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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power  

Docket No. 52-046 

RAI No.:  167-8191 

SRP Section:  09.01.01 - Criticality Safety of Fresh and Spent Fuel Storage and 
Handling 

Application Section:   

Date of RAI Issue:  08/20/2015 

 
 
Question No. 09.01.01-2 
 
RAI 9.1.1-4: Criticality prevention under normal and accident conditions of fuel handling 
 
REQUIREMENTS AND GUIDANCE 
 
In 10 CFR Part 50 Appendix A, General Design Criterion (GDC) 62 requires the prevention of 
criticality in fuel storage and handling. 10 CFR 50.68(b) sets specific requirements for the 
demonstration of nuclear criticality prevention in fuel storage. NUREG-0800, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR 
Edition,” Section 9.1.1, guides the reviewer to verify that the new and spent fuel will remain 
subcritical during fuel handling, in accordance with GDC 62 and 10 CFR 50.68(b). Section 
9.1.1 of NUREG-0800 also guides the reviewer to verify that the applicant has identified a 
comprehensive set of normal conditions and has modeled them conservatively. It also tells 
the reviewer that the accidental or erroneous placement of a fuel assembly outside of, but 
next to, the fuel storage racks should be considered as an abnormal condition. The NRC 
memorandum from Laurence Kopp to Timothy Collins, dated August 19, 1998, “Guidance on 
the Regulatory Requirements for Criticality Analysis of Fuel Storage at Light-Water Reactor 
Power Plants,” is also cited by the applicant and adds further clarification as follows: 
“However, by virtue of the double-contingency principle, two unlikely independent and 
concurrent incidents or postulated accidents are beyond the scope of the required analysis.” 
With regard to the dry storage and handling of new fuel, the Kopp memorandum also notes 
that the accident conditions of flooding with optimum-density hydrogenous moderator (i.e., 
per 10 CFR 50.68(b)(3)) and flooding with full-density water (i.e., per 10 CFR 50.68(b)(2)) are 
the principal conditions that require evaluation and that the simultaneous occurrence of other 
accident conditions need not be considered. As noted in the applicant-cited NRC Interim Staff 
Guidance DSS-ISG-2010-01, the normal conditions of fuel storage and handling include not 
only static storage but also anticipated fuel handling activities such as inspection, cleaning, 
reconfiguration, and movement of fuel in and around the fuel storage racks and associated 
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fuel handling systems. Conditions during normal fuel handling operations are among the initial 
conditions to be considered in the analysis of postulated accidents. 
 
ISSUE 
 
It appears that the applicant has not provided information that demonstrates compliance with 
GDC 62 and 10 CFR 50.68(b) under normal and accident conditions of fuel handling in and 
around the various dry and wet fuel storage and handling systems. The wet fuel handling 
systems described in the DCD include those that handle fuel in and around the fuel elevator, 
the fuel transfer system, the refueling pool, the refueling cavity, and the spent fuel cask 
loading area. The staff notes for example that the fuel carrier of the fuel transfer system can 
hold two side-by-side fuel assemblies in an up-ended configuration and appears to have 
ample adjacent space into which an additional fuel assembly could be dropped by accident. 
 
INFORMATION NEEDED 
 
a) For dry handling of new fuel: In its response and in the DCD or its incorporated 

references, the applicant should identify a comprehensive set of normal conditions and 
accident conditions for dry handling of new fuel and provide conservative analyses that 
show compliance with GDC 62 and 10 CFR 50.68(b)(1)-(3) under such conditions. Where 
appropriate, the applicant should clarify where administrative control procedures are relied 
upon to address this issue. 
 

b) For wet handling of new and used fuel: In its response and in the DCD or its incorporated 
references, the applicant should identify a comprehensive set of normal conditions and 
accident conditions of wet fuel handling and provide information showing that all such 
handling conditions comply with GDC 62 and with 10 CFR 50.68(b)(4) where applicable. 
The information should conservatively evaluate the most reactive normal and accident 
conditions of fuel handling operations throughout the fuel storage and handling area of the 
auxiliary building and outside the reactor vessel in the reactor building. The wet fuel 
handling equipment and operations to be addressed include those that involve the 
following items as identified in the DCD: the pool racks, the fuel elevator, the fuel transfer 
system, the refueling canal, the refueling pool, the refueling cavity, the reactor cavity, and 
the cask loading area. Where appropriate, the applicant should clarify where 
administrative control procedures are relied upon to address this issue. 

 
Response 
 
1. For Dry Handling of New Fuel 
 
1.1 New Fuel Inspection Area 
 
The keff of the new fuel inspection area (NFIA) is expected to be very low since the fuel 
assemblies are inspected in a dry environment. Therefore, criticality safety evaluations for 
NFIA are not necessary. 
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1.2 New Fuel Storage Racks 
 
Under normal condition, the keff of the new fuel storage rack (NFR) is very low since the fuel 
assemblies are stored in dry environment. Therefore, criticality safety evaluations for normal 
condition of NFR are not necessary. 
 
The following postulated accident conditions are considered and criticality analyses have 
been performed to evaluate the criticality safety. 
 

 Optimum moderation condition (provided in TeR Subsections 2.4 and 2.5) 
 Flooded by pure water condition (provided in TeR Subsections 2.4 and 2.5) 
 Dropped fuel assembly (provided in the response to RAI 179-8190 09.01.01-21) 

 
2. For Wet Handling of New and Used Fuel 
 
2.1 New Fuel Elevator 
 
The new fuel elevator (NFE) is designed to accommodate one fuel assembly only. Therefore, 
criticality safety evaluations under normal condition of the NFE are not necessary.  
 
The most conservative postulated accident condition for the NFE is that one fuel assembly is 
loaded in the NFE and the other fuel assembly is located adjacent to the NFE. Since soluble 
boron can be credited in this postulated accident (double contingency principle), the keff of this 
postulated accident condition is expected to be lower than the regulatory limit (keff  0.95). 
 
2.2 Spent Fuel Pool 
 
Under normal condition, the most conservative condition is a static condition where all fuel 
assemblies are in the approved storage locations. Criticality safety evaluations for the static 
condition were performed in Subsections 3.4 and 3.5 of TeR. 
 
The following postulated accident conditions are considered and criticality analyses have 
been performed to evaluate the criticality safety. 
 

 Abnormal pool water temperature 
- As shown in the Subsections 3.4.3.5 and 3.5.3.5 of TeR, SFP has a negative 

moderation coefficient, i.e. keff at the lower temperature is higher than those at 
the higher temperature. Since the minimum water temperature (the maximum 
water density) is applied to the normal condition (static condition), additional 
evaluations are not necessary. 

 Dropped fuel assembly (provided in Subsection 4.1 of TeR) 
 Misloaded fuel assembly (provided in Subsection 4.2 of TeR) 
 Boron dilution accident (provided in Subsection 4.3 of TeR) 
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2.3 Fuel Transfer System (Two Cavity Fuel Carrier) 
 
Under normal condition of fuel transfer system, one fuel assembly is loaded in the fuel carrier. 
Therefore, criticality safety evaluations for normal condition of NFR are not necessary. 
 
The most conservative postulated accident condition for fuel transfer system is that two fuel 
assemblies are loaded in a fuel carrier and the other fuel assembly is located adjacent to fuel 
transfer system. Since soluble boron can be credited in this postulated accident (double 
contingency principle), the keff of this postulated accident condition is expected to be lower 
than the regulatory limit (keff  0.95). 

 
 
Impact on DCD  
 
There is no impact on the DCD.  
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications  
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
There is no impact on the Technical/Topical/Environmental Reports. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power  

Docket No. 52-046 

RAI No.:  167-8191 

SRP Section:  09.01.01 - Criticality Safety of Fresh and Spent Fuel Storage and 
Handling 

Application Section:   

Date of RAI Issue:  08/20/2015 

 
 
Question No. 09.01.01-3 
 
RAI 9.1.1-7: Detailed descriptions of fuel rack design configurations and interfaces 
 
REQUIREMENTS AND GUIDANCE 
 
In 10 CFR Part 50 Appendix A, General Design Criterion (GDC) 62 requires the prevention of 
criticality in fuel storage and handling. 10 CFR 50.68(b) sets specific requirements for the 
demonstration of nuclear criticality prevention in fuel storage. NUREG-0800, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR 
Edition,” Section 9.1.1, guides the reviewer, in part, to verify the completeness and 
appropriateness of fuel storage rack design data and their use in the analyses. 
 
ISSUE 
 
The application materials do not appear to include adequately detailed descriptions, such as 
plan section views and elevation of views, of the new and spent fuel storage rack designs. 
These design details are needed for the staff’s verification of DCD contents and for use in the 
staff’s independent confirmatory calculations. For example, the staff notes a lack of clear 
design information regarding the placement and positioning of absorber plates on storage cell 
walls, including in particular the four outer walls of the region I and region II spent fuel racks. 
Clear design information also appears to be lacking with regard to the relative alignment of 
outer-rack-wall-mounted absorber plates at the rack-to-rack interfaces within and between the 
two pool regions under normal and abnormal conditions. 
 
INFORMATION NEEDED 
 
In its response and in the DCD or its incorporated references, the applicant should provide 
adequately detailed descriptions, including plan section views and elevation of views, of the 
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new and spent fuel storage racks and their respective configurations in the new fuel storage 
pit and spent fuel pool. 
 
Response 
 
The descriptions including plan and elevation views of new and spent fuel storage racks and 
their respective configurations in the new fuel storage pit and spent fuel pool will be included 
in the criticality analysis technical report.  

 
 
Impact on DCD  
 
There is no impact on the DCD.  
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications  
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
Subsections 2.1, 3.4, 3.5 and 3.6 will be revised as indicated in Attachment. 
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2 CRITICALITY ANALYSIS OF NEW FUEL STORAGE RACK 

2.1 Design Input Data 

New fuel assemblies are stored in the NFR in a dry fuel storage pit. The NFR consists of 2 racks, each of 
which has 7x8 cells array, so a total of 112 new fuel assemblies can be stored in the NFR. Figure 2.1-1 
and Figure 2.1-2 show the top and front view of the NFR calculation model. As shown in the Figures the 
racks are designed to be located in the new fuel storage pit (NFSP) surrounded by concrete walls. To set 
up boundaries of SCALE model, 30 cm thickness of concrete is assumed to build bounding walls in side 
and bottom. Concrete with 30 cm thickness is enough to take account of back scattering effect of 
neutrons from the wall to the NFR.  

The design input data for the criticality calculation for the NFR are summarized in Table 2.1-1 and the 
composition ratio of constituent nuclides for the SCALE model is shown in Table 2.1-2. 

  

RAI 167-8191 - Question 09.01.01-3 Attachment (1/12)

, and Figure 2.1-3 provides the
elevation of NFR. 
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Figure 2.1-1 Top View of Criticality Calculation Model for the NFR 

 
  

RAI 167-8191 - Question 09.01.01-3 Attachment (2/12)

This figure should be replaced with the figure on page 3 of 
Attachment. 
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Figure 2.1-1 Top View of Criticality Calculation Model for the NFR 

 
  

RAI 167-8191 - Question 09.01.01-3 Attachment (3/12)
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Figure 2.1-3 Elevation of New Fuel Storage Rack 
 
 
 
 

  

TS 

RAI 167-8191 - Question 09.01.01-3 Attachment (4/12)

This figure should be included into the criticality analysis TeR. This figure should be included in the criticality analysis TeR.
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3.4 Criticality Analysis for Spent Fuel Pool Region I 

Spent fuel pool region I is designed to accommodate damaged fuel assemblies and fuel assemblies with 
initial enrichment up to 5.0 wt% U-235. The damaged fuel assemblies are stored in the canister which is 
located in the damaged fuel storage cell. Fresh or partially burnt fuel assemblies are stored in the normal 
fuel storage cell. Therefore, the criticality analysis is conducted to evaluate criticality safety of both normal 
fuel storage cell and damaged fuel storage cell. 

3.4.1 Normal Fuel Storage Cell 

The criticality calculation model for normal fuel storage cell is modeled as an infinite array of one normal 
fuel storage cell with reflective boundary conditions on all sides as shown in Figure 3.4-1. The design 
input data for the criticality analysis are as follows: 

a. Cross section library: ENDF/B-VII based 238 multi-group library, 

b. Material composition, 

- Fuel pellet: Fresh 5.0 wt% U-235 with density of [      ]TS g/cm3, 

- Cladding: ZIRLO, 

- Cooling water: non-borated pure water with density of 1.0 g/cm3, 

- Neutron absorber: METAMICTM with B-10 areal density of [      ]TS g B-10/cm2, 

- Structural material: SS-304, 

- Pool wall: Concrete, 

c. Fuel assembly geometric data: See detailed data in Table 3.1-3, 

d. Normal fuel storage cell geometric data: See detailed data in Table 3.1-1, 

e. KENO-V.a model assumes 30 cm of water above and below the active fuel length, and 

f. Reflective boundary conditions are applied for all sides of the calculation model. 

To evaluate the gap effect between racks on criticality, sensitive analyses are performed for the gap 
between racks ranged from 0 mm to 60 mm. Figure 3.4-2 shows the model for a gap effect with 0 mm gap 
between racks. The effective neutron multiplication factors and the statistical Monte Carlo calculation 
uncertainties are shown in Table 3.4-1. 

3.4.2 Damaged Fuel Storage Cell Criticality 

The damaged fuel is stored in a canister which is located in the damaged fuel storage cell, so the size of 
damaged fuel storage cell is a little bigger than the normal fuel storage cell. The damaged fuel storage 
cell is made with the same material as normal fuel storage cell. 

The criticality calculation model for damaged fuel storage cells is modeled as a 6x8 array as shown in 
Figure 3.4-3. A 6x8 array consists of five damaged fuel storage cells and 43 normal storage cells. The 
design input data for criticality analysis are almost the same as those of the normal fuel storage cell 
criticality analysis, except for the geometric data (See detailed data in Table 3.1-1). 

The effective neutron multiplication factor and the statistical Monte Carlo calculation uncertainty for the 
damaged fuel storage cell are shown in Table 3.4-1. 

3.4.3 Bias and Uncertainty Calculations 

 

RAI 167-8191 - Question 09.01.01-3 Attachment (5/12)

Figures 3.4-5 and 3.4-6 provide the top and side views of SFP region 
I. As can be seen from the Figure 3.4-5, four neutron absorber plates 
are attached to the four faces of each fuel storage cell in the SFP 
region I. So, all cells along the outer walls of the racks have a neutron 
absorber plate facing the outer wall or other racks.  
  
Design data for fuel storage cell of SFP region I are provided in
Figures 3.4-5, 3.4-6 and Table 3.1-1, and information of rack
interfaces within and between the SFP regions are provided in
Subsection 3.6. 
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Figure 3.4-5 Top View of the Spent Fuel Storage Racks in the Region I 

 

 

 

 

 

  

TS 
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This figure should be included into the criticality analysis TeR. This figure should be included in the criticality analysis TeR.
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Figure 3.4-6 Side View of the Spent Fuel Storage Racks in the Region I 
 
 
 
 
 
 
  

TS 
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This figure should be included into the criticality analysis TeR. This figure should be included in the criticality analysis TeR.
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3.5 Criticality Analysis for Spent Fuel Pool Region II 

The spent fuel pool region II is designed to accommodate the fuel assemblies with the minimum burnup 
which satisfies the criticality acceptance criteria. The criticality analysis is performed using the 
CSAS5/KENO-V.a sequence and the ORIGEN-ARP with cross section libraries generated using the 
TRITON and the ENDF/B-VII 238 energy group library.  

In order to determine the loading curve, the criticality analyses are performed to find the minimum burnup 
which produced a keff less than 1.0 at the each initial enrichment of fuel assemblies.  

3.5.1 Depletion Calculations 

As discussed in Subsection 3.3.2, the depletion calculations are performed using the ORIGEN-ARP with 
cross section libraries generated using the TRITON sequence. For the generation of the cross section 
libraries using the TRITON sequence, bounding reactor parameters described in the Subsection 3.5.1.1 
are used. The isotopic concentrations are generated by the ORIGEN-ARP at each 2.25 GWd/MTU 
intervals from 0 to 72 GWd/MTU for the initial enrichments from 2.0 to 5.0 wt% U-235 with 0.5 wt% 
increments of U-235 enrichment. 

No burnup credit is taken for conservatism so that the fuel assembly is not allowed to decay after 
depleted to a desired assembly-average burnup. 

3.5.1.1 Bounding Reactor Parameters for the Depletion Calculation 

The bounding reactor parameters are used for the depletion calculation for conservatism. The reactor 
parameters are a fuel temperature, a fuel density, a moderator temperature, a soluble boron 
concentration and a power level as presented in Table 3.5-1. The sensitivity analysis is performed to 
identify the trend with respect to a power level, and it is found that there is no trend with respect to power 
level as shown in Table 3.5-2. So, the maximum power level corresponding to the maximum fuel 
temperature is used as a bounding reactor parameter. 

By using the bounding reactor parameters for the depletion calculation, there is no need to add the 
additional uncertainty to the calculated nominal keff for the reactor operational conditions. 

3.5.1.2 ORIGEN-ARP Calculation 

As discussed in Subsection 3.3.2.1, the ORIGEN-ARP code is used for the depletion calculation.  

3.5.1.3 TRITON-NEWT Calculation 

The TRITON sequence is used to generate libraries for the PLUS7 16x16 fuel assembly. Figure 3.5-1 
shows the depletion calculation model for the PLUS7 16x16 fuel assembly. The burnup steps of 3 
GWd/MTU are generally adequate to represent the cross section variations with burnup in creating LWR 
fuel libraries (Reference 5). But, burnup steps of 2.25 GWd/MTU are used in this calculation for better 
accuracy. In this calculation, the maximum burnup is 72 GWd/MTU. 32 burnup steps are used with 
intervals of 2.25 GWd/MTU, and one library is generated for each steps. The library generated by this 
analysis contains 33 sets of cross sections, which are fresh fuel cross sections and 32 burnup-dependent 
cross sections. Summary of parameters for the depletion calculation are listed in Table 3.5-3. The burnup 
values corresponding to each set are listed in Table 3.5-4. 

 

RAI 167-8191 - Question 09.01.01-3 Attachment (8/12)

Figures 3.5-8 and 3.5-9 provide the top and side views of SFP region II. 
As can be seen from the Figure 3.5-8, spent fuel storage racks in SFP 
region II are based on a high density rack design and at least one 
neutron absorber plate is placed between adjacent fuel assemblies to 
maintain sub-criticality.  
  
Design data for fuel storage cells of SFP region II are provided in 
Figures 3.5-8, 3.5-9 and Table 3.1-2, and information of rack interfaces
within and between the SFP regions are provided in Subsection 3.6. 



Non-Proprietary 

Criticality Analysis of NFR and SFR                              APR1400-Z-A-NR-14011-NP, Rev.0 

KEPCO & KHNP                                                                

 
 
  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
  
  
  
 

Figure 3.5-8 Top View of the Spent Fuel Storage Racks in the Region II 
 
 
 
 

  

TS 
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This figure should be included into the criticality analysis TeR. This figure should be included in the criticality analysis TeR.
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Figure 3.5-9 Side View of the Spent Fuel Storage Racks in the Region II 
 

 
 
  

TS 
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This figure should be included into the criticality analysis TeR. This figure should be included in the criticality analysis TeR.
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3.6 Interface Between Regions 

3.6.1 Interface within Each Region 

Interface within region I is less reactive than the reference case for region I, because the gap between the 
racks in region I is 60 cm, but the gap between the cells in region I (the reference case) is 43.8 cm. 

Interface within region II is also less reactive than the reference case for region II, because the gap 
between the racks in region II is 30 cm, but the gap between the cells in region II (the reference case) is 0 
cm. 

3.6.2 Interface between Regions I and II 

Interface between region I and region II is also predictable due to the same reason in Subsection 3.6.1, 
because the gap between region I and region II is at least 60 cm. Furthermore, racks in region I have 
neutron absorber panel on the exterior of the rack, so there is no local increase in reactivity at the rack 
interface. There are sufficient neutron absorber panels among racks so that the maximum keff is much 
less than the limiting keff in region I or region II. 

 

RAI 167-8191 - Question 09.01.01-3 Attachment (11/12)

Gaps between racks in SFP are provided in Figure 3.6-1. 

mm

mm

Gaps between regions in SFP are provided in Figure 3.6-1. 
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Figure 3.6-1 Spent Fuel Storage Rack Interfaces

TS 
This figure should be included in the criticality TeR. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power  

Docket No. 52-046 

RAI No.:  167-8191 

SRP Section:  09.01.01 - Criticality Safety of Fresh and Spent Fuel Storage and 
Handling 

Application Section:  Criticality analysis TeR Sections 3.4 and 3.5 

Date of RAI Issue:  08/20/2015 

 
 
Question No. 09.01.01-4 
 
RAI 9.1.1-10: Modeled thickness of neutron absorber plates 
 
REQUIREMENTS AND GUIDANCE 
 
In 10 CFR Part 50 Appendix A, General Design Criterion (GDC) 62 requires the prevention of 
criticality in fuel storage and handling. 10 CFR 50.68(b)(4) sets specific requirements for the 
demonstration of nuclear criticality prevention in wet fuel storage. NUREG-0800, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR 
Edition,” Section 9.1.1, guides the reviewer, in part, to verify that the criticality analysis 
conservatively incorporates fuel storage rack design data, including materials and 
dimensional data. 
 
ISSUE 
 
The applicant states that the absorber plates are assumed to have the maximum thickness 
allowed by tolerances. This staff considers this assumption to be potentially non-conservative 
in view of the lost neutron moderating effects of the water displaced by thicker plates. 
 
INFORMATION NEEDED 
 
In its response and in the DCD or its incorporated references, the applicant should resolve the 
apparent inconsistency by correctly characterizing and the modeling assumption of absorber 
plate thickness and by revising the modeling assumption as appropriate to avoid non-
conservatism in this regard. If the assumption is revised, the applicant should also provide an 
updated criticality analysis for the storage pool racks. 
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Response 
 
The non-conservatism associated with the assumption of the maximum neutron absorber 
plates (NAP) thickness can be covered by the conservative assumption applied to B-10 areal 
density. To confirm this, sensitivity analyses were performed. 
 
Table 1 provides the effect of NAP thickness on the reactivity of spent fuel pool (SFP), and it 
is shown that the minimum NAP thickness assumption leads to conservative results. To 
qualify the non-conservatism associated with assuming the maximum NAP thickness, the 
differences between the keff values under the maximum and minimum NAP thickness 
assumptions were calculated and summarized as follows.  
 
 
 
 
 
 
Table 2 provides the effect of B-10 areal density on the reactivity of SFP. The B-10 areal 
density of neutron absorber material (METAMIC) is assumed to be 75 % of the minimum B-10 
areal density, as stated in Section 3.2 of criticality analysis TeR. The keff margins due to 75 % 
B-10 areal density assumption were evaluated by comparing keff values under the 75 % and 
90 %a B-10 areal density assumptions and summarized as follows. 
 
 
 
 
 
 
It is shown that keff margins associated with the assumption of B-10 areal density are always 
larger than keff differences associated with NAP thickness assumption as shown in Tables 1 
and 2. Therefore, the conservatism associated with the 75 % B-10 areal density assumption 
sufficiently covers the non-conservatism associated with the maximum NAP thickness 
assumption.  
 
Additional analyses to resolve the non-conservative assumption about the NAP thickness are 
not necessary at this time, and the modeling assumption of NAP provided in the criticality 
analysis TeR will be revised to incorporate the descriptions discussed in this RAI response. 
 
 
 
 
  

                                                   
a. The assumption of 90 % B-10 areal density is also a conservative assumption since no 
significant loss of neutron absorber efficiency has been observed in METAMIC. 

TS 

TS 
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Table 1. Sensitivity analysis results for thickness of neutron absorber plates 

 
 
 
 
 
  

TS 
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Table 2. Sensitivity analysis results for B-10 areal density 

 
 
 
 
 

TS 



Non-Proprietary 
 
                                                                                                                      

 

 

09.01.01-4 - 5 / 5 KEPCO/KHNP 

 
 
Impact on DCD  
 
There is no impact on the DCD.  
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications  
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
Sections 3.2 and 3.4.3.3.2 of the criticality analysis TeR will be revised as indicated in 
Attachment. 
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3.2 Key Assumptions 

Key assumptions for the conservative criticality calculation of spent fuel storage rack are as follows: 

a. KENO-V.a model for spent fuel pool region I assumes an infinite array of one normal fuel storage 
cell using all reflective conditions, 

b. KENO-V.a model for spent fuel pool region II assumes an infinite array of 2x2 storage cells with 
periodic boundary conditions for sides and reflective conditions for top and bottom, 

c. KENO-V.a model assumes 30 cm of water above and below the active fuel length, 

d. The assemblies are assumed as non-blanketed assemblies for conservatism (see Subsection 
3.5.3.9.4), 

e. Fuel rod cladding and guide tube cladding are only considered as structural material within the 
active fuel length, 

f. Water density of 1.0 g/cm3 is used for conservatism (see Subsections 3.4.3.5 and 3.5.3.5), 

g. Soluble boron is not considered in normal conditions, 

h. No burnable absorber rod is considered for conservatism, 

i. No zoning around guide tube is considered for conservatism, 

j. 12 actinides and 16 fission products recommended in ISG-8 (Reference 8) are considered for 
spent fuel pool region II. Recommended 28 nuclides are presented in Table 3.2-1, 

k. A neutron absorber plate is assumed to have 75% of the minimum B-10 areal density for 
conservatism, and 

l. A neutron absorber plate is assumed to have the minimum length, the minimum width and the 
maximum thickness allowed by the tolerances. 

Key assumptions for the conservative depletion calculation of spent fuel storage rack are as follows: 

a. The maximum fuel temperature, [      ]TS, is used, 

b. The maximum fuel density, [            ]TS, is used, 

c. The maximum moderator temperature, [        ]TS, is used, 

d. The maximum cycle average soluble boron concentration, [       ]TS, is used, 

e. The maximum power level, [          ]TS, is used, 

f. No decay time is considered after the fuel assembly is depleted for conservatism, 

g. No burnable poison rod is considered for conservatism, 

h. No zoning around guide tube is considered for conservatism, 

i. The uniform axial power distribution is assumed and the end effect is considered as a bias, and 

j. No burnup credit is considered for spent fuel pool region I. 

 
  

Add superscript "*"

* The non-conservatism associated with assuming the maximum neutron absorber plates 
thickness is sufficiently covered by other conservative assumptions such as 75% of minimum 
B-10 areal density and bounding dimension parameters (minimum neutron absorber plate width 
and length). 

Add footnote  
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3.4.3.3.2 Racks 

The uncertainties due to mechanical tolerances about the rack including a cell pitch, a cell wall thickness, 
and a sheath thickness are assessed. The bias and uncertainty analyses for neutron absorber plate are 
not considered because 75% of minimum B-10 areal density and bounding dimension parameters 
(maximum thickness, minimum width and length) are used for a criticality analysis for the purpose of 
conservatism. 

Table 3.4-4 shows the uncertainties due to mechanical tolerances of the racks: 

  

   

   

           

   

3.4.3.4 Uncertainty due to Eccentric Fuel Assembly Positioning 

The uncertainty due to fuel assembly positioning in the cell is evaluated. Figure 3.4-4 shows the eccentric 
position of fuel assembly and the evaluation results are shown in Table 3.4-5. The effective neutron 
multiplication factor of the eccentric fuel assembly positioning model is less than that of normal 
positioning model as shown in Table 3.4-5. So the uncertainty of fuel assembly positioning is not included 
in the total uncertainty.  

3.4.3.5 Bias due to Pool Cooling Water Temperature 

The bias due to the temperature of cooling water in the pool is assessed. The evaluation results are listed 
in Table 3.4-6 and show that the pool has a negative moderator coefficient, i.e., keff at the lower 
temperature is higher than those at the higher temperatures. Therefore, the bias due to cooling water 
density is not included in the total bias. 

3.4.4 Results of Criticality Analysis of Spent Fuel Pool Region I 

The criticality analysis for spent fuel pool region I with 5.0 wt% U-235 enrichment of PLUS7 fuel is 
performed by using SCALE 6.1.2 code. Table 3.4-7 shows the summary of bias and uncertainty. Table 
3.4-8 shows the evaluated effective neutron multiplication factors including total bias and uncertainty. The 
evaluated effective neutron multiplication factors for spent fuel pool region I have additional margin due to 
the conservative assumptions included in the input parameters for the criticality analysis as follows: 

a. The design maximum enrichment of 5.0 wt% is applied to all the UO2 fuel rods in the spent fuel 
pool region I, 

b. Miscellaneous structures such as grid, spring, end caps, etc., are not included in the calculation 
model, 

c. Burnable absorber rods in fuel assembly or axial blankets in fuel rod are not considered in the 
calculation model, and 

d. Zoning to alleviate the power peak in the fuel assembly is not considered and all fuel rods are 
assumed to have the same maximum enrichment. 

The acceptance criteria of the spent fuel storage racks with soluble boron credit are as follows: 

a. The keff value, including all biases and uncertainties, must not exceed 0.95 with borated water, at 

TS 
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Question No. 09.01.01-5 
 
RAI 9.1.1-11: Modeling of damaged fuel 
 
REQUIREMENTS AND GUIDANCE 
 
In 10 CFR Part 50 Appendix A, General Design Criterion (GDC) 62 requires the prevention of 
criticality in fuel storage and handling. 10 CFR 50.68(b)(4) sets specific requirements for the 
demonstration of nuclear criticality prevention in wet fuel storage. NUREG-0800, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR 
Edition,” Section 9.1.1, advises the reviewer, in part, to verify the conservatism of normal- and 
abnormal-conditions models and the appropriateness of assumptions and approximations 
made therein. 
 
ISSUE 
 
The design of the pool region I racks includes special rack cells for storing damaged fuel. The 
applicant has not characterized the allowed contents of those storage cells in terms of the 
assumed kinds and extent of fuel assembly damage or assembly reconfiguration analyzed for 
storage. As described in Section 3.4.2 and Figure 3.4-3 of the criticality analysis report, the 
applicant’s analysis model for the damaged fuel storage cells appears to contain an intact 
new fuel assembly. The NRC staff is concerned that this analysis model may not be bounding 
for the anticipated contents of damaged fuel and may be clearly bounding only for storing 
intact new fuel. 
 
INFORMATION NEEDED 
 
The applicant should provide in its response and in the DCD or its incorporated references a 
description of the allowed contents and conditions of fuel in the damaged fuel storage cells 
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and, as necessary, an updated analysis with stated assumptions with regard to the modeling 
of allowed damaged fuel contents. If the analysis assumes immediate insertion of dummy or 
replacement fuel rods in place of rods damaged in the reactor or elsewhere, this should be 
stated and justified in the DCD or its incorporated references along with the identification of 
any supporting information or criteria to be provided in a COL. 
 
Response 
 
The damaged fuel assemblies discussed in Subsection 3.4 of the criticality analysis technical 
report (TeR) were modeled under the following assumptions, and keff without biases and 
uncertainties is [             ]TS (Reference case). 
 

1. Unburned new fuel with initial enrichment of 5.0 wt%, and 
2. All gaps between the pellet and the cladding are assumed to be flooded by water.  

 
Irradiation of fuel assemblies to high burnup may increase the possibility of fuel assembly 
failure and higher burnup results in decreased reactivity of fuel. Thus, the assumption of new 
fuel is a conservative assumption. Also all gaps between pellets and the cladding are 
assumed to be flooded by water. This assumption is conservative because flooded water in 
the gap causes a local area of higher moderation, which can increase keff.  
 
Case studies are performed to clarify the allowed conditions of fuel in damaged fuel storage 
cell (DFC), and the results are as follows. 
 
1. Loss of fuel rods from the fuel assembly 
 
Loss of fuel rods from the fuel assembly results in a local area of higher moderation, which 
can increase keff. To quantify the effect of loss of fuel rods on the reactivity, case studies are 
performed.  
 
First, the loss of single fuel rod case is evaluated. Figure 1 provides a base model for the loss 
of fuel rod study. The damaged fuel assembly (loss of single fuel rod) is stored in the 3rd 
DFC, and other DFCs are occupied by new intact fuel assemblies. To quantify the single fuel 
rod loss effect on reactivity, each fuel rod in the fuel assembly was removed one at a time and 
criticality calculations were performed. Also, keff without damaged fuel (intact fuel stored in 
DFC) was evaluated to calculate the keff deviation due to fuel rod loss. Since a base model 
has symmetry about the y-direction, only upper part (from 1st row to 8th row) of fuel assembly 
is considered in these calculations. The calculation results are provided in Table 1 and 
summarized as follows. 
 

  
  
  
  
 

TS 
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The maximum keff without biases and uncertainties is [             ]TS, which is much smaller than 
keff of the reference case discussed in TeR. Therefore, additional evaluations for single fuel 
rod loss are not necessary. 
 
Loss of multiple fuel rods also can happen during the operation. Due to the extremely large 
number of possible cases for the multiple fuel rods loss, it is not practical to evaluate all 
possible cases. Hence, analysis results of the references 1 and 2 were applied to this 
evaluation. According to the references 1 and 2, keff increment due to the loss of multiple fuel 
rods is about 2%~2.42% Dk. So, keff of multiple fuel rods loss is estimated as follows.  
 

  
  
  
  

 
Since estimated keff satisfies the acceptance criteria (keff without soluble boron < 1.0), 
additional evaluations for the loss of multiple fuel rods are not necessary. 
 
2. Cladding Failure 
 
If the cladding of fuel rods is damaged, the gap between the pellet and the cladding will be 
flooded by water. The most severe case is that every fuel rod’s cladding is damaged so that 
every gap is flooded by water. This case is the same as an assumption of the reference case. 
Therefore, additional evaluations for damaged fuel cladding are not necessary. 
 
Also, the loss of cladding can cause loss of pellets. This is the same condition as loss of fuel 
rods. Therefore, additional evaluations for loss of fuel cladding are not necessary.  
 
3. Fuel Rod Reconfiguration (Increase rod pitch) 
 
Fuel rod pitch can be changed by removal of fuel hardware such as fuel assembly grid and 
the change of fuel rod pitch can lead to increase moderation and keff. Figure 2 provides a 
base model for the fuel rod reconfiguration. All DFCs are occupied by damaged fuel 
assemblies, and it is assumed that the damaged fuel assembly has the maximum uniform rod 
pitch within an inner dimension of the canister in the DFC. The calculation result for fuel rod 
reconfiguration is [             ]TS, which includes biases and uncertainties. Since keff satisfies the 
acceptance criteria (keff without soluble boron < 1.0), additional evaluations are not necessary. 
 
As a conclusion, modeling of damaged fuel discussed in Subsection 3.4 of the criticality 
analysis TeR is performed under conservative and appropriate assumptions. Also it is 
concluded that damaged fuel assemblies under the conditions discussed above can be stored 
in the DFC. The criticality analysis TeR will be revised to clarify assumptions applied to 
modeling of damaged fuel. 
 
 
 
 

TS 
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Table 1. Results for Loss of Single Fuel Rod 
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Figure 1. Base Model for Loss of Single Fuel Rod 
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Figure 2. Base Model for Fuel Rod Reconfiguration 
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Impact on DCD  
 
There is no impact on the DCD.  
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications  
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
Subsection 3.4 of the criticality analysis TeR will be revised as indicated in Attachment. 
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3.4 Criticality Analysis for Spent Fuel Pool Region I 

Spent fuel pool region I is designed to accommodate damaged fuel assemblies and fuel assemblies with 
initial enrichment up to 5.0 wt% U-235. The damaged fuel assemblies are stored in the canister which is 
located in the damaged fuel storage cell. Fresh or partially burnt fuel assemblies are stored in the normal 
fuel storage cell. Therefore, the criticality analysis is conducted to evaluate criticality safety of both normal 
fuel storage cell and damaged fuel storage cell. 

3.4.1 Normal Fuel Storage Cell 

The criticality calculation model for normal fuel storage cell is modeled as an infinite array of one normal 
fuel storage cell with reflective boundary conditions on all sides as shown in Figure 3.4-1. The design 
input data for the criticality analysis are as follows: 

a. Cross section library: ENDF/B-VII based 238 multi-group library, 

b. Material composition, 

- Fuel pellet: Fresh 5.0 wt% U-235 with density of [      ]TS g/cm3, 

- Cladding: ZIRLO, 

- Cooling water: non-borated pure water with density of 1.0 g/cm3, 

- Neutron absorber: METAMICTM with B-10 areal density of [      ]TS g B-10/cm2, 

- Structural material: SS-304, 

- Pool wall: Concrete, 

c. Fuel assembly geometric data: See detailed data in Table 3.1-3, 

d. Normal fuel storage cell geometric data: See detailed data in Table 3.1-1, 

e. KENO-V.a model assumes 30 cm of water above and below the active fuel length, and 

f. Reflective boundary conditions are applied for all sides of the calculation model. 

To evaluate the gap effect between racks on criticality, sensitive analyses are performed for the gap 
between racks ranged from 0 mm to 60 mm. Figure 3.4-2 shows the model for a gap effect with 0 mm gap 
between racks. The effective neutron multiplication factors and the statistical Monte Carlo calculation 
uncertainties are shown in Table 3.4-1. 

3.4.2 Damaged Fuel Storage Cell Criticality 

The damaged fuel is stored in a canister which is located in the damaged fuel storage cell, so the size of 
damaged fuel storage cell is a little bigger than the normal fuel storage cell. The damaged fuel storage 
cell is made with the same material as normal fuel storage cell. 

The criticality calculation model for damaged fuel storage cells is modeled as a 6x8 array as shown in 
Figure 3.4-3. A 6x8 array consists of five damaged fuel storage cells and 43 normal storage cells. The 
design input data for criticality analysis are almost the same as those of the normal fuel storage cell 
criticality analysis, except for the geometric data (See detailed data in Table 3.1-1). 

The effective neutron multiplication factor and the statistical Monte Carlo calculation uncertainty for the 
damaged fuel storage cell are shown in Table 3.4-1. 

3.4.3 Bias and Uncertainty Calculations 

 

RAI 167-8191 - Question 09.01.01-5 Attachment (1/1)

For the purpose of conservatism, the damaged fuel assemblies are modeled under the 
following assumptions. 
 
  a. Unburned new fuel with initial enrichment of 5.0 wt%, and 
  b. All gaps between the pellet and the cladding are assumed to be flooded by water. 
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Question No. 09.01.01-7 
 
RAI 9.1.1-13: Reactivity effects of rodded fuel depletion 
 
REQUIREMENTS AND GUIDANCE 
 
In 10 CFR Part 50 Appendix A, General Design Criterion (GDC) 62 requires the prevention of 
criticality in fuel storage and handling. 10 CFR 50.68(b) sets specific requirements for the 
demonstration of nuclear criticality prevention in wet fuel storage. NUREG-0800, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR 
Edition,” Section 9.1.1, directs the reviewer to verify that appropriate assumptions are used in 
the criticality analysis. In addition, NRC Interim Staff Guidance DSS-ISG-2010-01 states that 
rodded operation may affect the discharge reactivity of fuel assemblies and should be 
considered in spent fuel pool criticality analyses. DSS-ISG-2010-01 further states that 
bounding reactor parameters should be used in the fuel depletion analysis. 
 
ISSUE 
 
The APR1400 nuclear design described in DCD Section 4.3 describes the use of inserted 
control rods at power and during load-follow operations, particularly part-strength rods. The 
staff notes that the effects of absorption and moderator displacement by inserted control rods 
substantially increase the reactivity of spent fuel by enhancing the production of fissile 
plutonium. Table 3.5-1 of the criticality analysis report lists the bounding reactor parameters 
for the depletion calculation, including parameters such as maximum fuel temperature and 
maximum fuel density, but the effects of rodded operation do not appear to be considered 
there or in other parts of the report. The neglect of rodded fuel depletion history is non-
conservative. 
 
INFORMATION NEEDED 
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In its response and in the DCD or its incorporated references, the applicant should either 
revise or justify the assumed fuel depletion parameters with regard to the effects if inserted 
control rods during depletion and provide revised depletion and criticality analyses as 
necessary. 
 
Response 
 
Depletion calculations were performed under the assumption of all rods out (ARO). ARO is an 
appropriate assumption for the following reasons. 
 

1. Control rods are used for short-term reactivity control such as suppression of xenon 
oscillations, compensations for minor variations in moderator temperature and boron 
concentration, 

2. During normal operation, the insertion lengths of control rods were restricted, and 
3. Operating strategy for the APR1400 does not consider a load-follow operation. 

 
Therefore, control rod effects on the reactivity of spent fuel assemblies are expected to be 
small and can be covered by the other conservative assumptions applied to the depletion 
calculations (maximum pellet density, maximum pellet/moderation temperature). 
 

 
 
Impact on DCD  
 
There is no impact on the DCD. 
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications  
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
There is no impact on any Technical, Topical, or Environment Report. 
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Question No. 09.01.01-8 
 
RAI 9.1.1-14: Fuel power and temperature parameters in fuel depletion calculations 
 
REQUIREMENTS AND GUIDANCE 
 
In 10 CFR Part 50 Appendix A, General Design Criterion (GDC) 62 requires the prevention of 
criticality in fuel storage and handling. 10 CFR 50.68(b) sets specific requirements for the 
demonstration of nuclear criticality prevention in fuel storage. NUREG-0800, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR 
Edition,” Section 9.1.1, guides the reviewer to verify that the applicant has provided sufficient 
design and analysis information to support the evaluation findings. DSS-ISG-2010-01 states 
that bounding reactor parameters should be used in the fuel depletion analysis for spent fuel 
burnup credit. DSS-ISG-2010-01 further notes that it may be physically impossible for the fuel 
assembly to simultaneously experience two bounding values. In those cases, the applicant 
should maximize the dominant parameter and use the nominal value for the subordinate 
parameter. Where this is done, the application should describe and justify the parameters 
used. DSS-ISG-2010-01 also refers to the fuel depletion parametric studies described in 
NUREG/CR-6665, “Review and Prioritization of Technical Issues Related to Burnup Credit for 
LWR Fuel.” 
 
ISSUE 
 
Table 3.5-1 of the criticality analysis report lists the bounding reactor parameters used in the 
fuel depletion calculations for fuel stored in the region II racks. The listed bounding reactor 
parameters include both a maximum fuel temperature and a maximum fuel power level, the 
latter being specified as a maximum fuel specific power in units of MWt/MTU. Although not 
clearly described as such in the report, the applicant’s approach seems to attempt to credit 
the fact that these two parameters are correlated in such a way that it is not possible to 
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operate a fuel assembly at conservative maximum fuel temperature and conservative 
minimum specific power at the same time. The applicant’s depletion sensitivity analysis for 
fuel specific power considers only a “nominal” power level versus an incrementally higher 
(i.e., ~13 percent higher) “maximum” power level. Similarly, the applicant’s sensitivity analysis 
for fuel temperature considers only incremental variations of maximum fuel temperature. 
However, it is not clear to the staff that the applicant has considered the correlation between 
fuel power and fuel temperature in a consistent and appropriate manner. In order to evaluate 
whether fuel power or fuel temperature is the dominant parameter, it is important to compare 
the respective sensitivities on a consistent basis and over appropriate ranges of parameter 
values. Per DSS-ISG-2010-01, any conflicting correlation between reactivity maximizing and 
minimizing parameters should then be treated conservatively by setting the subordinate 
parameter to its nominal or expected value instead of to a minimizing value as otherwise 
might be done in a best-estimate approach to parameter correlation. The staff notes that, per 
NUREG/CR-6665, longer operation at lower fuel power levels results in higher computed fuel 
reactivity, whereby fuel reactivity increases more when fuel power decreases late in life, 
which is typically the case. In terms of related considerations for axial burnup profiles, the 
staff notes that local fuel power levels are generally lower at the most reactive underburned 
ends of fuel assemblies. The staff also notes that DCD Section 4.3 refers to load-follow 
operations that would entail fuel depletion at reduced power levels. With regard to fuel 
temperature, NUREG/CR-6665 notes that higher fuel temperatures always increase spent 
fuel reactivity by enhancing fissile plutonium production. The staff also notes that the 
applicant has not indicated how the listed values of expected and maximum fuel operating 
temperatures account for the thermal conductivity degradation discussed in NRC Information 
Notice 2009-03, “Nuclear Fuel Thermal Conductivity Degradation.” 
 
INFORMATION NEEDED 
 
In its response and in the DCD or its incorporated references, the applicant should provide 
revised analyses that either (1) deplete the fuel at conservative values of high fuel 
temperature and low fuel power, thereby conservatively neglecting how the two parameters 
are correlated, or (2) deplete the fuel at a clearly conservative value of the dominant 
parameter and at a justified nominal or expected value of the subordinate parameter. If the 
second approach is taken, the supporting sensitivity analyses should be revised to provide a 
consistent basis for assessing parameter dominance and to address appropriately lower 
ranges of fuel power (e.g., representing axial end effects and any allowed load-follow 
operations). The revised sensitivity results should then clearly show whether high fuel 
temperature or low fuel power is dominant for the expected ranges of operating parameters in 
this reactor design. For either approach, the revised analyses should also include an 
explanation of how the applicant’s expected and maximum fuel temperature values account 
for fuel thermal conductivity degradation. 
 
Response 
 
NUREG/CR-6665 states that longer operation at lower fuel power level results in higher fuel 
reactivity. The analysis of NUREG/CR-6665 is based on 5-year cooling time after depletion. In 
this case, the decay effect on certain nuclides during the cooling time can affect the reactivity 
of fuel significantly. For example, higher specific power leads to a higher Sm-149 content after 
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the decay of Pm-149 during the cooling time, and a higher Sm-149 content lowers reactivity 
since it has a large neutron absorption cross section. 
 
However, the criticality analysis for the spent fuel pool (SFP) of APR1400 has been performed 
taking zero cooling time credit. Therefore, the decay effect (Pm- -149) on the 
reactivity of fuel will be negligible.  
 
To clarify the effect of operation power levels on the reactivity of spent fuel, sensitivity 
analyses were performed, and the analysis results are provided in the Table 1 and Figure 1. 
Three observations were made in looking at the results. 
 

1. There is no clear keff trend with respect to power level, 
2. The keff deviations from the reference case ([                           ]TS) are so small as to 

be negligible ([                         ]TS), 
3. In most cases, the highest power level ([                            ]TS) leads to the maximum 

keff. 
 
Therefore, operating power level is not a key parameter under the assumptions of the 
criticality analysis for SFP of APR1400, and using the maximum power level as a bounding 
reactor parameter is an appropriate assumption.  
 
NRC staff noted that lower specific power generates a more conservative axial burnup profile. 
However, the axial burnup profile applied to the criticality analysis for SFP of APR1400 is 
determined by surveying all possible burnup profiles generated by actual reactor core 
analyses. Therefore, the axial burnup profile is independent of power level applied to the 
depletion calculation. 
 
NRC staff also requested an explanation of how fuel temperature accounts for fuel thermal 
conductivity degradation (TCD). The fuel temperature assumed in the depletion calculations 
is [           ]TS, which is the peak fuel temperature at peak linear power of [         ]TS with 
additional margin. 
 
Fuel temperatures at limiting condition of operation (LCO) and steady state are provided in 
Table 2, and the maximum fuel temperature at LCO is [                                      ]TS. The fuel 
temperature increment due to TCD at [                                                                            ]TS. 
Therefore, the maximum fuel temperature including TCD effect is [                                  ]TS 
higher than the fuel temperature applied to the depletion calculation. NUREG/CR-6665 states 
that the bounding case is for high-burnup fuel and the reactivity worth of fuel temperature 
change is on the order of 5 pcm/K for an infinite lattice of PWR fuel pins. So, keff will be 
increased by [            ]TS, which is so small as to be negligible considering the conservative 
assumptions applied to the criticality analysis. Therefore, the TCD effect on the fuel reactivity 
will be negligible. 
 
  



 
                                                                                                                      

 

 

09.01.01-8 - 4 / 7 KEPCO/KHNP 

Non-Proprietary 

 
Table 1. Sensitivity analysis result for operation power levels 
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Table 2. Maximum fuel average temperatures 

 
 
 
  

TS 



 
                                                                                                                      

 

 

09.01.01-8 - 6 / 7 KEPCO/KHNP 

Non-Proprietary 

 
Figure 1. % Deviation from reference case ([                           ]TS)  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Impact on DCD  
 
There is no impact on the DCD.  
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications  
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There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
There is no impact on any Technical, Topical, or Environment Report. 
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Question No. 09.01.01-9 
 
RAI 9.1.1-15: Determination of bounding axial burnup profiles 
 
REQUIREMENTS AND GUIDANCE 
 
In 10 CFR Part 50 Appendix A, General Design Criterion (GDC) 62 requires the prevention of 
criticality in fuel storage and handling. 10 CFR 50.68(b)(4) sets specific requirements for the 
demonstration of nuclear criticality prevention in wet fuel storage. NUREG-0800, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR 
Edition,” Section 9.1.1, directs the reviewer to verify that appropriate assumptions are used in 
the criticality analysis. In addition, NRC Interim Staff Guidance DSS-ISG-2010-01 notes that 
rodded operation can affect the axial burnup profiles and reactivity and states that 
conservative profiles should be identified and conservatively used in the analysis. 
 
ISSUE 
 
The criticality report states that bounding axial burnup profiles are selected by surveying a set 
of 304 burnup profiles that cover all possible types of axial burnup distributions. The staff 
needs to understand how that set of burnup profiles was generated (e.g., using on a 
comprehensive range of simulated reactor operating histories and/or by using core-follow 
calculations from similar operating plants) in order to verify that it indeed adequately covers 
the possible types of axial burnup distributions for this reactor design. To verify conservatism 
in the selection from that set of bounding burnup profiles from that set, the staff also needs to 
understand how the selection process considers the reactivity effects of local burnup history 
parameters such as rodded burnup. 
 
INFORMATION NEEDED 
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In its response and in the DCD or its incorporated references, the applicant should provide 
information describing in detail how the set of axial burnup profiles was generated and how 
the set was evaluated and used to determine the most reactive bounding profiles. The 
requested information should also describe how the selection process considers the reactivity 
effects of local fuel depletion history parameters such as rodded burnup. 
 
Response 
 
1. Generation of axial burnup profiles 
 
In order to generate the axial burnup distribution information, all the possible axial burnup 
distributions of the fuel assemblies at the end of cycle were examined for eight fuel cycles 
covering the initial cycle through the equilibrium cycle for the APR1400. 
 
Hot full power (HFP), all rod out (ARO), and steady state depletion are assumed to generate 
axial burnup distribution data, thus, rod insertion effects were not included in the axial burnup 
data. 
 
2. Selection of the bounding axial burnup profile  
 
The bounding axial burnup profile is selected by surveying 304 burnup profiles, which cover all 
possible types of axial burnup distributions. KHNP reviews the relative under-depletion of the 
top portion of the fuel assembly and selects the axial burnup profile with the most under-
depletion of the top fuel region as the bounding axial burnup profile.  
 
When determining the bounding axial burnup profile, a rodded burnup is not considered 
because the axial burnup profiles were generated under the assumption of ARO. ARO is an 
appropriate assumption since control rod operation is restricted by the operating strategy of 
the APR1400. 
 

 
 
Impact on DCD  
 
There is no impact on the DCD. 
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications  
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
There is no impact on any Technical, Topical, or Environment Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power  

Docket No. 52-046 

RAI No.:  167-8191 

SRP Section:  09.01.01 - Criticality Safety of Fresh and Spent Fuel Storage and 
Handling 

Application Section:  Criticality analysis TeR Section 3.5 

Date of RAI Issue:  08/20/2015 

 
 
Question No. 09.01.01-10 
 
RAI 9.1.1-16: Uncertainty due to “fuel burnup measurement” 
 
REQUIREMENTS AND GUIDANCE 
 
In 10 CFR Part 50 Appendix A, General Design Criterion (GDC) 62 requires the prevention of 
criticality in fuel storage and handling. 10 CFR 50.68(b)(4) sets specific requirements for the 
demonstration of nuclear criticality prevention in wet fuel storage. NUREG-0800, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR 
Edition,” Section 9.1.1, guides the reviewer to verify that the applicant has provided sufficient 
design and analysis information to support the evaluation findings. As noted in NRC Interim 
Staff Guidance DSS-ISG-2010-01, the staff’s reviews of the uses of burnup credit in spent 
fuel criticality safety analyses are informed by analytical studies presented in several 
NUREG/CR reports. NUREG/CR-6998, “Review of Information for Spent Fuel Burnup 
Confirmation,” describes proposed measurement methods for confirming the recorded burnup 
of spent fuel assemblies as well as information on the accuracy of assembly burnup records 
absent such confirmatory measurements. 
 
ISSUE 
 
The applicant’s criticality analysis report includes an analysis of uncertainty due to “fuel 
burnup measurement” but provides no indication that burnup measurements will be 
performed on the stored spent fuel assemblies. The applicant also cites information in 
NUREG/CR-6998 on the accuracy of spent fuel burnup records absent such confirmatory 
spent fuel measurements. To verify the appropriateness of the burnup uncertainty values 
used in the applicant’s analysis, the staff needs to first understand whether the uncertainty 
analysis pertains to the burnup records or to spent fuel burnup measurements yet to be 
described. If the uncertainty pertains to burnup records, as is typically the case in today’s 
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operating plants, more information will be needed on the burnup record methods so that the 
staff can verify the appropriateness of the applicant’s evaluation and treatment of fuel burnup 
uncertainty. 
 
INFORMATION NEEDED 
 
In its response and in the DCD or its incorporated references, the applicant should state 
whether burnup measurements will be performed on spent fuel assemblies and/or provide 
clarification as appropriate. If burnup measurements on spent fuel will in fact not be 
performed and the uncertainty in question pertains instead to burnup records, then the 
applicant should describe the burnup record methods with regard to how any nuclear design 
codes and/or in-core measurements with associated in-core analysis codes (i.e., codes 
identified in DCD Section 4.3, “Nuclear Design”) are to be used in producing the fuel burnup 
records for APR1400 and what information the records contain (e.g., average burnup in the 
assembly as well as any information on assembly burnup profiles, burnup parameter histories 
such as rodded burnup, calculated nuclide compositions, etc.). 
 
Response 
 
Burnup record uncertainty is correct. Section 3.5.3.7 of the criticality analysis TeR will be 
revised to clarify the burnup record method and information contained in burnup record. Also, 
“burnup measurement” stated in the criticality analysis TeR will be corrected to “reactor 
burnup record”. 
 

 
 
Impact on DCD  
 
There is no impact on the DCD.  
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications  
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
List of tables, Sections 3.3.3, 3.5.3, 3.5.3.7, 3.5.3.10 and Table 3.5-12 will be revised as 
indicated in Attachment. 
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3.3.3 Bias and Uncertainty Calculation 

For spent fuel pool region I, the bias and uncertainties by the calculation methods and variations of 
design parameters are estimated from the following items: 

a. Bias and bias uncertainty of the criticality calculation method, 

b. Statistical uncertainty of the Monte Carlo calculation, 

c. Uncertainty due to tolerances or variations in the design parameters, 

d. Uncertainty due to eccentric fuel assembly positioning, and 

e. Bias due to pool cooling water temperature. 

For spent fuel pool region II, the bias and uncertainties by the calculation methods, variations of design 
parameters and the depletion calculation are estimated from the following items: 

a. Bias and bias uncertainty of a the criticality calculation method, 

b. Statistical uncertainty of the Monte Carlo calculation, 

c. Uncertainty due to tolerances or variations in the design parameters, 

d. Uncertainty due to eccentric fuel assembly positioning, 

e. Bias due to pool cooling water temperature, 

f. Bias due to axial burnup distribution (end effect), 

g. Bias due to minor actinides and fission products, 

h. Uncertainty due to burnup measurement, and 

i. Uncertainty due to the depletion calculation. 

3.3.4 Calculation of the Loading Curve for Spent Fuel Pool Region II 

The loading curve of spent fuel pool region II is a function of burnup versus enrichment to meet the 
minimum burnup requirement for each initial enrichment satisfying the target keff. The curve is produced 
targeting keff less than 1.0 with consideration of all the biases and uncertainties associated with the 
analyses. 
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3.5.2 Criticality Calculations 

The KENO-V.a code with 238 multi-group library based on ENDF/B-VII is used for the criticality 
calculation. The criticality analysis model for the spent fuel pool region II is modeled as an infinite 2x2 
array of the spent fuel storage cells as shown in Figures 3.5-2 (2D) and 3.5-3 (3D). The design data of the 
spent fuel pool region II and the fuel assembly are presented in Tables 3.1-2 and 3.1-3, respectably. The 
keff without bias and uncertainty and Monte Carlo standard deviations for keff calculation are summarized 
in Tables 3.5-5 and 3.5-6, respectively. 

3.5.3 Bias and Uncertainty Calculations 

The bias and uncertainty related to the criticality calculations are as follows: 

a. Bias and bias uncertainty due to methodology, 

b. Uncertainty due to Monte Carlo calculation, 

c. Uncertainty due to mechanical tolerances, 

d. Bias due to the credited minor actinides and fission products, 

e. Bias due to Pool cooling water temperature, and 

f. Uncertainty due to eccentric fuel assembly positioning. 

And the bias and uncertainty related to the depletion calculations are as follows: 

a. Burnup measurement uncertainty, 

b. Depletion uncertainty, and 

c. Bias due to the axial power distribution. 

The analysis results of the bias and uncertainty calculations are shown in the following Subsections. 

3.5.3.1 Bias and Bias Uncertainty due to Methodology 

The bias and bias uncertainty of the criticality calculation method are evaluated to validate the criticality 
analysis methodology through the benchmark calculations based on the criticality experiments 
(Reference 7). 

Two sets of benchmark cases are analyzed to perform trend analysis and to generate bias and bias 
uncertainties. 

a. Fresh fuel with absorbers for region I, and 

b. Fresh and depleted fuel (HTC) with absorbers for region II. 

In both sets, the only statistically significant trend observed is related to enrichment. Bias and bias 
uncertainty due to the first set (fresh fuel only) is slightly higher than that due to the second set (with HTC). 
Therefore, the first set of bias and bias uncertainty is used for both region I and region II calculations. 
Table 3.4-2 shows the bias and bias uncertainty as a function of enrichment and Table 3.4-3 shows the 
area of applicability for the bias and bias uncertainty. 
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3.5.3.4 Bias for Minor Actinide and Fission Product 

In order to analyze the bias for minor actinide and fission product, the sensitivity analysis is performed to 
assess the worth of the minor actinides and fission products. The reactivity differences are the worth of 
the minor actinides and fission products as summarized in Table 3.5-9. Table 3.5-9 shows that the 
credited minor actinide and fission product worth is no greater than 0.1 in keff. Although the worth 
([       ]TS) of 5.0 wt% and 51.75 GWd/MTU is slightly over the limit, the excess worth is negligible. 

As discussed in the NUREG/CR-7109 (Reference 9), one point five percent (1.5 %) of the worth of the 
minor actinides and fission products conservatively covers the bias due to these isotopes under the 
following rage of applicability: 

a. Low enriched fuel (< 5.0 wt% U-235) with ENDF/B-VII cross section library, 

b. Maximum burnup is 70 GWd/MTU, and 

c. Total minor actinide and fission product nuclide worth does not exceed 0.1 in keff. 

So, [      ]TS is used as the bias for the minor actinides and fission products. 

3.5.3.5 Bias due to Pool Cooling Water Temperature 

The bias due to the pool cooling water temperature is assessed. The sensitivity analyses in the ranges of 
water density from 0.962 g/cm3 to 1.0 g/cm3 are performed to evaluate the effect of pool cooling water 
temperature range of the spent fuel pool with water temperature from 4 oC to 95 oC.  

The effective neutron multiplication factors of the disturbed models are less than those of reference model 
as shown in Table 3.5-10. So the bias due to cooling water density is not included in the total bias.  

3.5.3.6 Uncertainty due to Eccentric Fuel Assembly Positioning 

The fuel assembly is assumed to be located in the center position of the cell for the reference model. But 
the fuel assembly could be located eccentrically in the cell. The uncertainty due to fuel assembly 
positioning in the rack cell is assessed. Figure 3.5-4 shows the model of the eccentric positioning of the 
fuel assembly. The fresh fuel has the highest reactivity at each enrichment value compared to the burned 
fuel, so the fresh fuel is used to evaluate the uncertainty due to the eccentric fuel assembly positioning. 
The multiplication factor for the fuel assembly positioning model is less than that of the reference model 
as shown in Table 3.5-11. So the uncertainty of fuel assembly positioning is not included in the total 
uncertainty.  

3.5.3.7 Uncertainty due to Burnup Measurement 

The burnup measurement uncertainty is calculated by the reactivity difference due to the 5 % change in 
burnup based on the NUREG/CR-6998 (Reference 10). The uncertainty due to a burnup measurement is 
shown in Table 3.5-12. 

3.5.3.8 Uncertainty due to Depletion 

The depletion uncertainty is taken to be 5 % of the reactivity difference between the reactivity at the fresh 
fuel condition and the reactivity at the burned fuel condition of interest (Reference 11). The summary of 
depletion uncertainties by the enrichment is shown in Table 3.5-13. 
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3.5.3.7 Uncertainty due to Reactor Burnup Record 

The reactor burnup record uncertainty is an uncertainty representing the deviation between the true 
burnup of a fuel assembly and the burnup based on the reactor record.  
 
The fuel assembly burnup is generated by using the CECOR computer code. The CECOR computer code 
synthesizes a three-dimensional assembly and the peak pin power distributions using signals from fixed 
in-core detectors. When performing a CECOR calculation, snapshots are selected to be representative of 
a period of reactor operation. The information contained in the burnup record includes the number of 
assemblies, number of axial nodes, core average exposure and axial exposures for all assemblies.  
 
The reactor burnup record uncertainty is typically less than 5 % based on NUREG/CR-6998 (Reference 
10). Therefore, the reactivity difference due to the 5 % change in burnup is applied to the reactor burnup 
record uncertainty. The uncertainties due to the reactor burnup record are provided in Table 3.5-12. 
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3.5.3.10 keff with Bias and Uncertainty 

All biases are directly added to determine the total bias. Total bias is the sum of all the biases due to the 
methodology, a minor actinide and fission product, and an axial power distribution. The total bias is 
summarized in Table 3.5-21. 

All uncertainty values are statistically combined (the square root of the sum of the squares) to determine 
the total uncertainty. The uncertainties are due to the methodology, a Monte Carlo calculation, a 
mechanical tolerance, a burnup measurement, and a depletion. The total uncertainty is summarized in 
Table 3.5-22. Total bias and uncertainty and the keff with bias and uncertainty are summarized in Tables 
3.5-23 and 3.5-24, respectively. 

3.5.4 Calculation of Minimum Burnup versus Enrichment Curve 

The minimum burnup versus enrichment curve is based on the keff with bias and uncertainty in Table 3.5-
24. The keff with bias and uncertainty is represented as graph in Figure 3.5-5 which shows the linear fitting 
equations for each enrichment value. Table 3.5-25 shows the minimum burnup for target keff (1.00) 
calculated by the fitting equations in Figure 3.5-5 for each enrichment value. And Figure 3.5-6 shows the 
minimum burnup versus enrichment curve based on Table 3.5-25. The 3rd degree polynomial is used to 
generate the fitting equation. Then, for conservatism the y-interception of the fitting equation is adjusted to 
be 99% of the raw value. Table 3.5-26 shows the adjustment result and Figure 3.5-6 shows the adjusted 
fitting equation. 

  

  

  

Figure 3.5-7 shows the final minimum burnup versus enrichment curve for spent fuel pool region II. 

TS 
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Table 3.5-12 Uncertainty due to Burnup Measurement 
 
  
 
 
 
  

TS 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power  

Docket No. 52-046 

RAI No.:  167-8191 

SRP Section:  09.01.01 - Criticality Safety of Fresh and Spent Fuel Storage and 
Handling 

Application Section:  Criticality analysis TeR Section 3.6 

Date of RAI Issue:  08/20/2015 

 
 
Question No. 09.01.01-11 
 
RAI 9.1.1-17: Adequacy of pool rack interface analyses 
 
REQUIREMENTS AND GUIDANCE 
 
In 10 CFR Part 50 Appendix A, General Design Criterion (GDC) 62 requires the prevention of 
criticality in fuel storage and handling. 10 CFR 50.68(b)(4) sets specific requirements for the 
demonstration of nuclear criticality prevention in wet fuel storage. NUREG-0800, “Standard 
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: LWR 
Edition,” Section 9.1.1, guides the reviewer to verify that the applicant has provided sufficient 
design and analysis information to support the evaluation findings. NRC Interim Staff 
Guidance DSS-ISG-2010-01 states that the criticality analysis should consider the interfaces 
between storage configurations. 
 
ISSUE 
 
The applicant’s criticality analysis report provides in Section 3.7 very brief descriptions of the 
rack interfaces within and between the pool regions. Lacking from the descriptions are 
adequately detailed illustrations of the racks and layouts that show interface details within and 
between the pool regions. The staff is therefore unable to verify the report’s statements 
comparing the larger gap sizes between racks to the smaller gap sizes between rack cells in 
the reference models. Based on the limited dimensions and details that appear in the pool 
layout diagram in Figure 3.1-1 of the criticality analysis report, it appears that all gap sizes 
stated in Section 3.7 of the report are inflated by a factor of 10. Apparent gap size 
discrepancies aside, the lack of detailed design and layout illustrations (e.g., plan section 
drawings at appropriate scales) makes it impossible for the staff to discern how the absorber 
panels on the outer rack walls align at the rack interfaces within pool region II. The staff is 
concerned that, should the interfacing wall absorber plates align such that some pairs of 
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interfacing fuel assemblies have no absorber plates between them. This would then make it 
necessary for the applicant to explicitly model such interface configurations to determine if 
they can be more reactive than the applicant’s region II reference model, which simply 
consists of an infinite-array rack model. 
 
INFORMATION NEEDED 
 
In its response and in DCD Section 9.1.1 or its incorporated references, the applicant should 
correct all factual errors (such as misstated gap dimensions) and provide detailed design 
information, such as appropriately scaled plan section drawings, that shows the gaps 
between racks within and between the pool regions. The interface design drawings should 
show in detail how the wall absorber plates align at the rack interfaces within region II. If 
unmeshed absorber plate alignments at rack interfaces are expected or possible under 
normal or accident conditions, the information should include explicitly modeled analyses of 
those interface configurations. 
 
Response 
 
The interface design information will be provided in criticality analysis technical report. 

 
 
Impact on DCD  
 
There is no impact on the DCD.  
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications  
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
Subsections 3.4, 3.5 and 3.6 will be revised as indicated in Attachment. 
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Figure 3.4-5 Top View of the Spent Fuel Storage Racks in the Region I 
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Figure 3.5-8 Top View of the Spent Fuel Storage Racks in the Region II 
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3.6 Interface Between Regions 

3.6.1 Interface within Each Region 

Interface within region I is less reactive than the reference case for region I, because the gap between the 
racks in region I is 60 cm, but the gap between the cells in region I (the reference case) is 43.8 cm. 

Interface within region II is also less reactive than the reference case for region II, because the gap 
between the racks in region II is 30 cm, but the gap between the cells in region II (the reference case) is 0 
cm. 

3.6.2 Interface between Regions I and II 

Interface between region I and region II is also predictable due to the same reason in Subsection 3.6.1, 
because the gap between region I and region II is at least 60 cm. Furthermore, racks in region I have 
neutron absorber panel on the exterior of the rack, so there is no local increase in reactivity at the rack 
interface. There are sufficient neutron absorber panels among racks so that the maximum keff is much 
less than the limiting keff in region I or region II. 
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Figure 3.6-1 Spent Fuel Storage Rack Interfaces
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power  

Docket No. 52-046 

RAI No.:  167-8191 

SRP Section:  09.01.01 - Criticality Safety of Fresh and Spent Fuel Storage and 
Handling 

Application Section:  Criticality Analysis TeR, Section 4.0 

Date of RAI Issue:  08/20/2015 

 
 
Question No. 09.01.01-13 
 
RAI 9.1.1-25: Abnormal conditions identification and development 
 
REQUIREMENTS AND GUIDANCE 
 
In 10 CFR Part 50 Appendix A, General Design Criterion (GDC) 62 requires the prevention of 
criticality in fuel storage and handling. 10 CFR 50.68(b) sets specific requirements for the 
demonstration of nuclear criticality prevention in fuel storage and handling. NUREG-0800, 
“Standard Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants: 
LWR Edition” (SRP), Section 9.1.1 guides the reviewer, in part, to verify that the scope of 
considered abnormal conditions is comprehensive. A description of the process used to 
identify abnormal conditions should be provided and should include consideration of 
common-mode failures. In addition, the SRP Acceptance Criteria for Section 9.1.1 refer to 
ANSI/ANS-57.2 and ANSI/ANS-57.3. ANSI/ANS-57.2 states that the criticality safety analysis 
for spent fuel storage racks should include consideration of credible abnormal occurrences; a 
few examples include tipping or falling of a spent fuel assembly, tipping of a storage rack, fuel 
drop accidents, and horizontal movement of fuel before complete removal from the rack. 
ANSI/ANS-57.3 similarly lists credible accidents and conditions for new fuel racks. 
 
ISSUE 
 
The criticality technical report describes and analyzes postulated accidents for the new and 
spent fuel storage racks, including moderation events for the new fuel racks and, for the spent 
fuel racks, a vertically dropped fresh fuel assembly outside of the racks, a misloaded fresh 
fuel assembly, and a boron dilution accident. However, the technical report does not describe 
how the abnormal conditions were identified or how other potential accidents listed in 
ANSI/ANS-57.2 and ANSI/ANS-57.3 are bounded by existing analyses. 
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INFORMATION NEEDED 
 
In its response, the applicant should describe the logic employed when identifying the 
abnormal conditions to analyze in its criticality analysis, including how credible events such as 
tipping fuel assemblies or racks and dropped fuel assemblies are bounded by existing 
analyses. 
 
Response 
 
The following postulated accident conditions are considered and criticality analyses have 
been performed to evaluate the criticality safety. Tipping of fuel assemblies is not considered 
in the accident conditions because the uncertainty due to eccentric position of fuel assemblies 
is already evaluated (Subsections 2.4.2, 3.4.3.4 and 3.5.3.6).  
 
1. New Fuel Storage Racks (NFR) 
 

 Optimum moderation condition (provided in TeR Subsections 2.4 and 2.5) 
 
 Flooded by pure water condition (provided in TeR Subsections 2.4 and 2.5) 

 
 Dropped fuel assembly (provided in the response to RAI 179-8190 09.01.01-21) 

- The most conservative locations of dropped fuel assembly are applied to the 
postulated accident analysis for NFR. 

 
2. Spent Fuel Pool (SFP) 
 

 Abnormal pool water temperature 
- As shown in the Subsections 3.4.3.5 and 3.5.3.5 of TeR, SFP has a negative 

moderation coefficient, i.e. keff at the lower temperature is higher than those at the 
higher temperature. Since the minimum water temperature (the maximum water 
density) is applied to the normal condition (static condition), additional evaluations 
are not necessary. 

 
 Dropped fuel assembly (provided in Subsection 4.1 of TeR) 

- As discussed in Subsection 4.1 of TeR, 1x17 arrays of cells with reflective 
boundary condition are applied to accident analysis for a dropped fuel assembly. 
Because of the reflective boundary condition, dropped fuel assemblies are 
assumed to be located adjacent to every row of spent fuel storage cells in region I. 
Therefore the calculation model for a dropped fuel assembly is conservative. 

 
 Misloaded fuel assembly (provided in Subsection 4.2 of TeR) 

- The initial enrichment and burnup of the spent fuel stored in the region II are 
assumed to be 4.5 wt% and 33.75 GWd/MTU, respectively. This is a conservative 
assumption because the acceptable minimum burnup for initial enrichment of 4.5 
wt% fuel is 39.2 GWd/MTU. 

 
 Boron dilution accident (provided in Subsection 4.3 of TeR) 
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Impact on DCD  
 
There is no impact on the DCD.  
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications  
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
There is no impact on the Technical/Topical/Environmental Reports 




