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Question No. 09.01.02-11 
 
1. The 10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10CFR 
52.80 (a) provide the regulatory requirements for the design of the new and spent fuel storage 
facilities. Standard Review Plan (SRP) Sections 9.1.2 and 3.8.4, Appendix D describes 
specific SRP acceptance criteria for the review of the fuel racks that are acceptable to meet 
the relevant requirements of the Commission's regulations identified above. In DCD Tier 2, 
Section 9.1.2.2.3, “New and Spent Fuel Storage Rack Design”, the applicant stated that “The 
dynamic and stress analyses are performed as described in report APR1400-H-N-NR-14012-
P & NP”. In the report APR1400-H-N-NR-14012-P, Rev.0, Section 3.4.7.4 (3), the applicant 
stated that “The thermal stress is classified as secondary stress on the ASME Code Section 
III, Division 1. Therefore, it is independently evaluated without combining with primary stress 
of other load condition.” The staff notes that the thermal stress may not be combined with the 
primary stress; however, the thermal expansion will reduce the gaps between the fuel 
assembly and the cell as well as between racks. The gap reduction increases the possibility 
for impact between the fuel assembly and the cell as well as between racks. The applicant in 
Subsection 3.7.1.3, “Impact Loads” stated that “the baseplate the fuel storage rack for the 
APR1400 design is installed almost in contact with the adjacent baseplate”. The thermal 
expansion of the rack potentially imposes load at the base of the pedestal. In accordance with 
SRP 3.8.4 Appendix D I(4), the applicant is requested to quantify thermally imposed loads at 
the base of the pedestal and discuss how these thermal load effects have been considered in 
the analysis and design of the new and spent fuel storage racks. 
 

Response – (Rev. 0) 
 
The thermal expansion of the fuel assembly is conservatively calculated based on the 
assumption that thermal expansion of the fuel assembly and the SA-240 Type 304L material 
is identical. The following equation expresses the temperature dependence of the elongation 
of SA-240 Type 304L material due to thermal expansion. 
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ε = α (T2-T1) 
 
where,  

ε: Thermal expansion elongation of SA-240 Type 304L (in/in), 
α: Thermal expansion coefficient of SA-240 Type 304L = 8.9 x 10-6 (in/in-°F), 
T2: Temperature (°F) = 285 °F [Maximum fuel clad cladding temperature of spent fuel 

assembly at emergency condition per thermal-hydraulic analysis], and 
T1: Temperature (°F) = 106 °F [Bulk temperature on normal condition of Spent Fuel 

Pool]. 
 

Using the above equations, the thermal expansion is calculated to be 0.002 (in/in). The 
calculated expansion value is very small and is considered to have a negligible effect on the 
overall analysis. In addition, the APR1400 spent fuel storage racks are free-standing; thus, 
there is no or minimal restraint against free thermal expansion at the base of the pedestal. 
Therefore, the gap reduction between fuel assembly and cell as well as between racks by 
thermal expansion is not considered in the dynamic analysis of the spent fuel storage racks. 
 

Response – Rev. 1 
 
Technical report, APR1400-H-N-NR-14012-NP was submitted as Rev. 0 in December, 
2014.  KHNP responses to RAI 287-8272 were based in part on the Technical 
Report.  Subsequent to issuance of the Technical Report and RAI responses, the NRC 
provided feedback on both the Technical Report and RAI 287-8272 responses. In response to 
this NRC feedback, Technical report, APR1400-H-N-NR-14012-NP will be revised (as Rev. 3) 
to incorporate additional information pertaining to the fuel racks. This RAI revision contains 
the specific Technical Report revisions relevant to this response and associated DCD 
changes, where necessary. A summary of the additional information is in the below 
paragraphs. 
 
Secondary Stress by Temperature Effects 
 
The temperature gradients across the rack structure caused by differential heating effects 
between one or more filled cells and one or more adjacent empty cells are considered. The 
worst thermal stress in a fuel rack is obtained when a storage cell has a fuel assembly 
generating heat at the maximum postulated rate and the surrounding storage cells contain no 
fuel. The thermal stress stresses that occur in this scenario are secondary stresses as defined 
by the ASME Code Section III, Division 1. Therefore, it is independently evaluated without 
combining with primary stress of other load conditions. 
 
A conservative estimate of the weld stresses along the length of an isolated hot cell is 
obtained by considering a beam strip uniformly heated by ∆T = 36 oC (65 oF), and restrained 
from growth along one long edge. The temperature rise envelops the difference between the 
maximum local spent fuel pool water temperature (76.2 oC (169 oF) bounding) inside a 
storage cell and the bulk pool temperature (48.9 oC (120 oF)) based on the thermal-hydraulic 
analysis of the spent fuel pool (Reference 1). This analysis assumes an almost full SFP to 
which freshly discharged fuel with worst case decay heat is added in adjacent cells and SFP 
thermal capacity of only the water above the top of the SFRs. The maximum shear stress due 
to temperature change for isolated hot cell weld is calculated as follows: 
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	 = E x α x ∆T 

Where, 
E = 1.896E+05 N/mm2 (27.5E+06 psi), 
α = 9.5E-06 in/in-oF, and 
∆T = 36 oC (65 oF). 
 

The maximum shear stress due to the temperature gradient for an isolated hot cell is 
calculated given that this thermal stress is classified as secondary stress, the allowable shear 
stress criteria for Level D condition (0.42 Su = 191.4 MPa (27,762 psi)) is used as the limit of 
allowable. Therefore, the maximum shear stress due to the temperature gradient is 
acceptable. 
Another possible source of temperature induced stress is expansion of adjacent SFSRs with 
increased temperature resulting in a contact load between pedestals and baseplates of 
adjacent racks or relatively different expansion for a fuel assembly and the cell surrounding it.  
For the former, it is likely that a fuel assembly would cool over time so that it would not 
generate an increase stress. However, in the event of a loss of SFP cooling, the fuel and the 
surrounding cell could heat up at different rates. The fuel assembly grid typical dimension is 
206.45 mm (8.128 in) square, and a SFSR cell inner dimension is 220.0 ±3 mm square, for a 
gap of 10.55 mm (0.415 in). Assuming that thermal expansion of the fuel assembly and the 
rack material is identical, the elongation of SA-240 Type 304L material due to thermal 
expansion is:  
 = 	 	 −	 = 0.001	 /  
Where, 

ε: Differential thermal expansion elongation (in/in), 
α: Thermal expansion coefficient of SA-240 Type 304L = 8.9E-6 (in/in-°F), 
T2: Temperature = 223.7°F [Maximum fuel clad cladding temperature of spent fuel 
assembly at abnormal condition per thermal-hydraulic analysis], and 
T1: Temperature = 115.5 °F [Bulk temperature on normal condition of spent fuel pool]. 

 
Given the fuel assembly dimensions, the total differential expansion is 0.21 mm (0.008 in), 
which is a small fraction of the available gap. 
 
As for the load due to expansion of each SFSR causing a contact stress, assuming the racks 
are installed touching at 21°C (70°F) and heat up to 48.9°C (120°F), the expansion of each 
rack is about 0.43 mm (0.017 in). In order to develop a load due to constraint of free end 
displacement, more than two adjacent racks must be in hard contact this is extremely unlikely.  
Therefore, the development of any significant thermal load due to restraint of free end 
displacement is not considered credible. Any incidental forces that might develop if some 
baseplates are in contact are self-limiting as a very small displacement, or shifting of the 
racks, relieves the stress. Self-limiting stresses developed by constraint of the structure and 
relieved by minor deformation are, by definition (NF-3121.3), secondary stresses. 
 
According SRP Section 3.8.4, Appendix D, Section I.2, “Design, fabrication, and installation of 
fuel racks of stainless steel material may be performed based on ASME Code, Section III, 
Division 1, Subsection NF requirements for Class 3 component supports.” For the design of 
Class 3 component supports, Table NF-3251.2-1, does not require the evaluation of 
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secondary stresses. Based on this, it is concluded that the development of significant thermal 
loads due to constraint of the baseplates is not credible and any postulated incidental loads 
need not be considered since they result in secondary stresses. Therefore, loads from the 
restraint of adjacent racks do not need to be explicitly considered in the design analysis. 
 
References: 
1. Doosan, “Thermal-Hydraulic Analysis for Spent Fuel Racks,” APR1400-H-N-NR-14013-

P/NP, Rev. 0, December 2016. 

 
 
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  
 
APR1400-H-N-NR-14012-NP (Rev. 3), Section 3.7.3.5(3) will be revised as shown in 
Attachment 1 to this response. 
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3.7.3.5 Local Stress Evaluation 

(1) Cell Wall Impact 

The maximum fuel-to-cell wall impact loads for the NFSRs and the SFSRs are as shown in Table 3-8.  
The evaluation for cell wall for impact is performed to guarantee that local impact does not affect criticality 
of stored fuel.  Integrity of local cell wall is evaluated conservatively using the peak impact load.  The 
limiting impact load to induce overall permanent deformation is calculated by plastic analysis.  The cell 
walls of the new and the spent fuel storage racks can withstand a side load of a maximum of 273.2 kN 
(61,410 lbf) and 47.4 kN (10,660 lbf), respectively (Reference 17).  Therefore, the cell wall of racks 
satisfies the requirement with the maximum impact loads less than the allowable loads. 

(2) Cell Wall Buckling 

The cell wall buckling analysis is performed to evaluate the buckling capacity of the spent fuel storage rack 
cells at the base of the racks using ANSYS program.  The cell wall acts alone in compression for a length 
of about 130 mm (5.12 in) up to the point where the neutron absorbing material sheathing is attached.  The 
sheathing provides additional strength against cell wall buckling.  Therefore, the buckling analysis is 
considered on the lower 130 mm (5.12 in) of the cell wall.  
The analysis is evaluated for Region II cells because the maximum stress factor on Region I racks is less 
than the maximum stress factor (i.e. FACT 2) for the region II racks as shown in Table 3-9 of the TeR.  
A compressive force for cell wall buckling evaluation is calculated as follows: 

= = 71.0 MPa (10,298 psi) 

Where, 
FACT2 = 0.401, the stress factor is taken from Table 3-9. 

Above calculation is based on the maximum stress factor for the net vertical force on the gross cell 
cross-section.  The vertical forces on the rack support pedestal reflects the weight of the rack plus the 
stored fuel assemblies during the seismic event.  Since the stored fuel assemblies are supported by 
the rack baseplate, the actual compressive load on the rack cell structure is significantly less than 
the value determined by the results of dynamic simulations.  It is appropriate to use a FACT2 value 
for cell wall buckling evaluation. 

The critical elastic buckling load of cell wall is calculated by ANSYS eigenvalue analysis. Two by two 
cells of spent fuel storage rack are considered in the buckling analysis. The FE model reflects a 
reinforcement plate that is welded to outer side of cells.  The boundary condition and applied unit load 
(1 MPa) of FE mode is shown in Figure 3-28.  Fixed boundary condition is applied on bottom surface of 
FE model. Figure 3-29 shows the results of buckling analysis.  The minimum value of load multiplier 
represents the critical elastic buckling pressure of fuel rack cell wall, which is 136.68 MPa (19,823 psi).  
Therefore, two-thirds of the critical buckling stress as the limit under Service Level D condition is 
calculated as 91.12 MPa (13,215 psi). 

The ANSYS analysis demonstrates that the spent fuel storage rack cells remain in a stable 
configuration under the maximum seismic load without any gross yielding of the storage cell wall, which 
satisfies the ASME Code requirements for Level D conditions.  Therefore, a buckling of the rack cell 
wall does not occur. 

(3) Secondary Stress by Temperature Effects 

The temperature gradients across the rack structure caused by differential heating effects between one or 
more filled cells and one or more adjacent empty cells are considered.  The worst thermal stress in a fuel 
rack is obtained when a storage cell has a fuel assembly generating heat at the maximum postulated rate 
and the surrounding storage cells contain no fuel.  The thermal stress stresses that occur in this scenario 
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are secondary stresses as defined by the ASME Code Section III, Division 1.  Therefore, it is 
independently evaluated without combining with primary stress of other load conditions. 

A conservative estimate of the weld stresses along the length of an isolated hot cell is obtained by 
considering a beam strip uniformly heated by T = 36 oC (65 oF), and restrained from growth along one 
long edge.  The temperature rise envelops the difference between the maximum local spent fuel pool 
water temperature (76.2 oC (169 oF) bounding) inside a storage cell and the bulk pool temperature (48.9
oC (120 oF)) based on the thermal-hydraulic analysis of the spent fuel pool (Reference 29).  This analysis 
assumes an almost full SFP to which freshly discharged fuel with worst case decay heat is added in 
adjacent cells and SFP thermal capacity of only the water above the top of the SFRs.  The maximum 
shear stress due to temperature change for isolated hot cell weld is calculated as follows: 

 = E x  x T 

Where, 
E = 1.896E+05 N/mm2 (27.5E+06 psi), 

 = 9.5E-06 in/in-oF, and 
T = 36 oC (65 oF). 

The maximum shear stress due to the temperature gradient for an isolated hot cell is calculated given 
that this thermal stress is classified as secondary stress, the allowable shear stress criteria for Level D 
condition (0.42 Su = 191.4 MPa (27,762 psi)) is used as the limit of allowable.  Therefore, the maximum 
shear stress due to the temperature gradient is acceptable. 

Another possible source of temperature induced stress is expansion of adjacent SFSRs with increased 
temperature resulting in a contact load between pedestals and baseplates of adjacent racks or relatively 
different expansion for a fuel assembly and the cell surrounding it.  For the former, it is likely that a fuel 
assembly would cool over time so that it would not generate an increase stress.  However, in the event 
of a loss of SFP cooling, the fuel and the surrounding cell could heat up at different rates.  The fuel 
assembly grid typical dimension is 206.45 mm (8.128 in) square, and a SFSR cell inner dimension is 
220.0 ±3 mm square, for a gap of 10.55 mm (0.415 in).  Assuming that thermal expansion of the fuel 
assembly and the rack material is identical, the elongation of SA-240 Type 304L material due to thermal 
expansion is:  

 
Where, 

: Differential thermal expansion elongation (in/in), 
: Thermal expansion coefficient of SA-240 Type 304L = 8.9E-6 (in/in-°F), 

T2: Temperature = 223.7°F [Maximum fuel clad cladding temperature of spent fuel 
assembly at abnormal condition per thermal-hydraulic analysis], and 
T1: Temperature = 115.5 °F [Bulk temperature on normal condition of spent fuel pool]. 

Given the fuel assembly dimensions, the total differential expansion is 0.21 mm (0.008 in), which is 
a small fraction of the available gap. 

As for the load due to expansion of each SFSR causing a contact stress, assuming the racks are installed 
touching at 21°C (70°F) and heat up to 48.9°C (120°F), the expansion of each rack is about 0.43 mm 
(0.017 in).  In order to develop a load due to constraint of free end displacement, more than two adjacent 
racks must be in hard contact this is extremely unlikely.  Therefore, the development of any significant 
thermal load due to restraint of free end displacement is not considered credible.  Any incidental forces 
that might develop if some baseplates are in contact are self-limiting as a very small displacement, or 
shifting of the racks, relieves the stress.  Self-limiting stresses developed by constraint of the structure 
and relieved by minor deformation are, by definition (NF-3121.3), secondary stresses. 
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According SRP Section 3.8.4, Appendix D, Section I.2, “Design, fabrication, and installation of fuel racks 
of stainless steel material may be performed based on ASME Code, Section III, Division 1, Subsection NF 
requirements for Class 3 component supports.” For the design of Class 3 component supports, Table NF-
3251.2-1, does not require the evaluation of secondary stresses.  Based on this, it is concluded that the 
development of significant thermal loads due to constraint of the baseplates is not credible and any 
postulated incidental loads need not be considered since they result in secondary stresses.  Therefore, 
loads from the restraint of adjacent racks do not need to be explicitly considered in the design analysis. 

(4) Punching Shear Analysis of Rack Baseplate 

a. Punching due to Vertical Pedestal Load

A punching shear analysis has been performed for the rack baseplate under seismic loading conditions. 
The analysis demonstrates that the maximum vertical load on a single support pedestal is less than the 
force necessary for the 285 mm (11.2 in) square pedestal block to punch through the 25 mm (0.984 in) 
thickness of the baseplate.  The punching shear capacity of the baseplate (Fv) can be calculated by 
following equation.  

tLv ××× 4

Where, 
(shear stress limit according to the distortion energy theory of yielding), 

Sy (yield strength of baseplate) = 147.5 MPa (21,400 psi), 
L (side length of the pedestal block) = 285 mm (11.2 in), and 
t (thickness of the baseplate) = 25 mm (0.984 in).  

The punching shear capacity of the baseplate calculated using the above equation exceeds the maximum 
pedestal load per Table 3-7 as shown in Table 3-15.  Therefore, a punching shear failure of the rack 
baseplate will not occur.   

b. Punching due to Fuel Impact Load

A punching shear analysis due to the maximum impact load of fuel assembly-to-baseplate is performed 
for the rack baseplate under seismic loading conditions and compared with the allowable stress limit (0.72 
x Sy = 106.2 MPa (15,408 psi)) for the Level D condition as follows: 

shear = Fimpact / (4 x L x t/2) 

Where,  
Fimpact (Maximum fuel assembly-to-baseplate impact load in vertical direction) 

= 55.7 kN (12,516 lbf) per Table 3-8, 
L (Side length of the square cross-section of fuel assembly) = 206.5 mm (8.128 in), and 
t (Thickness of the baseplate) = 25 mm (0.984 in).  

The resultant stress ( shear) does not exceed the allowable stress limit as shown in Table 3-15. Therefore, 
a punching shear failure of the rack baseplate will not occur. 

3.7.4 Sensitivity Studies 

Since the NFSRs are secured in place and do not slide, the following sensitivities (except for the first, rack 
EI) are not considered applicable.  Therefore, discussion of these sensitivities is for the SFSRs only. 
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Question No. 09.01.02-12 
 
1. The 10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10CFR 
52.80 (a) provide the regulatory requirements for the design of the new and spent fuel storage 
facilities. Standard Review Plan (SRP) Sections 9.1.2 and 3.8.4, Appendix D describes 
specific SRP acceptance criteria for the review of the fuel racks that are acceptable to meet 
the relevant requirements of the Commission's regulations identified above. The SRP 3.8.4 
Appendix D I.3 ‘Seismic and Impact loads’ requires that “For freestanding spent fuel pool 
racks, which are potentially subject to sliding, uplift, and Impact between racks and with the 
pool walls, time-varying seismic excitation along three orthogonal directions (2 horizontal and 
vertical) should be imposed simultaneously”. The staff did not find sufficient information 
regarding the input seismic time histories considered for the nonlinear seismic evaluation of 
the new and the spent fuel racks. 
 
In accordance with SRP 3.8.4 Appendix D I.3, the applicant is requested to provide the 
following information so that the staff can perform its safety evaluation of the seismic and 
impact loads. 
 
a. Design target response spectra at the locations of new and spent fuel storage that were 
used to generate the synthetic time histories. Please describe the basis for selecting the 
target response spectra. 
b. Seeds of earthquake ground motions used to generate the synthetic time histories. 
c. The record length and the time increment of the synthetic time histories. 
d. Coefficient of correlation to verify the statistical independence of the generated artificial 
time histories from given target response spectra. 
e. Provide a comparison of PSD (Power Spectral Density) of original (target) with PSD 
developed from synthetic time histories. 
f. Clarify and confirm that the seismic excitation time histories along three orthogonal 
directions (2 horizontal and vertical) in the nonlinear seismic analysis are applied 
simultaneously. 
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g. Discuss the validation and verification procedure used for the computer codes ATIGEN and 
STCOR referenced in Table 3-5 of the report APR1400-H-N-NR-14012, Rev.0. The applicant 
is also requested to provide reference to operating or new nuclear power plants that have 
been licensed using ATIGEN and STCOR computer codes. 
 

Response – (Rev. 0) 
 
a. Design target response spectra at the locations of new and spent fuel storage that were 

used to generate the synthetic time histories are as shown below. The design target 
response spectra are specified on the technical specification of the new and spent fuel 
storage racks. The damped 3% response spectra under SSE loading are used as target 
response spectra for the APR1400 fuel storage racks. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ISRS for AB New Fuel Storage Area at 137.5’, 

Multiple Damping, Envelop of All 20 Cases 

TS
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ISRS for AB Spent Fuel Pool Bottom Slab at Elev. 114’, 
Multiple Damping, Envelope of All 20 Cases 

TS



 

                                                                                                                       
 

 
 

09.01.02-12_Rev.1 - 4 / 9 KEPCO/KHNP

Non-Proprietary

 
b. Generated from 10 ground motions as listed in the report APR1400-E-S-NR-14001-P. The 

three spatial components of artificial time histories are generated from the design target 
response spectra for the purpose of carrying out a time history analysis.  

 
c. The record length and the time increment of the synthetic time histories are 25 and 0.01 

seconds, respectively. 
 

d. Each pair of time histories are considered to be statistically independent if the absolute 
value of their correlation coefficient does not exceed 0.16 in accordance with SPR 3.7.1 II. 
The cross correlation coefficients for acceleration-time histories are less than 0.16 
indicating the desired statistical independence in three directions for time histories are 
met. The cross correlation coefficients for each direction are as follows: 

 
- New Fuel Pool : East-West to North-South  = 0.0001 

East-West to Vertical          = 0.0116 
North-South to Vertical       = 0.0399 

- Spent Fuel Pool : East-West to North-South  = -0.0092 
                                     East-West to Vertical          = -0.0211 

                               North-South to Vertical       = -0.0263 
 
e. Average Power Spectral Density (PSD) function by time history data that was generated  

from rule of Appendix A of SRP 3.7.1 should exceed the 80% of calculated target PSD,  
and be applied to range 0.3Hz - 24Hz. Also, when calculating average PSD, width of ±  
20% from central frequency should be included. Below figures show comparison of the  
average PSD with target PSD. 
 

 
 

 

 

 

 

 

 

 

 

 
137'-6" PSD Graph (SSE, 3% Damping, E-W Direction) 

 

TS
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137'-6" PSD Graph (SSE, 3% Damping, N-S Direction)  

 

 

 

 

 

 

 

 

 

 

 
137'-6" PSD Graph (SSE, 3% Damping, Vertical Direction) 

 

 

 

 

 

TS
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114'-0" PSD Graph (SSE, 3% Damping, E-W Direction) 

 

 

 

 

 

 

 

 

 

 

 
114'-0" PSD Graph (SSE, 3% Damping, N-S Direction) 
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TS
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114'-0" PSD Graph (SSE, 3% Damping, Vertical Direction) 

 
f. Time history seismic loadings for three orthogonal directions (2 horizontal and vertical) in 

the nonlinear seismic analysis are applied simultaneously. 
 
g. Computer codes used to perform the seismic/structural analysis of the new and the spent 

fuel racks, namely ATIGEN and STCOR are controlled in accordance with Doosan's 
Quality Control Procedure, NQCP-0303. The nuclear power plants that have been 
licensed using ATIGEN and STCOR computer codes are Shin-Kori Units 1 and 2. 

 

Response – (Rev. 1) 
 
Technical report, APR1400-H-N-NR-14012-NP was submitted as Rev. 0 in December, 
2014. KHNP responses to RAI 287-8272 were based in part on the Technical 
Report. Subsequent to issuance of the Technical Report and RAI responses, the NRC 
provided feedback on both the Technical Report and RAI 287-8272 responses. In response to 
this NRC feedback, Technical Report APR1400-H-N-NR-14012-NP will be revised (as Rev. 3) 
to incorporate additional information pertaining to the fuel racks. This RAI revision contains 
the specific Technical Report revisions relevant to this response and associated DCD 
changes, where necessary. A summary of the additional information is in the below 
paragraphs. 
 
Acceleration Time Histories Generation 
 
Five sets of artificial acceleration time histories for three orthogonal directions were developed 
specific to the NFSRs and SFSRs. The fully-synthetic acceleration time histories were 
developed to match the safe shutdown earthquake (SSE) in-structure response spectra (ISRS) 
(i.e., no time history seed was used). For the NFSRs, the auxiliary building ISRS at elevation 
137’-6” were used. For the SFSRs, response spectra were selected to envelope the ISRSs at 
the elevation of the spent fuel pool base (114'-0'') and the pool wall (132'-0''). The top of the 
SFSRs is at approximately elevation 130' with the bottom at about 115’. Although previous 

TS
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versions did not discuss it, guidance in Revision 4 of SRP 3.7.1 discusses the need for 
artificial time histories to be corrected to remove displacement drift, which often occurs with 
recorded and fully-synthetic acceleration time histories. The Lagrange multiplier method 
developed by Borsoi and Ricard (Reference 1) was used to change the initial accelerogram 
into a corrected accelerogram that is very close to the first one, but corrects unrealistic 
velocity and displacements shifts. Note that this same method has been implemented in the 
P-CARES (Probabilistic - Computer Analysis for Rapid Evaluation of Structures) code 
developed by Brookhaven National Laboratory for the NRC staff to use to perform evaluations 
of the seismic response of relatively simplified soil and structural models (Reference 2). 
NUREG/CR-6983 discusses using the baseline correction method for shake table data 
analysis showing a large displacement drift. It points out that “the modification to the 
acceleration time history is small […]. More importantly, the change in the input motions due 
to baseline correction has virtually no effect in the analytical responses.” 
 
The five time histories for the NFSRs and the SFSRs (after spectral matching and 
displacement drift correction (Reference 3) applied in each of the three orthogonal directions 
(N-S, E-W, and vertical). These artificial time histories have a duration of 25 seconds and 
meet the guidelines set forth in SRP 3.7.1, as discussed in the next section. Consistent with 
Regulatory Guide 1.61, the 4% damped SSE response spectra were used to generate the 
synthetic time histories for the APR1400 fuel storage racks. 

 
Adequacy Checks of Time Histories  
 
The seismic analyses for the NFSRs and SFSRs consider five sets of artificial seismic time 
histories. Suitability of time-histories is verified according to SRP Section 3.7.1 Option 2 criteria 
for multiple sets of time histories. Option 2 identifies an acceptable method for time-history 
verification is through Approach 2 (Section II.1.B.ii of SRP 3.7.1) with certain criteria evaluated 
based on the average of the suite of multiple time histories. 
 
The APR1400 DCD was docketed in March 2015. According to 10 CFR 52.47(a)(9), regulatory 
guidance formally issued up to six months prior to docketing is applicable, which would be 
Revision 3 of SRP 3.7.1. APR1400 DCD Tier 2 Section 1.9.2 acknowledges this regulatory 
provision. However, Tier 2 Table 1.9-2 identifies the applicable revision of SRP 3.7.1 as draft 
Revision 4. In general, a draft licensing document is not an appropriate reference since the 
NRC could alter guidance or acceptance criteria, but Revision 4 was not issued until December 
2014, after the cutoff per 10 CFR 52.47(a)(9). 
 
As documented in References 4 and 5, the time histories meet the acceptance criteria of SRP 
3.7.1 Revision 3 as follows: 
 

• A total duration of at least 20 seconds – met, duration is 25 seconds. 
• Time increment of at most 0.010 seconds – met, increment is 0.010 seconds. 
• Spectral acceleration computed at a minimum of 100 points per frequency decade – 

met, 100 points per frequency decade, 
• Uniformly spaced over the log frequency scale from 0.1 Hz to 50 Hz frequency – met. 
• Average of computed 5% damped response spectra from the suite of multiple time 

histories: 
o Not more than 10% below target response spectrum at any one frequency – met, 

lowest value is 5.5% below for NSFR. 
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o Not below target response spectrum at more than 9 adjacent frequency points – 
met for NFSR (7 points) but not for SFSR (11). 

o Not more than 30% above target response spectrum at any frequency in the 
frequency range of interest. If exceedances are larger than 30%, the average 
power spectral density (PSD) of the suite of multiple accelerograms needs to be 
computed and shown not to have significant gaps in energy at any frequency 
over the frequency range of interest, with a frequency band width of ±20%, 
centered on the frequency – met, because the PSDs have no abrupt dip or low 
points in power that could indicate insufficient energy input at a frequency in the 
range of interest. 
 

• The time history for each of the three orthogonal directions is statistically 
independent from the others, as demonstrated by the absolute value of their 
correlation coefficient not exceeding 0.16 - met, largest value is 0.08 for both NFSR 
and SFSR. 

 
Based on the above, the use of the five time artificial histories is considered satisfactory for 
the nonlinear structural analysis of the fuel storage rack response to seismic conditions. 
 
References: 
1. Borsoi L. and Ricard A., "A Simple Accelerogram Correction Method to Prevent 

Unrealistic Displacement Drift," 8th SMIRT, Vol .K(a), Paper K2/7, Brussels, 1985. 
2. J. Nie, J. Xu, and C. Costantino, Brookhaven National Laboratory, “P-CARES: 

Probabilistic Computer Analysis for Rapid Evaluation of Structures, “ NUREG/CR-6922 / 
BNL-NUREG-77338-2006, November 2006. 

3. MPR, “Acceleration Time History Correction,” 0938-0009-CALC-002, Rev. 1, December 
2016. 

4. MPR, “Seismic Time-History Verification for Spent Fuel Storage Racks (SFSR),” 0938-
0006-CALC-008, Rev. 1, December 2016. 

5. MPR, “Seismic Time-History Verification for New Fuel Storage Racks (NFSR),” 0938-
0006-CALC-009, Rev. 1, December 2016. 

 
 
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  
 
APR1400-H-N-NR-14012-NP (Rev. 3), Sections 3.1.1 and 3.1.1.1 will be revised as shown in 
Attachment 1 to this response.  



Mechanical Analysis for New and Spent Fuel Storage Racks  APR1400-H-N-NR-14012-NP, Rev.3 

KEPCO & KHNP 21 

Non-Proprietary 

3 STRUCTURAL AND SEISMIC ANALYSIS 

The structural and seismic analysis for the NFSRs and the SFSRs described below includes dynamic 
analysis methodology, modeling details, acceptance criteria for kinematic and structural evaluation, 
assumptions, input data for racks and fuel assembly, and significant results of dynamic simulations under 
seismic loading. 

3.1 Methodology 

The response of a free-standing SFSR module to seismic input is highly non-linear and involves a 
complex combination of motions such as sliding, rocking, twisting, impacts, and friction effects.  Linear 
methods, such as response spectrum analysis, cannot accurately simulate the structural response of 
such a highly non-linear structure to seismic excitation.  An accurate evaluation of non-linear response 
requires a three dimensional time history analysis to establish the proper response during a seismic 
loading.  The analysis method used to evaluate the new and spent fuel storage racks is summarized as 
follows: 

• Synthetic acceleration time history input was developed to represent the seismic motion of the
new fuel storage pit floor and the spent fuel pool floor and walls (Section 3.1.1).

• Adequacy of the time histories was checked (References 7 and 8) in accordance with SRP
Section 3.7.1 (Reference 9).

• Detailed three dimensional finite element shell models were developed for each fuel rack type
listed in Table 3-2 to determine overall stiffness parameters.

• A three-dimensional beam model of each rack type listed in Table 3-2 was developed based on
the shell model stiffness parameters.  In these models, the array of fuel assemblies within a
single rack was represented by a single equivalent three dimensional beam model coupled to the
rack beam model (Figure 3-1 and Figure 3-2).

• For the spent fuel pool, the individual rack-fuel models were duplicated and assembled into an
array of rack models referred to as the Whole Pool Multi-Rack (WPMR) model (Figure 3-3).

• Analyses apply the three orthogonal time histories simultaneously.  Multiple time history
analyses were performed, each with a variation in a significant input parameter such as the
friction coefficient between the rack pedestals and embedment plates (Table 3-5).

• Maximum displacements and loads were extracted from each case run (Table 3-6 through Table
3-8).

• The maximum loads were evaluated statically by calculating stresses in the rack components with
traditional strength of materials methods (hand calculations) and compared to ASME code
allowable stresses.

Although behavior of the NFSRs is not as complex since they are anchored to the embedment plates and 
not submerged in water, the same analysis method was used. 

3.1.1 Acceleration Time Histories Generation 

Five sets of artificial acceleration time histories for three orthogonal directions were developed specific 
to the NFSRs and SFSRs.  

The fully-synthetic acceleration time histories were developed to match the safe shutdown earthquake 
(SSE) in-structure response spectra (ISRS) (i.e., no time history seed was used).  For the NFSRs, the 
auxiliary building ISRS at elevation 137’-6” were used.  For the SFSRs, response spectra were 
selected to envelope the ISRSs at the elevation of the spent fuel pool base (114'-0'') and the pool wall 
(132'-0'').  The top of the SFSRs is at approximately elevation 130' with the bottom at about 115’. 

Although previous versions did not discuss it, guidance in Revision 4 of SRP 3.7.1 discusses the need for 
artificial time histories to be corrected to remove displacement drift, which often occurs with recorded and 

RAI 287-8272  - Question 09.01.02-12_Rev.1
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fully-synthetic acceleration time histories.  The Lagrange multiplier method developed by Borsoi and 
Ricard (Reference 10) was used to change the initial accelerogram into a corrected accelerogram that is 
very close to the first one, but corrects unrealistic velocity and displacements shifts.  Note that this 
same method has been implemented in the P-CARES (Probabilistic - Computer Analysis for Rapid 
Evaluation of Structures) code developed by Brookhaven National Laboratory for the NRC staff to use to 
perform evaluations of the seismic response of relatively simplified soil and structural models (Reference 
11).  NUREG/CR-6983 (Reference 12) discusses using the baseline correction method for shake table 
data analysis showing a large displacement drift.  It points out that “the modification to the acceleration 
time history is small […].  More importantly, the change in the input motions due to baseline correction 
has virtually no effect in the analytical responses.” 

Figure 3-5 through Figure 3-7 for the NFSRs and Figure 3-8 through Figure 3-10 for the SFSRs show 
the five time histories (after spectral matching and displacement drift correction (Reference 13)) applied 
in each of the three orthogonal directions (N-S, E-W, and vertical).  These artificial time histories have a 
duration of 25 seconds and meet the guidelines set forth in SRP 3.7.1, as discussed in the next section. 

Consistent with Regulatory Guide 1.61, the 4% damped SSE response spectra were used to generate 
the synthetic time histories for the APR1400 fuel storage racks. 

3.1.1.1 Adequacy Checks of Time Histories 

The seismic analyses for the NFSRs and SFSRs consider five sets of artificial seismic time histories.  
Suitability of time-histories is verified according to SRP Section 3.7.1 Option 2 criteria for multiple sets 
of time histories.  Option 2 identifies an acceptable method for time-history verification is through 
Approach 2 (Section II.1.B.ii of SRP 3.7.1) with certain criteria evaluated based on the average of the 
suite of multiple time histories. 

The APR1400 DCD was docketed in March 2015.  According to 10 CFR 52.47(a)(9), regulatory 
guidance formally issued up to six months prior to docketing is applicable, which would be Revision 3 
of SRP 3.7.1.  APR1400 DCD Tier 2 Section 1.9.2 acknowledges this regulatory provision.  However, 
Tier 2 Table 1.9-2 identifies the applicable revision of SRP 3.7.1 as draft Revision 4.  In general, a 
draft licensing document is not an appropriate reference since the NRC could alter guidance or 
acceptance criteria, but Revision 4 was not issued until December 2014, after the cutoff per 10 CFR 
52.47(a)(9). 
As documented in References 7 and 8, the time histories meet the acceptance criteria of SRP 
3.7.1 Revision 3 as follows: 

A total duration of at least 20 seconds – met, duration is 25 seconds.
Time increment of at most 0.010 seconds – met, increment is 0.010 seconds.
Spectral acceleration computed at a minimum of 100 points per frequency decade – met, 100
points per frequency decade,
Uniformly spaced over the log frequency scale from 0.1 Hz to 50 Hz frequency – met.
Average of computed 5% damped1 response spectra from the suite of multiple time histories:

o Not more than 10% below target response spectrum at any one frequency – met,
lowest value is 5.5% below for NSFR.

o Not below target response spectrum at more than 9 adjacent frequency points – met for
NFSR (7 points) but not for SFSR (11).

o Not more than 30% above target response spectrum at any frequency in the frequency
range of interest. If exceedances are larger than 30%, the average power spectral
density (PSD) of the suite of multiple accelerograms needs to be computed and shown
not to have significant gaps in energy at any frequency over the frequency range of
interest, with a frequency band width of ±20%, centered on the frequency – met,

4% damping is appropriate per RG 1.61 for seismic analysis, but SRP 3.7.1 specifies doing adequacy checks at 5%. 

RAI 287-8272  - Question 09.01.02-12_Rev.1
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because the PSDs shown in Figure 3-17 and Figure 3-18 have no abrupt dip or low 
points in power that could indicate insufficient energy input at a frequency in the 
range of interest. 

The time history for each of the three orthogonal directions is statistically independent from the
others, as demonstrated by the absolute value of their correlation coefficient not exceeding 0.16 
– met, largest value is 0.08 for both NFSR and SFSR.

Figure 3-11 through Figure 3-14 show the comparison between the target response spectrum (red) and the 
computed average response spectrum (black) for the five time histories for the E-W, N-S, and vertical 
directions for NFSR and SFSR, respectively. The two areas where the adequacy checks are not 
consistent with the guidance are the 30% exceedance and number of consecutive points below the 
target. Since the PSD check was performed for the each average of all time histories and showed no 
gaps (Figure 3-17 and Figure 3-18), the points of exceedance just result in additional energy input, which 
is conservative and judged acceptable. 

In addition, a comparison of predicted results was performed to confirm that none of the time 
histories provided unexpected or inconsistent behavior, as described in Section 3.7.5. 

The average of the generated response spectra is shown to envelope the corresponding target 
spectra (Figure 3-11 through Figure 3-14), meeting the intent of SRP 3.7.1 (Reference 9). 

Based on the above, the use of the five time artificial histories shown in Figure 3-5 to Figure 3-10 
is considered satisfactory for the nonlinear structural analysis of the fuel storage rack response to 
seismic conditions. 

3.1.2 Modeling 

3.1.2.1 General Considerations 

Reliable assessment of the kinematic behavior of the rack modules requires suitable dynamic models that 
incorporate the key attributes of the structures.  The SFSR model must have the ability to execute 
concurrent sliding, rocking, bending, twisting, and other motions associated with free-standing racks. 
Additionally, the SFSR model must possess the capability to simulate fuel assembly rattling, rack lift-off, 
and subsequent impact of support pedestals, while also considering the effect of the water mass in and 
around the rack modules.  Similarly, the NFSR model must be able to simulate fuel assembly rattling and 
other motions associated with fixed-base racks. 

The sections below describe individual features of the 3-D dynamic analysis model for the fuel racks. 

(1) Seismic Input and Response Combination 

Seismic inputs for the three orthogonal directions (east-west, north-south, and vertical) are applied 
simultaneously to the rack modules.  The horizontal loads are combined using the square root sum 
of the squares (SRSS) method in the analysis of the fuel assembly, rack structure, welded 
connections, and rack supports. 

(2) Fuel Loading 

The dynamic analysis of the NFSR assumes the racks are fully loaded; the SFSR analysis considers 
various loading configurations (in most cases fully loaded, but also mixed/partially loaded and empty). 
When fuel assemblies are present in a rack, they are assumed to be fully seated (lowered all the way 
into a cell). 
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REVISED RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD 

Docket No. 52-046 

RAI No.:  287-8272 

SRP Section:  09.01.02 – New and Spent Fuel Storage 

Application Section:  9.1.2 

Date of RAI Issue:  11/02/2015 

 
 

Question No. 09.01.02-13 
 
1. The 10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10CFR 
52.80 (a) provide the regulatory requirements for the design of the new and spent fuel storage 
facilities. Standard Review Plan (SRP) Sections 9.1.2 and 3.8.4, Appendix D describes 
specific SRP acceptance criteria for the review of the fuel racks that are acceptable to meet 
the relevant requirements of the Commission's regulations identified above. The SRP 3.8.4 
Appendix D section I (3), “Seismic and Impact Loads” requires that “Because of gaps 
between fuel assemblies and the walls of the guide tubes, additional loads will be generated 
by the impact of fuel assemblies during a postulated seismic excitation. Additional loads 
resulting from this impact effect may be determined by estimating the kinetic energy of the 
fuel assembly. The maximum velocity of the fuel assembly may be estimated to be the 
spectral velocity associated with the natural frequency of the submerged fuel assembly. 
Loads thus generated should be considered for local as well as overall effects on the walls of 
the rack, the supporting framework. It should be demonstrated that the consequent loads on 
the fuel assembly do not lead to damage of the fuel.” In order for the staff to perform its safety 
evaluation of the racks for impact loads, the applicant in accordance with SRP 3.8.4 Appendix 
D I.3, is requested to provide the details of how the additional loads due to the impact of fuel 
assemblies during a postulated seismic excitation are computed and how these loads are 
considered in the analysis and design of the walls of the rack and supporting framework and 
demonstrating the structural integrity of the fuel. 
 

Response – (Rev. 0) 
 
The additional loads due to the impact of fuel assemblies during a postulated seismic 
excitation are computed from the reaction loads on the spring-mass elements of the fuel 
assembly-to-cell wall by dynamic analysis. The maximum impact load of the fuel support grid 
is calculated by dividing the maximum impact load (25,000 lbf) per cell by the number of 
spacer grids (11 ea), which is shown on the Table 3-10 in the report APR1400-H-N-NR-
14012-P. All the fuel assemblies in each storage rack module are modeled as one beam of of 
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which the mass equals the sum of the masses of all the fuel assemblies in a rack module. 
Because the fuel assemblies in a rack module are modeled together, all fuel assemblies 
move simultaneously in the same direction at the same time. This assumption included in this 
model brings about a larger impact on the rack module than the actual movement and results 
in conservative loads on the storage rack. The fuel assembly is modeled with only three 
nodes so that the calculated impact loads on the nodes will be larger than the actual value, 
because the fuel assembly actually has spacer grids (11 ea). 
 
The design check of the cell wall for the fuel assembly impact load is performed by comparing 
the maximum calculated impact load obtained from the computer code ANSYS with the limit 
load for an individual cell wall. 
The limit load for an individual cell wall is determined on a beam strip (the width of a single 
cell), which is subject to impact loads simulating two corners of a fuel assembly. The collapse 
load on structure of the panel shape can be explained by the collapse due to bending. The 
impact of fuel-to-cell wall is assumed to occur over a vertical dimension along the cell wall.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

The limit load for an individual cell wall calculated using the above formula is 10,660 lbf. It is 
much larger than the maximum impact load of fuel support grid (2,273 lbf) given in Table 3-10 
in the report APR1400-H-N-NR-14012-P. Therefore, the stresses in the cell membrane are 
acceptable for the postulated fuel impact. 
 
Cell-to-cell weld evaluation due to an impact load of fuel assembly is addressed in the 
response for question number 09.01.02-38. And the structural integrity of the fuel considering 
impact loads is described on section 3.7.2 of the report APR1400-H-N-NR-14012-P. 
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Response – (Rev. 1) 
 
Technical report, APR1400-H-N-NR-14012-NP was submitted as Rev. 0 in December, 
2014.  KHNP responses to RAI 287-8272 were based in part on the Technical 
Report.  Subsequent to issuance of the Technical Report and RAI responses, the NRC 
provided feedback on both the Technical Report and RAI 287-8272 responses. In response to 
this NRC feedback, Technical report, APR1400-H-N-NR-14012-NP will be revised (as Rev. 3) 
to incorporate additional information pertaining to the fuel racks. This RAI revision contains 
the specific Technical Report revisions relevant to this response and associated DCD 
changes, where necessary. A summary of the additional information is in the below 
paragraphs. 
 
Details for Rack and Fuel Assembly Model 
 
The NFSR and fuel assembly model are of a single rack and includes 3-D elastic beam 
elements (ANSYS BEAM4) and lumped mass elements (ANSYS MASS21) with properties 
derived from the dynamic characteristics of the detailed 3-D shell model of the NFSR. 
Effective structural properties for the dynamic model are determined from the natural 
frequencies and mode shapes of the detailed model. Vertical portions of the NFSR cells and 
fuel assemblies are each represented by five nodes.  Nodes are located at the rack 
baseplate, ¼ H, ½ H, ¾ H, and H (where H is the rack height measured above the 
baseplate).  Each rack node has six degrees of freedom (three translations and three 
rotations) and a lumped mass associated with it.  The nodes for the rack and the fuel 
assembly are connected by contact elements (ANSYS CONTAC52) in the horizontal 
direction.  There is a single contact element in the vertical direction between the fuel 
assembly bottom node and the baseplate node. 
 
The SFSR model is similar to the NFSR model and is composed of elastic beam elements 
and lumped mass elements with properties derived from the dynamic characteristics of the 
detailed 3-D shell model of the SFSR. All the fuel assemblies in each storage rack module are 
modeled as one beam of which the mass equals the sum of the masses of all the fuel 
assemblies in a rack module. Because the fuel assemblies in a rack module are modeled 
together, all fuel assemblies move simultaneously in one direction. This assumption results in 
larger impact forces on the rack module than the actual case and results in conservative 
loads on the storage rack. Because the fuel assembly is modeled with five nodes, the 
calculated impact loads on the nodes will be larger than the actual value because the fuel 
assembly actually has eleven spacer grids. The maximum fuel assembly grid horizontal 
impact load is determined by dividing the maximum impact load at each node by the number 
of grids associated with that node (2.75 for Nodes 10, 11, and 12, and 1.375 for Nodes 9 and 
13). Lumped masses of the rack and fuel assemblies are distributed among the five nodes for 
spent fuel storage rack cells and fuel assemblies as shown in the table below. 
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Node No. 
Location 

Total Mass 
Distribution Rack Fuel Assembly

13 18 Top of Rack 12.5 % 
12 17 3/4 Height 25 % 
11 16 1/2 Height 25 % 
10 15 1/4 Height 25 % 
9 14 Bottom (Baseplate) of Rack 12.5 % 

 
Stiffness of Model for Fuel Assembly-to-Cell Wall 
 
Each node of the fuel assembly beam and the corresponding node of the rack beam is 
connected using a contact element in order to represent impact between the fuel assembly 
and the rack cell wall. The normal direction stiffness of this element is calculated assuming a 
series spring connection of the stiffness of the fuel assembly spacer grid and the local 
stiffness of the cell in the horizontal direction. To be conservative, the cell wall local stiffness is 
neglected. The fuel assembly/rack cell contact element has a local stiffness (Ki) to account for 
impact phenomena of the fuel assembly-to-cell wall. The grid stiffness for a fuel assembly 
beam is multiplied by the number of fuel assemblies assumed to be in the rack. The stiffness 
of fuel assembly grid is applied by dividing the total grid stiffness at each node by number of 
grid associated with node (Ki/4 for Nodes 15, 16, and 17, and Ki/8 for Nodes 14 and 18). 
 
Impact Load for Fuel Assembly-to-Cell Wall 
 
Maximum impact loads of fuel assembly-to-cell wall are determined by dividing the maximum 
total fuel assembly beam to cell wall load by the number of fuel assemblies in the rack under 
evaluation (e.g., divide by 64 for a full rack, 32 for a half full rack). For purposes of 
determining the effect on the fuel assembly grids, the impact load on each of the fuel support 
grids at each time step is determined by dividing the maximum calculated impact load per cell 
at each of the five nodes by number of spacer grids at each of the nodes. For each run, the 
impact loads in the East-West and North-South directions are combined using the SRSS 
method at the same time. 
 
Fuel Structural Evaluation 
 
Lateral impact load on the spent fuel assembly is evaluated for two acceptance criteria: fuel 
spacer grid buckling and fuel cladding yield stress. The maximum acceleration load that the 
rack imparts on the fuel assembly can be conservatively calculated as follows: 

a =   

Where, 
a = Maximum lateral acceleration in g’s (= 22.8 g) per section 7.2 of Reference 1, 
F  = Maximum fuel-to-cell wall impact load per cell, and 
w  = Weight of one fuel assembly (6.27 kN (1408.6 lbf)). 

 
The structural integrity of fuel assembly cladding is evaluated for the maximum lateral 
acceleration load, obtained by combining (i.e., SRSS) the simultaneous impact load in the E-
W and N-S directions to find the maximum value at any time step. The fuel assembly spacer 
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grid is evaluated for the maximum grid impact load, obtained by combining (i.e., SRSS) the 
simultaneous impact load in the E-W and N-S directions at the same time. 
 
Structural Integrity Evaluation of Fuel Spacer Grid 
 
The lateral impact loads on a single fuel spacer grid is compared against its buckling load 
capacity. The critical buckling load of the fuel spacer grid for the APR1400 design is 31.3 kN 
(7,045 lbf) and compared with the combined fuel grid impact load. 
 
Stress Evaluation of Fuel Cladding 
 
The maximum lateral acceleration acting on the fuel mass is used to calculate a load uniformly 
distributed over a single fuel rod modeled as a beam simply supported by the spacer grids, 
and the maximum fuel rod length between the spacer grids is 359.4 mm (14.148 in). 
The uniformly distributed load on the fuel rod is calculated as follows: 

q = a x Wfuel  

Where, 
 a  = Maximum lateral acceleration in g’s (= 22.8 g), and  
 Wfuel  = Fuel assembly rod mass per unit length (0.61 kg/m). 
 
The maximum bending moment for uniform load is calculated as 

M = (q x Lspacer
2) / 8  

Where, 
  Lspacer = Maximum fuel rod length between spacer grids (359.4 mm (14.148 in)). 
 
The resulting maximum bending stress in the fuel cladding is calculated from equation below. 

  =	 ∙ 		 
Where, 
  Ro  = Outer radius of fuel rod (4.75 mm (0.187 in)), and 
 I  = Moment of inertia of fuel rod cladding (160.4 mm4 (3.853 x 10-4 in4)). 
 
This bending stress is compared to the yield stress of 540.3 MPa (78,365 psi) for fuel rod 
cladding.  The strain associated with this maximum stress is  

        ε = σb / E  
 

   The structural integrity of the stored fuel assumblies under the SSE event is maintained since
  safety factors are greater than 1.0.
 
Reference: 
Doosan, “Structural and Seismic Analysis Report for New and Spent Fuel Storage Racks,” 
N14014-224CN-0001, Rev.3, Aug. 2017 (Doosan Proprietary) 
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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  
 
APR1400-H-N-NR-14012-NP (Rev. 3), Sections 3.1.2.2, 3.1.2.4(1), 3.2, 3.7.1.3(1), 3.7.2, and 
3.7.3.5 will be revised as shown in Attachment 1 to this response. 
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3.1.2.2 Details for Rack and Fuel Assembly Model 

The sections below provide details on the rack and fuel assembly modeling. 

(1) New Fuel Storage Rack Model 

The dynamic analysis model for the NFSR and fuel assemblies are shown in Figure 3-1.  The 
NFSR and fuel assembly model are of a single rack and includes 3-D elastic beam elements 
(ANSYS BEAM4) and lumped mass elements (ANSYS MASS21) with properties derived from the 
dynamic characteristics of the detailed 3-D shell model of the NFSR. Effective structural properties 
for the dynamic model are determined from the natural frequencies and mode shapes of the detailed 
model (see Section 3.1.2.7).  Details of effective structural properties for fuel racks are shown in 
Appendix H of Reference 17.  Structural properties (i.e. Young’s modulus and flexural rigidity) for 
fuel assemblies are shown in Table 3-3. 

Vertical portions of the NFSR cells and fuel assemblies are each represented by five nodes.  Nodes 
are located at the rack baseplate, ¼ H, ½ H, ¾ H, and H (where H is the rack height measured 
above the baseplate).  Each rack node has six degrees of freedom (three translations and three 
rotations) and a lumped mass associated with it.  The nodes for the rack and the fuel assembly are 
connected by contact elements (ANSYS CONTAC52) in the horizontal direction.  There is a single 
contact element in the vertical direction between the fuel assembly bottom node and the baseplate 
node. 
Lumped masses of the NFSR and fuel assemblies are distributed among the five nodes for rack 
cells and fuel assemblies as shown in the table below: 

Node No. (Figure 3-1) 
Location Total Mass Distribution 

Rack Fuel Assembly 
13 18 Top of Rack 12.5 % 
12 17 3/4 Height 25 % 
11 16 1/2 Height 25 % 
10 15 1/4 Height 25 % 
9 14 Bottom (Baseplate) of Rack 12.5 % 

(2) Spent Fuel Storage Rack Model 

To model the interaction among the multiple SFSRs, the WPMR shown in Figure 3-3 is comprised of 
a dynamic analysis model for individual SFSRs, as shown in Figure 3-2.  This model is similar to the 
NFSR model and is composed of elastic beam elements and lumped mass elements with properties 
derived from the dynamic characteristics of the detailed 3-D shell model of the SFSR.  An 
underlying assumption in the modeling of the rack as a single beam using the overall bending 
stiffness of the entire rack is that the cell-to-cell welds remain intact and can carry the internal forces.  
This assumption is confirmed by structural evaluation of the welds (see Section 3.7.3.3). 

Effective structural properties for the dynamic model are determined from the natural frequencies 
and mode shapes of the detailed model (see Section 3.1.2.7). 

Figure 3-2 shows a schematic depicting five nodes representing masses of fuel and rack cells and 
their associated elements, which are used to represent the interactions and vertical and horizontal 
motions of support pedestals, respectively.  Contact (i.e., gap) elements are used in the 
representation of rack sliding and impact.  A directional stiffness is assigned to the contact element. 
The pool floor is assumed to be a rigid body initially in contact with the rack pedestals.  The contact 
elements are used to represent potential impact of a rack pedestal on the pool floor.  The coefficient 
of friction between the rack pedestals and pool floor is incorporated into a contact (gap) element. 
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The hydrodynamic masses for the fuel assembly-to-cell wall, rack-to-rack and rack-to-pool wall are 
modeled as ANSYS mass MATRIX27 elements.  The hydrodynamic masses for rack baseplate-to-
pool floor are considered as added masses to each rack baseplate. 

Lumped masses of the rack and fuel assemblies are distributed among the five nodes for spent 
fuel storage rack cells and fuel assemblies as shown in the table below. 

Node No. (Figure 3-2) 
Location Total Mass Distribution 

Rack Fuel Assembly 
13 18 Top of Rack 12.5 % 
12 17 3/4 Height 25 % 
11 16 1/2 Height 25 % 
10 15 1/4 Height 25 % 
9 14 Bottom (Baseplate) of Rack 12.5 % 

All the fuel assemblies in each storage rack module are modeled as one beam of which the mass 
equals the sum of the masses of all the fuel assemblies in a rack module.  Structural properties (i.e. 
Young’s modulus and flexural rigidity) for fuel assemblies are shown in Table 3-3.  Because the fuel 
assemblies in a rack module are modeled together, all fuel assemblies move simultaneously in one 
direction.  This assumption results in larger impact forces on the rack module than the actual case 
and results in conservative loads on the storage rack.  Because the fuel assembly is modeled with 
five nodes, the calculated impact loads on the nodes will be larger than the actual value because 
the fuel assembly actually has eleven spacer grids.  The maximum fuel assembly grid horizontal 
impact load is determined by dividing the maximum impact load at each node by the number of grids 
associated with that node (2.75 for Nodes 10, 11, and 12, and 1.375 for Nodes 9 and 13).  

Fluid damping and form drag are conservatively omitted. 

Figure 3-3 shows the WPMR analysis model, which combines the single rack models 
described above to represent the entire spent fuel pool. 

3.1.2.3 Hydrodynamic Mass 

In addition to the structural mass of racks and fuel assemblies, hydrodynamic masses are included in 
the SFSR model to account for fluid coupling.  Hydrodynamic mass is included in the SFSR model 
with the ANSYS MATRIX27 element and added mass, which represents an arbitrary element whose 
geometry is undefined but whose kinematic response can be specified by mass coefficients.  Details 
of hydrodynamic masses are shown in Appendix H of Reference 17. 

(1) Fuel Assembly-to-Cell Wall 

A fuel assembly consists of fuel rods, guide tubes, top and bottom nozzles, and spacer grids.  The 
hydrodynamic mass coefficients between the rack cell wall and the fuel assembly are calculated 
assuming the rack cell and fuel assembly are long coaxial cylinders.  Hydrodynamic masses acting 
at the centers of two rigid cylinders with a fluid-filled annulus are represented using the following 
formula in Reference 15: 
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Where, 

MH = Hydrodynamic mass that depends on the fluid flow when the two bodies move relative to each 
other, 
M1 = Mass of fluid displaced by inner body, 
M2 = Mass of fluid inside the outer body in the absence of the inner body, 
h = height of the storage rack, 
ρ = density of the fluid, and 
g1, g2, g3 = initial gaps between the two bodies. 

If g2 is not the same on both sides, an average value of g2 is used. If two or more racks overlap each 
other, the hydrodynamic mass is calculated using a weighted average gap. 

(3) Rack Baseplate-to-Pool Floor 

The hydrodynamic mass under the baseplate of each rack is calculated using the following formula in 
accordance with Table 1 of Reference 16. 

Mbaseplate = K ( a2 b / 4) 

Where, 
K = hydrodynamic mass coefficient (K = 0.478 is used for the SFSR), 
a, b = length a and width b dimensions of the rack, and 
ρ = density of the fluid. 

3.1.2.4 Stiffness of Model 

Two types of stiffness are used in the SFSR model: 3-D elastic beam elements, as discussed above, 
and contact elements.  The contact elements are used to calculate horizontal loads due to friction 
(between the rack pedestal and embedment plate) and impacts (fuel-to-cell wall, rack-to-rack, and 
pedestal-to-embedment plate).  The contact element used is ANSYS CONTAC52. 

CONTAC52 represents two surfaces that may maintain or break physical contact and may slide 
relative to each other.  This element is capable of supporting only compression in the direction 
normal to the surfaces and shear (coulomb friction) in the tangential direction.  The element has 
three degrees of freedom at each node (x, y, and z).  A specified stiffness acts in the normal and 
tangential directions when the gap is closed.  The stiffness values (i.e., spring constants) for the rack 
baseplates and pedestal are calculated in Appendix E of Reference 17.  For these contact elements, 
the location of the element determines which values are used: 

(1) Fuel Assembly-to-Cell Wall 

Each node of the fuel assembly beam and the corresponding node of the rack beam is connected 
using a contact element in order to represent impact between the fuel assembly and the rack cell 
wall.  The normal direction stiffness of this element is calculated assuming a series spring 
connection of the stiffness of the fuel assembly spacer grid and the local stiffness of the cell in the 
horizontal direction.  To be conservative, the cell wall local stiffness is neglected.  The fuel 
assembly/rack cell contact element has a local stiffness (Ki) to account for impact phenomena of the 
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fuel assembly-to-cell wall.  The grid stiffness for a fuel assembly beam is multiplied by the number 
of fuel assemblies assumed to be in the rack.  The stiffness of fuel assembly grid is applied by 
dividing the total grid stiffness at each node by number of grid associated with node (Ki/4 for Nodes 
15, 16, and 17, and Ki/8 for Nodes 14 and 18). 

(2) Pedestal-to-Embedment Plate 

Four nodes corresponding to the rack pedestals are connected to the pool floor using contact 
elements.  The stiffness of these elements is a series spring connection of the vertical stiffness of 
the rack baseplate and pedestal. The baseplate vertical stiffness is calculated from FEM analysis.  
The stiffness values for the rack baseplates and pedestal are calculated in Appendix E of Reference 
17. Therefore, pedestal-to-embedment plate stiffness value is calculated using the following
formula:  

(3) Rack-to-Rack and Rack-to-Pool Wall 

The stiffness for the rack-to-rack contact element is based on connections of the horizontal rack 
stiffness at the base plate.  Analysis results show that the rack-to-rack and rack-to-pool wall 
displacements are less than the available rack-to-rack and rack-to-pool wall clearances.  
Consequently, contact elements are not included on the racks except for baseplate-to-baseplate and 
pedestal rack-to-floor interaction. 

Because rack-to-rack impact other than at the baseplates does not occur, no sensitivity is performed. 
Therefore, the sensitivity of the impact force to the impact spring constant is evaluated for rack 
baseplate-to-rack baseplate only.  A sensitivity analysis is performed in which the spring constant 
value is uniformly decreased or increased by 20%, respectively. 

3.1.2.5 Friction Coefficient 

Because SFSRs are not fixed to the storage pool, sliding could occur between the rack pedestals and the 
embedment plates or pool floor.  The contact element is used to model this effect.  Based on experimental 
data (Reference 14), the COF is bounded within the range from 0.2 to 0.8 with a mean value of 0.5.  A low 
friction coefficient may increase sliding distance, while a high friction coefficient may increase rack load. 

3.1.2.6 Buoyant Force 

The SFSRs are submerged in water; therefore, buoyant forces are calculated and applied to the applicable 
nodes as concentrated loads in the vertical direction as follows:  

Buoyant force acting on rack = Wrack – [ (ρrack – ρwater) / ρrack ] x Wrack 

Buoyant force acting on fuel assembly = VFA x water 

Where, 
ρrack = Density of storage rack, 8,000 kg/m3 (0.289 lbm/in3), 
ρwater = Density of fluid, 1,000 kg/m3 (0.036 lbm/in3), 
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At any given time, t, these equations can be thought of as a set of “static” equilibrium equations 
that also take into account inertia forces and damping forces. Displacement and loads of each 
storage rack are obtained by post-processing the results of the WPMR analysis. 

(3) Apply a constant time step size and a single computer processor to ensure repeatability. 
Repeatability of the solution results was confirmed by rerunning one of the base transient cases 
with unaltered input and confirming the same results would be obtained if the case were rerun. 

(4) Perform stress analyses of the racks using the loads from the transient dynamic analyses. 
Evaluate calculated stresses based on the criteria in ASME Code Section III, Subsection NF 
(Reference 4) and perform local evaluation for the bounding case to show that the structural 
integrity of the fuel is maintained under all impact loads. 

The analysis for the NFSR is performed in a similar manner except that only a single rack module is 
modeled.  This simplification is appropriate because of the large separation between the two rack 
modules (approximately 24 inches) and the absence of water.     

3.2 Acceptance Criteria 

The composite dynamic simulation wherein all racks in the pool are modeled is used 1) to determine 
the loads and displacements for each fuel storage rack in the pool and the relative motion between 
racks, and 2) to evaluate the potential damage and consequences of inter-rack and rack-wall impact 
phenomena in the racks. 

The NFSRs and the SFSRs are designed as seismic Category .  The structural analysis of fuel storage 
rack is performed for all load conditions of the fuel storage rack in accordance with NRC SRP 3.8.4 
(Reference 1) and NRC SRP 3.8.5 (Reference 20).  This includes loads on the racks when fuel 
assemblies are normally stored in the racks; when a SSE occurs; and when the fuel assembly or other 
permitted items handled over the racks falls down onto or into them.  The principal design criteria of the 
racks are shown in Sections 3.2.1 and 3.2.2. 

Per Section I.3 of SRP 3.8.4 (Reference 1), the impact loads on the fuel assembly should not lead to 
damage of the fuel.  Damage of the fuel is evaluated for structural elements of a fuel assembly 
including the fuel rod cladding to verify they are not stressed beyond the material allowable limits such 
that the fuel rods are no longer able to provide confinement for contained radioactive fission materials.  
In addition, an evaluation considering pertinent failure modes such as buckling should be performed to 
demonstrate that when subject to the consequent loads resulting from the load combinations described 
in Table 3-1, the structural elements of the fuel assembly will not exceed the material allowable limits.  

3.2.1 Kinematic Criteria 

Because the SFSRs are not fixed, overturning or sliding could happen due to external load.  According to 
the NRC SRP 3.8.5 (Reference 20), the minimum acceptable factor of safety against overturning under 
the seismic event is 1.5.  This ensures that the rack does not exhibit a rotation sufficient to bring the 
center of mass over the corner pedestal.  Because NFSRs are attached to the floor, they were confirmed 
not susceptible to overturning by showing that their stud bolt stresses are acceptable (Section 3.2.2.4). 

3.2.2 Stress Limit Criteria 

Stress limits must not be exceeded under the required load combinations.  The applicable loads 
and load combinations of structural analysis for the rack are defined in the Table 3-1, based on NRC 
SRP 3.8.4, Appendix D (Reference 1).  For the APR1400, the operating basis earthquake (OBE) 
ground motion is defined as one-third the SSE ground motion design response spectra.  Therefore, 
in accordance with 10 CFR Part 50, Appendix S, an OBE design analysis is not required and load 
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combinations involving “E” have been removed.  The acceptance limits are defined in ASME 
Code Section III, Subsection NF (Reference 4), as applicable for Class 3 component supports.  

The APR1400 SFSRs are free-standing; thus, there is no or minimal restraint against free thermal 
expansion at the base of the rack.  Moreover, stresses induced due to thermal expansion will be 
secondary stresses since they are self-limiting, and have no stipulated stress limits in Class 3 
structures or components when acting in concert with seismic loadings.  Therefore, thermal loads 
applied to the racks are not included in the stress combinations involving seismic loadings.  ASME 
Code Section III, Division 1, Subsection NF and Appendix F are applied as stress limits criteria of fuel 
storage rack for service conditions. 

Material properties for analysis and stress evaluation are provided in subsection 3.4.4. 

3.2.2.1 Normal Conditions (Level A) 

(1) Stress in Tension 

The allowable stress in tension on a net section (Ft) is given in NF-3321.1(a)(1). 

Ft  = 0.6 Sy [but not more than 0.5 Su] 

Where,  

Sy = yield strength of material at a given temperature, and 

Su = ultimate strength of material at a given temperature. 

(2)  Stress in Shear  

The allowable stress in shear on a net section (Fv) is given in NF-3322.1(b)(1). 

Fv  =  0.4 Sy 

(3)  Stress in Compression  

The allowable stress in compression on a net section (Fa) of austenitic stainless steel is given in NF-

3322.1(c)(2).  

Fa = Sy (0.47 - k·l/444r) 
Where,  

kl/r is less than or equal to 120 for all sections,  
l = unsupported length of component, 
k = length coefficient which gives influence of boundary conditions, 
e.g., k = 1 ; simple support both ends, 

k = 2 ; cantilever beam, conservatively used for evaluations, 
k = 0.5; clamped at both ends, and 

r = radius of gyration of component. 

(4)  Stress in Bending 

The allowable bending stress (Fb) resulting from tension and compression on extreme fibers of box-
type flexural members is given in NF-3322.1(d)(4).  

Fb = 0.60 Sy 
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(5)  Combined Stress (Combined Bending and Compression Loads)  

Combined bending and compression load on a net section per NF-3322.1(e)(1) satisfies the 

following equation. 

fa/Fa + Cmxfbx/DxFbx + Cmyfby/DyFby  1.0 

Where, 

(6)  Combined Stress (Combined Flexure and Tension Loads) 

Combined flexure and tension/compression load on a net section satisfies the following equation given 
in NF-3322.1(e). 

(fa/0.6 Sy) + (fbx/Fbx) + (fby/Fby) 1.0 

(7)  Welds 

The allowable maximum shear stress on the net section of a weld (Fw) is given in Table NF-3324.5(a)-1. 

Fw = 0.3 Su 

Where, Su is the weld material ultimate strength at temperature.  For the area in contact with the base 
metal, the shear stress on the gross section is limited to 0.4 Sy. Where, Sy is the yield strength of 
material at a given temperature.  

3.2.2.2 Upset Conditions (Level B) 

The stress limits for Level B are those for Level A multiplied by the stress limit factor specified in 
Table NF-3523(b)-1 (Reference 4). 

3.2.2.3 Faulted/Abnormal (Level D) 

Article F-1334 (ASME Section III, Appendix F (Reference 4), states that limits for the Level D condition 
are the smaller of 2 or 1.167 Su/Sy times the corresponding limits for the Level A condition if Su > 1.2 Sy, 
or 1.4 if Su  1.2 Sy except for requirements specifically listed below.  Su and Sy are the ultimate strength 
and yield strength at the specified rack design temperature.  Examination of material properties for 304L 
stainless demonstrates that 1.2 times the yield strength is less than the ultimate strength.  Since 1.167 x 
(66,100/21,400) = 3.60, the multiplier of 2.0 controls. 

Exceptions to the above general multiplier are the following: 

(1) The tensile stress on the net section shall not exceed the lesser of 1.2 Sy and 0.7 Su. 

(2) The shear stress on the gross section shall not exceed the lesser of 0.72 Sy or 0.42 Su.  In the case 
of the austenitic stainless steel material used here, 0.72 Sy governs. 

π
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(3) Combined axial compression and bending - The equations for Level A conditions shall apply except 
that Fa = 2/3 x Buckling Load, and F'ex and F'ey may be increased by the factor 1.65. 

(4) For welds, the Level D allowable weld stress is not specified in Appendix F of the ASME Code. 
Therefore, a limit for weld throat stress is used conservatively as follows: 

Fw = (0.3 Su) x Factor 

Where, 
 Factor = (Level D shear stress limit)/(Level A shear stress limit) = 0.72 x Sy / 0.4 x Sy = 1.8 

3.2.2.4 Stress Limit for NFSR Stud Bolt 

The allowable tensile and shear stresses in the stud bolt are in accordance with ASME Code Section III, 
Subsection NF and Appendix F for Service Level A and D, respectively.  The appropriate stress limit 
factors Kbo are given in Table NF-3225.2-1 in accordance with the load condition.  The NFSR stud bolt 
subjected to combined shear and tension shall be proportioned so that the combined effects of shear 
and tensile stress satisfy the ellipse equation as shown below. 

 (1) ft and fv are calculated tensile and shear stresses, respectively. 
(2) Specified in Appendix F-1335 of ASME Code, Section III, Division 1. 

3.2.3 Dimensionless Stress Factors 

Dimensionless stress factors are calculated by the ratio of the calculated stress to the allowable stress 
for the combined and the individual loads according to ASME Code Section III, Division 1, Subsection 
NF.  When the calculated stress factor does not exceed 1.0, it is considered to meet stress limit 
requirements for each service condition.  In this report, a stress factor as described below is calculated 
using the load combination for each service condition. 

FACT1 = Stress factor of member subject to combined bending and compression (as defined in 
subsection 3.2.2.1(5)). 

FACT2 = Stress factor of member subject to combined flexure and tension (or compression) (as 
defined in subsection 3.2.2.1(6)). 

FACT3 = Stress factor of gross shear on a net section. 

3.3 Assumptions 

The following assumptions are used in the WPMR dynamic analysis: 

(1) Fluid damping is conservatively neglected. 
(2) Sloshing of the SFP water during a seismic event does not influence the dynamic response of the 

racks in either horizontal direction because the height of the racks is approximately equal to 3/8 
times the depth of water in the spent fuel pool (see Reference 21).  

(3) The fuel assembly is considered as 3-D elastic beam with concentrated masses at the upper and 
lower ends and at three equally spaced intermediate points of the rack (total of 5 nodes). 

Load Condition Tensile (Ftb) Shear (Fvb) Combined(1) 

Level A Su/3.33 0.62Su/5 
2

2

2

2

≤+
vb

v

tb

t

F
f

F
f

1 
Level D(2) Min(0.7Su, Sy) Min(0.42Su, 0.6Sy) 
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other, because the maximum relative displacements of racks are smaller than the cell wall separation with 
baseplates touching.  

The maximum relative displacement of the rack pedestal from its starting point is 104.3 mm (4.1 in) as 
shown in Table 3-6.  The minimum size of the embedment plate is about 610 mm (24 in) x 610 mm (24 
in) (Reference 27).  Therefore, rack pedestals do not slide off the embedment plates onto the spent fuel 
pool liner because the maximum displacement of rack pedestal is not large enough to move off of the 
embedment plate. 

The maximum rotations of the rack are obtained from a post-processing of the rack time history response 
output.  The SFSR should not exhibit rotations sufficient to cause the rack to overturn (i.e., the rack does 
not exhibit a rotation sufficient to bring the center of mass over the corner pedestal).  Based on the width 
and height of a 8x7 rack, the rotation required to produce incipient tipping for this rack is approximately 
equal to: 

tan-1[(1/2*Distance to bring center of gravity over pedestal) / (1/2*Height of rack)] 

tan-1[(1,610/2) / (4,775/2)] = 18.5o 

As shown in Table 3-10, the safety factor for allowable angle is greater than the acceptance criteria of 1.5 
from SRP 3.8.5.  Therefore, overturning of a rack module does not occur. 

3.7.1.2 Support Pedestal Loads of Rack 

The maximum horizontal and vertical loads generated on support pedestal with the application of SSE 
loads are shown in Table 3-7 and Figure 3-22 and are used to perform structural integrity evaluation of 
support pedestal and rack.  The dynamic simulations of the racks give results for the vertical and two 
horizontal forces (i.e., E-W and N-S directions) throughout the transient.  From those values, the 
maximum axial force in the vertical direction and the maximum shear forces of the two horizontal 
directions per pedestal are determined.  The resultant shear force for each run is conservatively 
calculated by combining the maximum horizontal loads on any single pedestal as shown in Table 3-7 
using the square root of the sum of the squares (SRSS) method.  The maximum bending moment at the 
bottom baseplate-to-pedestal interface is computed by multiplying the maximum shear force and the 
distance from the bottom baseplate to the contact point surface underneath of the NFSRs and SFSRs, 
which is 185 mm (7.28 inches) and 160 mm (6.3 inches) as shown in Tables 2-1 and 2-2, respectively.  
Additional detail is provided in Appendix F of Reference 17. 

3.7.1.3 Impact Loads 

The impact loads for fuel-to-cell wall, rack-to-rack and rack-to-pool wall of the NFP and SFP 
are calculated as follows: 

(1) Fuel-to-Cell Wall 

For purposes of assessing the effect on rack structural integrity, the maximum impact loads of fuel 
assembly-to-cell wall for the NFSRs and the SFSRs are as shown in Table 3-8.  These loads are 
determined by dividing the maximum total fuel assembly beam to cell wall load by the number of 
fuel assemblies in the rack under evaluation (e.g., divide by 64 for a full rack, 32 for a half full rack). 

For purposes of determining the effect on the fuel assembly grids, the impact load on each of the fuel 
support grids at each time step is determined by dividing the maximum calculated impact load per cell at 
each of the five nodes by number of spacer grids at each of the nodes.  For each run, the impact loads 
in the East-West and North-South directions are combined using the SRSS method at the same time.  
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The combined maximum impact loads on fuel support grid of the NFSRs and the SFSRs are shown in 
Table 3-8. 

(2) Impacts of Rack-to-Rack and Rack-to-Pool Wall 

SFSRs are installed as closely as possible with the protruding baseplate intended to be in contact with 
the adjacent baseplates.  If the racks were initially installed with slight separation, conclusions would not 
change since it would be no different than a few time steps into a transient when the rack bases have 
moved slightly apart.  As reported in Section 3.7.1.1, the upper part of the racks do not come into 
contact.  Therefore, the only rack-to-rack contact is between the baseplate of racks.  The maximum 
impact load at the SFSR baseplates is shown in Table 3-8. 

Also as reported in Section 3.7.1.1, the racks do not contact the SFP wall.  Therefore, no rack to pool 
wall impact loads are calculated.  This is consistent with SRP Section 3.8.4, Appendix D, Structural 
Acceptance Criteria, which states:   

“In the consideration of the effects of seismic loads, factors of safety against gross sliding and 
overturning of racks and rack modulus [sic] under all probable service conditions should be in 
accordance with SRP Section 3.8.5, Subsection II.5.  This position on factors of safety against 
sliding and tilting need not be met provided that the applicant meets any one of the following 
conditions: 

“a. Detailed nonlinear dynamic analyses show that the amplitudes of sliding motion are minimal 
and impact between adjacent rack modules or between a rack module and the pool walls is 
prevented provided that the factors of safety against tilting are within the allowable values 
provided in SRP Section 3.8.5, Subsection II.5….” 

3.7.2 Fuel Structural Evaluation 

Lateral impact load on the spent fuel assembly is evaluated for two acceptance criteria: fuel spacer 
grid buckling and fuel cladding yield stress. 

The maximum impact load per cell applied to fuel assembly is evaluated for the peak load shown in 
Table 3-8.  Therefore, the maximum acceleration load that the rack imparts on the fuel assembly can be 
conservatively calculated as follows: 

a = 

Where, 
a = Maximum lateral acceleration in g’s (= 22.8 g) per section 7.2 of Reference 17, 
F  = Maximum fuel-to-cell wall impact load per cell, and 
w  = Weight of one fuel assembly (6.27 kN (1408.6 lbf)). 

The structural integrity of fuel assembly cladding is evaluated for the maximum lateral acceleration load, 
obtained by combining (i.e., SRSS) the simultaneous impact load in the E-W and N-S directions to find 
the maximum value at any time step.  The fuel assembly spacer grid is evaluated for the maximum 
grid impact load, obtained by combining (i.e., SRSS) the simultaneous impact load in the E-W and N-S 
directions at the same time. 

3.7.2.1 Structural Integrity Evaluation of Fuel Spacer Grid 

The lateral impact loads on a single fuel spacer grid is compared against its buckling load capacity, which 
is shown in the Table 3-3.  The critical buckling load of the fuel spacer grid for the APR1400 design is 
31.3 kN (7,045 lbf) and compared with the combined fuel grid impact load as shown in Table 3-8.   
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The resulting safety factor on fuel assembly spacer grid is as summarized in Table 3-11. 

3.7.2.2 Stress Evaluation of Fuel Cladding 

The maximum lateral acceleration acting on the fuel mass is used to calculate a load uniformly 
distributed over a single fuel rod modeled as a beam simply supported by the spacer grids, and the 
maximum fuel rod length between the spacer grids is 359.4 mm (14.148 in) as shown in Table 3-3. 

The uniformly distributed load on the fuel rod is calculated as follows: 

q = a x Wfuel  

Where, 
a = Maximum lateral acceleration in g’s (= 22.8 g) per section 7.2 of Reference 17, and  

fuel  W = Fuel assembly rod mass per unit length (0.61 kg/

m). The maximum bending moment for uniform load is calculated as 

M = (q x Lspacer
2) / 8 

Where, 
L spacer = Maximum fuel rod length between spacer grids (359.4 mm (14.148 in)). 

The resulting maximum bending stress in the fuel cladding is calculated from equation 

below. 

Where, 
R o  = Outer radius of fuel rod (4.75 mm (0.187 in)), and 
I = Moment of inertia of fuel rod cladding (160.4 mm4 (3.853 x 10-4 in4)). 

This bending stress is compared to the yield stress of 540.3 MPa (78,365 psi) per Table 3-3 for fuel 
rod cladding, the resulting safety factor is given in Table 3-11.  The strain associated with this 
maximum stress is  

  = b / E 

The maximum impact load on an individual fuel grid spacer cell, the bending stress and the strain 
induced in the fuel rod cladding due to the maximum lateral acceleration are summarized in Table 3-11.  
The structural integrity of the stored fuel assemblies under the SSE event is maintained, because the 
safety factors are greater than 1.0. 

3.7.3 Rack Structural Evaluation 

To ensure that the fuel racks have adequate safety margins, all stress evaluations for the fuel racks are 
performed based on the worst-case results in any rack at any time during multiple simulations.  In this 
section, the structural integrity of welds and racks is evaluated by using the maximum loads in vertical 
and horizontal direction calculated by time-history analysis of the racks.  

3.7.3.1 Stress Factors for Racks 

Using the time-history analysis results for pedestal normal and lateral interface forces, the limiting 
bending moment and shear force at the baseplate-to-pedestal interface may be computed as a function of 
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3.7.3.5 Local Stress Evaluation 

(1) Cell Wall Impact 

The maximum fuel-to-cell wall impact loads for the NFSRs and the SFSRs are as shown in Table 3-8.  
The evaluation for cell wall for impact is performed to guarantee that local impact does not affect 
criticality of stored fuel.  Integrity of local cell wall is evaluated conservatively using the peak impact 
load.  The limiting impact load to induce overall permanent deformation is calculated by plastic analysis.  
The cell walls of the new and the spent fuel storage racks can withstand a side load of a maximum of 
273.2 kN 
(61,410 lbf) and 47.4 kN (10,660 lbf), respectively (Reference 17).  Therefore, the cell wall of racks 
satisfies the requirement with the maximum impact loads less than the allowable loads. 
(2) Cell Wall Buckling 

The cell wall buckling analysis is performed to evaluate the buckling capacity of the spent fuel storage 
rack cells at the base of the racks using ANSYS program.  The cell wall acts alone in compression for a 
length of about 130 mm (5.12 in) up to the point where the neutron absorbing material sheathing is 
attached.  The sheathing provides additional strength against cell wall buckling.  Therefore, the 
buckling analysis is considered on the lower 130 mm (5.12 in) of the cell wall.  
The analysis is evaluated for Region II cells because the maximum stress factor on Region I racks is 
less than the maximum stress factor (i.e. FACT 2) for the region II racks as shown in Table 3-9.  
A compressive force for cell wall buckling evaluation is calculated as follows: 

= = 71.0 MPa (10,298 psi) 

Where, 
FACT2 = 0.401, the stress factor is taken from Table 3-9. 

Above calculation is based on the maximum stress factor for the net vertical force on the gross cell 
cross-section.  The vertical forces on the rack support pedestal reflects the weight of the rack plus the 
stored fuel assemblies during the seismic event.  Since the stored fuel assemblies are supported by 
the rack baseplate, the actual compressive load on the rack cell structure is significantly less than 
the value determined by the results of dynamic simulations.  It is appropriate to use a FACT2 value 
for cell wall buckling evaluation. 

The critical elastic buckling load of cell wall is calculated by ANSYS eigenvalue analysis. Two by two 
cells of spent fuel storage rack are considered in the buckling analysis. The FE model reflects a 
reinforcement plate that is welded to outer side of cells.  The boundary condition and applied unit load 
(1 MPa) of FE mode is shown in Figure 3-28.  Fixed boundary condition is applied on bottom surface of 
FE model. Figure 3-29 shows the results of buckling analysis.  The minimum value of load multiplier 
represents the critical elastic buckling pressure of fuel rack cell wall, which is 136.68 MPa (19,823 psi).  
Therefore, two-thirds of the critical buckling stress as the limit under Service Level D condition is 
calculated as 91.12 MPa (13,215 psi). 

The ANSYS analysis demonstrates that the spent fuel storage rack cells remain in a stable 
configuration under the maximum seismic load without any gross yielding of the storage cell wall, which 
satisfies the ASME Code requirements for Level D conditions.  Therefore, a buckling of the rack cell 
wall does not occur. 

(3) Secondary Stress by Temperature Effects 

The temperature gradients across the rack structure caused by differential heating effects between one or 
more filled cells and one or more adjacent empty cells are considered.  The worst thermal stress in a fuel 
rack is obtained when a storage cell has a fuel assembly generating heat at the maximum postulated rate 
and the surrounding storage cells contain no fuel.  The thermal stress stresses that occur in this scenario 
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are secondary stresses as defined by the ASME Code Section III, Division 1.  Therefore, it 
is independently evaluated without combining with primary stress of other load conditions. 

A conservative estimate of the weld stresses along the length of an isolated hot cell is obtained by 
considering a beam strip uniformly heated by T = 36 oC (65 oF), and restrained from growth along one 
long edge.  The temperature rise envelops the difference between the maximum local spent fuel pool 
water temperature (76.2 oC (169 oF) bounding) inside a storage cell and the bulk pool temperature (48.9
oC (120 oF)) based on the thermal-hydraulic analysis of the spent fuel pool (Reference 29).  This analysis 
assumes an almost full SFP to which freshly discharged fuel with worst case decay heat is added in 
adjacent cells and SFP thermal capacity of only the water above the top of the SFRs.  The maximum 
shear stress due to temperature change for isolated hot cell weld is calculated as follows: 

 = E x  x T 

Where, 
E = 1.896E+05 N/mm2 (27.5E+06 psi), 

 = 9.5E-06 in/in-oF, and 
T = 36 oC (65 oF). 

The maximum shear stress due to the temperature gradient for an isolated hot cell is calculated given 
that this thermal stress is classified as secondary stress, the allowable shear stress criteria for Level D 
condition (0.42 Su = 191.4 MPa (27,762 psi)) is used as the limit of allowable.  Therefore, the maximum 
shear stress due to the temperature gradient is acceptable. 

Another possible source of temperature induced stress is expansion of adjacent SFSRs with increased 
temperature resulting in a contact load between pedestals and baseplates of adjacent racks or 
relatively different expansion for a fuel assembly and the cell surrounding it.  For the former, it is likely 
that a fuel assembly would cool over time so that it would not generate an increase stress.  However, 
in the event of a loss of SFP cooling, the fuel and the surrounding cell could heat up at different rates.  
The fuel assembly grid typical dimension is 206.45 mm (8.128 in) square, and a SFSR cell inner 
dimension is 220.0 ±3 mm square, for a gap of 10.55 mm (0.415 in).  Assuming that thermal 
expansion of the fuel assembly and the rack material is identical, the elongation of SA-240 Type 304L 
material due to thermal expansion is:  

 
Where, 

: Differential thermal expansion elongation (in/in), 
: Thermal expansion coefficient of SA-240 Type 304L = 8.9E-6 (in/in-°F), 

T2: Temperature = 223.7°F [Maximum fuel clad cladding temperature of spent fuel 
assembly at abnormal condition per thermal-hydraulic analysis], and 
T1: Temperature = 115.5 °F [Bulk temperature on normal condition of spent fuel 
pool]. 

Given the fuel assembly dimensions, the total differential expansion is 0.21 mm (0.008 in), which is 
a small fraction of the available gap. 

As for the load due to expansion of each SFSR causing a contact stress, assuming the racks are 
installed touching at 21°C (70°F) and heat up to 48.9°C (120°F), the expansion of each rack is about 0.43 
mm 
(0.017 in).  In order to develop a load due to constraint of free end displacement, more than two 
adjacent racks must be in hard contact this is extremely unlikely.  Therefore, the development of any 
significant thermal load due to restraint of free end displacement is not considered credible.  Any 
incidental forces that might develop if some baseplates are in contact are self-limiting as a very small 
displacement, or shifting of the racks, relieves the stress.  Self-limiting stresses developed by constraint 
of the structure and relieved by minor deformation are, by definition (NF-3121.3), secondary stresses. 
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According SRP Section 3.8.4, Appendix D, Section I.2, “Design, fabrication, and installation of fuel racks 
of stainless steel material may be performed based on ASME Code, Section III, Division 1, Subsection NF 
requirements for Class 3 component supports.” For the design of Class 3 component supports, Table NF-
3251.2-1, does not require the evaluation of secondary stresses.  Based on this, it is concluded that the 
development of significant thermal loads due to constraint of the baseplates is not credible and any 
postulated incidental loads need not be considered since they result in secondary stresses.  Therefore, 
loads from the restraint of adjacent racks do not need to be explicitly considered in the design analysis. 

(4) Punching Shear Analysis of Rack Baseplate 

a. Punching due to Vertical Pedestal Load

A punching shear analysis has been performed for the rack baseplate under seismic loading conditions. 
The analysis demonstrates that the maximum vertical load on a single support pedestal is less than the 
force necessary for the 285 mm (11.2 in) square pedestal block to punch through the 25 mm (0.984 in) 
thickness of the baseplate.  The punching shear capacity of the baseplate (Fv) can be calculated 
by following equation.  

× 4 ×L × tv

Where, 
(shear stress limit according to the distortion energy theory of yielding), 

Sy (yield strength of baseplate) = 147.5 MPa (21,400 psi), 
L (side length of the pedestal block) = 285 mm (11.2 in), and 
t (thickness of the baseplate) = 25 mm (0.984 in).  

The punching shear capacity of the baseplate calculated using the above equation exceeds the 
maximum pedestal load per Table 3-7 as shown in Table 3-15.  Therefore, a punching shear failure of 
the rack baseplate will not occur.   

b. Punching due to Fuel Impact Load

A punching shear analysis due to the maximum impact load of fuel assembly-to-baseplate is performed 
for the rack baseplate under seismic loading conditions and compared with the allowable stress limit 
(0.72 x Sy = 106.2 MPa (15,408 psi)) for the Level D condition as follows: 

shear = Fimpact / (4 x L x t/2) 

Where,  
Fimpact (Maximum fuel assembly-to-baseplate impact load in vertical direction) 

= 55.7 kN (12,516 lbf) per Table 3-8, 
L (Side length of the square cross-section of fuel assembly) = 206.5 mm (8.128 in), 
and t (Thickness of the baseplate) = 25 mm (0.984 in).  

The resultant stress ( shear) does not exceed the allowable stress limit as shown in Table 3-15. 
Therefore, a punching shear failure of the rack baseplate will not occur. 

3.7.4 Sensitivity Studies 

Since the NFSRs are secured in place and do not slide, the following sensitivities (except for the first, rack 
EI) are not considered applicable.  Therefore, discussion of these sensitivities is for the SFSRs only. 
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Question No. 09.01.02-14 
 
1. The 10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10CFR 
52.80 (a) provide the regulatory requirements for the design of the new and spent fuel storage 
facilities. Standard Review Plan (SRP) Sections 9.1.2 and 3.8.4, Appendix D describes 
specific SRP acceptance criteria for the review of the fuel racks that are acceptable to meet 
the relevant requirements of the Commission's regulations identified above. In DCD Tier 2, 
Section 9.1.2.2.3, “New and Spent Fuel Storage Rack Design”, the applicant stated that “The 
dynamic and stress analyses are performed as described in report APR1400-H-N-NR-14012-
P & NP”. In the report APR1400-H-N-NR-14012-P, Rev.0, Table 3-9 “Maximum Loads on 
single Pedestal”, the staff noted that for the spent fuel storage rack, generally the force on the 
pedestal in the north-south direction is much less (about 50%) than that in the east-west 
direction. The staff did not find sufficient details and description of the underlying analyses in 
the report and is not able to confirm large variation in forces in the two horizontal directions. In 
order for the staff to perform its safety evaluation of the racks, the applicant is requested to 
provide the basis and justification for such large difference in pedestal forces in the two 
horizontal directions. 
 

Response – (Rev. 0) 
 

Below figures show the artificial time history data in the east-west and north-south directions 
for the dynamic analysis of the spent fuel storage racks. 
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Time History Data in E-W direction 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Time History Data in N-S direction 
 

The maximum seismic input loading in the north-south direction is much less (about 50%) 
than that of the east-west direction. 
Therefore, the difference in pedestal forces in the two horizontal directions is based on the 
differences in the seismic input loading. 
 

Response – (Rev. 1) 
 
Technical report, APR1400-H-N-NR-14012-NP was submitted as Rev. 0 in December, 
2014.  KHNP responses to RAI 287-8272 were based in part on the Technical 
Report.  Subsequent to issuance of the Technical Report and RAI responses, the NRC 
provided feedback on both the Technical Report and RAI 287-8272 responses. In response to 
this NRC feedback, Technical report, APR1400-H-N-NR-14012-NP will be revised (as Rev. 3) 
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to incorporate additional information pertaining to the fuel racks. This RAI revision contains 
the specific Technical Report revisions relevant to this response and associated DCD 
changes, where necessary. A summary of the additional information is in the below 
paragraphs. 
 
Support Pedestal Loads of Rack 
 
The maximum horizontal and vertical loads generated on support pedestal with the 
application of SSE loads are used to perform structural integrity evaluation of support 
pedestal and rack. The dynamic simulations of the racks give results for the vertical and two 
horizontal forces (i.e., E-W and N-S directions) throughout the transient. From those values, 
the maximum axial force in the vertical direction and the maximum shear forces of the two 
horizontal directions per pedestal are determined. The resultant shear force for each run is 
conservatively calculated by combining the maximum horizontal loads on any single pedestal 
using the square root of the sum of the squares (SRSS) method. The maximum bending 
moment at the bottom baseplate-to-pedestal interface is computed by multiplying the 
maximum shear force and the distance from the bottom baseplate to the contact point surface 
underneath of the NFSRs and SFSRs, which is 185 mm (7.28 inches) and 160 mm (6.3 
inches), respectively. 

 
 
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  
 
APR1400-H-N-NR-14012-NP (Rev. 3), Section 3.7.1.2 will be revised as shown in Attachment 
1 to this response.  
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The maximum relative displacement of the rack pedestal from its starting point is 104.3 mm (4.1 in) as 
shown in Table 3-6.  The minimum size of the embedment plate is about 610 mm (24 in) x 610 mm (24 
in) (Reference 27).  Therefore, rack pedestals do not slide off the embedment plates onto the spent fuel 
pool liner because the maximum displacement of rack pedestal is not large enough to move off of the 
embedment plate. 

The maximum rotations of the rack are obtained from a post-processing of the rack time history response 
output.  The SFSR should not exhibit rotations sufficient to cause the rack to overturn (i.e., the rack does 
not exhibit a rotation sufficient to bring the center of mass over the corner pedestal).  Based on the width 
and height of a 8x7 rack, the rotation required to produce incipient tipping for this rack is approximately 
equal to: 

tan-1[(1/2*Distance to bring center of gravity over pedestal) / (1/2*Height of rack)] 

tan-1[(1,610/2) / (4,775/2)] = 18.5o 

As shown in Table 3-10, the safety factor for allowable angle is greater than the acceptance criteria of 1.5 
from SRP 3.8.5.  Therefore, overturning of a rack module does not occur. 

3.7.1.2 Support Pedestal Loads of Rack 

The maximum horizontal and vertical loads generated on support pedestal with the application of SSE 
loads are shown in Table 3-7 and Figure 3-22 and are used to perform structural integrity evaluation 
of support pedestal and rack.  The dynamic simulations of the racks give results for the vertical and 
two horizontal forces (i.e., E-W and N-S directions) throughout the transient.  From those values, the 
maximum axial force in the vertical direction and the maximum shear forces of the two horizontal 
directions per pedestal are determined.  The resultant shear force for each run is conservatively 
calculated by combining the maximum horizontal loads on any single pedestal as shown in Table 3-7 
using the square root of the sum of the squares (SRSS) method.  The maximum bending moment at 
the bottom baseplate-to-pedestal interface is computed by multiplying the maximum shear force and the 
distance from the bottom baseplate to the contact point surface underneath of the NFSRs and SFSRs, 
which is 185 mm (7.28 inches) and 160 mm (6.3 inches) as shown in Tables 2-1 and 2-2, respectively.  
Additional detail is provided in Appendix F of Reference 17. 

3.7.1.3 Impact Loads 

The impact loads for fuel-to-cell wall, rack-to-rack and rack-to-pool wall of the NFP and SFP are 
calculated as follows: 

(1) Fuel-to-Cell Wall 

For purposes of assessing the effect on rack structural integrity, the maximum impact loads of fuel 
assembly-to-cell wall for the NFSRs and the SFSRs are as shown in Table 3-8.  These loads are 
determined by dividing the maximum total fuel assembly beam to cell wall load by the number of fuel 
assemblies in the rack under evaluation (e.g., divide by 64 for a full rack, 32 for a half full rack). 

For purposes of determining the effect on the fuel assembly grids, the impact load on each of the fuel 
support grids at each time step is determined by dividing the maximum calculated impact load per cell at 
each of the five nodes by number of spacer grids at each of the nodes.  For each run, the impact loads 
in the East-West and North-South directions are combined using the SRSS method at the same time.  
The combined maximum impact loads on fuel support grid of the NFSRs and the SFSRs are shown in 
Table 3-8. 

(2) Impacts of Rack-to-Rack and Rack-to-Pool Wall 
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Question No. 09.01.02-15 
 
1. The 10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10CFR 
52.80 (a) provide the regulatory requirements for the design of the new and spent fuel storage 
facilities. Standard Review Plan (SRP) Sections 9.1.2 and 3.8.4, Appendix D describes 
specific SRP acceptance criteria for the review of the fuel racks that are acceptable to meet 
the relevant requirements of the Commission's regulations identified above. In DCD Tier 2, 
Section 9.1.2.1(f), the applicant committed to meet the requirements of SRP 3.8.4 Appendix D 
for the new and spent fuel storage racks rack design. The SRP 3.8.4 Appendix D, Section I 
(5) requires that “For nonlinear seismic analysis of the racks, multiple time histories analysis 
should be performed in accordance with the criteria for nonlinear analysis described in SRP 
3.7.1, unless otherwise justified”. 
 
The DCD Tier 2 Section 9.1.2.2.3 makes reference to a technical report APR1400-H-N-NR- 
14012-P, Rev.0, for the dynamic and stress analysis of the racks. In Subsection 3.1.1 of the 
technical report, the applicant stated that “An accurate evaluation of nonlinear response 
requires a 3-D time-history analysis to establish the proper response during a seismic 
loading. Therefore, the initial step in a 3-D time-history analysis is to develop time-history 
seismic loadings for three orthogonal directions that comply with the guidelines of the NRC 
SRP 3.7.1.” 
 
The SRP Section 3.7.1 acceptance criteria for the nonlinear seismic analysis states that “For 
nonlinear structural analysis problems, multiple sets of ground motion time histories should be 
used to represent the design ground motion. Each set of ground motion time histories can be 
selected from real recorded or artificial time histories. The amplitude of these ground motions 
may be scaled but the phasing of Fourier components should be maintained. The adequacy 
of this set of ground motions, including duration estimates, is reviewed on a case-by- case 
basis.” The SRP Section 3.7.1, option 2 delineates the requirements for multiple sets of time 
histories. It states, ““For nonlinear structural analyses, the number of time histories should be 
greater than four and the technical basis for the appropriate number of time histories are 
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reviewed on a case-by-case basis. This review also includes the adequacy of the 
characteristics of the multiple time histories.” 
 
Based on the review of the DCD Tier 2 Section 9.1.2 and the referenced technical report 
APR1400-H-N-NR-14012-P, Rev.0, it is not clear to the staff whether the applicant met the 
acceptance criteria for nonlinear seismic analyses in SRP 3.8.4 Appendix D and in SRP 3.7.1 
as stated above. In order for the staff to perform its safety evaluation of the seismic input to 
the racks, the applicant in accordance with SRP 3.8.4 Appendix D and SRP Section 3.7.1 is 
requested to clarify and confirm that it used at least the five sets (greater than the required 
four) of time histories for the nonlinear structural analyses of the new and spent fuel storage 
racks and provide the technical basis and justification for selecting the number of time history 
sets used in the nonlinear seismic analyses. The applicant is requested to identify any 
proposed changes to and provide a mark-up of Subsections in the DCD Tier 2 and the report 
APR1400-H-N-NR-14012-P, Rev.0, as appropriate. 

 

Response – (Rev. 0) 
 
In lieu of the use of a single time history, multiple artificial time histories will be used for the 
seismic analyses. Below, the artificial time histories (after spectral matching) are plotted in 
Figures 3-5-1 through 3-5-9 and 3-6-1 through 3-6-9 for the N-S, E-W, and Vertical directions 
of NFSR and SFSR, respectively. The artificial time histories satisfy the following criteria 
required by SRP Section 3.7.1. 
 
1. Each pair of time histories (2 horizontal and 1 vertical) must be statistically independent. 
This is made by calculating the correlation coefficient of time history data between two 
different events. The absolute value of their correlation coefficient does not exceed 0.16. 
 
2. For each of the time histories:  

(a) The time history should have a sufficiently small time increment and sufficiently long 
duration. Records should have a Nyquist frequency of at least 50 Hz, (e.g., a time 
increment of at most 0.010 seconds) and a total duration of at least 20 seconds. 
 

(b) Spectral acceleration at 3 percent damping should be computed at a minimum of 100 
points per frequency decade, uniformly spaced over the log frequency scale from 0.1 Hz 
to 50 Hz or the Nyquist frequency. The comparison of the response spectrum obtained 
from the design ground motion time history with the target response spectrum should be 
made at each frequency computed in the frequency range of interest. 

 
3. For time histories in each direction, the computed average response spectrum for the five 
times histories: 
 

(a) The computed 3 percent damped response spectrum of the acceleration time history 
should not fall more than 10 percent below the target response spectrum at any one 
frequency. To prevent response spectra in large frequency windows from falling below 
the target response spectrum, the response spectra within a frequency window of no 
larger than ±10% centered on the frequency should be allowed to fall below the target 
response spectrum. This corresponds to response spectra at no more than 9 adjacent 
frequency points defined in (b) above from falling below the target response spectrum. 
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The damped 3% response spectrum under SSE loading is taken from the design 
specification of the APR1400 fuel storage rack. 
 

(b) The computed 3 percent damped response spectrum of the acceleration time history 
should not exceed the target response spectrum at any frequency by more than 30 
percent (a factor of 1.3) in the frequency range of interest. If the response spectrum for 
the accelerogram exceeds the target response spectrum by more than 30% at any 
frequency range, the power spectrum density of the accelerogram needs to be 
computed and shown to not have significant gaps in energy at any frequency over this 
frequency range. 
 

All the conditions set forth in criteria 1, 2 and 3 are met for the 5 sets of time histories. 
 
The revised report APR1400-H-N-NR-14012-P including the multiple time histories (five sets) 
analysis will be provided by April 30, 2016.  
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Figure 3-5-1 Target and Five Generated Response Spectrum for NFSR  

(SSE, 3% Damping, E-W Direction) 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-5-2 Target and Average of Five Generated Response Spectrum for NFSR  
(SSE, 3% Damping, E-W Direction) 
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Figure 3-5-3 Five Generated Artificial Time Histories for NFSR  
(SSE, 3% Damping, E-W Direction) 
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Figure 3-5-4 Target and Five Generated Response Spectrum for NFSR  
(SSE, 3% Damping, N-S Direction) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-5-5 Target and Average of Five Generated Response Spectrum for NFSR 
(SSE, 3% Damping, N-S Direction) 
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Figure 3-5-6 Five Generated Artificial Time Histories for NFSR 

(SSE, 3% Damping, N-S Direction) 
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Figure 3-5-7 Target and Five Generated Response Spectrum for NFSR  
(SSE, 3% Damping, Vertical Direction)  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-5-8 Target and Average of Five Generated Response Spectrum for NFSR 
(SSE, 3% Damping, Vertical Direction) 
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Figure 3-5-9 Five Generated Artificial Time Histories for NFSR  
(SSE, 3% Damping, Vertical Direction) 
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Figure 3-6-1 Target and Five Generated Response Spectrum for SFSR  

(SSE, 3% Damping, E-W Direction)  
 

 
 
 
 
 
 
 
 
 
 

 
Figure 3-6-2 Target and Average of Five Generated Response Spectrum for SFSR 

(SSE, 3% Damping, E-W Direction) 
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Figure 3-6-3 Five Generated Artificial Time Histories for SFSR  

(SSE, 3% Damping, E-W Direction) 
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Figure 3-6-4 Target and Five Generated Response Spectrum for SFSR  

(SSE, 3% Damping, N-S Direction)  
 
 
 
 
 
 
 
 
 
 
 

Figure 3-6-5 Target and Average of Five Generated Response Spectrum for SFSR 
(SSE, 3% Damping, N-S Direction) 
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Figure 3-6-6 Five Generated Artificial Time Histories for SFSR  

(SSE, 3% Damping, N-S Direction) 
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Figure 3-6-7 Target and Five Generated Response Spectrum for SFSR  

 (SSE, 3% Damping, Vertical Direction)  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-6-8 Target and Average of Five Generated Response Spectrum for SFSR 
(SSE, 3% Damping, Vertical Direction) 
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Figure 3-6-9 Five Generated Artificial Time Histories for SFSR  

(SSE, 3% Damping, Vertical Direction) 
 

Response – (Rev. 1) 
 
Technical report, APR1400-H-N-NR-14012-NP was submitted as Rev. 0 in December, 
2014.  KHNP responses to RAI 287-8272 were based in part on the Technical 
Report.  Subsequent to issuance of the Technical Report and RAI responses, the NRC 



 

                                                                                                                       
 

 
 

09.01.02-15_Rev.1 - 16 / 18 KEPCO/KHNP

Non-Proprietary

provided feedback on both the Technical Report and RAI 287-8272 responses. In response to 
this NRC feedback, Technical report, APR1400-H-N-NR-14012-NP will be revised (as Rev. 3) 
to incorporate additional information pertaining to the fuel racks. This RAI revision contains 
the specific Technical Report revisions relevant to this response and associated DCD 
changes, where necessary. A summary of the additional information is in the below 
paragraphs. 
 
Five sets of artificial acceleration time histories for three orthogonal directions were developed 
specific to the NFSRs and SFSRs. The fully-synthetic acceleration time histories were 
developed to match the safe shutdown earthquake (SSE) in-structure response spectra (ISRS) 
(i.e., no time history seed was used). For the NFSRs, the auxiliary building ISRS at elevation 
137’-6” were used. For the SFSRs, response spectra were selected to envelope the ISRSs at 
the elevation of the spent fuel pool base (114'-0'') and the pool wall (132'-0''). The top of the 
SFSRs is at approximately elevation 130' with the bottom at about 115’. Although previous 
versions did not discuss it, guidance in Revision 4 of SRP 3.7.1 discusses the need for 
artificial time histories to be corrected to remove displacement drift, which often occurs with 
recorded and fully-synthetic acceleration time histories. The Lagrange multiplier method 
developed by Borsoi and Ricard (Reference 1) was used to change the initial accelerogram 
into a corrected accelerogram that is very close to the first one, but corrects unrealistic 
velocity and displacements shifts. Note that this same method has been implemented in the 
P-CARES (Probabilistic - Computer Analysis for Rapid Evaluation of Structures) code 
developed by Brookhaven National Laboratory for the NRC staff to use to perform evaluations 
of the seismic response of relatively simplified soil and structural models (Reference 2). 
NUREG/CR-6983 discusses using the baseline correction method for shake table data 
analysis showing a large displacement drift. It points out that “the modification to the 
acceleration time history is small […]. More importantly, the change in the input motions due 
to baseline correction has virtually no effect in the analytical responses.” 
 
The five time histories for the NFSRs and the SFSRs (after spectral matching and 
displacement drift correction (Reference 3) applied in each of the three orthogonal directions 
(N-S, E-W, and vertical). These artificial time histories have a duration of 25 seconds and 
meet the guidelines set forth in SRP 3.7.1, as discussed in the next section. Consistent with 
Regulatory Guide 1.61, the 4% damped SSE response spectra were used to generate the 
synthetic time histories for the APR1400 fuel storage racks. 

 
Adequacy Checks of Time Histories  
 
The seismic analyses for the NFSRs and SFSRs consider five sets of artificial seismic time 
histories. Suitability of time-histories is verified according to SRP Section 3.7.1 Option 2 criteria 
for multiple sets of time histories. Option 2 identifies an acceptable method for time-history 
verification is through Approach 2 (Section II.1.B.ii of SRP 3.7.1) with certain criteria evaluated 
based on the average of the suite of multiple time histories. 
 
The APR1400 DCD was docketed in March 2015. According to 10 CFR 52.47(a)(9), regulatory 
guidance formally issued up to six months prior to docketing is applicable, which would be 
Revision 3 of SRP 3.7.1. APR1400 DCD Tier 2 Section 1.9.2 acknowledges this regulatory 
provision. However, Tier 2 Table 1.9-2 identifies the applicable revision of SRP 3.7.1 as draft 
Revision 4. In general, a draft licensing document is not an appropriate reference since the 
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NRC could alter guidance or acceptance criteria, but Revision 4 was not issued until December 
2014, after the cutoff per 10 CFR 52.47(a)(9). 
 
As documented in References 4 and 5, the time histories meet the acceptance criteria of SRP 
3.7.1 Revision 3 as follows: 
 

• A total duration of at least 20 seconds – met, duration is 25 seconds. 
• Time increment of at most 0.010 seconds – met, increment is 0.010 seconds. 
• Spectral acceleration computed at a minimum of 100 points per frequency decade – 

met, 100 points per frequency decade, 
• Uniformly spaced over the log frequency scale from 0.1 Hz to 50 Hz frequency – met. 
• Average of computed 5% damped response spectra from the suite of multiple time 

histories: 
o Not more than 10% below target response spectrum at any one frequency – met, 

lowest value is 5.5% below for NSFR. 
o Not below target response spectrum at more than 9 adjacent frequency points – 

met for NFSR (7 points) but not for SFSR (11). 
o Not more than 30% above target response spectrum at any frequency in the 

frequency range of interest. If exceedances are larger than 30%, the average 
power spectral density (PSD) of the suite of multiple accelerograms needs to be 
computed and shown not to have significant gaps in energy at any frequency 
over the frequency range of interest, with a frequency band width of ±20%, 
centered on the frequency – met, because the PSDs have no abrupt dip or low 
points in power that could indicate insufficient energy input at a frequency in the 
range of interest. 
 

• The time history for each of the three orthogonal directions is statistically 
independent from the others, as demonstrated by the absolute value of their 
correlation coefficient not exceeding 0.16 - met, largest value is 0.08 for both NFSR 
and SFSR. 

 
Based on the above, the use of the five time artificial histories is considered satisfactory for 
the nonlinear structural analysis of the fuel storage rack response to seismic conditions. 
 
References: 
1. Borsoi L. and Ricard A., "A Simple Accelerogram Correction Method to Prevent 

Unrealistic Displacement Drift," 8th SMIRT, Vol .K(a), Paper K2/7, Brussels, 1985. 
2. J. Nie, J. Xu, and C. Costantino, Brookhaven National Laboratory, “P-CARES: 

Probabilistic Computer Analysis for Rapid Evaluation of Structures, “ NUREG/CR-6922 / 
BNL-NUREG-77338-2006, November 2006. 

3. MPR, “Acceleration Time History Correction,” 0938-0009-CALC-002, Rev. 1, December 
2016. 

4. MPR, “Seismic Time-History Verification for Spent Fuel Storage Racks (SFSR),” 0938-
0006-CALC-008, Rev. 1, December 2016. 

5. MPR, “Seismic Time-History Verification for New Fuel Storage Racks (NFSR),” 0938-
0006-CALC-009, Rev. 1, December 2016. 
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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  
 
APR1400-H-N-NR-14012-NP (Rev. 3), Sections 3.1.1, 3.1.1.1 and 3.7.5 will be revised as 
shown in Attachment 1 to this response.  
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3 STRUCTURAL AND SEISMIC ANALYSIS 

The structural and seismic analysis for the NFSRs and the SFSRs described below includes dynamic 
analysis methodology, modeling details, acceptance criteria for kinematic and structural evaluation, 
assumptions, input data for racks and fuel assembly, and significant results of dynamic simulations under 
seismic loading. 

3.1 Methodology 

The response of a free-standing SFSR module to seismic input is highly non-linear and involves a 
complex combination of motions such as sliding, rocking, twisting, impacts, and friction effects.  Linear 
methods, such as response spectrum analysis, cannot accurately simulate the structural response of 
such a highly non-linear structure to seismic excitation.  An accurate evaluation of non-linear response 
requires a three dimensional time history analysis to establish the proper response during a seismic 
loading.  The analysis method used to evaluate the new and spent fuel storage racks is summarized as 
follows: 

• Synthetic acceleration time history input was developed to represent the seismic motion of the
new fuel storage pit floor and the spent fuel pool floor and walls (Section 3.1.1).

• Adequacy of the time histories was checked (References 7 and 8) in accordance with SRP
Section 3.7.1 (Reference 9).

• Detailed three dimensional finite element shell models were developed for each fuel rack type
listed in Table 3-2 to determine overall stiffness parameters.

• A three-dimensional beam model of each rack type listed in Table 3-2 was developed based on
the shell model stiffness parameters.  In these models, the array of fuel assemblies within a
single rack was represented by a single equivalent three dimensional beam model coupled to the
rack beam model (Figure 3-1 and Figure 3-2).

• For the spent fuel pool, the individual rack-fuel models were duplicated and assembled into an
array of rack models referred to as the Whole Pool Multi-Rack (WPMR) model (Figure 3-3).

• Analyses apply the three orthogonal time histories simultaneously.  Multiple time history
analyses were performed, each with a variation in a significant input parameter such as the
friction coefficient between the rack pedestals and embedment plates (Table 3-5).

• Maximum displacements and loads were extracted from each case run (Table 3-6 through Table
3-8).

• The maximum loads were evaluated statically by calculating stresses in the rack components with
traditional strength of materials methods (hand calculations) and compared to ASME code
allowable stresses.

Although behavior of the NFSRs is not as complex since they are anchored to the embedment plates and 
not submerged in water, the same analysis method was used. 

3.1.1 Acceleration Time Histories Generation 

Five sets of artificial acceleration time histories for three orthogonal directions were developed specific 
to the NFSRs and SFSRs.  

The fully-synthetic acceleration time histories were developed to match the safe shutdown earthquake 
(SSE) in-structure response spectra (ISRS) (i.e., no time history seed was used).  For the NFSRs, the 
auxiliary building ISRS at elevation 137’-6” were used.  For the SFSRs, response spectra were 
selected to envelope the ISRSs at the elevation of the spent fuel pool base (114'-0'') and the pool wall 
(132'-0'').  The top of the SFSRs is at approximately elevation 130' with the bottom at about 115’. 

Although previous versions did not discuss it, guidance in Revision 4 of SRP 3.7.1 discusses the need for 
artificial time histories to be corrected to remove displacement drift, which often occurs with recorded and 
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fully-synthetic acceleration time histories.  The Lagrange multiplier method developed by Borsoi and 
Ricard (Reference 10) was used to change the initial accelerogram into a corrected accelerogram that is 
very close to the first one, but corrects unrealistic velocity and displacements shifts.  Note that this 
same method has been implemented in the P-CARES (Probabilistic - Computer Analysis for Rapid 
Evaluation of Structures) code developed by Brookhaven National Laboratory for the NRC staff to use to 
perform evaluations of the seismic response of relatively simplified soil and structural models (Reference 
11).  NUREG/CR-6983 (Reference 12) discusses using the baseline correction method for shake table 
data analysis showing a large displacement drift.  It points out that “the modification to the acceleration 
time history is small […].  More importantly, the change in the input motions due to baseline correction 
has virtually no effect in the analytical responses.” 

Figure 3-5 through Figure 3-7 for the NFSRs and Figure 3-8 through Figure 3-10 for the SFSRs show 
the five time histories (after spectral matching and displacement drift correction (Reference 13)) applied 
in each of the three orthogonal directions (N-S, E-W, and vertical).  These artificial time histories have a 
duration of 25 seconds and meet the guidelines set forth in SRP 3.7.1, as discussed in the next section. 

Consistent with Regulatory Guide 1.61, the 4% damped SSE response spectra were used to generate 
the synthetic time histories for the APR1400 fuel storage racks. 

3.1.1.1 Adequacy Checks of Time Histories 

The seismic analyses for the NFSRs and SFSRs consider five sets of artificial seismic time histories.  
Suitability of time-histories is verified according to SRP Section 3.7.1 Option 2 criteria for multiple sets 
of time histories.  Option 2 identifies an acceptable method for time-history verification is through 
Approach 2 (Section II.1.B.ii of SRP 3.7.1) with certain criteria evaluated based on the average of the 
suite of multiple time histories. 

The APR1400 DCD was docketed in March 2015.  According to 10 CFR 52.47(a)(9), regulatory 
guidance formally issued up to six months prior to docketing is applicable, which would be Revision 3 
of SRP 3.7.1.  APR1400 DCD Tier 2 Section 1.9.2 acknowledges this regulatory provision.  However, 
Tier 2 Table 1.9-2 identifies the applicable revision of SRP 3.7.1 as draft Revision 4.  In general, a 
draft licensing document is not an appropriate reference since the NRC could alter guidance or 
acceptance criteria, but Revision 4 was not issued until December 2014, after the cutoff per 10 CFR 
52.47(a)(9). 
As documented in References 7 and 8, the time histories meet the acceptance criteria of SRP 
3.7.1 Revision 3 as follows: 

A total duration of at least 20 seconds – met, duration is 25 seconds.
Time increment of at most 0.010 seconds – met, increment is 0.010 seconds.
Spectral acceleration computed at a minimum of 100 points per frequency decade – met, 100
points per frequency decade,
Uniformly spaced over the log frequency scale from 0.1 Hz to 50 Hz frequency – met.
Average of computed 5% damped1 response spectra from the suite of multiple time histories:

o Not more than 10% below target response spectrum at any one frequency – met,
lowest value is 5.5% below for NSFR.

o Not below target response spectrum at more than 9 adjacent frequency points – met for
NFSR (7 points) but not for SFSR (11).

o Not more than 30% above target response spectrum at any frequency in the frequency
range of interest. If exceedances are larger than 30%, the average power spectral
density (PSD) of the suite of multiple accelerograms needs to be computed and shown
not to have significant gaps in energy at any frequency over the frequency range of
interest, with a frequency band width of ±20%, centered on the frequency – met,

4% damping is appropriate per RG 1.61 for seismic analysis, but SRP 3.7.1 specifies doing adequacy checks at 5%. 
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because the PSDs shown in Figure 3-17 and Figure 3-18 have no abrupt dip or low 
points in power that could indicate insufficient energy input at a frequency in the 
range of interest. 

The time history for each of the three orthogonal directions is statistically independent from the
others, as demonstrated by the absolute value of their correlation coefficient not exceeding 0.16 
– met, largest value is 0.08 for both NFSR and SFSR.

Figure 3-11 through Figure 3-14 show the comparison between the target response spectrum (red) and the 
computed average response spectrum (black) for the five time histories for the E-W, N-S, and vertical 
directions for NFSR and SFSR, respectively. The two areas where the adequacy checks are not 
consistent with the guidance are the 30% exceedance and number of consecutive points below the 
target. Since the PSD check was performed for the each average of all time histories and showed no 
gaps (Figure 3-17 and Figure 3-18), the points of exceedance just result in additional energy input, which 
is conservative and judged acceptable. 

In addition, a comparison of predicted results was performed to confirm that none of the time 
histories provided unexpected or inconsistent behavior, as described in Section 3.7.5. 

The average of the generated response spectra is shown to envelope the corresponding target 
spectra (Figure 3-11 through Figure 3-14), meeting the intent of SRP 3.7.1 (Reference 9). 

Based on the above, the use of the five time artificial histories shown in Figure 3-5 to Figure 3-10 
is considered satisfactory for the nonlinear structural analysis of the fuel storage rack response to 
seismic conditions. 

3.1.2 Modeling 

3.1.2.1 General Considerations 

Reliable assessment of the kinematic behavior of the rack modules requires suitable dynamic models that 
incorporate the key attributes of the structures.  The SFSR model must have the ability to execute 
concurrent sliding, rocking, bending, twisting, and other motions associated with free-standing racks. 
Additionally, the SFSR model must possess the capability to simulate fuel assembly rattling, rack lift-off, 
and subsequent impact of support pedestals, while also considering the effect of the water mass in and 
around the rack modules.  Similarly, the NFSR model must be able to simulate fuel assembly rattling and 
other motions associated with fixed-base racks. 

The sections below describe individual features of the 3-D dynamic analysis model for the fuel racks. 

(1) Seismic Input and Response Combination 

Seismic inputs for the three orthogonal directions (east-west, north-south, and vertical) are applied 
simultaneously to the rack modules.  The horizontal loads are combined using the square root sum 
of the squares (SRSS) method in the analysis of the fuel assembly, rack structure, welded 
connections, and rack supports. 

(2) Fuel Loading 

The dynamic analysis of the NFSR assumes the racks are fully loaded; the SFSR analysis considers 
various loading configurations (in most cases fully loaded, but also mixed/partially loaded and empty). 
When fuel assemblies are present in a rack, they are assumed to be fully seated (lowered all the way 
into a cell). 
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The effect of the sensitivities was a change in predicted loads within the variation found for different time 
histories and less than the variation for different COFs.  Figure 3-24 show the effect on pedestal and 
baseplate impact loads, respectively. 

3.7.4.4 Fuel Assembly EI 

One case (Run 33) evaluates the effect of end of life fuel assembly properties. Fuel-to-cell wall and fuel 
assembly grid impact loads were consistent with those of the BOL case. 

3.7.4.5 Rack Loading 

The free standing SFSRs do slide and different fuel loading arrangements were considered, as shown in 
Table 3-5 and described in most runs used fully loaded racks, but one sensitivity involved all racks being 
empty (Run 34) and another (Run 35) had one quarter full rack and also two half full racks loaded 
uniformly (see Figure 3-4).  The results showed that the displacements of empty fuel racks were less 
than those of fully loaded racks. 

3.7.4.6 Calculational Time Step 

Comparison of a run at one half the fixed time step used for all other runs showed small changes in 
calculated results comparable to the run to run variation with different time histories.  Small differences, 
vice identical results, are expected because the time step used affects where in each time history the 
acceleration is taken and how long it is applied.  Used convergence values for dynamic simulation were 
5% for both force and displacement quantities of interest. 

3.7.5 Conservatisms in Seismic Analysis 

The APR1400 fuel rack seismic analytical approach includes significant conservatisms: 
• All of the fuel mass at each elevation in the rack is assumed to move as a unit, resulting in a

conservative impact force and rack response. 
• The damping applied in the time history analyses is a conservative value.  The ANSYS analyses

are based on full integration of the equations of motion and necessarily use frequency 
dependent damping.  For frequency dependent damping, the damping curve is anchored at the 
lower and upper bounds of the frequency range of interest.  For all frequencies between the 
lower and upper bound, a conservative, lower damping value will then be applied.  

• When evaluating stresses, the calculated loads are combined conservatively. For all horizontal
loads except fuel assembly grid impact, the combination uses the maximum E-W and the 
maximum N-S load at any time during the transient, even if they do not occur during the 
same time step. The grid loads use the values during the same time step to find the 
maximum. The times of maximum load in the two directions are in general not the same. 

• Fluid drag in the spent fuel pool is conservatively neglected.  If considered, fluid drag would
result in lower impact loads. 

Consequently, the reported results include considerable conservatisms that are not quantified. 

3.7.6 Review of Results 

Following completion of the analyses described above, results were reviewed for unexpected or 
inconsistent behavior.  The following high level conclusions were noted. 

The analyses performed for loads results from a SSE show satisfactory performance to regulatory 
acceptance criteria. 
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REVISED RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD 

Docket No. 52-046 

RAI No.:  287-8272 

SRP Section:  09.01.02 – New and Spent Fuel Storage 

Application Section:  9.1.2 

Date of RAI Issue:  11/02/2015 

 
 

Question No. 09.01.02-16 
 
The 10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10 CFR 
52.80 (a) provide the regulatory requirements for the design of the new and spent fuel storage 
facilities. Standard Review Plan (SRP) Sections 9.1.2 and 3.8.4, Appendix D describes 
specific SRP acceptance criteria for the review of the fuel racks that are acceptable to meet 
the relevant requirements of the Commission's regulations identified above. In DCD Tier 2, 
Section 9.1.2.2.3, “New and Spent Fuel Storage Rack Design”, the applicant stated that “The 
dynamic and stress analyses are performed as described in report APR1400-H-N-NR-14012-
P & NP”. In the report APR1400-H-N-NR-14012-P, Rev.0, Section 3.6, “Dynamic Simulations”, 
it is stated that “The storage rack configurations at the full loading are considered in the 
dynamic simulations.” This sentence implies that assuming every rack with the full loading in 
the seismic or impact analyses results in a conservative design. It is not apparent to the staff 
that assuming the full loading for every rack is conservative. For example, consider the 
following scenario: Assume a fully loaded rack subjected to an earthquake does not slide; 
now consider two racks with one rack empty; and the other rack fully loaded. During the same 
earthquake, the lighter rack slides because its friction force at the base is now less than if it 
were fully loaded. The fully loaded one by itself would not slide; however, it may slide due to 
the impact from the lighter rack; thus, the whole system (the lighter rack and the fully loaded 
rack) slides. Based on the above example, the applicant is requested to provide a technical 
rationale and the results of any study performed to demonstrate that the assumption of all 
fully loaded racks will always result in a conservative design. Otherwise, the applicant is 
requested to consider appropriate loading patterns in the analyses. The loading patterns 
considered should include the case of all racks completely empty to demonstrate that the 
racks and liner of the spent fuel pool would not be damaged due to the impact. 
 

Response – (Rev. 0) 
 
The loading patterns considered include the case of all racks completely empty and a mixed 
loading; some of the racks are partially or fully loaded and the others are empty. Runs 21 and 
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22 on Table 3-6 of the attachment describe all racks are empty. Runs 23 and 24 describe a 
"mixed loading" configuration wherein the number of fuel assemblies stored in each rack 
varies. Below figure shows a mixed loading configuration. 
All 32 run numbers and analytical results are shown of the attachment. 
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Response – (Rev. 1) 
 
Technical report, APR1400-H-N-NR-14012-NP was submitted as Rev. 0 in December, 
2014.  KHNP responses to RAI 287-8272 were based in part on the Technical 
Report.  Subsequent to issuance of the Technical Report and RAI responses, the NRC 
provided feedback on both the Technical Report and RAI 287-8272 responses. In response to 
this NRC feedback, Technical report, APR1400-H-N-NR-14012-NP will be revised (as Rev. 3) 
to incorporate additional information pertaining to the fuel racks. This RAI revision contains 
the specific Technical Report revisions relevant to this response and associated DCD 
changes, where necessary. A summary of the additional information is in the below 
paragraphs. 
 
Dynamic Simulations 
 
The simulations listed in Table 1 are performed for the new and the spent fuel racks to 
investigate the structural integrity of each rack. The loading conditions for the racks are based 
on the SSE event.  
 
The SFSR configurations at the full, empty, and mixed loadings are considered in the dynamic 
simulations. To consider the effect of the friction coefficient between pedestal and embedment 
plate, simulations are performed by using the friction coefficient with upper and lower bound 
values and a mean value.  
 
The nonlinear dynamic analyses for dynamic simulations of the NFSRs and the SFSRs are 
performed using the ANSYS finite element program. The results of the simulations are 
compared to the stress and kinematic criteria. 
 
Run numbers 1 through 5 are dynamic simulations of the NFSR. For the SFSR, run numbers 
6 through 10 use the coefficient of friction (COF) value 0.2, run numbers 11 through 15 are 
with the COF value 0.5, and run numbers 16 through 20 are with the COF value 0.8. 
 
Run numbers 21 through 36 are sensitivity runs. The inputs (e.g., which time history, which 
COF for the SFSRs) for the sensitivity analysis were chosen from those used for base runs 1 
to 5 for the NFSRs and 6 to 20 for the SFSRs, using the following rationale: 

 
• Maximum vertical load on a single pedestal and fuel-to-cell wall impact load among the 

base runs. 
• Maximum rack-to-rack baseplate impact load from among the base runs. 
• Maximum horizontal load on a single pedestal load among the base runs. 
• Maximum stress factor from among the base runs. 

 
Table 1 identifies the conditions (e.g., COF) used in various base runs and the sensitivity runs 
performed to verify that fuel rack response is reasonably bounded. These sensitivities were: 

 
• Run numbers 21 and 22 are identical to the NFSR bounding run but vary the value of the 

rack elastic modulus times the moment of inertia (i.e., EI) ±20%. 
• Run numbers 23 and 24 are identical to the bounding run but vary the value of the rack 

elastic modulus times the moment of inertia (i.e., EI) ±20%. 
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• Run numbers 25 through 32 vary impact spring constants of rack-to-floor, rack-to-rack 
baseplate, and fuel-to-cell wall by ±20%. 

• Run number 33 evaluates EOL fuel elastic modulus times the moment of inertia (i.e., EI) 
• Run numbers 34 and 35 assume empty racks and a mix of full, 50%, 25%, and empty 

racks. 
Run number 36 was performed with a fixed time step of one half that used for all other runs in 
order to demonstrate convergence. 
 
Rack Loading 
 
The free standing SFSRs do slide and different fuel loading arrangements were considered, 
as shown in Table 1. Most runs used fully loaded racks. Run 34 in Table 1 evaluates the all 
racks being empty. Run 35 in Table 1 evaluates the one quarter full rack/ two half full racks 
loaded (see Figure 1). The results showed that the displacements of empty fuel racks were 
less than those of fully loaded racks. 
 

Table 1 List of Simulations 

Rack Run 
No. 

Time 
History COF(*) 

Rack-to-
Floor 

Stiffness

Rack-to-
Rack 

Stiffness

Fuel-to-
Rack 

Stiffness

Fuel 
Assembly 

Elastic 
Modulus x 
Moment-
of-Inertia 

(EI) 

Rack 
Elastic 

Modulus x 
Moment-
of-Inertia 

(EI) 

Time 
Step 
(sec.) 

Loading

NFSR 

1 1 

N/A N/A N/A 

Nominal BOL Nominal 2 x 10-4 Full 

2 2 
3 3 
4 4 
5 5 

SFSR 

6 1 

0.2 

Nominal Nominal

7 2 
8 3 
9 4 
10 5 
11 1 

0.5 
12 2 
13 3 
14 4 
15 5 
16 1 

0.8 
17 2 
18 3 
19 4 
20 5 
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Sensitivity Runs 

NFSR 
21 

Note 1 N/A N/A N/A Nominal BOL 
20% 

2 x 10-4 Full 
22 -20% 

SFSR 

23 
Note 2 0.8 Nominal Nominal Nominal BOL 

20% 
2 x 10-4 Full 

24 -20% 
25 

Note 3 0.8 
20% 

Nominal Nominal BOL Nominal 2 x 10-4 Full 
26 -20% 
27 

Note 4 0.5 Nominal
20% 

Nominal BOL Nominal 2 x 10-4 Full 
28 -20% 
29 

Note 5 0.8 Nominal Nominal
20% 

BOL Nominal 2 x 10-4 Full 
30 -20% 
31 

Note 6 0.8 Nominal Nominal
20% 

BOL Nominal 2 x 10-4 Full 
32 -20% 

33 Note 6 0.8  Nominal Nominal EOL EOL Nominal 2 x 10-4 Full 

34 
Note 4 0.5 Nominal Nominal Nominal BOL Nominal 2 x 10-4 Empty

35 Mixed

36 Note 7 0.8 Nominal Nominal Nominal BOL Nominal 1 x 10-4 Full 

Notes:  
1. Run No. 5: Apply sensitivity to the NFSR run from runs 1 through 5 that yielded the 

maximum horizontal (E-W or N-S) force on a pedestal. 
2. Run No. 17: Apply sensitivity to the SFSR run from runs 6 through 20 that yielded the 

maximum horizontal (E-W or N-S) force on a pedestal. 
3. Run No. 17: Apply sensitivity to the SFSR run from runs 6 through 20 that yielded the 

maximum vertical pedestal force. 
4. Run No. 12: Apply sensitivity to the SFSR run from runs 6 through 20 that yielded the 

maximum rack-to-rack impact force. 
5. Run No. 18: Apply sensitivity to the SFSR run from runs 6 through 20 that yielded the 

maximum total fuel impact force. 
6. Run No. 19: Apply sensitivity to the SFSR run from runs 6 through 20 that yielded the 

maximum fuel grid impact force. 
7. Run No. 17: Apply sensitivity to the SFSR run from runs 6 through 20 that yielded the 

maximum horizontal (E-W or N-S) and vertical force on a pedestal. 
 
(*) : Coefficient of Friction 
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Figure 1 Mixed Loading Configuration 
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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  
 
APR1400-H-N-NR-14012-NP (Rev. 3), Sections 3.1.2.1(2), 3.6, 3.7.4.5, Table 3-5, and Figure 
3-4 will be revised as shown in Attachment 1 to this response.  
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because the PSDs shown in Figure 3-17 and Figure 3-18 have no abrupt dip or low 
points in power that could indicate insufficient energy input at a frequency in the range 
of interest. 

The time history for each of the three orthogonal directions is statistically independent from the
others, as demonstrated by the absolute value of their correlation coefficient not exceeding 0.16 
– met, largest value is 0.08 for both NFSR and SFSR.

Figure 3-11 through Figure 3-14 show the comparison between the target response spectrum (red) and the 
computed average response spectrum (black) for the five time histories for the E-W, N-S, and vertical 
directions for NFSR and SFSR, respectively. The two areas where the adequacy checks are not consistent 
with the guidance are the 30% exceedance and number of consecutive points below the target. Since the 
PSD check was performed for the each average of all time histories and showed no gaps (Figure 3-17 
and Figure 3-18), the points of exceedance just result in additional energy input, which is conservative 
and judged acceptable. 

In addition, a comparison of predicted results was performed to confirm that none of the time histories 
provided unexpected or inconsistent behavior, as described in Section 3.7.5. 

The average of the generated response spectra is shown to envelope the corresponding target spectra 
(Figure 3-11 through Figure 3-14), meeting the intent of SRP 3.7.1 (Reference 9). 

Based on the above, the use of the five time artificial histories shown in Figure 3-5 to Figure 3-10 is 
considered satisfactory for the nonlinear structural analysis of the fuel storage rack response to seismic 
conditions. 

3.1.2 Modeling 

3.1.2.1 General Considerations 

Reliable assessment of the kinematic behavior of the rack modules requires suitable dynamic models that 
incorporate the key attributes of the structures.  The SFSR model must have the ability to execute 
concurrent sliding, rocking, bending, twisting, and other motions associated with free-standing racks. 
Additionally, the SFSR model must possess the capability to simulate fuel assembly rattling, rack lift-off, 
and subsequent impact of support pedestals, while also considering the effect of the water mass in and 
around the rack modules.  Similarly, the NFSR model must be able to simulate fuel assembly rattling and 
other motions associated with fixed-base racks. 

The sections below describe individual features of the 3-D dynamic analysis model for the fuel racks. 

(1) Seismic Input and Response Combination 

Seismic inputs for the three orthogonal directions (east-west, north-south, and vertical) are applied 
simultaneously to the rack modules.  The horizontal loads are combined using the square root sum 
of the squares (SRSS) method in the analysis of the fuel assembly, rack structure, welded 
connections, and rack supports. 

(2) Fuel Loading 

The dynamic analysis of the NFSR assumes the racks are fully loaded; the SFSR analysis considers 
various loading configurations (in most cases fully loaded, but also mixed/partially loaded and 
empty). When fuel assemblies are present in a rack, they are assumed to be fully seated (lowered all 
the way into a cell). 
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Mechanical Analysis for New and Spent Fuel Storage Racks  APR1400-H-N-NR-14012-NP, Rev.3 

KEPCO & KHNP 36 

Non-Proprietary 

substantially identical to those obtained by a similar and independently written and recognized 
program in the public domain.  The test problems should be demonstrated to be similar to or within 
the range of applicability of the problems analyzed by the public domain computer program. 

ANSYS has been used in the nuclear energy industry for nearly 40 years.  The ANSYS software is 
developed within an ISO 9001 quality program that meets both ASME NQA-1 and 10 CFR 50 Appendix B. 
ANSYS software has previously been accepted by the NRC for SFSR seismic structural analysis. 

Five test cases were run with ANSYS Version 15.0 to provide a comparison of ANSYS results to 
analytical results published in technical literature.  These test cases exercised the ANSYS elements 
(MASS21, COMBIN14, CONTAC52, BEAM4, and MATRIX27) and features (direct integration time history, 
mass, spring, friction, impact and hydrodynamic coupling) used for the ARP1400 fuel rack seismic 
analysis.  The five test cases involved coulomb friction, a two degree of freedom system with inertial 
coupling, mass impact on a beam, mass impact on a flexible surface, and the Fritz methodology for 
modeling hydrodynamic mass.  The results of these five test problems compared very well to the 
published analytical results. 

To further validate the use of ANSYS for APR1400 fuel rack seismic analysis, a single SFSR was 
analyzed with both ANSYS and LS-DYNA for five different sets of acceleration time histories.  ANSYS is 
an implicit finite element code used for structural analysis with the capability to perform both static and 
dynamic simulations, while LS-DYNA is an explicit finite element code used for transient analysis.  A 
code-to-code comparison that demonstrates that the codes provide similar results for given set of inputs 
provides confidence that ANSYS is providing reasonable results. 

3.6 Dynamic Simulations 

The simulations listed in Table 3-5 are performed for the new and the spent fuel racks to investigate 
the structural integrity of each rack.  The loading conditions for the racks are based on the SSE event.  

The SFSR configurations at the full, empty, and mixed loadings are considered in the dynamic 
simulations.  To consider the effect of the friction coefficient between pedestal and embedment plate 
as discussed in Section 3.1.2.5, simulations are performed by using the friction coefficient with upper 
and lower bound values and a mean value.  

The nonlinear dynamic analyses for dynamic simulations of the NFSRs and the SFSRs are performed 
using the ANSYS (Reference 18) finite element program.  The results of the simulations are compared to 
the stress and kinematic criteria in Section 3.2. 

Run numbers 1 through 5 are dynamic simulations of the NFSR.  For the SFSR, run numbers 6 through 
10 use the coefficient of friction (COF) value 0.2, run numbers 11 through 15 are with the COF value 
0.5, and run numbers 16 through 20 are with the COF value 0.8. 

Run numbers 21 through 36 are sensitivity runs. The inputs (e.g., which time history, which COF for the 
SFSRs) for the sensitivity analysis were chosen from those used for base runs 1 to 5 for the NFSRs and 
6 to 20 for the SFSRs, using the following rationale: 

• Maximum vertical load on a single pedestal and fuel-to-cell wall impact load among the base
runs.

• Maximum rack-to-rack baseplate impact load from among the base runs.
• Maximum horizontal load on a single pedestal load among the base runs.
• Maximum stress factor from among the base runs.

Table 3-5 identifies the conditions (e.g., COF) used in various base runs and the sensitivity runs 
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performed to verify that fuel rack response is reasonably bounded.  These sensitivities were: 

• Run numbers 21 and 22 are identical to the NFSR bounding run but vary the value of the rack
elastic modulus times the moment of inertia (i.e., EI) ±20%.

• Run numbers 23 and 24 are identical to the bounding run but vary the value of the rack elastic
modulus times the moment of inertia (i.e., EI) ±20%.

• Run numbers 25 through 32 vary impact spring constants of rack-to-floor, rack-to-rack baseplate,
and fuel-to-cell wall by ±20%.

• Run number 33 evaluates EOL fuel elastic modulus times the moment of inertia (i.e., EI)
• Run numbers 34 and 35 assume empty racks and a mix of full, 50%, 25%, and empty racks (see

Figure 3-4).
• Run number 36 was performed with a fixed time step of one half that used for all other runs in

order to demonstrate convergence.

Conclusions from these sensitivity cases are discussed in Section 3.7.4. 

3.7 Results of Analyses 

This section discusses the results, which are presented in tables and figures at the end of the section. 
Detailed results are provided in Reference 17.  Structural evaluation results according to load 
combination of Table 3-1 are meet the ASME Code Section III, Subsection NF. 

Although runs are performed with five different time histories, note that individual runs shown are not 
independent.  For example, runs 6, 11, and 16 are identical inputs except for the rack pedestal 
coefficient of friction.  Also, sensitivities runs were performed using the base runs (i.e., runs 6 through 20 
for the SFSR and 1 through 5 for the NFSR) giving the most limiting results.  For example, the sensitivity 
on rack-to-rack stiffness (i.e., runs 31 and 32) used base run 12 since it had the highest baseplate-to-
baseplate impact load, leading to results of runs 31 and 32 being biased high.  Since all sensitivities 
were performed this way, the sensitivity run loads will average higher than the loads from the base runs. 

For the SFSRs, each run was performed for all racks, and results are reported separately for region I and 
region II.  The heaviest region I rack weighs almost twice as much as the lightest in region II (see Table 
3-2), leading to different magnitudes of some responses between regions. 

The following results are presented in the identified tables: 

• Displacements of racks:
(1) SFSR baseplates relative to pool floor (i.e., where they were at start of transient)[Table 

3-6] 
(2) NFSR and SFSR tops in relation to their bases (i.e., flexing of rack upper structure that 

could lead to contact even if bases are not touching)[Table 3-6] 
• Loads on supports:

(1) NFSR and SFSR pedestal loads in vertical direction and horizontal directions [Table 3-7] 
• Loads on structure:

(1) Impact loads on SFSR baseplates (i.e., adjacent racks bump into each other) – used to 
assess integrity of baseplate to cell welds [Table 3-8] 

(2) Impact loads on cell walls (i.e., fuel assemblies rattle against walls of cell containing them) 
– used to assess integrity of cell-to-cell welds [Table 3-8]

(3) Impact loads on fuel assembly grids (i.e., not all grids along the height impact cell walls 
uniformly) [Table 3-8] 

• Margin to overturning – used to verify rack does not tip [Table 3-10]
• Stress factors – used to compare calculated loads to allowable stresses (i.e., values <1.0 have

margin to allowable [Table 3-9]
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The effect of the sensitivities was a change in predicted loads within the variation found for different time 
histories and less than the variation for different COFs.  Figure 3-24 show the effect on pedestal and 
baseplate impact loads, respectively. 

3.7.4.4 Fuel Assembly EI 

One case (Run 33) evaluates the effect of end of life fuel assembly properties. Fuel-to-cell wall and fuel 
assembly grid impact loads were consistent with those of the BOL case. 

3.7.4.5 Rack Loading 

The free standing SFSRs do slide and different fuel loading arrangements were considered, as shown 
in Table 3-5 and described in most runs used fully loaded racks, but one sensitivity involved all racks 
being empty (Run 34) and another (Run 35) had one quarter full rack and also two half full racks loaded 
uniformly (see Figure 3-4).  The results showed that the displacements of empty fuel racks were less 
than those of fully loaded racks. 

3.7.4.6 Calculational Time Step 

Comparison of a run at one half the fixed time step used for all other runs showed small changes in 
calculated results comparable to the run to run variation with different time histories.  Small differences, 
vice identical results, are expected because the time step used affects where in each time history the 
acceleration is taken and how long it is applied.  Used convergence values for dynamic simulation were 
5% for both force and displacement quantities of interest. 

3.7.5 Conservatisms in Seismic Analysis 

The APR1400 fuel rack seismic analytical approach includes significant conservatisms: 
• All of the fuel mass at each elevation in the rack is assumed to move as a unit, resulting in a

conservative impact force and rack response. 
• The damping applied in the time history analyses is a conservative value.  The ANSYS analyses

are based on full integration of the equations of motion and necessarily use frequency dependent 
damping.  For frequency dependent damping, the damping curve is anchored at the lower and 
upper bounds of the frequency range of interest.  For all frequencies between the lower and 
upper bound, a conservative, lower damping value will then be applied.  

• When evaluating stresses, the calculated loads are combined conservatively. For all horizontal
loads except fuel assembly grid impact, the combination uses the maximum E-W and the 
maximum N-S load at any time during the transient, even if they do not occur during the same 
time step. The grid loads use the values during the same time step to find the maximum. The 
times of maximum load in the two directions are in general not the same. 

• Fluid drag in the spent fuel pool is conservatively neglected.  If considered, fluid drag would
result in lower impact loads. 

Consequently, the reported results include considerable conservatisms that are not quantified. 

3.7.6 Review of Results 

Following completion of the analyses described above, results were reviewed for unexpected or 
inconsistent behavior.  The following high level conclusions were noted. 

The analyses performed for loads results from a SSE show satisfactory performance to regulatory 
acceptance criteria. 
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Table 3-5 List of Simulations 

Rack Run 
No. 

Time 
History COF(*) 

Rack-to-
Floor 

Stiffness

Rack-to-
Rack 

Stiffness

Fuel-to-
Rack 

Stiffness

Fuel 
Assembly 

Elastic 
Modulus x 
Moment-
of-Inertia 

(EI) 

Rack 
Elastic 

Modulus x 
Moment-
of-Inertia 

(EI) 

Time 
Step 
(sec.) 

Loading

NFSR 

1 1 

N/A N/A N/A 

Nominal BOL Nominal 2 x 10-4 Full 

2 2 
3 3 
4 4 
5 5 

SFSR 

6 1 

0.2 

Nominal Nominal

7 2 
8 3 
9 4 
10 5 
11 1 

0.5 
12 2 
13 3 
14 4 
15 5 
16 1 

0.8 
17 2 
18 3 
19 4 
20 5 

Sensitivity Runs

NFSR 
21 

Note 1 N/A N/A N/A Nominal BOL 
20% 

2 x 10-4 Full 
22 -20%

SFSR 

23 
Note 2 0.8 Nominal N

 
ominal Nominal BOL 

20% 
2 x 10-4 Full 

24 -20%
25 

Note 3
 

0.8
20% 
-20%

Nomina
 
l Nominal BOL Nominal 2 x 10-4 Full 

26
27 

Note 4 .5 
 

0 Nominal
20% 

Nominal
 

BOL Nominal 2 x 10-4 Full 
28 -20%
29 

Note 5 .8 
 

0 BOL Nomina
 
l 2 x 10-4 Full 

30
31 

Note 6 .8 
 

0

Nominal Nominal
-20%
20% 

Nominal Nominal
-20%
20% 

BOL Nomina
 
l 2 x 10-4

32
EOL Nominal 2 x 10-4 Full 

BOL Nominal 2 x 10-4 Empty
35 Mixed
36 Note 7 0.8 Nominal Nominal Nominal BOL Nominal 1 x 10-4 Full 

Notes on following page. 

3 Note 0.8 Nominal Nominal
3 Note 0.8 Nominal Nominal

Non-Proprietary 

RAI 287-8272  - Question 09.01.02-16_Rev.1



Mechanical Analysis for New and Spent Fuel Storage Racks APR1400-H-N-NR-14012-NP, Rev.3 

KEPCO & KHNP 55 

Non-Proprietary 

Notes:  
1. Run No. 5: Apply sensitivity to the NFSR run from runs 1 through 5 that yielded the maximum

horizontal (E-W or N-S) force on a pedestal.

2. Run No. 17: Apply sensitivity to the SFSR run from runs 6 through 20 that yielded the maximum
horizontal (E-W or N-S) force on a pedestal.

3. Run No. 17: Apply sensitivity to the SFSR run from runs 6 through 20 that yielded the maximum

vertical pedestal force.
4. Run No. 12: Apply sensitivity to the SFSR run from runs 6 through 20 that yielded the maximum

rack-to-rack impact force.

5. Run No. 18: Apply sensitivity to the SFSR run from runs 6 through 20 that yielded the maximum
total fuel impact force.

6. Run No. 19: Apply sensitivity to the SFSR run from runs 6 through 20 that yielded the maximum fuel

grid impact force.
7. Run No. 17: Apply sensitivity to the SFSR run from runs 6 through 20 that yielded the maximum

horizontal (E-W or N-S) and vertical force on a pedestal.

(*) : Coefficient of Friction 

RAI 287-8272  - Question 09.01.02-16_Rev.1



Mechanical Analysis for New and Spent Fuel Storage Racks  APR1400-H-N-NR-14012-NP, Rev.3 

KEPCO & KHNP 67 

Non-Proprietary 

Figure 3-4 Mixed Loading Configuration 

TS
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REVISED RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD 

Docket No. 52-046 

RAI No.:  287-8272 

SRP Section:  09.01.02 – New and Spent Fuel Storage 

Application Section:  9.1.2 

Date of RAI Issue:  11/02/2015 

 
 

Question No. 09.01.02-17 
 
1. The 10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10CFR 
52.80 (a) provide the regulatory requirements for the design of the new and spent fuel storage 
facilities. Standard Review Plan (SRP) Sections 9.1.2 and 3.8.4, Appendix D describes 
specific SRP acceptance criteria for the review of the fuel racks that are acceptable to meet 
the relevant requirements of the Commission's regulations identified above. In DCD Tier 2, 
Section 9.1.2.2.3, “New and Spent Fuel Storage Rack Design”, the applicant stated that “The 
dynamic and stress analyses are performed as described in report APR1400-H-N-NR-14012-
P & NP”. In the report APR1400-H-N-NR-14012-P, Rev.0, Subsection 3.1.2.2 “Details for 
Rack and Fuel Assembly” it is stated that “A vertical movement of fuel assembly is assumed 
to be the same as the vertical movement of the storage rack”. The applicant’s assumption 
implies that that there is no fuel rattling in the vertical direction because the vertical 
displacement of the fuel is the same as the vertical displacement of the rack. However, there 
is a potential for the fuel assembly to separate from the baseplate during vertical ground 
motion depending on the vertical frequencies, phasing, and relative maximum vertical input 
acceleration of the fuel assembly and the storage rack. 
 
In order for the staff to perform its safety evaluation of the fuel and the rack assembly for the 
vertical seismic input motion, the applicant in accordance with SRP 3.8.4 Appendix D I.3 is 
requested to provide a technical basis to justify the assumption that the vertical movement of 
fuel assembly and the storage rack is the same. The applicant is requested to provide the 
information for the fundamental frequency of the fuel assembly and the storage rack in the 
vertical direction; and the design response spectrum for the vertical motion at the new and the 
spent fuel rack locations. The applicant is also requested to show that the fundamental 
frequency of the fuel assembly and the fuel rack in the vertical direction is above the 
frequency where the spectral acceleration returns to the ZPA and that the ZPA is less than 
1.0g. 
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Response – (Rev. 0) 
 
The vertical motion of the storage rack and fuel assembly is considered to be rigid body 
motion because the fundamental frequency of the storage rack and fuel assembly in the 
vertical direction is greater than 33Hz. And the zero period acceleration (ZPA) for the design 
response spectra in the vertical direction is less than 1.0g. Therefore, the vertical movement 
of the fuel assembly is assumed to be the same as the vertical movement of the storage rack, 
also the impact load of the baseplate by vertical movement of fuel assembly is not 
considered. The fundamental frequencies of the storage rack and fuel assembly in the vertical 
direction are as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design Response Spectra for NFSR (SSE, Vertical Direction) 
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Design Response Spectra for SFSR (SSE, Vertical Direction) 
 

Response – (Rev. 1) 
 
Technical report, APR1400-H-N-NR-14012-NP was submitted as Rev. 0 in December, 
2014.  KHNP responses to RAI 287-8272 were based in part on the Technical 
Report.  Subsequent to issuance of the Technical Report and RAI responses, the NRC 
provided feedback on both the Technical Report and RAI 287-8272 responses. In response to 
this NRC feedback, Technical report, APR1400-H-N-NR-14012-NP will be revised (as Rev. 3) 
to incorporate additional information pertaining to the fuel racks. This RAI revision contains 
the specific Technical Report revisions relevant to this response and associated DCD 
changes, where necessary. A summary of the additional information is in the below 
paragraphs. 
 
Movement of Fuel Assembly 
 
The following assumption is used in the WPMR dynamic analysis: 
 
“When the SSE occurs, the rack is affected by irregular movement of every single fuel 
assembly. For conservative evaluation, all the fuel assemblies within the rack rattle in unison 
(model as a single beam) throughout the seismic event, which exaggerates the impact 
against the cell wall.” 
 
Punching Shear Analysis of Rack Baseplate 
 
A punching shear analysis due to the maximum impact load of fuel assembly-to-baseplate is 
performed for the rack baseplate under seismic loading conditions and compared with the 
allowable stress limit for the Level D condition as follows: 
 

σshear = Fimpact / (4 x L x t/2)  
 

TS
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Where,  
Fimpact  = Maximum fuel assembly-to-baseplate impact load in vertical direction 

= 55.7 kN (12,516 lbf), 
 L (Side length of the square cross-section of fuel assembly) = 206.5 mm (8.128 in), and 
t (Thickness of the baseplate) = 25 mm (0.984 in).  

 
The resultant stress (σshear = 5.4 MPa (782 psi)) does not exceed the allowable stress limit 
(=106.2 MPa (15,408 psi)). Therefore, a punching shear failure of the rack baseplate will not 
occur. 

 
 
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  
 
APR1400-H-N-NR-14012-NP (Rev. 3), Sections 3.7.3.5(4) and 3.3 will be revised as shown in 
Attachment 1 to this response. 
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(4) For welds, the Level D allowable weld stress is not specified in Appendix F of the ASME Code. 
Therefore, a limit for weld throat stress is used conservatively as follows: 

Fw = (0.3 Su) x Factor 

Where, 
 Factor = (Level D shear stress limit)/(Level A shear stress limit) = 0.72 x Sy / 0.4 x Sy = 1.8 

3.2.2.4 Stress Limit for NFSR Stud Bolt 

The allowable tensile and shear stresses in the stud bolt are in accordance with ASME Code Section III, 
Subsection NF and Appendix F for Service Level A and D, respectively.  The appropriate stress limit 
factors Kbo are given in Table NF-3225.2-1 in accordance with the load condition.  The NFSR stud bolt 
subjected to combined shear and tension shall be proportioned so that the combined effects of shear and 
tensile stress satisfy the ellipse equation as shown below. 

 (1) ft and fv are calculated tensile and shear stresses, respectively. 
(2) Specified in Appendix F-1335 of ASME Code, Section III, Division 1. 

3.2.3 Dimensionless Stress Factors 

Dimensionless stress factors are calculated by the ratio of the calculated stress to the allowable stress for 
the combined and the individual loads according to ASME Code Section III, Division 1, Subsection NF.  
When the calculated stress factor does not exceed 1.0, it is considered to meet stress limit requirements 
for each service condition.  In this report, a stress factor as described below is calculated using the load 
combination for each service condition. 

FACT1 = Stress factor of member subject to combined bending and compression (as defined in 
subsection 3.2.2.1(5)). 

FACT2 = Stress factor of member subject to combined flexure and tension (or compression) (as 
defined in subsection 3.2.2.1(6)). 

FACT3 = Stress factor of gross shear on a net section. 

3.3 Assumptions 

The following assumptions are used in the WPMR dynamic analysis: 

(1) Fluid damping is conservatively neglected. 
(2) Sloshing of the SFP water during a seismic event does not influence the dynamic response of the 

racks in either horizontal direction because the height of the racks is approximately equal to 3/8 
times the depth of water in the spent fuel pool (see Reference 21).  

(3) The fuel assembly is considered as 3-D elastic beam with concentrated masses at the upper and 
lower ends and at three equally spaced intermediate points of the rack (total of 5 nodes). 

(4) When the SSE occurs, the rack is affected by irregular movement of every single fuel assembly. 
For conservative evaluation, all the fuel assemblies within the rack rattle in unison (model as 
a single beam) throughout the seismic event, which exaggerates the impact against the cell wall. 

Load Condition Tensile (Ftb) Shear (Fvb) Combined(1) 

Level A Su/3.33 0.62Su/5 
1

2

2

2

2

≤+
vb

v

tb

t

F
f

F
f  

Level D(2) Min(0.7Su, Sy) Min(0.42Su, 0.6Sy) 

RAI 287-8272 - Question 09.01.02-17_Rev.1 Attachment 1 (1/3)

RAI 287-8272  - Question 09.01.02-17_Rev.1



Mechanical Analysis for New and Spent Fuel Storage Racks APR1400-H-N-NR-14012-NP, Rev.  

KEPCO & KHNP 46 

Non-Proprietary 

this thermal stress is classified as secondary stress, the allowable shear stress criteria for Level D 
condition (0.42 Su = 191.4 MPa (27,762 psi)) is used as the limit of allowable.  Therefore, the 
maximum shear stress due to the temperature gradient is acceptable. 

Another possible source of temperature induced stress is expansion of adjacent SFSRs with increased 
temperature resulting in a contact load between pedestals and baseplates of adjacent racks or 
relatively different expansion for a fuel assembly and the cell surrounding it.  For the former, it is likely 
that a fuel assembly would cool over time so that it would not generate an increase stress.  However, 
in the event of a loss of SFP cooling, the fuel and the surrounding cell could heat up at different rates.  
The fuel assembly grid typical dimension is 206.45 mm (8.128 in) square, and a SFSR cell inner 
dimension is 220.0 ±3 mm square, for a gap of 10.55 mm (0.415 in).  Assuming that thermal 
expansion of the fuel assembly and the rack material is identical, the elongation of SA-240 Type 304L 
material due to thermal expansion is:  

 
Where, 

: Differential thermal expansion elongation (in/in), 
: Thermal expansion coefficient of SA-240 Type 304L = 8.9E-6 (in/in-°F), 

T2: Temperature = 223.7°F [Maximum fuel clad cladding temperature of spent fuel 
assembly at abnormal condition per thermal-hydraulic analysis], and 
T1: Temperature = 115.5 °F [Bulk temperature on normal condition of spent fuel 
pool]. 

Given the fuel assembly dimensions, the total differential expansion is 0.21 mm (0.008 in), which is 
a small fraction of the available gap. 

As for the load due to expansion of each SFSR causing a contact stress, assuming the racks are 
installed touching at 21°C (70°F) and heat up to 48.9°C (120°F), the expansion of each rack is about 0.43 
mm 
(0.017 in).  In order to develop a load due to constraint of free end displacement, more than two 
adjacent racks must be in hard contact this is extremely unlikely.  Therefore, the development of any 
significant thermal load due to restraint of free end displacement is not considered credible.  Any 
incidental forces that might develop if some baseplates are in contact are self-limiting as a very small 
displacement, or shifting of the racks, relieves the stress.  Self-limiting stresses developed by constraint 
of the structure and relieved by minor deformation are, by definition (NF-3121.3), secondary stresses. 
According SRP Section 3.8.4, Appendix D, Section I.2, “Design, fabrication, and installation of fuel racks 
of stainless steel material may be performed based on ASME Code, Section III, Division 1, Subsection NF 
requirements for Class 3 component supports.” For the design of Class 3 component supports, Table NF-
3251.2-1, does not require the evaluation of secondary stresses.  Based on this, it is concluded that the 
development of significant thermal loads due to constraint of the baseplates is not credible and any 
postulated incidental loads need not be considered since they result in secondary stresses.  Therefore, 
loads from the restraint of adjacent racks do not need to be explicitly considered in the design analysis. 

(4) Punching Shear Analysis of Rack Baseplate 

a. Punching due to Vertical Pedestal Load

A punching shear analysis has been performed for the rack baseplate under seismic loading conditions. 
The analysis demonstrates that the maximum vertical load on a single support pedestal is less than the 
force necessary for the 285 mm (11.2 in) square pedestal block to punch through the 25 mm (0.984 in) 
thickness of the baseplate.  The punching shear capacity of the baseplate (Fv) can be calculated by 
following equation.  

tLv ××× 4

Where, 

RAI 287-8272 - Question 09.01.02-17_Rev.1 Attachment 1 (2/3)

RAI 287-8272  - Question 09.01.02-17_Rev.1



Mechanical Analysis for New and Spent Fuel Storage Racks APR1400-H-N-NR-14012-NP, Rev.  

KEPCO & KHNP 47 

Non-Proprietary 

(shear stress limit according to the distortion energy theory of yielding), 

Sy (yield strength of baseplate) = 147.5 MPa (21,400 psi), 
L (side length of the pedestal block) = 285 mm (11.2 in), and 
t (thickness of the baseplate) = 25 mm (0.984 in).  

The punching shear capacity of the baseplate calculated using the above equation exceeds the maximum 
pedestal load per Table 3-7 as shown in Table 3-15.  Therefore, a punching shear failure of the rack 
baseplate will not occur.   

b. Punching due to Fuel Impact Load

A punching shear analysis due to the maximum impact load of fuel assembly-to-baseplate is performed 
for the rack baseplate under seismic loading conditions and compared with the allowable stress limit (0.72 
x Sy = 106.2 MPa (15,408 psi)) for the Level D condition as follows: 

shear = Fimpact / (4 x L x t/2) 

Where,  
Fimpact (Maximum fuel assembly-to-baseplate impact load in vertical direction) 

= 55.7 kN (12,516 lbf) per Table 3-8, 
L (Side length of the square cross-section of fuel assembly) = 206.5 mm (8.128 in), and 
t (Thickness of the baseplate) = 25 mm (0.984 in).  

The resultant stress ( shear) does not exceed the allowable stress limit as shown in Table 3-15. Therefore, 
a punching shear failure of the rack baseplate will not occur. 

3.7.4 Sensitivity Studies 

Since the NFSRs are secured in place and do not slide, the following sensitivities (except for the first, rack 
EI) are not considered applicable.  Therefore, discussion of these sensitivities is for the SFSRs only. 

3.7.4.1 Rack EI 

For both the NFSR and SFSR, sensitivities of ±20% of the product of rack elastic modulus and moment of 
inertia are evaluated in runs 21 through 24.  For the NFSR, fuel assembly grid to cell impact loads were 
similar.  For the SFSR, all loads were similar to those for the base case.  

3.7.4.2 Coefficient of Friction 

Each of the five time histories was applied to both Region I and Region II racks at COF values of 0.2, 0.5, 
and 0.8, as shown in Table 3-5 and Figure 3-20.  The following trends were noted:  

• For loads on a single pedestal, horizontal loads increase with increasing COF
• Baseplate-to-baseplate impact loads increase with increasing COF
• COF does not affect the other loads.

3.7.4.3 Spring constant 

Three sensitivities were performed on spring constants (i.e., stiffness) in the model, as shown in: 

• The rack-to-floor stiffness was evaluated at ±20% of the nominal value.
• The rack-to-rack stiffness was evaluated at ±20% of the nominal value.
• The fuel-to-rack stiffness was evaluated at ±20% of the nominal value.
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REVISED RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD 

Docket No. 52-046 

RAI No.:  287-8272 

SRP Section:  09.01.02 – New and Spent Fuel Storage 

Application Section:  9.1.2 

Date of RAI Issue:  11/02/2015 

 
 

Question No. 09.01.02-18 
 
1. The 10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10CFR 
52.80 (a) provide the regulatory requirements for the design of the new and spent fuel storage 
facilities. Standard Review Plan (SRP) Sections 9.1.2 and 3.8.4, Appendix D describes 
specific SRP acceptance criteria for the review of the fuel racks that are acceptable to meet 
the relevant requirements of the Commission's regulations identified above. In DCD Tier 2, 
Section 9.1.2.2.3, “New and Spent Fuel Storage Rack Design”, the applicant stated that “The 
dynamic and stress analyses are performed as described in report APR1400-H-N-NR-14012-
P & NP”. In the report APR1400-H-N-NR-14012-P, Rev.0, Subsection 3.4.3 “Structural 
Damping”, Rayleigh damping is used to specify mass (M) and stiffness (K) proportional 
damping (C)”. The applicant stated that the constant multiplier to the mass and stiffness 
matrix are calculated in the range of the lowest and highest frequencies of interest in the 
dynamic analysis. In accordance with SRP 3.8.4 Appendix D I.5, the applicant is requested to 
provide (1) the numerical value of the range of the lowest and the highest frequency 
considered (2) natural frequencies of new and spent fuel storage racks identifying primary 
horizontal, vertical and rocking frequencies of vibration, and (3) the technical basis why the 
range of the lowest and highest frequencies specified in the analysis will provide conservative 
results. 
 

Response – (Rev. 0) 
 
(1) The range of the lowest and highest frequencies considered on dynamic analysis is as    

follows: 
     - NFSR : 20 ~ 100 Hz 
     - SFSR : 1 ~ 100 Hz 
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(2) Natural frequencies of NFSR and SFSR are as follows: 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
(3) Rayleigh damping coefficients α and β are calculated such that the required damping is 

obtained at the lowest and highest frequencies of interest in the dynamic analysis. The  
range of the lowest and highest frequencies are determined by modal analysis. The  
Rayleigh damping coefficients are calculated by frequency range of modal analysis result.  
The calculated Rayleigh damping coefficients by this frequency range are larger than that  
used in the dynamic analysis.  
Therefore, the range of the lowest and highest frequencies specified in the analysis  
provide conservative results in the dynamic and stress analyses.  
Rayleigh damping coefficients α and β are calculated using following formula: 

 
The table below shows the comparison results of Rayleigh damping coefficients, α and β,  
based on each frequency range. 

 
 
 
 
 
 
 

Response – (Rev. 1) 
 
Technical report, APR1400-H-N-NR-14012-NP was submitted as Rev. 0 in December, 
2014.  KHNP responses to RAI 287-8272 were based in part on the Technical 
Report.  Subsequent to issuance of the Technical Report and RAI responses, the NRC 
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provided feedback on both the Technical Report and RAI 287-8272 responses. In response to 
this NRC feedback, Technical report, APR1400-H-N-NR-14012-NP will be revised (as Rev. 3) 
to incorporate additional information pertaining to the fuel racks. This RAI revision contains 
the specific Technical Report revisions relevant to this response and associated DCD 
changes, where necessary. A summary of the additional information is in the below 
paragraphs.  
 
Natural Frequencies 
 
The dynamic analysis models for the NFSR and SFSRs are generated using simplified beam 
elements. Each simplified beam model is developed to have dynamic characteristics (1st and 
2nd mode of natural frequency and mode shapes) similar to the detailed finite element model. 
Appendix H of Reference 1 documents the comparison of the simplified and detailed three-
dimensional models. 
 
The fundamental frequencies of the NFSR are above 20 Hz and of the SFSR are above 30 
Hz.  
 
The range of frequencies considered is from 1 to 100 Hz according to the floor response 
spectra of design specification (Reference 2). 
 
Structural Damping 
 
The design basis damping value for the NFSRs and the SFSRs is 4% for a SSE event in 
accordance with the regulatory guide (RG) 1.61 for welded steel. The frequency range from 2 
Hz to 85 Hz is applied to NFSR, while 2 Hz to 65 Hz is applied to SFSR considering 
installation in the water. The frequencies selected bound the natural frequencies of interest 
(e.g., for the NFSRs and SFSRs, frequencies of the fuel assemblies and rack structure). The 
damping model underpredicts damping (i.e., is conservative) at intermediate frequencies 
where the highest input accelerations occur. 
 
The table below shows the results of Rayleigh damping coefficients, α and β, based on each 
frequency range.  
 
 
 
 
 
References: 
1. Doosan, “Structural and Seismic Analysis Report for New and Spent Fuel Storage Racks,” 

N14014-224CN-0001, Rev.3, Aug. 2017 (Doosan Proprietary). 
2. KEPCO Engineering & Construction Co. Inc., KEPCO E&C Job No. 11E47, 1-423-N462-

003, Rev. 2, "Design Specification for Fuel Storage Rack," October 2016. 

 
 
Impact on DCD  
 
There is no impact on the DCD.  
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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  
 
APR1400-H-N-NR-14012-NP (Rev. 3), Sections 3.4.3 and 3.1.2.7 will be revised as shown in 
Attachment 1 to this response.  
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VFA = Volume of water displaced by fuel assembly, 0.743 m3 (2.625 ft3). 

The calculated buoyant forces were applied as follows: 

Buoyant Force Acting on Rack and Fuel Assembly 

Node(s) (See Figure 3-2) Buoyant Force Applied to Each Node 

Rack 
1,2,3,4 Buoyant Force acting on rack /8 

9 Buoyant Force acting on rack /2 

Fuel Assembly 18 Buoyant Force acting on fuel assembly 

3.1.2.7 Natural Frequencies 

The dynamic analysis models for the NFSR and SFSRs are generated using simplified beam elements. 
Each simplified beam model is developed to have dynamic characteristics (1st and 2nd mode of natural 
frequency and mode shapes) similar to the detailed finite element model.  Appendix H of Reference 
17 documents the comparison of the simplified and detailed three-dimensional models.  

The fundamental frequencies of the NFSR are above 20 Hz and of the SFSR are above 30 Hz. 

The range of frequencies considered is from 1 to 100 Hz according to the floor response spectra 
of design specification (Reference 22).    

3.1.3 Simulation and Solution Methodology 

The SFSR WPMR analysis is performed to calculate the displacements and loads for each rack and 
determine the presence or absence of specific rack-to-rack or rack-to-pool wall impacts during the seismic 
event.  The analysis of the SFSR is performed as follows: 

(1) Use the ANSYS program (Reference 18) to prepare a 3-D WPMR model that includes 
hydrodynamic effects and nonlinear elements to produce realistic simulations of rack and fuel 
assembly motion during a seismic event. 

(2) Perform transient dynamic analyses for various combinations of friction coefficient values and 
rack loading conditions (full, partially full, and empty) with multiple input motion time histories to 
determine the response of the rack and fuel assemblies. 

The basic equation of motion solved by a transient dynamic analysis is 

 (M){ } + (C){ } + (K){u} = {F(t)} 

 Where, 
(M) = mass matrix, 
(C) = damping matrix, 
(K) = stiffness matrix, 

 { } = nodal acceleration vector, 
 { } = nodal velocity vector, 

{u} = nodal displacement vector, and 
{F(t)} = load vector. 

At any given time, t, these equations can be thought of as a set of “static” equilibrium equations 
that also take into account inertia forces and damping forces. Displacement and loads of each 
storage rack are obtained by post-processing the results of the WPMR analysis. 
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3.4 Input Data 

3.4.1 Rack Data 

Dimensions and mass of the new and the spent fuel storage racks used in the analysis are in accordance 
with the design drawings (References 5 and 6) and are summarized in the Tables 2-1, 2-2 and 3-2. 

3.4.2 Fuel Assembly Data 

Dimensions and mass of the fuel assembly used in the analysis are based on the pressurized water 
reactor (PWR) PLUS7 fuel assembly data (References 22 and 23) and are summarized in the Table 3-3. 

3.4.3 Structural Damping 

Rayleigh damping is used to specify mass (M) and stiffness (K) proportional damping (C): 

C =  x M +  x K 

The constants  and  are calculated in the range of the lowest and highest frequencies of interest in 
the dynamic analysis (Reference 17).  M corresponds to real mass of the rack-fuel system and does not 
include any hydrodynamic mass.  Only material damping for the fuel and rack is used in calculating the 
damping matrix C.  The design basis damping value for the NFSRs and the SFSRs is 4% for a SSE 
event in accordance with the regulatory guide (RG) 1.61 (Reference 24) for welded steel.  The 
frequency range from 2 Hz to 85 Hz is applied to NFSR, while 2 Hz to 65 Hz is applied to SFSR 
considering installation in the water.  The frequencies selected bound the natural frequencies of interest 
(e.g., for the NFSRs and SFSRs, frequencies of the fuel assemblies and rack structure).  The damping 
model underpredicts damping (i.e., is conservative) at intermediate frequencies where the highest input 
accelerations occur. 

3.4.4 Material Data 

Material properties of a fuel assembly are taken from the PWR PLUS7 fuel assembly data (References 22 
and 23) as shown in the Table 3-3.  In addition, those of the racks are obtained from ASME Code Section 
II, Part D (Reference 19).  The values listed correspond to a design temperature of 93.3 oC (200 oF); 
higher temperatures reduce material strength compared to normal conditions. 

3.5 Computer Codes 

3.5.1 ANSYS 

A benchmarking study (Reference 25) was performed to demonstrate that ANSYS Version 15.0 
(Reference 18) is an acceptable computer code for the seismic analysis of the SFSR and NFSR.  While 
the SRP Section 3.8.1 Subsection II.4.F (Reference 26) states that meeting any one of the following 
methods is sufficient to validate computer programs used for design analysis, the benchmarking study 
addressed all three: 

1) The computer program is recognized in the public domain and has had sufficient history of use to
justify its applicability and validity without further demonstration.

2) The computer program’s solutions to a series of test problems have been demonstrated to be
substantially identical to those obtained from classical solutions or from accepted experimental tests
or to analytical results published in technical literature.  The test problems should be demonstrated
to be similar to or within the range of applicability of the classical problems analyzed to justify
acceptance of the program.

3) The computer program’s solutions to a series of test problems have been demonstrated to be
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Question No. 09.01.02-43 
 
1. The 10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10CFR 
52.80 (a) provide the regulatory requirements for the design of the new and spent fuel storage 
facilities. Standard Review Plan (SRP) Sections 9.1.2 and 3.8.4, Appendix D describes 
specific SRP acceptance criteria for the review of the fuel racks that are acceptable to meet 
the relevant requirements of the Commission's regulations identified above. In DCD Tier 2, 
Section 9.1.2.2.3, “New and Spent Fuel Storage Rack Design”, the applicant stated that “The 
dynamic and stress analyses are performed as described in report APR1400-H-N-NR-14012-
P & NP”. In the technical report APR1400-H-N-NR-14012-P, Rev 0, Subsection 3.7.3, “Rack 
structural evaluation”, the staff did not find the punching shear evaluation of the baseplate 
against the rack pedestal impact loads. The credible failure mode for the rack baseplate is a 
punching shear failure due to the concentrated load transmitted by a support pedestal under 
SSE conditions and impact load on the rack baseplate due to an accidental drop of a fuel 
assembly. In order for the staff to perform its safety evaluation of the rack supports, the 
applicant in accordance with SRP 3.8.4 Appendix D I (3) is requested to demonstrate that the 
capacity of the baseplate against the punching is larger than the calculated rack pedestal 
impact load. The applicant is requested to identify any proposed changes to and provide a 
mark-up of Subsections in the DCD Tier 2 and the report APR1400-H-N-NR-14012-P, Rev.0, 
as appropriate. 
 

Response – (Rev. 0) 
 
APR1400-H-N-NR-14012-P, Section 3.7.3.4(4) will be revised to include a punching shear 
analysis of the baseplate above a support leg as follows: 

 
(4) Punching Shear Analysis of Rack Baseplate 
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A punching shear analysis has been performed for the rack baseplate under seismic loading 
conditions. The analysis demonstrates that the maximum vertical load on a single support 
pedestal is less than the force necessary for the 285 mm (11.2 in) square pedestal block to 
punch through the 0.984 inch thickness of the baseplate. The punching shear capacity of the 
baseplate (Fv) can be calculated by following equation.  
 

tL
S

F y
v ⋅⋅= 4

3  
 

Where, 
3

Sy
 (shear stress limit according to the distortion energy theory of yielding), Sy (yield 

strength of baseplate) = 147.5 MPa (21,400 psi), L (side length of the pedestal block) = 285 
mm (11.2 in), t (thickness of the baseplate) = 25 mm (0.984 in).  
 
The above equation yields Fv = 2,427 kN (545,657 lbf), which exceeds the maximum pedestal 
load (= 658.3 kN (148,000 lbf) per Table 3-9). Therefore, a punching shear failure of the rack 
baseplate will not occur.  
And the maximum impact load on the rack baseplate due to an accidental drop of a fuel 
assembly from a height of 0.61 m (2 ft) above the top of rack is less than the maximum 
vertical load on a support pedestal due to SSE loading. Therefore, the above punching shear 
analysis is bounding for the fuel assembly drop impact loads. 
 

Response – (Rev. 1) 
   
Technical report, APR1400-H-N-NR-14012-NP was submitted as Rev. 0 in December, 2014.  
KHNP responses to RAI 287-8272 were based in part on the Technical Report.  Subsequent 
to issuance of the Technical Report and RAI responses, the NRC provided feedback on both 
the Technical Report and RAI 287-8272 responses.  In response to this NRC feedback, 
Technical Report APR1400-H-N-NR-14012-NP will be revised (as Rev. 3) to incorporate 
additional information pertaining to the fuel racks. This RAI revision contains the specific 
Technical Report revisions relevant to this response and associated DCD changes, where 
necessary.  A summary of the additional information is in the below paragraphs. 
 
Punching Shear Analysis of Rack Baseplate 
 
a. Punching due to Vertical Pedestal Load 

 
A punching shear analysis has been performed for the rack baseplate under seismic loading 
conditions. The analysis demonstrates that the maximum vertical load on a single support 
pedestal is less than the force necessary for the 285 mm (11.2 in) square pedestal block to 
punch through the 25 mm (0.984 in) thickness of the baseplate.  The punching shear capacity 
of the baseplate (Fv) can be calculated by following equation.  

tLv ××× 4
3

S
=F y   

Where, 
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3

S y (shear stress limit according to the distortion energy theory of yielding),  

Sy (yield strength of baseplate) = 147.5 MPa (21,400 psi), 
L (side length of the pedestal block) = 285 mm (11.2 in), and 
t (thickness of the baseplate) = 25 mm (0.984 in).  
 

The punching shear capacity (= 2,427 kN (545,657 lbf) of the baseplate calculated using the 
above equation exceeds the maximum pedestal load (= 849.6 kN (191,000 lbf)).  Therefore, a 
punching shear failure of the rack baseplate will not occur.   
 
b. Punching due to Fuel Impact Load  

 
A punching shear analysis due to the maximum impact load of fuel assembly-to-baseplate is 
performed for the rack baseplate under seismic loading conditions and compared with the 
allowable stress limit (0.72 x Sy = 106.2 MPa (15,408 psi)) for the Level D condition as follows: 
 

σshear = Fimpact / (4 x L x t/2)  
 
Where,  

Fimpact (Maximum fuel assembly-to-baseplate impact load in vertical direction)  
= 55.7 kN (12,516 lbf), 

L (Side length of the square cross-section of fuel assembly) = 206.5 mm (8.128 in), and 
t (Thickness of the baseplate) = 25 mm (0.984 in).  

 
The resultant stress (σshear = 5.4 MPa (782 psi)) does not exceed the allowable stress limit 
(=106.2 MPa (15,408 psi)). Therefore, a punching shear failure of the rack baseplate will not 
occur. 

 
 
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  
 
APR1400-H-N-NR-14012-NP (Rev. 3), Section 3.7.3.5(4) will be revised as shown in 
Attachment 1 to this response.  
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Question No. 09.01.02-44 
 
The 10 CFR Part 50, Appendix A, General Design Criteria (GDC) 1, 2, 4, 5, 63, and 10CFR 
52.80 (a) provide the regulatory requirements for the design of the new and spent fuel storage 
facilities. Standard Review Plan (SRP) Sections 9.1.2 and 3.8.4, Appendix D describes 
specific SRP acceptance criteria for the review of the fuel racks that are acceptable to meet 
the relevant requirements of the Commission's regulations identified above. SRP Section 
3.8.4, “Other Seismic Category I Structures,” Appendix D (7) in parts requires that the 
applicant should describe materials, quality control procedures, and any special construction 
techniques. In DCD Tier 2, Section 9.1.2, the staff did not find the governing quality control 
requirements and procedure for design and construction for the spent fuel storage racks. The 
staff also did not find the manufacturing process; special fabrication techniques; and the 
sequences used for constructing the fuel storage racks to reduce fabrication distortions and to 
provide accessibility for inspection. In accordance with SRP 3.8.4 Appendix D, and Appendix 
A to 10 CFR Part 50, General Design Criteria 1, 2, 4, 5, 61, 63, the applicant is requested to 
provide governing quality control requirements and procedure and any special fabrication and 
construction techniques used for constructing the fuel storage racks. 
 

Response – (Rev. 0) 
 
The requirements and procedure for the design and construction of the spent fuel storage 
racks are as follows: 
 
1. Quality control requirements  
The quality control requirements for the fuel storage racks are in accordance with 10 CFR 50, 
Appendix B. 
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2. Quality control procedure  
The quality control procedures for the spent fuel storage racks are prepared in accordance 
with the requirements of the codes and standards below: 
 
1) ASME Boiler and Pressure Vessel Code, Section III, Div. 1, NF 
2) ASME NQA-1 
3) US Code of Federal Regulations, 10 CFR 50 
4) US NRC Regulatory Guide No. 1.28 
   
3. Special fabrication and construction techniques  
Fabrication of the spent fuel racks is in accordance with the requirements of Subsection NF of 
Section III of the ASME B&PV Code for component supports. 
 

Response – (Rev. 1) 
  
Technical report, APR1400-H-N-NR-14012-NP was submitted as Rev. 0 in December, 2014.  
KHNP responses to RAI 287-8272 were based in part on the Technical Report.  Subsequent 
to issuance of the Technical Report and RAI responses, the NRC provided feedback on both 
the Technical Report and RAI 287-8272 responses.  In response to this NRC 
feedback, Technical Report APR1400-H-N-NR-14012-NP will be revised (as Rev. 3) to 
incorporate additional information pertaining to the fuel racks. This RAI revision contains the 
specific Technical Report revisions relevant to this response and associated DCD changes, 
where necessary.  A summary of the additional information is in the below paragraph.  
 
1. Fabrication Procedure of NFSR and SFSR 
The NFSRs and SFSRs are fabricated in accordance with a design specification and 
manufacturing drawings. The following describes the expected fabrication sequence but 
actual work may differ, provided design specification and drawing requirements (e.g., 
dimensions, inspection acceptance criteria, quality assurance) are met. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

TS
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2. General Requirements 
Fabrication of the new and spent fuel racks is in accordance with the requirements of 
Subsection NF of Section III of the ASME B&PV Code for component supports. The fuel 
storage racks meet the guidance in NRC RG 1.29 and ANSI/ANS 57.3. 
 
3. Quality Control and Quality Assurance 
The new and spent fuel racks are Seismic Category I structures that are treated as safety-
related components for determining Quality Assurance requirements (10 CFR 50, Appendix B) 
and periodic condition monitoring requirements (10 CFR 50.65 “Maintenance Rule”).  The 
quality control requirements for the fuel storage racks are in accordance with 10 CFR 50, 
Appendix B. 
 
The quality control procedures for the new and spent fuel storage racks are prepared in 
accordance with the requirements of: 
 

TS
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• ASME B&PV Code, Section III, Div. 1, NF 
• ASME NQA-1 
• US Code of Federal Regulations, 10 CFR 50 
• US NRC Regulatory Guide 1.28 
 
4. Welding Requirements 
Welding materials are selected and controlled to contain between 8 and 25 percent ferrite, as 
determined by Subsection NB-2433 of the ASME Code.  Electrodes must conform to ASME 
SFA 5.4 or 5.9, Type 308.  Processes are established for avoidance of sensitization of 
austenitic stainless steel, Type 308L is used as electrodes. 
 
Austenitic stainless steel items are not allowed to be heated above 177°C (350°F) (except 
during welding), unless they are subsequently given a full solution anneal at temperatures 
recommended for the individual types of stainless steel followed by water quenching or 
spraying from the solution heat treating temperature to below 427°C (800°F) (or black metal) 
within three minutes. 
 
The acceptance criteria for visual examination of all fuel rack welds comply with the ASME 
B&PV Code NF-5360 of Section III and T-952 of Section V. 
 
5. Cleanliness 
All internal and external surfaces are thoroughly cleaned of scale, dirt, chips, nonadherent 
weld spatter (which can be removed by power wire brushing), oil, grease, organic matter, 
loose particles, and all other potentially harmful materials.  Adherent weld spatter on the 
interior surface of a fuel storage location must be removed, such that the function of the mock 
fuel assembly inspection gage is not hindered by weld spatter. 
 
Components, parts and subassemblies that will have crevices or inaccessible surfaces after 
assembly, are required to be cleaned prior to assembly.  Acidic materials are prohibited for 
use on items containing crevices or inaccessible areas where complete drainage, 
neutralization, or removal of residuals cannot be accomplished. 
 
Cleaning of corrosion-resistant materials is required to be in accordance with ASME NQA-1 to 

the extent specified herein.  The surfaces of cleaned components meet the requirements 
of ASME NQA-1, Part II, Subpart 2.1, Class C. 

 
 
Impact on DCD  
 
DCD Tier 2 Sections 9.1.2.1, 9.1.2.2, 9.1.2.3, and 9.1.2.4 will be revised as indicated in 
Attachment 1 to this response.  
 
Impact on PRA  
 
There is no impact on the PRA. 
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Impact on Technical Specifications  
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
APR1400-H-N-NR-14012-NP (Rev. 3), Section 2.3 will be revised as shown in Attachment 2 
to this response.  
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The applicable load and load combination of structural analysis for rack are 
described in Table 3.8-9C.  The acceptance criteria are defined in ASME Code 
Section III, Subsection NF requirements for Class 3 component supports. 

g. The spent fuel storage racks are not anchored to the pool floor or the wall.
Clearances are allowed for rack tipping but the rack design and loading preclude
rack overturning.

9.1.2.2 Facilities Description 

9.1.2.2.1 New Fuel Storage 

New Fuel Storage Pit 

The approximately 5.18 m (17 ft) deep dry, unlined, reinforced, concrete, new fuel storage 
pit is designed to provide support for the new fuel storage racks.  The new fuel storage pit 
is designed to maintain its structural integrity following an SSE and perform its intended 
function following a postulated event such as a fire, internal/external missiles, or pipe break. 
The walls surrounding the fuel handling area and new fuel storage pit protect the fuel from 
missiles generated inside the auxiliary building.  The fuel handling area does not contain a 
credible source of missiles.  The auxiliary building is a seismic Category I structure and is 
described in Subsection 1.2.14.2.  Subsection 3.5 addresses missile sources and protection 
of the new fuel storage pit. 

The structure of the new fuel storage pit supports the weight of the new fuel storage rack at 
the floor level.  The new fuel storage racks (see Figure 9.1.2-1) consists of individual 
vertical cells interconnected to each other at several elevations.  The rack module is 
anchored to the pit floor.  The new fuel storage pit is covered by steel plates and an access 
platform.  The access platform provides passage between racks for inspection of the new 
fuel.  Both the steel plates and access platform are designed not to fall or collapse in the 
event of an SSE. 

The new fuel storage pit is provided with a drain system, which is connected to the 
auxiliary building sump to minimize adverse effects on the new fuel storage pit from flooding 
due to an unanticipated release of water.  The design of the drainage piping system includes 
a check valve to prevent backflow into the new fuel storage pit through the drainage system. 
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They are installed so that each rack is as close as 
possible (i.e., baseplates touching) to its neighbors.  A
clear space between racks and the spent fuel pool walls 
is provided, but rack design (i.e., dimensions and center 
of gravity) precludes overturning.

bottom, mid-height, and top

RAI 287-8272  - Question 09.01.02-44_Rev.1



APR1400 DCD TIER 2 

9.1-14 

to the rack modules in an accessible location.  The surveillance specimens are removed in 
accordance with a preplanned schedule using remotely operated tools. 

Spent fuel is stored in two regions of the pool.  The fresh or spent fuel assemblies 
including damaged fuel assemblies are stored in region I (see Figure 9.1.2-2A), which has a 
storage capacity for one full core, one refueling batch, and five damaged fuel assemblies. 
The region I storage area is designed to accommodate fuel assemblies with an initial 
enrichment of up to 5.0 wt% U-235. 

Region II (see Figure 9.1.2-2B) has a maximum storage capacity of the spent fuel 
assemblies generated during 20 years of plant operation.  The maximum initial enrichment 
of 5.0 wt% U-235 and the minimum burnup of each enrichment are applied for a region II 
design. 

The center-to-center spacing between adjacent fuel assemblies is designed to be 27.5 cm 
(10.83 in) for region I racks and 22.5 cm (8.86 in) for region II racks to maintain 
subcriticality. 

The SFSR is also provided with an array of five storage spaces for damaged fuel assembly 
containers.  These racks contain the neutron absorbing material, and the center-to-center 
spacing of this array is 27.5 cm (10.83 in). 

No overhead crane, except the light load fuel handling machine, passes over the SFP.  The 
fuel handling machine is designed to withstand seismic Category I loads to preclude its fall 
or collapse due to an SSE. 

Spent fuel storage racks are free-standing, and each rack module is supported by four legs. 
A lead-in guide is provided to provide reasonable assurance of easy insertion of fuel 
assemblies. 

Design of the spent fuel storage facility is in accordance with NRC RG 1.13 (Reference 11). 

9.1.2.2.3 New and Spent Fuel Storage Rack Design 

The fuel storage facilities are designed to meet the guidelines of ANS 57.2 (Reference 17) 
and ANS 57.3 (Reference 15).  The structural design and stress analysis of the new and 
spent fuel storage racks are evaluated in accordance with the seismic Category I 
requirements of NRC RG 1.29 (Reference 12). 
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The dynamic and stress analyses are performed as described in the technical report 
APR1400-H-N-NR-14012-P & NP (Reference 20).  Loads and load combinations 
considered in the structural design and stress analysis are shown in Table 3.8-9C and are 
based on SRP, Section 3.8.4, Appendix D. 

An uplift force analysis is conducted for new and spent fuel storage racks design and is 
described in the technical report APR1400-H-N-NR-14012-P & NP.  Each rack is 
evaluated for its ability to withstand a maximum uplift force of 2,268 kg (5,000 lb) based 
on the lifting capacity of the suspension hoist and the fuel handling machine.  Structural 
analysis is conducted to verify that the resultant stress in the critical part of the rack is 
within acceptable stress limits and that the deformation of the rack array is limited to 
maintain a subcritical array. 

A fuel assembly drop analysis is conducted for each fuel rack to maintain a subcritical array. 
Drop weight is determined from the fuel assembly weight along with the handling tool 
(total weight 1,100 kg [2,425 lb]).  The drop height is determined from the higher value of 
0.61 m (2 ft) or the design height for handling fuel above each rack. 

9.1.2.3 Safety Evaluation 

9.1.2.3.1 New Fuel Storage Racks 

The new fuel storage racks are designed to seismic Category I requirements and are capable 
of withstanding normal and postulated dead loads, live loads, and loads caused by an SSE. 

The new fuel storage rack is located in the new fuel storage pit.  No loads are required to 
be carried over the new fuel storage pit while the cover is in place.  The cover is designed 
so that it will not fall and damage the fuel or fuel rack during a seismic event. 
Administrative controls are used when the cover is removed for new fuel transfer 
operations to limit the potential for dropped object damage. 

Materials used in rack fabrication are compatible with the storage pit environment and 
surfaces that come into contact with the fuel assemblies are made of annealed austenitic 
stainless steel.  Structural materials are corrosion resistant and will not contaminate the 
fuel assemblies or pit environment. 
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The quality control requirements for the fuel storage racks are in 
accordance with 10 CFR Part 50, Appendix B.  The quality 
control procedures for the new and spent fuel storage racks are 
prepared in accordance with the requirements of: 
• ASME B&PV Code, Section III, Div. 1, NF 
• ASME NQA-1 
• US Code of Federal Regulations, 10 CFR 50 
• US NRC Regulatory Guide No. 1.28 

The new fuel racks are designed with adequate energy 
absorption capabilities to withstand the impact of a 
dropped fuel assembly from the maximum lift height. 
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The new fuel assemblies are stored dry.  The rack structure is designed to maintain a safe 
geometric array for normal and postulated accident conditions.  The rack structure 
maintains the required degree of subcriticality for normal and postulated accident 
conditions such as flooding with pure water and worst-case moderator density. 

9.1.2.3.2 Spent Fuel Storage Racks 

The spent fuel storage racks are designed to seismic Category I requirements (described in 
Section 3.2) and are capable of withstanding normal and postulated dead loads, live loads, 
loads resulting from thermal effects, and loads caused by an SSE. 

The spent fuel racks are designed with adequate energy absorption capabilities to withstand 
the impact of a dropped fuel assembly from the maximum lift height of the fuel handling 
machine, as described in Subsection 9.1.2.3.3.  Handling equipment capable of carrying 
loads heavier than fuel components (e.g., spent fuel cask handling crane) is prevented by 
design from carrying heavy loads over the spent fuel storage area.  The spent fuel storage 
racks can withstand an uplift force greater than or equal to the uplift capability of the fuel 
handling machine (2,268 kg [5,000 lb]). 

Materials used in rack fabrication are compatible with the storage pool environment, and 
surfaces that come into contact with the fuel assemblies are made of annealed austenitic 
stainless steel.  Structural materials are corrosion resistant and do not contaminate the fuel 
assemblies or pool environment.  The neutron absorbing material used in the rack design is 
suitable for the storage environment. 

Design of the spent fuel storage facility is in accordance with NRC RG 1.13 (Reference 11). 

The thermal-hydraulic analysis demonstrating that the flow through the spent fuel rack is 
adequate for decay heat removal from the spent fuel assemblies during anticipated 
operating conditions is provided in the thermal-hydraulic analysis report. 

The spent fuel storage racks and storage facility are designed to seismic Category I 
requirements.  The spent fuel storage rack is designed to meet the following criteria under 
plant conditions such as seismic or fuel handling accidents: 

a. Prevent physical damage to the stored fuel
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b. Maintain the stored fuel in a subcritical configuration

c. Maintain the capability to remove and insert fuel assemblies

d. Maintain the stored fuel in a coolable geometry

The spent fuel storage racks and storage facility are designed to maintain the minimum 
allowable fuel spacing during the fuel storage.  The structural material of the spent fuel 
storage rack is designed to withstand corrosion from contact with the cooling water. 

9.1.2.3.3 Fuel Assembly Drop Analysis 

New and spent fuel storage racks are evaluated for withstanding a postulated drop of a fuel 
assembly and its associated handling tool to maintain a subcritical array assuming the 
maximum weight handled on each rack and the maximum drop height, as described in 
Table 9.1.2-1. 

9.1.2.4 Inspection and Testing Requirements 

Refer to Subsection 14.2.12.1.33 for the initial plant startup test program related to the 
proper operation of the fuel handling equipment, including the spent fuel storage rack 
positions. 

A coupon surveillance program monitors the neutron absorbing material (METAMIC™) 
over the lifetime of the racks to verify their integrity.  The coupons are taken from the 
same production lot as used for fabrication of the rack and characterized for comparison 
with subsequent measurements.  At least one archive specimen is retained for later 
comparison with the irradiated coupons. 

A minimum of 14 coupons are immersed into the storage racks in the SFP.  Additional 
coupons may be used to address potential license extensions and post-shutdown fuel 
storage.  Each coupon is large enough to obtain a tensile test specimen (approximately 
10.16 × 20.32 cm [4 × 8 in]).  The coupons are adjacent to freshly discharged irradiated 
fuel in an empty fuel compartment in regions I and II. 
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The recommended schedule for coupon monitoring is to remove and examine one coupon 
at approximately 1.5, 3, 4.5, 6, 7.5, 9, 10.5, 12, 18, 22.5, 27, 31.5, 36, and 39 years from the 
time the SFP is permanently filled with water, as described in Table 9.1.2-2.  Coupons are 
measured and visually examined to monitor changes in the physical properties of the 
neutron absorbing material (METAMICTM).  B-10 areal density is also measured. 
Coupons that are not destroyed may be returned to the pool for continued use in the 
surveillance program. 

The poison surveillance program is intended to monitor changes in physical and chemical 
properties of neutron absorbing material by performing the following measurements on a 
pre-planned schedule: 

a. Visual observation and photography

b. Neutron attenuation

c. Dimensional measurements (length, width, and thickness) 

d. Weight and specific gravity

Qualification Program for the METAMICTM Neutron Absorbing Material 

The potential environmental deterioration mechanism is corrosion.  Corrosion testing is 
performed, and the results are evaluated.  The neutron absorbing material has sufficient 
strength and ductility for handling and fabrication and supporting its own weight in the rack. 

9.1.3 Spent Fuel Pool Cooling and Cleanup System 

The spent fuel pool cooling and cleanup system (SFPCCS) consists of the spent fuel pool 
(SFP) cooling system and the SFP cleanup system.  The SFPCCS is designed to remove 
the decay heat generated by the spent fuel assemblies stored in the SFP, and purify the 
water of the SFP and the in-containment refueling water storage tank (IRWST).  Cooling is 
accomplished by taking heated water from the pool, pumping it through a heat exchanger, 
and returning the cooled water to the pool.  The SFPCCS is also used to clarify and purify 
water in the fuel transfer canal and refueling pool during the refueling operation.  
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For fabrication, acceptance criteria for visual
examination of all fuel rack welds comply with the 
ASME B&PV Code Subsection NF-5360 of 
Section III and T-952 of Section V.  All internal 
and external surfaces are thoroughly cleaned of  
all potentially harmful materials.  Components, parts 
and subassemblies that will have crevices or 
inaccessible surfaces after assembly are required to 
be cleaned prior to assembly.
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2 FUEL RACKS 

2.1 Description of New Fuel Storage Racks 

Figure 2-1 shows the layout and the plan view of the two NFSR modules in the dry, unlined new fuel 
storage pit (NFP).  Each rack module consists of a 7 x 8 array of storage cells that are bolted to the pit 
floor and supported by top, middle, and base plates and stiffeners as shown in Figure 2-2 and Figure 2-3. 
The NFSR modules have 112 storage cells, which provide more than enough locations to store a 
refueling batch. The center-to-center spacing between adjacent fuel assemblies is 35.5 cm (14 in) to 
maintain subcriticality without the use of neutron absorbers.  The NFSR cell wall thickness is 6 mm 
(0.236 in).  SA-240 Type 304L material is used for the cell walls, plates, stiffeners, and pedestals, and 
SA-564 Grade 630 is used for the stud bolt.  The basic dimensions of the NFSR modules are 
summarized in Table 2-1. 

2.2 Description of Spent Fuel Storage Racks 

Figure 2-4 shows the layout of the SFSR modules in the spent fuel pool (SFP), which consists of two 
regions, Region  and Region .  Fresh fuel assemblies, spent fuel assemblies, and damaged fuel in 
canisters can be stored in Region , which has the capacity to store one full core, one refueling batch, and 
five damaged fuel canisters.  Region  consists of four 8 x 8 cell modules (A1-1, A1-2, A1-3 and A1-4) 
and two 6 x 8 cell modules (A2-1 and A2-2).  Module A2-1 has five cells that can each contain a 
damaged fuel canister.  Region  consists of nineteen 8 x 8 cell modules (B1, B2-1, B2-2, B2-3, B3, B4, 
B5-1, B5-2, B5-3, B5-4, B5-5, B5-6, B6-1, B6-2, B6-3, B7, B8, B9 and B10) and four 8 x 7 cell modules 
(C1, C2, C3 and C4). Figure 2-5 gives the dimensions of the gaps between cell walls when the rack 
baseplates are installed touching, as indicated in Figure 2-6.  

As shown in Figure 2-7 through 2-10, the SFSR modules are free-standing with pedestals resting on 
embedment plates (the SFSRs do not rest on the liner or use bearing pads), which distribute the dead 
weight of the loaded racks to the reinforced concrete structure of the floor.  Each SFSR module is 
supported by four pedestals, and each pedestal has a 7-inch diameter leveling foot that can be adjusted 
with a long-handled tool.  The SFSR modules are submerged in borated water with space between the 
racks and the cell walls.  Therefore, the motions of racks and the fuel assemblies will be influenced by 
fluid-structure interactions. 

To maintain subcriticality, the center-to-center spacing between adjacent fuel assemblies is 27.5 cm 
(10.83 in) for Region  racks and 22.5 cm (8.86 in) for Region  racks.  The cell wall thickness of the 
SFSRs is 2.5 mm (0.098 in). SA-240 Type 304L material is used for the cell walls, baseplate, and 
pedestal; SA-564 Grade 630 is used for the leveling foot; and a hot-rolled composite plate material 
(METAMICTM) is used as a neutron absorber.  The basic dimensions of the SFSRs are summarized in 
Table 2-2. 

2.3 Fuel Storage Rack Fabrication 

As described above, all of the fuel storage racks are similar in concept.  However, the NFSRs and 
the SFSRs for Regions I and II have slightly different fabrication sequences.  Note that welds are 
visually inspected in each step before access to perform a weld inspection is blocked due to addition 
of subsequent parts. 

2.3.1 Fabrication Procedure of NFSR and SFSR 

The NFSRs and SFSRs are fabricated in accordance with a design specification (Reference 22) and 
manufacturing drawings. The following describes the expected fabrication sequence but actual work 
may differ, provided design specification and drawing requirements (e.g., dimensions, inspection 
acceptance criteria, quality assurance) are met. 
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2.3.2 General Requirements 

Fabrication of the new and spent fuel racks is in accordance with the requirements of Subsection NF 

of Section III of the ASME B&PV Code for component supports. 
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The fuel storage racks meet the guidance in NRC RG 1.29 (Reference 2) and ANSI/ANS 57.3 (Reference 
3). 

2.3.3 Quality Control and Quality Assurance 

The new and spent fuel racks are Seismic Category I structures that are treated as safety-
related components for determining Quality Assurance requirements (10 CFR 50, Appendix B) and 
periodic condition monitoring requirements (10 CFR 50.65 “Maintenance Rule”).  The quality control 
requirements for the fuel storage racks are in accordance with 10 CFR 50, Appendix B. 

The quality control procedures for the new and spent fuel storage racks are prepared in accordance 
with the requirements of: 

• ASME B&PV Code, Section III, Div. 1, NF
• ASME NQA-1
• US Code of Federal Regulations, 10 CFR 50
• US NRC Regulatory Guide 1.28

2.3.4 Welding Requirements 

Welding materials are selected and controlled to contain between 8 and 25 percent ferrite, as 
determined by Subsection NB-2433 of the ASME Code.  Electrodes must conform to ASME SFA 5.4 or 
5.9, Type 308. Processes are established for avoidance of sensitization of austenitic stainless steel, Type 
308L is used as electrodes. 

Austenitic stainless steel items are not allowed to be heated above 177°C (350°F) (except during 
welding), unless they are subsequently given a full solution anneal at temperatures recommended for 
the individual types of stainless steel followed by water quenching or spraying from the solution heat 
treating temperature to below 427°C (800°F) (or black metal) within three minutes. 

The acceptance criteria for visual examination of all fuel rack welds comply with the ASME B&PV 
Code NF-5360 of Section III and T-952 of Section V. 

2.3.5 Cleanliness 

All internal and external surfaces are thoroughly cleaned of scale, dirt, chips, nonadherent weld spatter 
(which can be removed by power wire brushing), oil, grease, organic matter, loose particles, and all 
other potentially harmful materials.  Adherent weld spatter on the interior surface of a fuel storage 
location must be removed, such that the function of the mock fuel assembly inspection gage is not 
hindered by weld spatter. 

Components, parts and subassemblies that will have crevices or inaccessible surfaces after assembly, 
are required to be cleaned prior to assembly.  Acidic materials are prohibited for use on items containing 
crevices or inaccessible areas where complete drainage, neutralization, or removal of residuals cannot 
be accomplished. 

Cleaning of corrosion-resistant materials is required to be in accordance with ASME NQA-1 to the 
extent specified herein.  The surfaces of cleaned components meet the requirements of ASME 
NQA-1, Part II, Subpart 2.1, Class C.  
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