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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. 09.01.02-15
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-NR14012-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
The NFSR and SFSRs have been analyzed using five different sets of acceleration time
histories. The generated five sets of artificial time histories (after spectral matching) are
shown in Figures 3-5 through 3-13 and 3-14 through 3-22 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 done by calculating the correlation coefficient of the time history data between two
different events. The absolute value of their correlation coefficient does not exceed 0.16. The
following table shows the correlation coefficients of each direction for five set of time histories.
Rack
NFSR

SFSR

Direction
East-West to North-South
East-West to Vertical
North-South to Vertical
East-West to North-South
East-West to Vertical
North-South to Vertical

Set1
0.0013
-0.0051
0.0411
-0.0182
-0.0161
-0.0138

Set2
0.0093
-0.0062
-0.0380
-0.0050
-0.0222
-0.0086

Set Case
Set3
Set4
0.0074
0.0149
-0.0263 -0.1104
-0.0304 -0.0461
0.0440
-0.0726
0.0084
0.0186
-0.0027
0.0003

Set5
0.0024
-0.0358
0.0371
0.0226
-0.0017
-0.0024

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% 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.
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3. For time histories in each direction, the computed average response spectrum for the five
times histories:
(a) The computed 3% 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. The
damped 3% response spectrum under SSE loading is taken from the design
specification of the APR1400 fuel storage rack.
(b) The computed 3% 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.
Maximum displacements and loads from among all sets of time history results are used in the
nonlinear seismic analysis.
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Figure 3-5 Target and Five Generated Response Spectrum for NFSR
(SSE, 3% Damping, E-W Direction)
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Figure 3-6 Target and Average of Five Generated Response Spectrum for NFSR
(SSE, 3% Damping, E-W Direction)
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Figure 3-7 Five Generated Artificial Time Histories for NFSR
(SSE, 3% Damping, E-W Direction)
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Figure 3-8 Target and Five Generated Response Spectrum for NFSR
(SSE, 3% Damping, N-S Direction)
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Figure 3-9 Target and Average of Five Generated Response Spectrum for NFSR
(SSE, 3% Damping, N-S Direction)
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Figure 3-10 Five Generated Artificial Time Histories for NFSR
(SSE, 3% Damping, N-S Direction)
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Figure 3-11 Target and Five Generated Response Spectrum for NFSR
(SSE, 3% Damping, Vertical Direction)
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Figure 3-12 Target and Average of Five Generated Response Spectrum for NFSR
(SSE, 3% Damping, Vertical Direction)
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Figure 3-13 Five Generated Artificial Time Histories for NFSR
(SSE, 3% Damping, Vertical Direction)
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Figure 3-14 Target and Five Generated Response Spectrum for SFSR
(SSE, 3% Damping, E-W Direction)
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Figure 3-15 Target and Average of Five Generated Response Spectrum for SFSR
(SSE, 3% Damping, E-W Direction)
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Figure 3-16 Five Generated Artificial Time Histories for SFSR
(SSE, 3% Damping, E-W Direction)
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Figure 3-17 Target and Five Generated Response Spectrum for SFSR
(SSE, 3% Damping, N-S Direction)
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Figure 3-18 Target and Average of Five Generated Response Spectrum for SFSR
(SSE, 3% Damping, N-S Direction)
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Figure 3-19 Five Generated Artificial Time Histories for SFSR
(SSE, 3% Damping, N-S Direction)
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Figure 3-20 Target and Five Generated Response Spectrum for SFSR
(SSE, 3% Damping, Vertical Direction)
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Figure 3-21 Target and Average of Five Generated Response Spectrum for SFSR
(SSE, 3% Damping, Vertical Direction)
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Figure 3-22 Five Generated Artificial Time Histories for SFSR
(SSE, 3% Damping, Vertical Direction)

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, Section 3.1.1, 3.7.1, 3.7.2, 3.7.3 and Table 3-7, 3-8, 3-9, 3-10,
3-11, 3-12, 3-13 will be revised as shown in the attachment.
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STRUCTURAL AND SEISMIC ANALYSIS

7KHVWUXFWXUDODQGVHLVPLFDQDO\VLVIRUWKH1)65VDQGWKH6)65VLQFOXGHVDG\QDPLFDQDO\VLVPHWKRG
PRGHOLQJGHWDLOVDFFHSWDQFHFULWHULDIRUNLQHPDWLFDQGVWUHVVDQDO\VLVDVVXPSWLRQVLQSXWGDWDIRUUDFNV
DQGIXHODVVHPEO\DQGVLJQLILFDQWUHVXOWVRIG\QDPLFVLPXODWLRQVXQGHUVHLVPLFORDGLQJ


0HWKRGRORJ\

7KHFRPSRVLWHG\QDPLFVLPXODWLRQZKHUHLQDOOUDFNVLQWKHSRRODUHPRGHOHGLVXVHGWRGHWHUPLQHWKH
ORDGVDQGGLVSODFHPHQWVIRUHDFKIXHOVWRUDJHUDFNLQWKHSRRODQGWKHUHODWLYHPRWLRQEHWZHHQUDFNV
DQGWRHYDOXDWHWKHSRWHQWLDOGDPDJHDQGFRQVHTXHQFHVRILQWHUUDFNDQGUDFNZDOOLPSDFWSKHQRPHQDLQ
WKHUDFNV


$FFHOHUDWLRQ7LPH+LVWRULHV*HQHUDWLRQ

7KHUHVSRQVHRIDIUHHVWDQGLQJUDFNPRGXOHWRVHLVPLFLQSXWVLVKLJKO\QRQOLQHDUDQGLQYROYHVDFRPSOH[
FRPELQDWLRQRIPRWLRQVVXFKDVVOLGLQJURFNLQJWZLVWLQJDQGWXUQLQJE\LPSDFWVDQGIULFWLRQHIIHFWV
/LQHDUPHWKRGVVXFKDVUHVSRQVHVSHFWUXPDQDO\VLVFDQQRWDFFXUDWHO\VLPXODWHWKHVWUXFWXUDOUHVSRQVH
RIVXFKDKLJKO\QRQOLQHDUVWUXFWXUHWRVHLVPLFH[FLWDWLRQ$QDFFXUDWHHYDOXDWLRQRIQRQOLQHDUUHVSRQVH
UHTXLUHVD'WLPHKLVWRU\DQDO\VLVWRHVWDEOLVKWKHSURSHUUHVSRQVHGXULQJDVHLVPLFORDGLQJ
7KHUHIRUHWKHLQLWLDOVWHSLQD'WLPHKLVWRU\DQDO\VLVLVWRGHYHORSWLPHKLVWRU\VHLVPLFORDGLQJVIRU
WKUHHRUWKRJRQDOGLUHFWLRQVWKDWFRPSO\ZLWKWKHJXLGHOLQHVRIWKH15&653 5HIHUHQFH 7KH
V\QWKHWLFWLPHKLVWRU\VHLVPLFORDGLQJVPXVWPHHWWKHFULWHULDRIVWDWLVWLFDOLQGHSHQGHQFHHQYHORSWKH
WDUJHWUHVSRQVHVSHFWUDDQGHQYHORSWKHWDUJHWSRZHUVSHFWUDOGHQVLW\ 36' FXUYHV7KH1)65VDQG
WKH6)65VKDYHEHHQDQDO\]HGXVLQJDFFHOHUDWLRQWLPHKLVWRU\ORDGVRIVDIHVKXWGRZQHDUWKTXDNH 66( 
IRUERWK1)3DQG6)3VWRUDJHORFDWLRQV7KHGHVLJQEDVLVUHVSRQVHVSHFWUDDWHOHYDWLRQ¶´DQG
¶´RIWKH$35DX[LOLDU\EXLOGLQJDUHDSSOLHGDVWKHWDUJHWUHVSRQVHVSHFWUDIRUWKH1)3DQG6)3
UHVSHFWLYHO\ 

7KH1)65DQG6)65VKDYHEHHQDQDO\]HGXVLQJILYHGLIIHUHQWVHWVRIDFFHOHUDWLRQWLPH
KLVWRULHV7KHJHQHUDWHGILYHVHWVRIDUWLILFLDOWLPHKLVWRULHV DIWHUVSHFWUDOPDWFKLQJ DUH
VKRZQLQ)LJXUHVWKURXJKDQGWKURXJKIRUWKH16(:DQGYHUWLFDO
GLUHFWLRQVRI1)65DQG6)65UHVSHFWLYHO\7KHDUWLILFLDOWLPHKLVWRULHVVDWLVI\WKH
IROORZLQJFULWHULDUHTXLUHGE\6536HFWLRQ
 (DFKSDLURIWLPHKLVWRULHV KRUL]RQWDODQGYHUWLFDO PXVWEHVWDWLVWLFDOO\LQGHSHQGHQW
7KLVLVPDGHE\FDOFXODWLQJWKHFRUUHODWLRQFRHIILFLHQWRIWLPHKLVWRU\GDWDEHWZHHQWZR
GLIIHUHQWHYHQWV7KHDEVROXWHYDOXHRIWKHLUFRUUHODWLRQFRHIILFLHQWGRHVQRWH[FHHG
 )RUHDFKRIWKHWLPHKLVWRULHV
D  7KHWLPHKLVWRU\VKRXOGKDYHDVXIILFLHQWO\VPDOOWLPHLQFUHPHQWDQGVXIILFLHQWO\ORQJ
GXUDWLRQ5HFRUGVVKRXOGKDYHD1\TXLVWIUHTXHQF\RIDWOHDVW+] HJDWLPH
LQFUHPHQWRIDWPRVWVHFRQGV DQGDWRWDOGXUDWLRQRIDWOHDVWVHFRQGV
E  6SHFWUDODFFHOHUDWLRQDWGDPSLQJVKRXOGEHFRPSXWHGDWDPLQLPXPRISRLQWV
SHUIUHTXHQF\GHFDGHXQLIRUPO\VSDFHGRYHUWKHORJIUHTXHQF\VFDOHIURP+]WR
+]RUWKH1\TXLVWIUHTXHQF\7KHFRPSDULVRQRIWKHUHVSRQVHVSHFWUXPREWDLQHGIURP
WKHGHVLJQJURXQGPRWLRQWLPHKLVWRU\ZLWKWKHWDUJHWUHVSRQVHVSHFWUXPVKRXOGEHPDGH
DWHDFKIUHTXHQF\FRPSXWHGLQWKHIUHTXHQF\UDQJHRILQWHUHVW
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 )RUWLPHKLVWRULHV LQHDFKGLUHFWLRQWKHFRPSXWHGDYHUDJHUHVSRQVHVSHFWUXPIRUWKHILYH
WLPHVKLVWRULHV
D  7KHFRPSXWHGGDPSHGUHVSRQVHVSHFWUXPRIWKHDFFHOHUDWLRQWLPHKLVWRU\
VKRXOGQRWIDOOPRUHWKDQSHUFHQWEHORZWKHWDUJHWUHVSRQVHVSHFWUXPDWDQ\RQH
IUHTXHQF\7RSUHYHQWUHVSRQVHVSHFWUDLQODUJHIUHTXHQF\ZLQGRZVIURPIDOOLQJEHORZ
WKHWDUJHWUHVSRQVHVSHFWUXPWKHUHVSRQVHVSHFWUDZLWKLQDIUHTXHQF\ZLQGRZRIQR
ODUJHUWKDQFHQWHUHGRQWKHIUHTXHQF\VKRXOGEHDOORZHGWRIDOOEHORZWKHWDUJHW
UHVSRQVHVSHFWUXP7KLVFRUUHVSRQGVWRUHVSRQVHVSHFWUDDWQRPRUHWKDQDGMDFHQW
IUHTXHQF\SRLQWVGHILQHGLQ E DERYHIURPIDOOLQJEHORZWKHWDUJHWUHVSRQVHVSHFWUXP
7KHGDPSHGUHVSRQVHVSHFWUXPXQGHU66(ORDGLQJLVWDNHQIURPWKHGHVLJQ
VSHFLILFDWLRQRIWKH$35IXHOVWRUDJHUDFN
E  7KHFRPSXWHGGDPSHGUHVSRQVHVSHFWUXPRIWKHDFFHOHUDWLRQWLPHKLVWRU\
VKRXOGQRWH[FHHGWKHWDUJHWUHVSRQVHVSHFWUXPDWDQ\IUHTXHQF\E\PRUHWKDQ
SHUFHQW DIDFWRURI LQWKHIUHTXHQF\UDQJHRILQWHUHVW,IWKHUHVSRQVHVSHFWUXPIRU
WKHDFFHOHURJUDPH[FHHGVWKHWDUJHWUHVSRQVHVSHFWUXPE\PRUHWKDQDWDQ\
IUHTXHQF\UDQJHWKHSRZHUVSHFWUXPGHQVLW\RIWKHDFFHOHURJUDPQHHGVWREHFRPSXWHG
DQGVKRZQWRQRWKDYHVLJQLILFDQWJDSVLQHQHUJ\DWDQ\IUHTXHQF\RYHUWKLVIUHTXHQF\
UDQJH
$OOWKHFRQGLWLRQVVHWIRUWKLQFULWHULDDQGDUHPHWIRUWKHVHWVRIWLPHKLVWRULHV
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& Į[0ȕ[.
7KHFRQVWDQWVĮDQGȕDUHFDOFXODWHGLQWKHUDQJHRIWKHORZHVWDQGKLJKHVWIUHTXHQFLHVRILQWHUHVWLQWKH
G\QDPLFDQDO\VLV 5HIHUHQFH 0FRUUHVSRQGVWRUHDOPDVVRIWKHUHDOIXHOV\VWHPDQGGRHVQRWLQFOXGH
DQ\K\GURG\QDPLFPDVV2QO\PDWHULDOGDPSLQJIRUWKHIXHODQGUDFNLVXVHGLQFDOFXODWLQJWKHGDPSLQJ
PDWUL[&7KHGHVLJQEDVLVGDPSLQJYDOXHIRUWKH1)65VDQGWKH6)65VLVFRQVHUYDWLYHO\XVHGDV
IRU66(HYHQWLQDFFRUGDQFHZLWKWKHUHJXODWRU\JXLGH 5*  5HIHUHQFH IRUZHOGHGVWHHO


0DWHULDO'DWD

0DWHULDOSURSHUWLHVRIIXHODVVHPEO\DUHWDNHQIURPWKH3:53/86IXHODVVHPEO\GDWD 5HIHUHQFH 
DVVKRZQLQWKH7DEOH,QDGGLWLRQWKRVHRIUDFNDUHREWDLQHGIURP$60(&RGH6HFWLRQ,,3DUW'
5HIHUHQFH DVVKRZQLQWKH7DEOH7KHYDOXHVOLVWHGFRUUHVSRQGWRDGHVLJQWHPSHUDWXUHRI
R
& R) 


&RPSXWHU&RGHV

7KHFRPSXWHUFRGHVOLVWHGLQ7DEOHDUHXVHGLQWKHG\QDPLFDQDO\VLV


'\QDPLF6LPXODWLRQV

)RXUVLPXODWLRQVVKRZQLQ7DEOHDUHSHUIRUPHGIRUWKHQHZDQGWKHVSHQWIXHOSRROUDFNVWR
LQYHVWLJDWHWKHVWUXFWXUDOLQWHJULW\RIHDFKUDFN66(HYHQWLVFRQVLGHUHGDVORDGLQJFRQGLWLRQVIRUWKH
UDFNV7KHVWRUDJHUDFNFRQILJXUDWLRQVDWWKHIXOOORDGLQJDUHFRQVLGHUHGLQWKHG\QDPLFVLPXODWLRQV7R
FRQVLGHUWKHHIIRUWRIWKHIULFWLRQFRHIILFLHQWEHWZHHQSHGHVWDODQGHPEHGPHQWSODWHDVGLVFXVVHGLQ
VXEVHFWLRQVLPXODWLRQVDUHSHUIRUPHGE\YDU\LQJWKHIULFWLRQFRHIILFLHQWZLWKXSSHUDQGORZHUERXQG
YDOXHVDQGDPHDQYDOXH7KHQRQOLQHDUG\QDPLFDQDO\VHVIRUG\QDPLFVLPXODWLRQVRIWKH1)65VDQG
WKH6)65VDUHSHUIRUPHGXVLQJWKH$16<6 5HIHUHQFH ILQLWHHOHPHQWSURJUDP



5HVXOWVRI$QDO\VHV
7LPH+LVWRU\6LPXODWLRQ5HVXOWV

7KHORDGVDQGWKHGLVSODFHPHQWVE\G\QDPLFVLPXODWLRQVDUHVXPPDUL]HGLQ7DEOHWKURXJK7DEOH
 'LVSODFHPHQWVRI5DFN

$DQG%UDFNVDW

PP LQ

7KHPD[LPXPUHODWLYHGLVSODFHPHQWRIWKHDGMDFHQWUDFNVZKLFKPHDQVWREHFORVHUWRHDFKRWKHULV
PP LQ LQQRUWKVRXWK 16 GLUHFWLRQEHWZHHQ$DQG$UDFNVDWVHFRQGVDQGPP
LQ LQHDVWZHVW (: GLUHFWLRQEHWZHHQ%DQG%UDFNVDWVHFRQGV7KHPLQLPXPJDS
IRUWKHFHOOWRFHOORI5HJLRQ,LVPP LQ DQGWKDWRI5HJLRQ,,LVPP LQ 7KHUHIRUH
WKHUHLVQRLPSDFWRQWKHUDFNFHOOVE\HDFKRWKHUEHFDXVHWKHPD[LPXPUHODWLYHGLVSODFHPHQWVRIUDFNV
DUHVPDOOHUWKDQWKHLQVWDOODWLRQJDS7KHPD[LPXPGLVSODFHPHQWIRUXSSHUHQGRIVSHQWIXHOVWRUDJHUDFN
LVPP LQ LQ(:GLUHFWLRQIRU%UDFNDWVHFRQGVDVVKRZQLQ7DEOH7KH
PLQLPXPJDSRIWKHRXWPRVWUDFNDQGWKHSRROZDOOLVPP LQ LQ16GLUHFWLRQDQGPP
LQ LQ(:GLUHFWLRQDVVKRZQLQ)LJXUH7KHUHIRUHWKHUHLVQRLPSDFWRQWKHRXWPRVWUDFNE\
WKHSRROZDOOEHFDXVHWKHPD[LPXPGLVSODFHPHQWRIWKHUDFNLVVPDOOHUWKDQWKHLQVWDOODWLRQJDS$FWXDOO\
LPSDFWRQUDFNWRUDFNRFFXUVDWEDVHSODWHRIWKH6)65VEHFDXVHWKHLQVWDOOHGUDFNVDUHLQFRQWDFWZLWK
HDFKRWKHU7KHPD[LPXPLPSDFWORDGVJHQHUDWHGDWWKH1)65VDQGWKH6)65VDUHVXPPDUL]HGLQ7DEOH


PP LQ

%UDFNDW

%DQG%UDFNVDW

PP LQ

7KHPD[LPXPURWDWLRQVRIWKHUDFNDUHREWDLQHGIURPDSRVWSURFHVVLQJRIWKHUDFNWLPHKLVWRU\UHVSRQVH
RXWSXW7KH6)5DQGWKH1)5VKRXOGQRWH[KLELWURWDWLRQVVXIILFLHQWWRFDXVHWKHUDFNWRRYHUWXUQ LH
HQVXUHWKDWWKHUDFNGRHVQRWH[KLELWDURWDWLRQVXIILFLHQWWREULQJWKHFHQWHURIPDVVRYHUWKHFRUQHU
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SHGHVWDO 7KHJUHDWHVWKRUL]RQWDOGLVSODFHPHQWLQWKHUDFNLVFDOFXODWHGDVPP LQ IRUWKH
UDFNPRGXOH%DVVKRZQLQ7DEOH%DVHGRQWKHZLGWKDQGKHLJKWRIUDFN%WKHURWDWLRQ
UHTXLUHGWRSURGXFHLQFLSLHQWWLSSLQJIRUWKLVUDFNLVDSSUR[LPDWHO\HTXDOWRWDQ>    @ 
R:KHUHDVWKHDFWXDOURWDWLRQGXHWRWKHODUJHVWGLVSODFHPHQWPD\EHFRPSXWHGDVWDQ>  
 @ R7KHVDIHW\IDFWRUDJDLQVWRYHUWXUQLQJLVDERXWRR ZKLFKLVJUHDWHUWKDQWKH
DFFHSWDQFHFULWHULDRI7KHUHIRUHWKHRYHUWXUQLQJRIUDFNPRGXOHGRHVQRWRFFXU
 6XSSRUW3HGHVWDO/RDGVRI5DFN

RR 

%

WDQ>    @ R

7KHPD[LPXPKRUL]RQWDODQGYHUWLFDOORDGVJHQHUDWHGRQVXSSRUWSHGHVWDOZLWKWKHDSSOLFDWLRQRI66(
ORDGVDUHVXPPDUL]HGLQ7DEOHDQG7DEOHDQGXVHGWRVWUXFWXUDOLQWHJULW\HYDOXDWLRQRIVXSSRUW
SHGHVWDODQGUDFN7KHPD[LPXPKRUL]RQWDODQGYHUWLFDOORDGVIRU1)65SHGHVWDODUHFDOFXODWHGDV
N1 OEI DQGN1 OEI DQGWKRVHIRU6)65SHGHVWDODUHFDOFXODWHGDVN1
OEI DQGN1 OEI UHVSHFWLYHO\

N1 OEI DQGN1 OEI

 ,PSDFW/RDGV

N1 OEI DQGN1 OEI

7KHLPSDFWORDGVIRUIXHOWRFHOOZDOOUDFNWRUDFNDQGUDFNWRZDOORQWKH1)3DQG6)3DUHFDOFXODWHGDV
IROORZV

N1 OEI DQGN1 OEI

  )XHOWR&HOO:DOO 
7KHPD[LPXPLPSDFWORDGVRIIXHOWRFHOOZDOORQWKH1)65VDQGWKH6)65VDUHN1 OEI DQG
N1 OEI UHVSHFWLYHO\ZKLFKDUHDVVKRZQLQ7DEOH,QDGGLWLRQWKHPD[LPXPLPSDFW
ORDGVRQIXHOVXSSRUWJULGRIWKH1)65VDQGWKH6)65VDUHN1 OEI DQGN1 OEI 
UHVSHFWLYHO\
  ,PSDFWVRI5DFNWR5DFNDQG5DFNWR3RRO:DOO

N1 OEI DQGN1 OEI

*HQHUDOO\WKHUDFNVDUHLQVWDOOHGWRJHWKHUDVFORVHO\DVSRVVLEOH7KHSURPLQHQWEDVHSODWHRIWKHIXHO
VWRUDJHUDFNIRUWKH$35GHVLJQLVLQVWDOOHGDOPRVWLQFRQWDFWZLWKWKHDGMDFHQWEDVHSODWH$FFRUGLQJ
WRWKHDQDO\VLVUHVXOWWKHLPSDFWRFFXUVQRWEHWZHHQWKHSRROZDOODQGWKHXSSHUSDUWRIWKHUDFNEXW
EHWZHHQWKHEDVHSODWHRIUDFNV7KHPD[LPXPLPSDFWORDGDWWKHEDVHSODWHRIUDFNLVFDOFXODWHGDV
N1 OEI DVVKRZQLQ7DEOH


)XHO6WUXFWXUDO(YDOXDWLRQ

N1 OEI 

7KHLPSDFWORDGVRQWKHIXHODVVHPEO\VKRXOGQRWOHDGWRGDPDJHRIWKHIXHO'DPDJHRIWKHIXHODUH
HYDOXDWHGIRUVWUXFWXUDOHOHPHQWVRIDIXHODVVHPEO\LQFOXGLQJWKHIXHOURGFODGGLQJZKLFKDUHVWUHVVHG
EH\RQGWKHPDWHULDODOORZDEOHOLPLWVVXFKWKDWWKHIXHOURGVDUHQRORQJHUDEOHWRSURYLGHFRQILQHPHQWIRU
FRQWDLQHGUDGLRDFWLYHILVVLRQPDWHULDOV,QDGGLWLRQDQHYDOXDWLRQFRQVLGHULQJSHUWLQHQWIDLOXUHPRGHVXFK
DVEXFNLQJVKRXOGEHSHUIRUPHGWRGHPRQVWUDWHWKDWWKHVWUXFWXUDOHOHPHQWVRIWKHIXHODVVHPEO\ZLOOQRW
H[FHHGWKHPDWHULDODOORZDEOHOLPLWV7KHUHIRUHWKHODWHUDOLPSDFWORDGRQWKHVSHQWIXHODVVHPEO\LV
HYDOXDWHGIRUWZRDFFHSWDQFHFULWHULDIXHOVSDFHUJULGEXFNOLQJDQGIXHOFODGGLQJ\LHOGVWUHVV
7KHPD[LPXPLPSDFWORDGDSSO\LQJRQIXHODVVHPEO\LVHYDOXDWHGIRUN1 OEI DVVKRZQLQ
7DEOH7KHUHIRUHWKHPD[LPXPDFFHOHUDWLRQORDGWKDWWKHUDFNLPSDUWVRQWKHIXHODVVHPEO\FDQEH
FRQVHUYDWLYHO\FDOFXODWHGDVIROORZV

N1 OEI

ி

D   J
௪

ZKHUH
D
) 

J

>@ N1 OEI

0D[LPXPODWHUDODFFHOHUDWLRQLQJ¶V
0D[LPXPIXHOWRFHOOZDOOLPSDFWORDGSHUFHOO N1 OEI DQG
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J

:HLJKWRIRQHIXHODVVHPEO\ NJI OEI 

7KHVWUXFWXUDOLQWHJULW\RIIXHODVVHPEO\LVHYDOXDWHGIRUWKHPD[LPXPODWHUDODFFHOHUDWLRQORDG J 
 %XFNOLQJ(YDOXDWLRQRI)XHO6SDFHU*ULG
7KHODWHUDOLPSDFWORDGVRQDVLQJOHIXHOJULGVSDFHULVFRPSDUHGDJDLQVWLWVEXFNOLQJFDSDFLW\ZKLFKLV
GHULYHGIURPWKHGDWDLQ6$1',$5HSRUW6$1' 5HIHUHQFH 7KLVUHSRUWSURYLGHVDQDQDO\VLV
ZKLFKSUHGLFWVWKHRQVHWRIEXFNOLQJRIWKHSUHVVXUL]HGZDWHUUHDFWRU 3:5 VSDFHUJULGDW1 OEI 
RIORDGSHUIXHOURG7KHLQLWLDOORDGLQJIURPWKHIXHOURGVRQDODWHUDOLPSDFWFRPSUHVVHVWKHOHDIVSULQJV
RQWRWKHVSDFHUJULGIUDPH$QGWKHQWKHVSDFHUFRPSUHVVHVWKHVSULQJVWRWKHERWWRPUHVXOWLQJLQD
GHIOHFWLRQRIWKHVSDFHUJULGIUDPH7KHVSDFHUJULGIUDPHVSURYLGHUHVLVWDQFHWRWKHSRLQWZKHUHWKH
IUDPHEHJLQVWREXFNOH$IWHUEXFNOLQJWKHIUDPHRIIHUVDPLQLPDOUHVLVWDQFHWRIXUWKHUORDG7KHREMHFWLYH
RIWKLVDQDO\VLVLVWRGHPRQVWUDWHWKDWWKHVSDFHUJULGVGRQRWEXFNOHDQGFRQVHTXHQWO\URGWRURGFRQWDFW
GRHVQRWRFFXU
7KHIXHODVVHPEO\VSDFHUJULGPRGHOIRUWKH3:5[IXHODVVHPEOLHVLVEDVHGRQWKHQRQOLQHDU
VSULQJHOHPHQWRIWKHIXHODVVHPEO\VSDFHUJULGREWDLQHGIURPWKHDQDO\VLVRIDVLQJOHVSDFHUJULGFHOO
7KHEDVLVRIWKLVFHOOPRGHOLVYHULILHGWKURXJKH[WHQVLYHPRGHOLQJRIHQWLUHVSDFHUJULGIUDPHVDV
GHVFULEHGLQWKH6$1',$UHSRUW 5HIHUHQFH $SSHQGL[,,,RIWKH6$1',$UHSRUW 5HIHUHQFH 
VKRZVWKHGHIOHFWHGVKDSHIURPWKH3:5[VLQJOHED\VOLFHPRGHODQDO\VLVDQGWKHIRUFHGHIOHFWLRQ
VSULQJHOHPHQWVGHYHORSHGIRUWKH%DEFRFNDQG:LOFR[ % : DVVHPEO\PRGHOVXVHGWRVLPXODWHWKH
VSDFHUJULGIRUWKHWZRGLPHQVLRQDOVLGHGURSDVVHPEO\DQDO\VHV(DFKVSULQJHOHPHQWRI3:5[
IXHODVVHPEOLHVZLOODFFUXHWKHIRUFHIURPWKHDOOURGVDGMDFHQWWRWKHVSULQJRILQWHUHVWDQGVRWKH
EXFNOLQJIRUFHRI1 OEI IRUDQLQGLYLGXDOFHOOLVHTXLYDOHQWWRDIRUFHRI1 OEI LQHDFK
URGWKDWEXFNOHVDWWKHODVWFHOOLQWKHURZ7KHEXFNOLQJFDSDFLW\RIWKHVSDFHUJULGLVLQYHUVHO\
SURSRUWLRQDOWRWKHVTXDUHRIWKHFHOOVL]HLHWKHOHQJWKRIWKHXQVXSSRUWHGFROXPQDQGWKHFHOOVL]HLV
GLUHFWO\UHODWHGWRWKHIXHOURGSLWFK
6LQFHWKHFHOOVLQWKH3:5[VSDFHUJULGVIRUWKH$35GHVLJQDUHVPDOOHUWKDQWKH3:5[
VSDFHUJULGVWKHVPDOOHUFHOOVDUHPRUHUHVLVWDQWWREXFNOLQJ7KHUDWLRRIURGSLWFKIRUHDFKIXHO
DVVHPEO\LVFDOFXODWHGDVIROORZV
5DWLR 

ଵହൈଵହ
ଵൈଵ

ൌ

ଵǤସସଷ
ଵǤଶ଼ହ



[  [    J  1 OEI

7KHUHIRUHWKHFULWLFDOEXFNOLQJORDGRIWKHIXHOVSDFHUJULGIRUWKH$35GHVLJQLV[   
1 OEI )XUWKHUPRUHWKHPDVVRIWKHIXHODVVHPEO\FKDQQHOGRHVQRWFRQWULEXWHWRWKHEXFNOLQJ
ORDGVRQWKHVSDFHUJULGVRRQO\WKHIXHOURGPDVVLVFRQVLGHUHGLQWKLVDQDO\VLV7KHIXHOURGPDVVLV
DSSOLHGDVNJP OEPLQ IURP7DEOH7KHORDGLPSRVHGRQDFHOOLQWKHVSDFHUJULGLV
WKHPDVVRIWKHIXHOURGRQHDFKVLGHRIWKHVSDFHUFHOORU[  [    J  1
OEI DQGWKHFRPELQHGORDGIURPIXHOURGVDGMDFHQWWRWKHFULWLFDOFHOOLV[ 1 OEI 
 6WUHVV(YDOXDWLRQRI)XHO&ODGGLQJ

[ 1 OEI

7KHPD[LPXPODWHUDODFFHOHUDWLRQDFWLQJRQWKHIXHOPDVVLVXVHGWRFDOFXODWHDORDGXQLIRUPO\GLVWULEXWHG
RYHUDVLQJOHIXHOURGPRGHOHGDVDEHDPVLPSO\VXSSRUWHGE\WKHVSDFHUJULGVDQGWKHPD[LPXPIXHO
URGOHQJWKEHWZHHQWKHVSDFHUJULGVLVPP LQ DVVKRZQLQ7DEOH
7KHXQLIRUPO\GLVWULEXWHGORDGRQWKHIXHOURGLVFDOFXODWHGDVIROORZV
T D[:IXHO [ 1P OEPLQ 

[ 1P OEPLQ

J

ZKHUH
D
.(3&2 .+13
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:IXHO 
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)XHODVVHPEO\URGPDVVSHUXQLWOHQJWK NJP 

7KHPD[LPXPEHQGLQJPRPHQWIRUXQLIRUPORDGLVFDOFXODWHGDV
0  T[/VSDFHU      1P OEILQ 

    1P OEILQ

ZKHUH
/VSDFHU

0D[LPXPIXHOURGOHQJWKEHWZHHQVSDFHUJULGV PP LQ 

7KHUHVXOWLQJPD[LPXPEHQGLQJVWUHVVLQWKHIXHOFODGGLQJLVFDOFXODWHGDV03D SVL IURP
HTXDWLRQEHORZ

03D SVL

ߪ ൌ 

ெήோ 
ூ

 03D SVL

ZKHUH
5R 
,

03D SVL

2XWHUUDGLXVRIIXHOURG PP LQ DQG
0RPHQWRILQHUWLDRIIXHOURGFODGGLQJ PP [LQ 

$VUHVXOWVIRUIXHODVVHPEO\HYDOXDWLRQERWKWKHPD[LPXPLPSDFWORDGRQDQLQGLYLGXDOIXHOJULGVSDFHU
FHOODQGWKHEHQGLQJVWUHVVLQGXFHGLQWKHIXHOURGFODGGLQJGXHWRWKHPD[LPXPODWHUDODFFHOHUDWLRQDUH
VXPPDUL]HGLQ7DEOH7KHVWUXFWXUDOLQWHJULW\RIWKHVWRUHGIXHODVVHPEOLHVXQGHUWKH66(HYHQWLV
DVVXUHGEHFDXVHWKHVDIHW\IDFWRUVDUHJUHDWHUWKDQ


5DFN6WUXFWXUDO(YDOXDWLRQ

7RLQVXUHWKDWWKHIXHOUDFNVKDYHDGHTXDWHVDIHW\PDUJLQVDOOVWUHVVHYDOXDWLRQVIRUWKHIXHOUDFNVDUH
SHUIRUPHGEDVHGRQWKHZRUVWFDVHUHVXOWVIURPIRXUVLPXODWLRQV,QWKLVVHFWLRQWKHVWUXFWXUDOLQWHJULW\RI
ZHOGDQGHDFKSDUWRIUDFNLVHYDOXDWHGE\XVLQJWKHPD[LPXPORDGVLQYHUWLFDODQGKRUL]RQWDOGLUHFWLRQ
FDOFXODWHGE\WLPHKLVWRU\DQDO\VLVRIIXHOVWRUDJHUDFN 
 6WUHVV)DFWRUVRI5DFN
:LWKWLPHKLVWRU\DQDO\VLVUHVXOWVDYDLODEOHIRUSHGHVWDOQRUPDODQGODWHUDOLQWHUIDFHIRUFHVWKHOLPLWLQJ
EHQGLQJPRPHQWDQGVKHDUIRUFHDWWKHEDVHSODWHWRSHGHVWDOLQWHUIDFHPD\EHFRPSXWHGDVDIXQFWLRQRI
WLPH,QSDUWLFXODUPD[LPXPYDOXHVIRUWKHVWUHVVIDFWRUVZKLFKDUHGHILQHGRQVHFWLRQFDQEH
GHWHUPLQHGIRUHYHU\SHGHVWDOLQWKHUDFN8VLQJWKLVLQIRUPDWLRQWKHVWUXFWXUDOLQWHJULW\RIWKHSHGHVWDO
FDQEHDVVHVVHG
7KHQHWVHFWLRQPD[LPXPEHQGLQJPRPHQWVDQGVKHDUIRUFHVFDQDOVREHGHWHUPLQHGDWWKHERWWRPRI
WKHFHOOXODUVWUXFWXUH)URPWKHVHORDGVWKHVWUHVVIDFWRUVIRUWKH1)65VDQGWKH6)65VFHOOXODUFURVV
VHFWLRQMXVWDERYHWKHEDVHSODWHFDQEHDOVRGHWHUPLQHGLQWKHUDFN7KHVHORFDWLRQVDUHWKHPRVWKHDYLO\
ORDGHGQHWVHFWLRQVLQWKHVWUXFWXUHVRWKDWVDWLVIDFWLRQRIWKHVWUHVVIDFWRUFULWHULDDWWKHVHORFDWLRQV
HQVXUHVWKDWWKHRYHUDOOVWUXFWXUDOFULWHULDVHWIRUWKLQVHFWLRQDUHPHW
DQG

DQG

7KHPD[LPXPSHGHVWDOVWUHVVIDFWRUVIRUWKH1)65VDQGWKH6)65VDUHDQGUHVSHFWLYHO\
DQGDUHOHVVWKDQWKHDOORZDEOHRI7KHPD[LPXPFHOOZDOOVWUHVVIDFWRUVIRUWKH1)65VDQGWKH
6)65VDUHDQGUHVSHFWLYHO\DQGDUHOHVVWKDQWKHDOORZDEOHRI7KHUHIRUHWKHUDFNFHOOV
DQGWKHVXSSRUWSHGHVWDOVDUHDEOHWRPDLQWDLQWKHLUVWUXFWXUDOLQWHJULW\XQGHUWKHZRUVWORDGLQJFRQGLWLRQV
7KHPD[LPXPVWUHVVIDFWRUVIRUWKHUDFNFHOOVDQGWKHVXSSRUWSHGHVWDOVDUHOHVVWKDQWKHDOORZDEOHRI
IRUWKHJRYHUQLQJIDXOWHGFRQGLWLRQH[DPLQHGDVVKRZQRQ7DEOH
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 3HGHVWDO7KUHDG6WUHVV(YDOXDWLRQ
7KHLQWHJULW\IRUWKHVXSSRUWSHGHVWDOWKUHDGLVHYDOXDWHGIRUWKHPD[LPXPORDGRIVXSSRUWSHGHVWDOLQ
YHUWLFDOGLUHFWLRQDVVKRZQLQ7DEOH8VLQJWKLVORDGWKHPD[LPXPVKHDUVWUHVVRIWKUHDGLQWKH
HQJDJHPHQWUHJLRQLVFDOFXODWHG7KHDOORZDEOHVKHDUVWUHVVRI6$7\SH/PDWHULDOIRU/HYHO'
FRQGLWLRQLVWKHOHVVHURI6\ 03D SVL RU6X 03D SVL DVVWDWHG
RQVXEVHFWLRQ7KHUHIRUHWKHIRUPHUFULWHULDFRQWUROVDQGWKHFDOFXODWHGVKHDUVWUHVVRISHGHVWDO
WKUHDGLVDVVKRZQRQ7DEOH
 6WUHVVHVRQ:HOGV
:HOGORFDWLRQVRIWKH1)65VVXEMHFWHGWR66(ORDGLQJDUHDWWKHERWWRPRIWKHUDFNDWWKHFHOOWR
EDVHSODWHFRQQHFWLRQDQGDWWKHWRSRIWKHSHGHVWDOVXSSRUWDWWKHEDVHSODWHFRQQHFWLRQ,QDGGLWLRQ
ZHOGORFDWLRQVIRUWKH6)65VDUHDWWKHERWWRPRIWKHUDFNDWWKHFHOOWREDVHSODWHFRQQHFWLRQDWWKHWRS
RIWKHSHGHVWDOVXSSRUWDWWKHEDVHSODWHFRQQHFWLRQDQGDWFHOOWRFHOOFRQQHFWLRQV7KHPD[LPXPYDOXHV
RIUHVXOWDQWORDGVDUHXVHGWRHYDOXDWHWKHVWUXFWXUDOLQWHJULW\RIWKHVHZHOGV7KHFDOFXODWHGVWUHVVHVRQ
ZHOGVRIUDFNDUHVXPPDUL]HGLQ7DEOH
  &HOOWR%DVHSODWH:HOG
$VJLYHQLQ$60(&RGH6HFWLRQ,,,6XEVHFWLRQ1)IRU/HYHO$RU%FRQGLWLRQVDQDOORZDEOHVKHDUVWUHVV
RIDZHOGLV6X 03D SVL FRQVHUYDWLYHO\EDVHGRQWKHEDVHPHWDOPDWHULDO$VVWDWHG
LQVXEVHFWLRQWKHDOORZDEOHZHOGVWUHVVPD\EHLQFUHDVHGIRU/HYHO'E\WKHUDWLRRIJLYLQJDQ
DOORZDEOHRI6X 03D SVL 
:HOGVWUHVVHVRQWKHFHOOWREDVHSODWHDUHGHWHUPLQHGWKURXJKWKHXVHRIDVLPSOHFRQYHUVLRQIDFWRU UDWLR 
DSSOLHGWRWKHFRUUHVSRQGLQJVWUHVVIDFWRULQWKHDGMDFHQWUDFNPDWHULDO7KLVVWUHVVIDFWRULVGLVFXVVHGLQ
VHFWLRQDQGJLYHQLQWKH7DEOH7KHFRQYHUVLRQIDFWRU UDWLR YDOXHVDUHGHYHORSHGIURP
FRQVLGHUDWLRQRIWKHGLIIHUHQFHVLQPDWHULDOWKLFNQHVVDQGOHQJWKYHUVXVZHOGWKURDWGLPHQVLRQDQGOHQJWK
DVIROORZV
5DWLR >  [ @ [[   IRUWKH6)65V 
ZKHUH,QQHUFHOOGLPHQVLRQ PP LQ &HOOZDOOWKLFNQHVV PP LQ :HOGOHQJWK 
PP LQ DQG:HOGWKLFNQHVV [ PP LQ DUHXVHG
)RUWKH1)65VWKHFHOOZDOOWKLFNQHVVDQGZHOGWKLFNQHVVDUHPP LQ DQGPP LQ 
UHVSHFWLYHO\7KHFRQYHUVLRQIDFWRU UDWLR IRUWKH1)65VLVFDOFXODWHGDV
7KHKLJKHVWSUHGLFWHGFHOOWREDVHSODWHZHOGVWUHVVLVFRQVHUYDWLYHO\FDOFXODWHGEDVHGRQWKHKLJKHVW
)$&7IRUWKHUDFNFHOOUHJLRQWHQVLRQVWUHVVIDFWRUDQG)$&7IRUWKHUDFNFHOOUHJLRQVKHDUVWUHVVIDFWRU
7KHPD[LPXPVWUHVVIDFWRUVXVHGGRQRWDOORFFXUDWWKHVDPHWLPHLQVWDQWDQGWKHVKHDUVWUHVVIDFWRUV
DUHWKHPD[LPXPIRUDOOORDGFRQGLWLRQV7KHVHFHOOZDOOVWUHVVIDFWRUVDUHFRQYHUWHGLQWRDFWXDOVWUHVVRQ
WKHZHOGRIFHOOWRFHOODVIROORZV
)$&7)$&7 [ [[6\ [5DWLR   [ [[ [ 03D 
SVL 
7KHPXOWLSOLHUYDOXHLVXVHGWRDGMXVWWKH/HYHO$DOORZDEOHWRWKH/HYHO'DOORZDEOHDVGLVFXVVHGLQ
VXEVHFWLRQ7KHFDOFXODWHGVWUHVVYDOXHLVOHVVWKDQWKHDOORZDEOHZHOGVWUHVVYDOXHRI03D
SVL 7KHUHIRUHDOOZHOGVWUHVVHVEHWZHHQWKHFHOOZDOODQGWKHEDVHSODWHDUHDFFHSWDEOH
  %DVHSODWHWR3HGHVWDO:HOG
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7KHZHOGVWUHVVRQWKHEDVHSODWHWRSHGHVWDOLVFRQVHUYDWLYHO\HYDOXDWHGXVLQJWKHPD[LPXPSHGHVWDO
ORDGRIWKH1)65DQGWKHGLPHQVLRQRIVXSSRUWSHGHVWDOZHOGVRIVSHQWIXHOVWRUDJHUDFN7KHZHOG
EHWZHHQEDVHSODWHDQGVXSSRUWSHGHVWDOLVFKHFNHGXVLQJILQLWHHOHPHQWDQDO\VLVWRGHWHUPLQHWKDWWKH
PD[LPXPVWUHVVLV03D SVL XQGHUD/HYHO'FRQGLWLRQ7KLVFDOFXODWHGVWUHVVYDOXHLVZHOO
EHORZWKH/HYHO'DOORZDEOHRI03D SVL 7KHUHIRUHDOOZHOGVWUHVVHVEHWZHHQEDVHSODWH
DQGVXSSRUWSHGHVWDODUHDFFHSWDEOH
 &HOOWR&HOO:HOG

03D SVL

6WUHVVRIFHOOWRFHOOZHOGLVFDOFXODWHGE\FRPELQDWLRQWKHVKHDUVWUHVVGXHWRKRUL]RQWDOORDGDFWLQJRQ
UDFNDQGWKHVKHDUVWUHVVGXHWRLPSDFWORDGRIUDFNFHOOWRIXHODVVHPEO\&HOOWRFHOOFRQQHFWLRQVDUHE\
DVHULHVRIFRQQHFWLQJZHOGVDORQJWKHFHOOKHLJKW6WUHVVHVLQVWRUDJHFHOOWRFHOOZHOGVGHYHORSGXHWR
IXHODVVHPEO\LPSDFWVZLWKWKHFHOOZDOO7KHVHZHOGVWUHVVHVDUHFRQVHUYDWLYHO\FRQVLGHUHGE\DVVXPLQJ
WKDWIXHODVVHPEOLHVLQDGMDFHQWFHOOVDUHPRYLQJRXWRISKDVHZLWKRQHDQRWKHUVRWKDWLPSDFWORDGVLQ
WZRDGMDFHQWFHOOVDUHLQRSSRVLWHGLUHFWLRQVDQGDUHDSSOLHGVLPXOWDQHRXVO\7KLVORDGDSSOLFDWLRQWHQGVWR
VHSDUDWHWKHWZRFHOOVIURPHDFKRWKHUDWWKHZHOG6WUHVVRIFHOOWRFHOOZHOGLVFRPELQHGE\WKHVTXDUH
URRWRIWKHVXPRIWKHVTXDUHV 6566 PHWKRGIRUWKHVKHDUVWUHVVGXHWRKRUL]RQWDOORDGDFWLQJRQUDFN
DQGWKHVKHDUVWUHVVGXHWRLPSDFWORDGRIUDFNFHOOWRIXHODVVHPEO\7KHFDOFXODWHGVWUHVVHVRIWKHFHOO
WRFHOOZHOGDQGWKHEDVHPHWDOVKHDUDUHZHOOEHORZWKHDOORZDEOHDQGWKHUHVXOWVDUHVXPPDUL]HGLQ
7DEOH
 /RFDO6WUHVV(YDOXDWLRQ

N1 OEI DQGN1 OEI

  &HOO:DOO,PSDFW
7KHPD[LPXPLPSDFWORDGVRIIXHOWRFHOOZDOORQWKH1)65VDQGWKH6)65VDUHN1 OEI DQG
N1 OEI UHVSHFWLYHO\ZKLFKDUHDVVKRZQLQ7DEOH7KHHYDOXDWLRQIRUFHOOZDOOIRULPSDFW
LVSHUIRUPHGWRJXDUDQWHHWKDWORFDOLPSDFWGRHVQRWDIIHFWFULWLFDOLW\RIVWRUHGIXHO,QWHJULW\RIORFDOFHOO
ZDOOLVHYDOXDWHGFRQVHUYDWLYHO\XVLQJWKHSHDNLPSDFWORDG/LPLWLPSDFWORDGWRLQGXFHRYHUDOO
SHUPDQHQWGHIRUPDWLRQLVFDOFXODWHGE\SODVWLFDQDO\VLV7KHFHOOZDOOVRIWKHQHZDQGWKHVSHQWIXHO
VWRUDJHUDFNVHQGXUHWKHVLGHORDGRIWKHPD[LPXPN1 OEI DQGN1 OEI 
UHVSHFWLYHO\ 5HIHUHQFH 7KHUHIRUHWKHFHOOZDOORIUDFNVVDWLVILHVWKHUHTXLUHPHQWZLWKWKHPD[LPXP
LPSDFWORDGVOHVVWKDQWKHDOORZDEOHORDGV
  &HOO:DOO%XFNOLQJ
7KHDOORZDEOHORFDOEXFNOLQJVWUHVVHVRIFHOOZDOOVIRUIXHOVWRUDJHUDFNDUHREWDLQHGE\XVLQJFODVVLFDO
SODWHEXFNOLQJDQDO\VLVRQWKHORZHUSRUWLRQRIWKHFHOOZDOOV$FULWLFDOEXFNLQJVWUHVVRIFHOOZDOOVFDQEH
FDOFXODWHGE\IROORZLQJHTXDWLRQ

σ cr =

β π  Et
 b   − ν 

:KHUH( <RXQJ¶VPRGXOXV  (1PP (SVL  Ƒ 3RLVVRQ¶VUDWLR  W &HOO
7KLFNQHVV  PP LQ E &HOOZLGWK  PP LQ DQGȕ 9DOXHRIFRHIILFLHQW  ZKLFK
LVLQGLFDWHGIRUDORQJSODWH 5HIHUHQFH 
)RUWKHJLYHQGDWDDERYHWKHFULWLFDOEXFNOLQJVWUHVV ıFU LVFRQVHUYDWLYHO\FDOFXODWHGDV03D
SVL IRUDOOUDFNV,WVKRXOGEHQRWHGWKDWWKLVFDOFXODWLRQLVEDVHGRQWKHDSSOLHGVWUHVVEHLQJ
XQLIRUPDORQJWKHHQWLUHOHQJWKRIWKHFHOOZDOO,QWKHDFWXDOIXHOUDFNWKHFRPSUHVVLYHVWUHVVFRPHVIURP
FRQVLGHUDWLRQRIRYHUDOOEHQGLQJRIWKHUDFNVWUXFWXUHVGXULQJDVHLVPLFHYHQWDQGDVVXFKLVQHJOLJLEOHDW
WKHUDFNWRS,QWKHVLPXODWLRQWKHPD[LPXPFRPSUHVVLYHVWUHVVGXHWRRYHUDOOEHQGLQJLVJHQHUDWHGQHDU
EDVHSODWH7KLVORFDOEXFNOLQJVWUHVVOLPLWLVQRWYLRODWHGDQ\ZKHUHLQWKHERG\RIWKHUDFNPRGXOHVVLQFH
.(3&2 .+13
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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-14012P & 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
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 in the attachment.

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, Section 3.6 and Table 3-6 will be revised as shown in the
attachment.
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G\QDPLFDQDO\VLV 5HIHUHQFH 0FRUUHVSRQGVWRUHDOPDVVRIWKHUHDOIXHOV\VWHPDQGGRHVQRWLQFOXGH
DQ\K\GURG\QDPLFPDVV2QO\PDWHULDOGDPSLQJIRUWKHIXHODQGUDFNLVXVHGLQFDOFXODWLQJWKHGDPSLQJ
PDWUL[&7KHGHVLJQEDVLVGDPSLQJYDOXHIRUWKH1)65VDQGWKH6)65VLVFRQVHUYDWLYHO\XVHGDV
IRU66(HYHQWLQDFFRUGDQFHZLWKWKHUHJXODWRU\JXLGH 5*  5HIHUHQFH IRUZHOGHGVWHHO
3.4.4

Material Data

0DWHULDOSURSHUWLHVRIIXHODVVHPEO\DUHWDNHQIURPWKH3:53/86IXHODVVHPEO\GDWD 5HIHUHQFH 
DVVKRZQLQWKH7DEOH,QDGGLWLRQWKRVHRIUDFNDUHREWDLQHGIURP$60(&RGH6HFWLRQ,,3DUW'
5HIHUHQFH DVVKRZQLQWKH7DEOH7KHYDOXHVOLVWHGFRUUHVSRQGWRDGHVLJQWHPSHUDWXUHRI
R
& R) 
3.5

Computer Codes

7KHFRPSXWHUFRGHVOLVWHGLQ7DEOHDUHXVHGLQWKHG\QDPLFDQDO\VLV
3.6

Dynamic Simulations

)RXUVLPXODWLRQVVKRZQLQ7DEOHDUHSHUIRUPHGIRUWKHQHZDQGWKHVSHQWIXHOSRROUDFNVWR
LQYHVWLJDWHWKHVWUXFWXUDOLQWHJULW\RIHDFKUDFN66(HYHQWLVFRQVLGHUHGDVORDGLQJFRQGLWLRQVIRUWKH
UDFNV7KHVWRUDJHUDFNFRQILJXUDWLRQVDWWKHIXOOORDGLQJDUHFRQVLGHUHGLQWKHG\QDPLFVLPXODWLRQV7R
FRQVLGHUWKHHIIRUWRIWKHIULFWLRQFRHIILFLHQWEHWZHHQSHGHVWDODQGHPEHGPHQWSODWHDVGLVFXVVHGLQ
VXEVHFWLRQVLPXODWLRQVDUHSHUIRUPHGE\YDU\LQJWKHIULFWLRQFRHIILFLHQWZLWKXSSHUDQGORZHUERXQG
YDOXHVDQGDPHDQYDOXH7KHQRQOLQHDUG\QDPLFDQDO\VHVIRUG\QDPLFVLPXODWLRQVRIWKH1)65VDQG
WKH6)65VDUHSHUIRUPHGXVLQJWKH$16<6 5HIHUHQFH ILQLWHHOHPHQWSURJUDP

$OOVLPXODWLRQVVKRZQLQ7DEOHDUHSHUIRUPHGIRUWKHQHZDQGWKHVSHQWIXHOSRROUDFNVWR
LQYHVWLJDWHWKHVWUXFWXUDOLQWHJULW\RIHDFKUDFN7KHORDGLQJFRQGLWLRQVIRUWKHUDFNVLVEDVHG
RQWKH66(HYHQW7KHVWRUDJHUDFNFRQILJXUDWLRQVDWWKHIXOOHPSW\DQGPL[HGORDGLQJVDUH
FRQVLGHUHGLQWKHG\QDPLFVLPXODWLRQV7RFRQVLGHUWKHHIIHFWRIWKHIULFWLRQFRHIILFLHQW
EHWZHHQSHGHVWDODQGHPEHGPHQWSODWHDVGLVFXVVHGLQ6XEVHFWLRQVLPXODWLRQVDUH
SHUIRUPHGE\YDU\LQJWKHIULFWLRQFRHIILFLHQWZLWKXSSHUDQGORZHUERXQGYDOXHVDQGDPHDQ
YDOXH7KHQRQOLQHDUG\QDPLFDQDO\VHVIRUG\QDPLFVLPXODWLRQVRIWKH1)65VDQGWKH6)65V
DUHSHUIRUPHGXVLQJWKH$16<6 5HIHUHQFH ILQLWHHOHPHQWSURJUDP7KHUHVXOWVRIWKH
VLPXODWLRQVDUHFRPSDUHGWRWKHVWUHVVDQGNLQHPDWLFFULWHULDLQ6HFWLRQRI$35+1
153
5XQQXPEHUVWKURXJKDUHG\QDPLFVLPXODWLRQVRIWKH1)655XQQXPEHUVWKURXJK
DUHDVVRFLDWHGZLWKWKHFRHIILFLHQWRIIULFWLRQ &2) YDOXH5XQQXPEHUVWKURXJK
DUHDVVRFLDWHGZLWKWKH&2)YDOXHDQGILQDOO\UXQQXPEHUVWKURXJKDUHDVVRFLDWHG
ZLWKWKH&2)YDOXH
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IROORZLQJUHDVRQV
 5XQSURGXFHGWKHPD[LPXPYHUWLFDOORDGRQDVLQJOHSHGHVWDODQGIXHOWRFHOOLPSDFW
ORDGDPRQJWKHEDVHUXQV
 5XQSURGXFHGWKH UGKLJKHVWVWUHVVIDFWRUIURPDPRQJWKHEDVHUXQV
 5XQSURGXFHGWKHPD[LPXPKRUL]RQWDOORDGRQDVLQJOHSHGHVWDOORDGDPRQJWKH
EDVHUXQV
 5XQSURGXFHGWKHPD[LPXPVWUHVVIDFWRUIURPDPRQJWKHEDVHUXQV
%DVHGRQWKHDERYHUXQQXPEHUVDQGZHUHMXGJHGWREHWKHPRVWVHYHUHORDGLQJ
FRQGLWLRQIRUWKHUDFNV7KXVWKHVHQVLWLYLW\UXQVZHUHDOOSHUIRUPHGXVLQJD&2)YDOXH
DQGRIWLPHKLVWRU\VHW
5XQQXPEHUVDQGDVVXPHVDOOUDFNVDUHFRPSOHWHO\HPSW\5XQQXPEHUVDQG
DVVXPHVDPL[HGORDGLQJFRQILJXUDWLRQZKHUHLQWKHWZRUDFNZLWKRQHUDFNHPSW\DQGWKH
RWKHUUDFNIXOO\ORDGHG
7KHSXUSRVHRIUXQQXPEHUVWKURXJKLVWRPHDVXUHWKHVHQVLWLYLW\RIWKHG\QDPLFUHVXOWV
WRYDULDWLRQVLQWKHVWLIIQHVVSURSHUWLHV
5XQQXPEHUVWKURXJKDUHLGHQWLFDOWRWKHERXQGLQJUXQLPSDFWVSULQJUDWHVRIUDFNWR
UDFNEDVHSODWHDQGIXHOWRFHOODUHXQLIRUPO\GHFUHDVHGRULQFUHDVHGE\UHVSHFWLYHO\
5XQQXPEHUVWKURXJKDUHLGHQWLFDOWRWKHERXQGLQJUXQLPSDFWVSULQJUDWHVRIUDFNWR
UDFNEDVHSODWHRQO\DUHXQLIRUPO\GHFUHDVHGRULQFUHDVHGE\UHVSHFWLYHO\
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Table 3-5 Computer Codes used in Mechanical Analysis
No.

1

Code

ANSYS

Version

Remark

10.0

ANSYS is an industry-standard general purpose Finite
Element Analysis (FEA) program. The elements and
options used in this analysis are well-established and
fully verified.

2

ATIGEN

0

Generate artificial time histories from input response
spectra data and based on NRC Standard Review
Plan 3.7.1 which requires comparison of PSD (Power
Spectral Density) of original (target) with regenerated
results.

3

STCOR

0

Check the statistical independence of the generated
artificial time histories from given response spectra

Table 3-6 List of Simulation

No.

Rack

Fuel Storage

Seismic Load

COF

1

NFSR

Full

SSE

N/A

Full

SSE

0.2

Full

SSE

0.5

Full

SSE

0.8

2

3

4

KEPCO & KHNP

SFSR

29
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Table 3-6 List of Simulation
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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. 09.01.02-20
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.5, ‘Design and analysis Procedure” requires that “Details of the
mathematical model, including a description of how the important parameters are obtained,
should be provided”.” The seismic response of the freestanding fuel storage rack modules is
highly nonlinear and involves a complex combination of motions (sliding, rocking, and
twisting).The staff did not find sufficient information of the mathematical model and its
parameters considered for the seismic evaluation of the new and the spent fuel racks. In
accordance with SRP 3.8.4 Appendix D section I.5, the applicant is requested to provide the
following information so that the staff can perform its safety evaluation of the seismic analysis.
a. In Subsection 3.3 (3), it is stated that “Each concentrated mass has a degree of freedom in
horizontal direction”. The applicant is requested to clarify if the same mass is considered
effective in both the horizontal directions. Also, the applicant is requested to provide the
technical basis for not including the rack and the fuel lumped masses associated with the
rocking and twisting degrees of freedom to simulate sliding, rocking and twisting of the free
standing racks.
b. In Figures 3-1 and 3-3 (APR1400-H-N-NR-14012, Rev.0), dynamic analysis model of new
fuel and spent fuel storage racks respectively, rack equivalent element and fuel assembly
equivalent element are shown. Please describe the methodology for determining the rack and
fuel assembly equivalent element properties including the acceptance criteria for dynamic
equivalency. Provide a comparison of natural frequencies and significant modes of vibrations
of the equivalent rack-fuel assembly with the actual rack-fuel assembly.
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c. In Figure 3-4 (APR1400-H-N-NR-14012-P, Rev.0), schematic of spring elements used for
SFSR are shown. The applicant is requested to provide the spring values and explain how
the different spring stiffness values are determined. Since the impact forces are affected by
the impact spring stiffness , the applicant is also requested to explain how is the sensitivity of
the impact forces and rack responses to variation in these spring constants is considered in
the nonlinear seismic analyses. Provide the results of any sensitivity analysis performed.
d. Provide the integration time step used in performing the nonlinear time history analyses for
SSE. Please explain the sensitivity of the numerical results to the integration time step used
in the nonlinear seismic analyses. Provide the results of any sensitivity analysis performed.
e. The applicant is also requested to explain the methods used to incorporate gaps between
the racks, fuel bundles and the guide tubes and how the sensitivity of variation in gaps is
considered in the nonlinear seismic analyses. Provide the results of any sensitivity analysis
performed.
f. The applicant is requested to discuss how the effect of the installation tolerances for the
nominal gap are considered in the seismic analysis and design of the NFSR and SFSR
and provide the results of any sensitivity analysis performed.
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, Rev.0, as
appropriate.

Response
a. Each concentrated mass in the fuel assembly model has two degree of freedom in the
horizontal direction (X and Y direction) and time history seismic loading for two horizontal
directions (X and Y direction) are applied simultaneously in the nonlinear seismic analyses.
All fuel assemblies move simultaneously in one direction. The assumption included in this
model brings about a larger impact on the rack module than the actual case, and results in
conservative loads to the storage rack. The response of a free-standing rack module to
seismic inputs is highly nonlinear and involves a complex combination of motions such as
sliding, rocking, twisting, and turning due to impacts and friction effects. Therefore, as
stated in the response for Question 09.01.02-16, Dynamic Simulations, the analysis is
conducted with five separate time histories. Each of the five time histories is then evaluated
using three different coefficients of friction for the pedestal and the bottom of pool.
b. The dynamic analysis model of the new fuel and spent fuel storage racks are generated
using a simplified beam element. A simplified beam model is developed in ways to have
similar dynamic characteristics (natural frequency and mode shapes) with the actual model
(detailed three dimensional model). A simplified beam model is generated by repetitive
changes in the moment of inertia (Iyy, Izz) for rack element so that the natural frequency of
a simplified beam model is tuned to that of an actual models. The following table shows the
modal analysis results of an actual and a simplified beam model.
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1) New Fuel Storage Rack
Module Type Direction

FEM Model
Actual Model (A)

7x8

Horizontal

2) Spent Fuel Storage Rack
Region I :
Module Type Direction

Horizontal

Horizontal

Region II :
Module Type Direction

FEM Model

Horizontal

Horizontal

23.01

1

41.61

2

47.70

34.34

2

50.43

1
2
Difference of natural frequency*

34.45
50.66
Less than 5%

Mode Natural Frequency (Hz)
1

38.26

2

44.17

1
2
Difference of natural frequency*

Simplified Beam Model
(B)

38.38
44.95
Less than 5%

1

36.07

2

43.88

1
2
Difference of natural frequency*
(*)Difference of natural frequency = (1- B/A) x 100
Simplified Beam Model
(B)

41.34
47.40
Less than 5%

1

Simplified Beam Model
(B)

FEM Model

22.87
23.01
Less than 5%

Mode Natural Frequency (Hz)

1
2
Difference of natural frequency

Actual Model (A)
8x7

2

Simplified Beam Model
(B)

Actual Model (A)
8x8

22.88

1
2
Difference of natural frequency*

Actual Model (A)
6x8

1

Simplified Beam Model
(B)

Actual Model (A)
8x8

Mode Natural Frequency (Hz)

36.35
43.45
Less than 5%

The dynamic analysis model of a fuel assembly is generated using lumped mass and
simplified beam elements. The methodology for determining the fuel assembly equivalent
element is shown in the response for Question 09.01.02-30.a.
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c. Spring stiffness values of fuel assembly-to-rack cell are calculated by multiplying the grid
stiffness of a fuel assembly and the total number of fuel assembly grids (11 EA). The
stiffness value of the fuel assembly grid is determined by evaluation of the simplified
analysis model for the impact test results of the fuel assembly.
And the spring stiffness values for pedestal-to-spent fuel pool floor are calculated using the
following formula:
K_ped =

1
1
1
1
+
+
K_bp K_fp K_mp

Where,
K_ped : pedestal stiffness
K_bp : baseplate vertical stiffness
K_fp : female support stiffness
K_mp : male support stiffness
And the method of calculating the spring stiffness values for rack baseplate-to-rack
baseplate is shown in the response for Question 09.01.02-31. A sensitivity analysis was
performed in which the spring stiffness value is uniformly decreased or increased by 20%,
respectively. The sensitivity analysis results are shown in the response for Question
09.01.02-16.
The following table shows spring stiffness values for the rack baseplate-to-rack baseplate,
fuel assembly-to-rack cell, and pedestal-to-spent fuel pool floor.
Spring Element
Rack baseplate-to-Rack baseplate
Fuel Assembly-to-Rack Cell
Pedestal-to-Spent Fuel Pool Floor

Stiffness Value (lbs/in)
2.717E+7
2.0E+4 x 11
2.011E+7

d. The integration time step for the nonlinear time history analyses is determined
automatically from ANSYS during the total record length. The accuracy of the transient
dynamic solution depends on the integration time step. Use of a small time step size can
get accurate results for transient analysis, but transient analysis can be very inefficient. In
other instances a larger time step size can get accurate results. Automatic time stepping for
ANSYS optimizes the time step size for this inefficiency. Therefore, sensitivity analysis of
integration time step was not performed.
e. Gaps between the racks are used in the hydrodynamic mass calculation. The
hydrodynamic mass is dependent upon the size of the gap. As the fluid gap size decreases,
the hydrodynamic mass increases. As the gap size is increased, the hydrodynamic mass
decreases. The hydrodynamic mass is calculated based upon the initial gap sizes. For the
rack-to-rack, the initial gap sizes are expected to be reasonably maintained during a
seismic response. The rack-to-pool wall gaps change during seismic response based upon
the sliding displacements. The hydrodynamic mass increases as the rack moves to close
the gap on one side, but the increase is not large until the gap becomes very small. The
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hydrodynamic mass is not updated during a seismic response because the maximum
displacement of the outmost rack is small in comparison with the gap size of the outmost
rack and the pool wall. This is conservative because as the racks approach the wall, the
increase in hydrodynamic mass would reduce the sliding response of the racks. Therefore,
it is a conservative methodology for maximizing the amount of rack sliding and the potential
for rack-to-wall and rack-to-rack impacts. This is also consistent with the discussion of fluid
effects in NUREG/CR-5912. In NUREG/CR-5912, Section 6.4.3, Fluid Effects, it is stated,
"...the change was not significant and that the practice of using a constant hydrodynamic
mass based on initial gaps is reasonable."
Therefore, a sensitivity analysis of variation in gaps is not performed.
f. Installation gaps as shown in Figures 2-1 and 2-4 of the report APR1400-H-N-NR-14012,
Rev.0 is the minimum value. Evaluation results for the maximum relative displacement of
the adjacent rack show that the structural integrity of rack is maintained. Also, as the gap
size is increased, the hydrodynamic mass decreases. Therefore, a sensitivity analysis of
installation tolerances for the gap was not performed.
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, Section 3.3 (3) will be revised as shown in the attachment.
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= 0.72 x Sy / 0.4 x Sy = 1.8
For 304L stainless steel, 1.2 times the yield strength is less than the ultimate strength and the value of
1.167 Su/Sy is equal to 3.6 so that 2.0 is used for the multiplier.
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. In
case the calculated stress factor is less than 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 load
combination for each service condition.
FACT 1 = 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, since it yields larger rack displacement.
(2) Sloshing effect of spent fuel pool surface is neglected because the rack is deeply submerged in the
fluid.
(3) Fuel assembly is considered as 3-D elastic beam with concentrated masses at the upper and lower
ends and the middle point of the rack. Each concentrated mass has a degree of freedom in horizontal
direction. Vertical movement of fuel assembly is assumed to be tied up to vertical movement of the rack
baseplate.
WZRGHJUHHV
(4) When earthquake 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 throughout the seismic
event, which obviously exaggerates the contribution of impact against the cell wall.
3.4
3.4.1

Input Data
Rack Data

Dimensions and weight of the new and the spent fuel storage racks used in the analysis are in
accordance with the design drawings (References 10 and 11) and are summarized in the Tables 2-1, 2-2
and 3-2.
3.4.2

Fuel Assembly Data

Dimensions and weight of the fuel assembly used in the analysis are based on the pressurized water
reactor (PWR) PLUS7 fuel assembly data (Reference 12) 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):
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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. 09.01.02-21
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-14012P & NP”. In the report APR1400-H-N-NR-14012-P, Rev.0, Section 3.1.2.3 “Hydrodynamic
Mass”, the staff notes that the Applicant did not describe the hydrodynamic mass under the
baseplate of each rack. The SRP 3.8.4 Appendix D section I.5, ‘Design and analysis
Procedure” requires that the effect of effective mass from submergence in water should be
quantified. In accordance with SRP 3.8.4 Appendix D section I.5, the Applicant is requested to
(1) clarify whether the hydrodynamic mass under the rack baseplate of each rack has been
considered in all nonlinear seismic analyses and (2) provide the methodology for calculating
this hydrodynamic mass. If the hydrodynamic mass under the base plate of each rack is not
considered in the nonlinear dynamic analyses, the applicant is requested to provide the
technical basis and justification to show that ignoring the hydrodynamic mass under the
baseplate of each rack is conservative. The second part of Subsection 3.1.2.3 states “(2)
Hydrodynamic masses between Rack-to- Rack and Rack-to-Pool Wall are calculated based
on height of rack, density of fluid and gap of adjacent racks, assuming that the fluid is filled
between two objects.” The applicant is requested to provide a technical reference to any
recognized method for this calculation. Also, describe how changes in the gap during seismic
response affect the gap-dependent hydrodynamic mass and the subsequent seismic
response due to the revised hydrodynamic mass. This could potentially be significant for low
coefficient of friction cases where more sliding is expected.

Response
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(1) The hydrodynamic mass under the rack baseplate of each rack is considered in the
dynamic analysis. The dynamic simulation list and analysis results including the
hydrodynamic mass under the rack baseplate of each rack are shown in the response for
Question 09.01.02-16.
(2) The hydrodynamic mass under the rack baseplate of each rack is calculated using the
following formula in accordance with Table 1 of the effect of liquids on the dynamic
motions of immersed solids of Reference 5 in APR1400-H-N-NR-14012-P.
Mbaseplate = K (πρa2b/4)
Where, K = 0.478, a and b are the dimensions of the rack baseplate, and ⍴ is density of
fluid.
The following table shows the calculated hydrodynamic mass under the baseplate of each
rack.
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The hydrodynamic mass between rack-to-rack and rack-to-storage pool wall is calculated
based on the height of the rack, density of the fluid, and the gap of adjacent racks
assuming the fluid is filled between two objects consisting of a rigid body, and the center is
eccentric. If there is a storage rack with one or more separate gaps at the surface in
contact with an adjacent rack, the hydrodynamic mass is calculated based on the average
gap with weight. The hydrodynamic masses between rack-to-rack and rack-to-pool wall
was calculated using the following formula in accordance with Reference 4 in the report
APR1400-H-N-NR-14012-P.
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Where, h means height of storage rack, ⍴ means density of fluid, g1, g2, g3 means gap. If
gaps are different from each other, the hydrodynamic mass is calculated using the
average gap. If two or more racks overlap each other, the hydrodynamic mass is
calculated using the average gap with weighted value.
The hydrodynamic mass is dependent upon the size of the gap. As the fluid gap size
decreases, the hydrodynamic mass increases. As the gap size is increased, the
hydrodynamic mass decreases. The hydrodynamic mass is calculated based upon the
initial gap sizes. For the rack-to-rack, the initial gap sizes are expected to be reasonably
maintained during a seismic response. The rack-to-pool wall gaps change during seismic
response based upon the sliding displacements. The hydrodynamic mass increases as
the rack moves to close the gap on one side, but the increase is not large until the gap
becomes very small. The hydrodynamic mass is not updated during a seismic response
because the maximum displacement of the outermost rack is small in comparison with the
gap size of the outermost rack and the pool wall. This is conservative because as the
racks approach the wall, the increase in hydrodynamic mass would reduce the sliding
response of the racks. Therefore, it is a conservative methodology for maximizing the
amount of rack sliding and the potential for rack-to-wall and rack-to-rack impacts. This is
also consistent with the discussion of fluid effects in NUREG/CR-5912. In NUREG/CR5912, Section 6.4.3, Fluid Effects, it is stated, "...the change was not significant and that
the practice of using a constant hydrodynamic mass based on initial gaps is reasonable."

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, Section 3.1.2.3 will be revised as shown in the attachment.
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Mechanical Analysis for New and Spent Fuel Storage Racks

APR1400-H-N-NR-14012-1P, Rev.0

ª R  + R º
M H = « 
π ρ R h
»
¬ R − R ¼
where,
MH = Hydrodynamic mass that depends on the fluid flow when the two bodies move relative
to each other,
R2 = Equivalent radius of storage cell, converting cell width into radius,
R1 = Equivalent radius of fuel assembly, converting distance between fuel rods of outermost
into radius,
h = Length of fuel assembly, and
ხ  = Density of fluid.
The calculated hydrodynamic mass according to the above formula is the mass between one cell and fuel
assembly. Therefore, the hydrodynamic mass is multiplied by the number of fuel assemblies being stored.
Hydrodynamic mass is assigned to the upper and the lower nodes by 1/4 and to the center node by 1/2,
respectively.
(2)

Rack-to-Rack and Rack-to-Pool Wall

Hydrodynamic masses between rack-to-rack and rack-to-pool wall are calculated based on height of rack,
density of fluid and gap of adjacent racks, assuming that the fluid is filled between two objects.

>,QVHUW@
 8QGHUWKHUDFNEDVHSODWHRIHDFKUDFN
7KHK\GURG\QDPLFPDVVXQGHUWKHUDFNEDVHSODWHRIHDFKUDFNLVFDOFXODWHGXVLQJWKH
IROORZLQJIRUPXODLQDFFRUGDQFHZLWK7DEOHRIWKHHIIHFWRIOLTXLGVRQWKHG\QDPLF
PRWLRQVRILPPHUVHGVROLGVRI5HIHUHQFH
0EDVHSODWH . ʌȡDE
:KHUH. DDQGEDUHWKHGLPHQVLRQVRIWKHUDFNEDVHSODWHDQG༸LVGHQVLW\RI
IOXLG
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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. 09.01.02-24
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-14012P & NP”. In the report APR1400-H-N-NR-14012-P, Rev.0, Section 4.3 “Analysis Method”, the
applicant presented empirical methodologies to analyze the straight shallow and deep drop
accidents. The applicant is requested to provide a validation and verification of the proposed
empirical methodologies for nonlinear impact phenomena in order for the staff to evaluate
whether the proposed methodologies are conservative in predicting the nonlinear
deformations of the rack and the rack baseplate, and the impact force on the rack pedestal
that is transmitted to the liner and the concrete structure of the spent fuel pool. A nonlinear
dynamic analysis for the impact effects of drop accidents, considering a finite element model
of the spent fuel rack, rack base plate, a fuel assembly and the pedestal support using
appropriate shell, beam, and solid body elements is one approach acceptable to the staff.
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Response
The finite element method is used to evaluate whether the proposed methodologies (i.e.
energy balance method) are conservative in predicting the nonlinear deformations of the rack
and the rack baseplate, and the impact force on the rack pedestal that is transmitted to the
embedment plate and the concrete structure of the spent fuel pool. ANSYS LS-DYNA, a
commercial computer code that has been validated by DOOSAN’s quality control procedure,
is used to numerically simulate the impact events.
The results predicted using the energy balance method is conservative compared to the
computer program LS-DYNA results as follows:
Summary of comparison results
Calculated Value
Rack

SFSR

Cases

Category
LS-DYNA

Energy Balance
Method

Acceptance
Criteria

Shallow drop

Deformation

6.56 inch

6.64 inch(*)

24.0 inch

Deep drop SC1
(Away from the
pedestal)

Deformation

1.45 inch

4.61 inch

6.3 inch

Deep drop SC2
(over a pedestal)

Compressive
Stress

647 psi
(Maximum)

581 psi
(Average)

2,375 psi
(Average)

Notes:
Once the ultimate load carrying capacity of a cell wall is calculated, the maximum crush
depth, δ, of the cell walls due to the dropped fuel assembly impact is obtained using the
following formula:
δ =

[N walls

U fa
⋅ Pult − W fa ⋅ (1 − ε fa )

where,
Ufa : Kinetic energy of the dropping object (i.e. fuel assembly and its handling tool),
Nwalls : Number of cell walls crushed,
Pult : Ultimate load carrying capacity in the cell wall,
Wfa : Weight of dropped object (dry), and
εfa : Ratio of buoyant mass divided by dry mass of dropping object.
(*) We assumed that the number of cell walls crushed are three (3) in the calculation
provided in APR1400-H-N-NR-14012-P, Rev.0. This value will be reflected on the next
revision of the report APR1400-H-N-NR-14012-P based on one (1) cell wall crushed.
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Detailed description of Analyses
An elastic-plastic finite element model for each drop event is prepared with the computer
code LS-DYNA.
The model simulates the transient collision event with the consideration of plastic and
deformation of the fuel rack, rack base plate, and the pedestal support using appropriate
shell, beam, and solid body elements. The impactor (i.e., the fuel assembly and its
handling tool) is conservatively modeled as a rigid solid with no energy absorption
capacity. And the detailed configurations of the impact target (i.e., the rack or SFP floor)
are modeled in all analyzed events. The structurally weakest impact region is considered
in performing the “shallow” and the “deep” drop analyses.
In analyzing the shallow drop and the deep drop scenario 1 (away from the pedestal), the
rack model consists of 64 cells as shown in Figures 1 and 3. ANSYS Elements,
SHELL163 and SOLID164, are used to mesh the cell walls, base plate and rack feet,
respectively. The bottom of the modeled rack feet is fixed in the finite element model.
The model for the deep drop scenario 2 (over a pedestal) is developed mainly for
capturing the structural responses of the rack pedestal, the SFP embedment plate and the
underlying concrete slab as shown in Figure 5. ANSYS Element, SOLID164 is only used
to mesh the base plate, rack feet, embedment plate and spent fuel pool (SFP) slab,
respectively. Since the SFP slab is supported on grade, the slab model is fixed at the
bottom surface with the periphery boundary surface nodes restrained laterally.
And the elastic and elastic-plastic material properties are used to model the rack material
behavior as follows:
Material Data
Material Properties
Yield Strength (ksi)

21.4

SA-564 Grade 630
(Hardened at 1100oF)
106.3

Ultimate Strength (ksi)

66.1

140.0

Young’s Modulus (106 x psi)

27.5

27.8

0.4

0.14

Failure Strain/Elongation (in/in)(*)
(*) Per ASME Code Section II, Part A

SA-240 Type 304L

The spent fuel pool floor is assumed to be constructed using 4,500 psi concrete and the
thickness of the spent fuel pool floor embedment plate is considered to be 2 inches.
The results from the analyses are shown in Figures 2, 4 and 6.
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Figures for Finite Element Model and Analysis Results

TS

Figure 1 Finite Element Model – Shallow Drop (Drop Location)
TS

Figure 2 Plastic Strain of the Cell Wall – Shallow Drop
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Figure 3 Finite Element Model – Deep Drop Scenario 1 (Drop Location)
TS

Figure 4 Maximum Baseplate Deformation – Deep Drop Scenario 1
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TS

Figure 5 Finite Element Model – Deep Drop Scenario 2
TS

Figure 6 Compressive stresses on SFP slab – Deep Drop Scenario 2
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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, Section 4.5, Table 2-1, Table 2-2 and Figure 4-1 will be revised
as shown in the attachment.
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7DEOH'LPHQVLRQV'DWDRI1)65
1R

'LPHQVLRQV mm (in)

'HVFULSWLRQ

1

Cell Length

2

Cell Thickness

6.0 (0.236)

3

Cell Inside Dimension(Width)

220.0 (8.66)

4

Cell Center-to-Center Pitch

355 (13.98)

5

Baseplate Thickness

25.0 (0.984)

6

Baseplate Flow Hole Diameter

133.0 (5.24)

7

Distance from Baseplate to Liner

210.0 (8.27)

8

Male Pedestal Diameter

90.0 (3.54)

(*) All of the dimensions are nominal values.

4,570 (179.9)
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7DEOH'LPHQVLRQV'DWDRI6)65

%RWWRP

1R

'HVFULSWLRQ

'LPHQVLRQV mm (in)

1

Cell Height from Baseplate Top to Rack
Top

4,590 (180.7)

2

Cell Thickness

2.5 (0.098)

3

Cell Inside Dimension(Width)

220.0 (8.66)

4

Damaged Fuel Canister Inside Dimension

242.0 (9.53)

5

Cell Pitch

6

Baseplate Thickness

25.0 (0.984)

7

Baseplate Hole Diameter

133.0 (5.24)

8

Distance from Baseplate to Liner

185.0 (7.28)

9

Male Pedestal Dia.

90.0 (3.54)

10

Neutron Absorber Material

METAMICTM

11

Neutron Absorber Length

3,850 (151.6)

12

Neutron Absorber Width

180.0 (7.09)

13

Neutron Absorber Thickness

2.5 (0.098)

14

Neutron Absorber
Sheathing Thickness

15

Distance from Top of Rack Baseplate to
Bottom of Neutron Absorber

Region ,

275.0 (10.83)

Region ,,

225.0 (8.858)

Inside

0.6 (0.02)

Outside

2.5 (0.098)

 

76

130.0 (5.12)

(*) All of the dimensions are nominal values.
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In the straight shallow drop of a fuel assembly along with the handling tool, it is demonstrated that the
permanent damage to any fuel storage cell is limited to the maximum depth of 64.3 mm (2.53 in) below
the top of the rack. This is less than the distance from the top of the rack to the beginning of the active
fuel region, 0.61 m (2 ft). Therefore, there will be no effect on the configuration and subcriticality of the
fuel in the adjacent cells due to this accident.
(2) Straight Deep Drop (Scenario 2)

PP LQ

During a straight deep drop accident away from the pedestal locations, the baseplates of the new and the
spent fuel storage racks do not experience gross failure (puncture) because the deformed depth of the
baseplate is smaller than the baseplate thickness of 25 mm (0.984 in). Furthermore, the deformation
amounts of the baseplates of the new and the spent fuel storage racks are calculated as 138.9 mm (5.47
in) and 117.1 mm (4.61 in), respectively. These values are less than the minimum distances between the
baseplate and the liner, which are 210 mm (8.27 in) and 185 mm (7.28 in) for the new and the spent fuel
storage racks, respectively. Therefore, a dropped fuel assembly along with the handling tool will not cause
the result that the rack baseplate impacts the pool liner.
(3) Straight Deep Drop (Scenario 3)

PP LQ DQGPP LQ

In the straight deep drop accident over a pedestal, the resulting impact transmits a load of 31,877 kgf
(70,276 lbf) to the concrete pool slab through the embedment plate under the pedestal of racks. The
compressive stress due to this impact load on concrete pool slab is calculated as 4.0 MPa (581 psi) by
using a classical strength of materials equation, which is less than allowable stress limit of 16.4 MPa
(2,375 psi). Therefore, the compressive stress on concrete due to dropping mass is less than the
allowable stress limit.
(4) Stuck Fuel Assembly (Scenario 4)
The fuel racks are adequate to withstand the uplift force of 2,268 kgf (5,000 lbf) due to a stuck fuel
assembly. The maximum depth of the damaged cell wall for the vertical uplift force at top of cell is found
to be limited to within 56.9 mm (2.24 in) below the top of the rack. The damaged region by tear out of a
cell wall for the 45 degrees inclined force would occur within the 40.1 mm (1.58 in) of the cell length.
These are less than the distance from the top of the rack to the beginning of the active fuel region, 0.61 m
(2 ft). In addition, the cell wall stress due to vertical uplift force along length of cell of 36.9 MPa (5,354 psi)
is less than the yield strength of 78.5 MPa (21,400 psi). Therefore, the stuck fuel accident analysis
demonstrates that the damage of the cell wall would only occur above the neutron absorber and the
permanent deformation of cell does not occur.
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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. 09.01.02-30
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. SRP 3.8.4
Appendix D I (5) states that” Details of the mathematical model, including a description of how
the important parameters are obtained, should be provided”. 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-NNR-14012-P & NP”. In
the technical report APR1400-H-N-NR-14012-P, Rev 0, Subsection 3.1.2.2, “Details of Rack
and Fuel Assembly” the staff finds that the information of the rack and fuel assembly
mathematical model and the computer program used for the nonlinear seismic analysis is
insufficient. The applicant is requested to provide the following additional information so that
the staff can perform its safety evaluation of the seismic analysis of the rack and fuel
assembly.
a. The applicant stated that “There are three nodes for rack cells and fuel assemblies”. The
applicant did not provide any technical basis to show that the three node model of the fuel
assembly adequately represents the dynamic characteristics of the fuel assembly. The
applicant is requested to provide the fuel frequencies of the three lumped mass fuel model
along with a comparison with frequency of the fuel assuming the fuel assembly as a simply
supported beam, and with any physical test measurements of a PWR fuel assembly.
b. The applicant stated that “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”. The applicant is requested to discuss and provide the details of how the stiffness
properties of the beam that represents all the fuel assemblies in a rack are calculated to
capture the dynamic characteristics of the free standing racks under seismic loading. The
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applicant is also requested to provide the assumptions and computational details of the
contact stiffness between the fuel and the rack’s cell wall that is used to predict the maximum
fuel-to-cell impact loads.
c. The applicant used ANSYS, Version 10 finite element program for the nonlinear dynamic
analysis. The applicant is requested to provide reference to operating or new nuclear power
plants free standing fuel racks that have been licensed using ANSYS Version 10. The
applicant is also requested to provide the details of benchmarking, validation and verification
of ANSYS commuter program for the specific application to the nonlinear seismic analysis of
the free standing submerged fuel rack structures that includes nonlinear springs.
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
a. The mass (M) and the flexural rigidity (EI) values of a PWR fuel assembly are applied to
the fuel assembly model for the fuel rack dynamic and stress analyses to reflect the
dynamic characteristics of the PWR fuel assembly. These values are provided by the
supplier of the PWR fuel assembly. Therefore, the dynamic analysis of rack do not use the
frequencies of the three lumped mass fuel model. All the fuel assemblies in each storage
rack are modeled as an individual distributed mass and beam elements. All fuel assemblies
move simultaneously in one direction. The assumption included in this model brings about
larger impact on the rack module than the actual case and results in the conservative loads
to the storage rack.
b. The report APR1400-H-N-NR-14012-P, Section 3.2.1.4 (1), explains the contact stiffness
between the fuel assembly and rack cell. A fuel assembly within the rack is modeled as
three lumped masses equally spaced over the height of the rack. The node of the fuel
assembly beam model and the node of rack beam model is connected using CONTAC52
element. The stiffness of the fuel assembly only is applied in consideration of conservatism.
c. The benchmarking of the ANSYS computer program for the specific application to the
nonlinear seismic analysis will be performed by comparing the ANSYS calculated results to
the results of a previously approved fuel rack analysis. The rack seismic analysis of ShinKori Units 1 and 2 (2005) was performed by Doosan using Holtec’s program, DYNARACK.
The results of benchmarking of the ANSYS computer program will be submitted by April 30,
2016.

Impact on DCD
There is no impact on the DCD.
Impact on PRA
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There is no impact on the PRA.
Impact on Technical Specifications
There is no impact on the Technical Specifications.
Impact on Technical/Topical/Environmental Reports
There is no impact on any Technical, Topical, or Environment Report.
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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. 09.01.02-31
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-14012P & NP”. In the technical report APR1400-H-N-NR-14012-P, Rev 0, Subsection 3.7.1.3,
“Impact Loads”, for the case of rack-to-rack impacts, states that “The prominent baseplate of
the fuel storage rack for the APR1400 design is installed almost in contact with the adjacent
baseplate. According to the analysis result, the impact occurs not between the pool wall and
the upper part of the rack, but between the baseplate of racks. SRP 3.8.4 Appendix D I(5)
states that ” Details of the mathematical model, including a description of how the important
parameters are obtained, should be provided” .In order for the staff to conclude that the
applicant has adequately evaluated the rack-to-rack impact effects using a reasonable
estimate of the impact spring rate, the applicant is requested to provide in accordance with
the SRP 3.8.4 Appendix D I(5) the technical basis for calculating the impact spring constant
for the rack-to-rack and rack baseplate-to-rack baseplate impact analysis in order to
maximize the impact force. The applicant is also requested to address how the sensitivity of
the impact force to the impact spring constant was considered in the analysis and design.
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

Non-Proprietary
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KEPCO/KHNP

The spring constant of the rack baseplate is calculated using the following formula:
K=E∙

∙

Where,
K : spring constant of rack baseplate
E : young's modulus of rack baseplate
L : length of rack baseplate
t : thickness of rack baseplate
W : width of rack baseplate
The rack-to-rack impact does not occur as specified in APR1400-H-N-NR-14012-P, Section
3.7.1.1. 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.
A sensitivity analysis results are shown in the response for Question 09.01.02-16.

Impact on DCD
There is no impact on the DCD.
Impact on PRA
There is no impact on the PRA.
Impact on Technical Specifications
There is no impact on the Technical Specifications.
Impact on Technical/Topical/Environmental Reports
There is no impact on any Technical, Topical, or Environment Report.

