1.5.1 indicates that the control of heavy loads in the fuel building is in 
accordance with guidance from RG 1.13, Regulatory Position C.5.  FSAR Tier 2, Section 9.1.5.3 
states, ―Movement of heavy loads is restricted by design (including interlocks) and/or 
administrative controls to areas away from stored fuel and equipment necessary for the safe 
shutdown of the reactor.‖  The applicant stated that the layout drawings will be developed later 
in the design process.  As specified in COL Information Item 9.1-1, an the applicant that 
references the U.S. EPR design certification will provide site-specific information on the heavy 
load handling program, including a commitment to procedures for heavy load lifts in the vicinity 
of irradiated fuel or safe shutdown equipment.  Since the heavy load handling program is 
site-specific and included in the COL information item in the FSAR, the staff considers RAI 173, 
Question 09.01.05-8 resolved. 

In a July 24, 2009, response to RAI 173, Question 09.01.05-9, the applicant stated that the 
cranes designed to operate over the RB cavity and FB spent fuel pool are classified as ASME 
NOG-1, Type I, single failure proof cranes enabling load handling in these areas.  Additional 
details of movement of heavy loads over SSCs are discussed above in the May 19, 2009, 
response to RAI 173, Question 09.01.05-8.  The staff considers this acceptable based on the 
applicant’s use of single-failure proof cranes and the inclusion of the COL information items that 
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instruct the COL applicants to develop heavy load handling procedures.  Accordingly, the staff 
considers RAI 173, Question 09.01.05-9 resolved. 

In its review of the FSAR, the staff noticed that in several buildings, non-seismic, non-single 
failure proof HLHE will be used.  FSAR Tier 2, Section 9.1.5.2.4, states that for divisionally 
separated buildings, the local effect of a load drop is restricted to the affected division.  
However, the effect of a common mode failure (e.g., loss of electrical power) that results in 
multiple HLHE to be inoperable and could result in multiple load drops that would damage more 
than one division was not addressed, nor was the potential for heavy load lifts to occur 
simultaneously in each division such that divisional separation is ineffective in preventing a total 
loss of safety function if multiple drops occurred.  This potential problem is more pronounced if 
fewer than four divisions of safety equipment are available because a division is out of service 
for maintenance.  Therefore, in RAI 173, Question 09.01.05-10, the staff requested that the 
applicant clarify how the non-safety-related, non-seismic HLHE identified in FSAR Tier 2, 
Table 9.1.5-1 and the HLHE in the ultimate heat sink and essential service water structure are 
protected from common mode failures and, if multiple load drops are postulated, can a total loss 
of a safety function occur. 

In a July 24, 2009, response to RAI 173, Question 09.01.05-10, the applicant stated that the 
FSAR has been updated to classify the cranes in the safeguard buildings, emergency power 
generating buildings, and the ultimate heat sink/essential service water structures as Seismic 
Category II and in accordance with Type II of ASME NOG-1 or NUM-1.  Based on further staff 
review, the diesel hall cranes are located in the emergency power generating building and were 
also classified as non-seismic in FSAR Tier 2, Table 3.2.2-1.  As a result, the July 24, 2009, 
response to RAI 173, Question 09.01.05-10, regarding the diesel crane seismic classification 
appeared inconsistent with FSAR Tier 2, Table 3.2.2-1. 

In addition, in the July 24, 2009, response to RAI 173, Question 09.01.05-10, the applicant 
further clarified that if one division is unavailable because of maintenance; load handling over in-
service safety-related equipment and systems of other divisions is prohibited.  Also, during a 
seismic event, the design of a Type II crane results in the crane remaining in place and not 
impacting safety-related equipment and systems below the cranes.  The applicant indicated that 
the design of a Type II crane uses electrical power to enable the cranes hoist brakes to open.  
As a result, loss of electrical power will cause the hoist brakes to close which allows the load to 
be placed in a safe condition.  The staff finds this acceptable; however, the method used to 
prohibit this movement (i.e., procedure, interlock, etc.) was not described in the FSAR.  
Therefore, in RAI 385, Question 09.01.05-20, the staff requested that the applicant justify the 
above non-seismic classification inconsistency and incorporate the clarification statement from 
the response to RAI 173, Question 09.01.05-10 into the FSAR. 

In an April 18, 2011, response to RAI 385, Question 09.01.05-20, the applicant updated FSAR 
Tier 2, Section 9.1.5.2.4 to incorporate the statement above defining the limitations on handling 
loads over in-service equipment during maintenance.  The applicant further clarified that this will 
be controlled procedurally which is consistent with NUREG-0612.  The Seismic Category II 
classification and prohibition of handling loads over in-service safety-related equipment and 
systems when one division is unavailable because of maintenance provides assurance that the 
loss of redundant divisions of safe shutdown equipment as result of multiple drops is avoided.  
Based on the response described above, the staff considers RAI 173, Questions 09.01.05-10 
and RAI 385, Question 09.01.05-20 resolved.  The staff confirmed that the FSAR has been 
updated to clarify that these movement limitations will be procedurally prohibited. 
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FSAR Tier 2, Section 9.1.5.1, ―Design Basis,‖ states that all cranes in the heavy load handling 
systems are non seismic except the RB crane and the FB auxiliary crane.  This conflicted with 
FSAR Tier 2, Table 3.2.2-1, which lists the main steam valve cranes and the steam generator 
cubicle cranes as seismic category II.  Therefore, in RAI 173, Question 09.01.05-11, the staff 
requested that the applicant address this inconsistency and update the FSAR to address the 
inconsistency between FSAR Tier 2, Section 9.1.5.1 and FSAR Tier 2, Table 3.2.2-1. 

In a July 24, 2009, response to RAI 173, Question 09.01.05-11, the applicant stated that FSAR 
Tier 2, Section 9.1.5.1 will be revised to include a reference to FSAR Tier 2, Table 3.2.2-1, 
which includes the safety and seismic classifications for the heavy-load-handling cranes.  Based 
on changes made in the FSAR to include the seismic classification in FSAR Tier 2, 
Table 3.2.2 1 and a reference to the table in FSAR Tier 2, Section 9.1.5, the staff considers 
RAI 173, Question 09.01.05-11 resolved. 

The non seismic cranes in the divisionally separated safeguard buildings, emergency power 
generating buildings, and ultimate heat sink/essential service water structures can all 
structurally fail during an SSE potentially causing loss of multiple divisions of safety-related 
SSCs.  Additionally, the non seismic cranes in the containment building, reactor building 
annulus and the fuel building (i.e., heating, ventilation, and air conditioning (HVAC) equipment 
room cranes, assembly crane equipment lock crane, etc.) which are not separated by division, 
can all structurally fail during an SSE, which can cause loss of multiple divisions of 
safety-related SSCs.  Therefore, in RAI 173, Question 09.01.05-12, the staff requested that the 
applicant clarify how the requirements of GDC 2 are met with non-seismically qualified cranes in 
the building identified above, which can possibly damage multiple divisions of safety-related 
SSCs during an SSE. 

FSAR Tier 2, Section 9.1.5.1, ―Design Basis,‖ states that GDC 2 is satisfied because HLHE is 
located inside structures which are designed to withstand the effects of natural phenomena, 
such as earthquake, tornados, and hurricanes.  However to satisfy GDC 2, the cranes should be 
designed to meet the guidelines of RG 1.29 and NUREG-0554, Section 2.5 (if single failure 
proof) for cranes in areas that contain nuclear fuel or safety-related SSCs.  Therefore, in 
RAI 173, Question 09.01.05-12, the staff requested that the applicant revise FSAR Tier 2, 
Section 9.1.5.1 to correctly define the design basis as to how the heavy load handling 
equipment meets GDC 2. 

In an April 20, 2009, response to RAI 173, Question 09.01.05-12, the applicant stated that the 
seismic classifications of the above-referenced equipment have been re-evaluated and updated 
to Seismic Category II.  The staff notes that the revised information is provided in the April 20, 
2009, response to RAI 173, Question 09.01.05-1 is now included FSAR Tier 2, Table 3.2.2-1.  
In addition, the applicant clarified that statements regarding compliance with GDC 2 and 
NUREG-0554 (for single-failure-proof designs) are appropriate.  Based on the revised seismic 
classification of the equipment to Seismic Category II, the staff considers RAI 173, 
Question 09.01.05-12 resolved. 

For buildings that are not completely divisionally separated (containment building, reactor 
building annulus, and the fuel building), in FSAR Tier 2, Section 9.1.5.2.4, the applicant stated 
that analyses are performed to determine if a simultaneous loss of more than one redundancy 
of a system is possible due to a postulated local load drop.  In RAI 173, Question 09.01.05-13, 
the staff requested that the applicant clarify what specific analyses had been performed.  The 
staff also requested that the applicant provide the results of the analysis, since it was unclear 
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how non single failure proof cranes in the containment building and the fuel building will hold a 
critical load. 

In a July 24, 2009, response to RAI 173, Question 09.01.05-13, the applicant stated that the 
non-single failure proof cranes will not be used to handle critical loads.  The applicant also 
clarified that handling loads over equipment that is not completely divisionally separated will be 
performed only when that equipment is not required to be in service (i.e., outage conditions).  
The staff finds the method proposed in the response reasonable for safe handling of heavy 
loads.  However, the staff needed additional clarification and was unable to locate 
corresponding descriptions in the FSAR.  Therefore, in RAI 385, Question 09.01.05-21, the staff 
requested that the applicant include in the FSAR a discussion on the handling of loads over 
equipment that is not completely divisionally separated. 

In an April 18, 2011, response to RAI 385, Question 09.01.05-21, the applicant clarified that the 
non-single failure proof cranes will not be used to handle critical loads.  The applicant clarified 
that for buildings that are not completely separated by division (Containment Building, Reactor 
Building Annulus, and Fuel Building), handling of heavy loads by non-single failure-proof cranes 
is restricted to plant conditions when the equipment is not required to be in service 
(i.e., maintenance repairs or outage conditions).  With the restricted use of non-single failure 
proof cranes over SSCs, the staff finds RAI 173, Question 09.01.05-13 and RAI 385, 
Question 09.01.05-21 resolved.  The staff also confirmed that the FSAR has been updated 
accordingly. 

With the exception of the equipment lock cranes, FSAR Tier 2, Table 9.1.5-1 indicated that the 
non-single failure proof cranes are not located in the fuel building and thus are not physically 
able to carry heavy loads over the spent fuel facility.  The staff could not conclude whether the 
equipment lock cranes meet RG 1.13, since it was unclear to the staff whether the equipment 
lock cranes can travel over the spent fuel pool.  Therefore, in RAI 173, Question 09.01.05-14, 
the staff requested that the applicant provide layout figures, and clarify whether the equipment 
lock cranes are able to carry heavy loads over the spent fuel pool (SFP). 

In a July 24, 2009, response to RAI 173, Question 09.01.05-14, the applicant stated that the 
equipment lock cranes are physically unable to carry loads over the SFP in the fuel building and 
the applicant committed to revising the FSAR to describe the location of the equipment lock 
cranes in relation to the SFP.  Based on the equipment lock cranes’ inability to travel over the 
spent fuel pool, the staff finds that none of the non-single failure proof cranes in the fuel building 
will be capable of travelling over the spent fuel pool and, therefore, RG 1.13 is met with respect 
to use of non-single failure proof cranes in the fuel building.  The staff verified that the FSAR 
has been updated to indicate the location of the equipment lock cranes with respect to the SFP 
and considers RAI 173, Question 09.01.05-14 resolved. 

FSAR Tier 2, Section 9.1.5.3, ―Safety Evaluation,‖ states, ―Movement of heavy loads is 
restricted by design (including interlocks) and/or administrative controls to areas away from 
stored fuel and equipment necessary for the safe shutdown of the reactor.‖  The staff notes that 
the applicant did not describe any interlocks or administrative controls in the application for 
HLHE.  Therefore, in RAI 173, Question 09.01.05-15, the staff requested that the applicant 
provide additional information in the FSAR on in the interlocks and administrative procedures for 
which credit is being taken. 

In a May 19, 2009, response to RAI 173, Question 09.01.05-15, the applicant stated that a 
description of the interlocks on the cranes was added to the FSAR in the May 19, 2009, 
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response to RAI 173, Question 09.01.05-5.  In that response, the applicant stated, 
―administrative controls‖ used in FSAR Tier 2, Section 9.1.5.3 refers to activities performed in 
accordance with the recommendations of NUREG-0612 (i.e., establishing safe load paths, 
limiting lift heights of heavy loads, moving loads over robust structural elements, etc.), which will 
be proceduralized and maintained as part of the plant operations program.  Based on the COL 
Information Item 9.1-1 and the commitment to NUREG-0612, the staff considers RAI 173, 
Question 09.01.05-15 resolved. 

FSAR Tier 2, Section 9.1.5.2.4, ―Other Overhead Load Handling System‖, states, ―The FB 
contains bridge cranes in the equipment lock area....‖  The staff notes that the FSAR lacks 
description, location and potential load drop considerations for these cranes.  Therefore, in 
RAI 173, Question 09.01.05-16, the staff requested that the applicant provide additional 
information concerning the purpose of these cranes, and what load drop considerations were 
considered and evaluated. 

In a July 24, 2009, response to RAI 173, Question 09.01.05-16, the applicant clarified the 
purpose of the equipment lock cranes is to move equipment between grade and operating 
levels.  The applicant also stated that safe load paths will be defined at a later stage and if any 
equipment has the possibility of a load drop that could result in an unacceptable radiological 
release to the environment, a load drop analyses for that equipment will be performed.  As a 
result of the May 19, 2009, response to RAI 173, Question 09.01.05-14 above, the applicant 
revised FSAR Tier 2, Section 9.1.5.2.4 to provide additional details regarding the purpose and 
inability of this lock crane to move over the spent fuel pool.   Therefore, the staff considers 
RAI 173, Question 09.01.05-16 resolved. 

On further staff review, the applicant’s August 5, 2011, response to RAI 337, 
Question 09.01.04-15 and RAI 398, Question 09.01.04-18 of the FHS refers to additional single 
failure proof heavy lifting components that were not identified in Revision 3 of the FSAR.  
Additional details of these hoists were needed to complete the review of the OHLHS.  
Therefore, in RAI 525, Question 09.01.04-21, the staff requested that the applicant provide 
additional details of the components used in the SFCTF that are classified as heavy load 
handling components.  RAI 525, Question 09.01.04-21 is being tracked as an open item. 

The staff reviewed the cranes that makeup the OHLHS, and concluded that the cranes are 
designed to retain their loads during and following an SSE. 

Therefore, except for the open item related to RAI 525, Question 09.01.04-21, the staff 
concludes that the design satisfies the guidelines of RG 1.29, Regulatory Position C.2 and 
therefore meets GDC 2. 

GDC 4 

The staff reviewed the OHLHS for compliance with the requirements of GDC 4.  To meet the 
requirements of GDC 4, the OHLHS must be designed to prevent internally generated missiles 
(i.e., load drops) that could prevent safe shutdown, cause an unacceptable release of 
radioactivity, result in a criticality accident, or cause the inability to cool the fuel in the reactor 
vessel or spent fuel pool.  SRP Section 9.1.5 indicates the relevant aspects of GDC 4 can be 
met, in part, through conformance with RG 1.13. Regulatory Position C.5, which states that 
cranes capable of carrying heavy loads should be prevented, preferably by design rather than 
by interlocks, from moving over the spent fuel pool and designed to provide single failure-proof 
handling of heavy loads.  As discussed above, the staff concludes that the RB polar crane and 
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FB auxiliary crane single-failure proof design meet RG 1.13, Regulatory Position C.5, and 
therefore satisfies GDC 4.  As indicated in FSAR Tier 2, Table 9.1.5-1 and the July 24, 2009, 
response to RAI 173, Question 09.01.05-14, none of the non-single failure proof cranes in the 
fuel building will be capable of travelling over the spent fuel pool and, therefore, the staff finds 
that RG 1.13 is met with respect to use of non-single failure proof cranes in the fuel building. 

However, the applicant’s April 18, 2011, response to RAI 385, 9.1.4-15 through the applicant’s 
August 30, 2011, response to RAI 498, Question 09.01.04-18 of the FHS includes additional 
single failure proof heavy lifting components were not defined in Revision 3 of the FSAR.  
Additional details of these hoists were needed by the staff to complete the review of the 
OHLHS.  Therefore, in RAI 525, Question 09.01.04-21, the staff requested that the applicant 
provide additional details of the components used in the SFCTF that are classified as heavy 
load handling components. RAI 525, Question 09.01.01-21 is being tracked as an open item. 

Therefore, except for the open item related to RAI 525, Question 09.01.04-21, the staff 
concludes that the OHLHS meets GDC 4 with respect to the protection of fuel and safety-related 
equipment from the effects of internally generated missiles (dropped loads). 

GDC 5 

The OHLHS of the U.S. EPR is not shared between multiple units in accordance with FSAR 
Tier 2, Section 9.1.5.1.4, which states, ―SSC important to safety are not shared with other 
reactor units.‖  Therefore, the staff concludes that GDC 5 is not applicable to the OHLHS 
design. 

Inspections and Testing Program 

The initial test program (ITP) is identified in FSAR Tier 2, Section 14.2, test abstract #040, 
―Containment Polar Crane,‖ for the performance testing of the containment polar crane 
and #041, ―Fuel Building Cranes,‖ for performance testing of the FB auxiliary crane, including 
verification of the operation of protective and safety devices.  As discussed in Section 14.2 of 
this report, the staff reviewed the applicant’s initial test program in accordance with the review 
guidance contained in SRP Revision 3, Section 14.2, ―Initial Plant Test Program – Design 
Certification and New License Applicants,‖ and RG 1.68 and RG 1.206.  The staff’s evaluation 
of the initial plant test program is documented in Section 14.2 of this report.  The evaluation 
below is an extension of the staff’s review in Section 14.2 of this report. 

A ―Two Block Test‖ of the overload system as described in NUREG-0554, Section 8.3, 
―Two-Block,‖ was not part of the ITP.  In FSAR Tier 2, Section 9.1.5.4, the applicant stated that 
preoperational inspection and testing of the heavy-load handling equipment is in accordance 
with ASME NOG-1.  The application of ASME NOG-1 criteria for Type 1 cranes satisfies 
NUREG-0554 guidelines.  Therefore, in RAI 173, Question 09.01.05-17, the staff requested that 
the applicant clarify how the proposed testing plan for the containment polar crane and FB 
auxiliary crane meets NUREG-0554 test criteria. 

In a May 19, 2009, response to RAI 173, Question 09.01.05-17, the applicant stated that FSAR 
Tier 2, Section 14.2, Test #040 and Test #041, are basic tests that do not include the final 
design details for a single-failure-proof crane.  In the response, the applicant provided a detailed 
description of the content to be included in the initial test program for these cranes.  The 
applicant stated that the final tests will address redundant reeving, holding brakes, load hangup, 
wire rope mis-spooling, and overload features.  The final single-failure-proof design addresses 
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ASME NOG-1, 2004 and NUREG-0554; including a two-block test or substitute test procedures, 
which are part of the ITAAC. 

Although this RAI response does not specifically propose an FSAR change, FSAR Tier 2, 
Section 14.2 was subsequently revised to include redundant reeving, holding brakes, load 
hangup, wire rope mis-spooling and two-block testing in the ITP testing.  Since the ITP meets 
ASME NOG-1 and NUREG-0554, the staff considers RAI 173, Question 09.01.05-17 resolved. 

Since this testing program conforms to the testing recommended in ASME NOG-1, 
NUREG-0554, and NUREG-0612, the staff finds the OHLHS initial plant testing acceptable. 

Inspections, Tests, Analyses, and Acceptance Criteria 

FSAR Tier 1 provided a general overview of the system and included the crane ITAAC.  
The ITAAC are designed to meet the requirements of 10 CFR 52.47(b)(1), to verify that the as-
built system complies with the approved system design in the FSAR.  The ITAAC are described 
in FSAR Tier 1, Table 2.10.1-2, ―Cranes Inspections, Tests, Analyses, and Acceptance Criteria.‖ 

FSAR Tier 1, Section 2.10, ―Other Systems,‖ did not list ―single failure proof‖ as certified design 
information with ITAAC for either the RB polar crane or the FB auxiliary crane.  The staff 
believes that ―single failure proof‖ design criteria for the above listed cranes should be listed in 
FSAR Tier 1.  One design criterion, among several design criteria for FSAR Tier 1 information, 
is that each crane should include features and functions that could have a significant effect on 
the safety of a nuclear plant or are important in preventing or mitigating severe accidents.  
A drop of the reactor vessel head or a heavy load into the spent fuel pool or safe shutdown 
system could affect plant safety.  Therefore, design features that reduce the risk and analyses 
that provide assurance of safety after a dropped load are important to safety.  The staff 
considers ―single failure proof‖ design criteria for the RB polar crane and the FB auxiliary crane 
as FSAR Tier 1 safety-significant design criteria. 

Both the RB polar crane and the FB auxiliary crane are classified Seismic Category II, such that 
an earthquake will not cause these cranes to damage safety-related SSCs.  Seismic Category II 
is also not listed as certified design information with ITAAC. 

Therefore, in RAI 173, Question 09.01.05-18, the staff requested that the applicant justify why 
―Seismic Category II‖ and ―single failure proof‖ design criteria and ITAAC were not included in 
FSAR Tier 1. 

In a May 19, 2009, response to RAI 173, Question 09.01.05-18, the applicant stated that FSAR 
Tier 2, Table 3.2.2-1 was revised in the April 20, 2009, response to RAI 173, 
Question 09.01.05-1 to identify the RB polar crane and FB auxiliary crane in accordance with 
ASME NOG-1 for single-failure-proof lifting systems meeting the guidance provided in 
NUREG-0554.  In addition, the applicant proposed to revise FSAR Tier 1, Section 2.10.1 to 
include a limited ITAAC for the single-failure-proof RB polar crane and FB auxiliary crane. 

The staff determined that the limited ITAAC proposed to verify only dual reeving and redundant 
brakes provides an insufficient confirmation for single failure proof design.  The ITAAC should 
be used to verify certain key attributes of the single failure proof crane using acceptance criteria 
from the licensing standard (i.e., NUREG-0554 or ASME NOG-1).  As a minimum, the crane 
ITAAC should address the items such as nondestructive examination (NDE) of critical welds in 
the crane structure, static and dynamic load testing and two-blocking protection. 
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Additionally, the RAI 173, Question 09.01.05-18 response indicated that SRP Section 14.3 does 
not identify Seismic Category II as a criterion for safety-significant design features and the 
applicant stated that Seismic Category II is not a criterion for ITAAC.  As a result, entries in 
FSAR Tier 1, Table 2. 10.1-1 were proposed to be changed from Seismic Category II to ―N/A.‖ 

However, based on the safety significance of a dropped load, the staff does not agree with 
deletions and changes from the ―Seismic Category II‖ entries to ―N/A‖ in FSAR Tier 1, 
Section 2.10.1, Table 2.10.1-1, and Table 2.10.1-2.  Therefore, in RAI 385, 
Question 09.01.05-22, the staff requested that the applicant provide additional justification for 
seismic classification and single failure proof ITAAC acceptance criteria.  In addition to the 
crane ITAAC, the staff questioned the absence of ITAAC for critical special lifting devices to 
verify conformance with ANSI/ANS 14.6, ―Special Lifting Devices for Shipping Containers 
Weighing 10,000 Pounds (4500 kg) or More.‖ 

In a May 20, 2011, response to RAI 385, Question 09.01.05-22, the applicant confirmed that the 
seismic classification of the cranes will be identified in the ITAAC based on the 
safety-significance of a dropped load, and will be Seismic Category II, consistent with FSAR 
Tier 2, Table 3.2.2-1.  In addition, the applicant proposed to revise ITAAC to include additional 
detail with respect to inspections, tests and analyses of single proof cranes and lifting 
equipment to include key attributes to validate a single failure proof crane design.  The staff 
finds the proposed ITAAC acceptable and, therefore, considers RAI 173, Question 09.01.05-18 
and RAI 385, Question 09.01.05-22 resolved.  The staff confirmed that the ITAAC have been 
updated to incorporate the changes proposed the RAI response. 

Verification of the safety-related SFCTF should demonstrate that the system has been built and 
will operate in accordance with the FSAR.  System ITAAC should be developed based on the 
latest design of the SFCTF (such as, single failure proof design, dual loading components, etc.).  
The ITAAC should demonstrate that the safety and operating features credited for safe handling 
and operation are correctly installed or constructed, and that the components and mechanisms 
that function to withstand earthquakes and interlocks and design features will function as 
designed ensure that the SFCTF will perform fuel handling within acceptable limits.  However, 
the applicant has provided no ITAAC for the HLHE of the SFCTF.  Therefore, in RAI 525, 
Question 09.01.04-24, the staff requested that the applicant provide ITAAC.  In regard to the 
HLHE of the SFCTF, upon receipt of these details, additional staff review of FSAR Tier 1 and 
ITAAC will be necessary.  RAI 525, Question 09.01.04-24 is being tracked as an open item. 

The following is a list of item numbers and descriptions from FSAR Tier 2, Table 1.8-2: 

Table 1.8-2 – U.S. EPR Combined License Information Items 

Item No. Description 

FSAR   
Tier 2 

Section 

9.1-1 A COL applicant that references the U.S. EPR design 
certification will provide site-specific information on the 
heavy load handling program, including a commitment 
to procedures for heavy load lifts in the vicinity of 

9.1.5.2.5 



 

9-105 

 

irradiated fuel or safe shutdown equipment, and crane 
operator training and qualification. 

 

FSAR Tier 2, Table 1.8-2, ―U.S. EPR Combined License Information Items,‖ contains 
COL Information Item 9.1-1 requesting that the applicant provide heavy load handling program 
and includes a reference to FSAR Tier 2, Section 9.1.5.2.5 for details.  In accordance with 
RG 1.206, Regulatory Position C.I.9.1.5, the COL applicant is to include specific information in 
the heavy load handling program.  In RAI 385, Question 09.01.05-23, the staff requested that 
the applicant clarify all the elements indicated in RG 1.206, Regulatory Position C.I.9.1.5.  In an 
April 8, 2011, response to RAI 385, Question 09.01.05-23, the applicant outlined how RG 1.206 
is addressed by the COL information item, in combination with FSAR sections and tables.  
Based on the additional clarification, the staff finds that the FSAR sufficiently incorporates all the 
applicable elements of RG 1.206 and, therefore, considers RAI 385, Question 09.01.05-23 
resolved. 

 

The overhead heavy load handling system includes components and equipment for the handling 
of heavy loads at the plant site.  After a review of the applicant’s proposed design criteria and 
design bases for the Overhead Heavy Load Handling System, as described above, the staff 
finds that the OHLHS design complies with GDC 1, GDC 2, GDC 4, and 10 CFR 52.47(b)(1), 
except for the open items discussed above.  In addition, the staff concludes that GDC 5 is not 
applicable to the OHLHS of the U.S.EPR as it is not shared between multiple nuclear power 
units.  Additional staff review of overhead heavy load handling may be necessary, based on the 
review of the SFCTF in Section 9.1.4 of this report. 


