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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.:  253-8300 

SRP Section:  03.07.01 – Seismic Design Parameters 

Application Section:  3.7.1 

Date of RAI Issue:  10/19/2015 

 

Question No. 03.07.01-7 

DCD Section 3.7.1.1.2 states that “V/A and AD/V2 should be consistent with characteristic 
values for the magnitude and distance of appropriate controlling events defining the uniform 
hazard response spectra.” The staff consider a check of V/A and AD/V2 to be not appropriate for 
DC because the standard design is based on postulated site parameters and there are no 
characteristic events and other site-specific information associated with the synthetic 
acceleration time histories. The discussion of V/A and AD/V2 in the SRP is intended to be used 
for site-specific applications. Therefore, the applicant is requested to remove the information 
related to the check of V/A and AD/V2 from the APR1400 DCD and referenced technical reports 
(APR1400-E-S-NR-14001-P, Rev. 0 and APR1400-E-S-NR-14004-P, Rev. 1), or provide 
justification on why this information is included in these documents. 

[NOTE: In the conference call on 08/20/2015, the applicant indicated that the CSDRS and 
HRHF time histories are based on seed motions (Northridge earthquake and Nahanni 
earthquake, respectively) and the comparison of V/A and AD/V2 to target values is to double 
check the consistency between seed motions and CSDRS or HRHF time histories. However, 
since the seed records are modified to match the CSDRS and HRHF spectra, the earthquakes 
for the seed motions are not necessarily meaningful for the CSDRS and HRHF spectra. ] 

Provided that an adequate justification will be provided by the applicant to the question above 
and the description of the V/A and AD/V2 will be maintained in the DCD and the referenced 
technical reports, the staff also requests that the applicant provide the following additional 
information to assist the staff’s evaluation of the information related to V/A and AD/V2 check: 

Section 3.2.3 of APR1400-E-S-NR-14001-P, Rev. 0, Seismic Design Bases, describes the 
development of target and target ranges for V/A and AD/V2, which references RG 1.60, NUREG-
0003, and NUREG/CR-6728. The report indicates that the target median values are determined 
from NUREG-0003, which is the basis for the RG 1.60 design response spectra, while the 
standard deviations used to define the target ranges are based on NUREG/CR-6728 
(considering both WUS sites and CEUS sites). Since the design response spectra resulted from 
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NUREG-0003 and NUREG/CR-6728 are different, the applicant is requested to justify why the 
standard deviations from NUREG/CR-6728 are applicable to the response spectrum targets 
taken from NUREG-0003. 

Since the CSDRS are not the same as RG 1.60 design response spectra, the peak values A, V, 
D and their ratios V/A and AD/V2 are not necessarily the same as those for the RG 1.60 spectra. 
As such, the applicant is requested to justify why the target median values from NUREG-0003, 
which are applicable to the RG 1.60 spectra, are also applicable to the APR1400 CSDRS. 

In DCD Section 3.7.1.1.2, Section 3.2.3 of APR1400-E-S-NR-14001-P, and Section 3.3.4 of 
APR1400-E-S-NR-14004-P, Rev. 1, Evaluation of Effects of HRHF Response Spectra on SSCs, 
the notations of “m+σ”, “m-σ”, or “m±σ” are used to represent the range of the variation in the 
target values.  However, as described in Section 3.3.4 of APR1400-E-S-NR-14004-P, Rev. 1, the 
actual meaning of “m+σ” is m×exp(σ), which indicates that σ is not standard deviation but log-
standard deviation.  As such, the applicant is requested to revise the notations in the DCD and 
the technical reports to properly reflect the mathematical meaning. 

Response 

The descriptions related to V/A and AD/V2 will be deleted from the DCD and the technical 
reports, as indicated on the attachment associated with this response. 

 

Impact on DCD  

DCD Section 3.7.1.1.2, 3.7.1.1.3, Table 3.7-2 and Table 3.7-4 will be revised, as indicated on the 
attachment associated with this response. 

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  

Technical report APR1400-E-S-NR-14001-P/NP, Rev. 0, Section 3.1, 3.2.3, 3.3, Table 3-1, Table 
3-2, Table 3-5, and Table 3-6 and technical report APR1400-E-S-NR-14004-P/NP, Rev. 1, 
Section 3.3.1, 3.3.4, 3.6, Table 3-5, Table 3-6, and Table 3-9 will be revised, as indicated on the 
attachment associated with this response. 
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3.7-4 

Correlation coefficient for H1 and VT = 0.079 

Correlation coefficient for H2 and VT = 0.029 

The design time histories are statistically independent because the correlation coefficients 
between the design time histories are less than 0.16 as specified in Standard Review Plan 
(SRP) 3.7.1 (Reference 5).  Therefore, the representative maximum response of interest of 
the APR1400 SSCs can be obtained either by performing separate analyses for each of the 
three components of design time histories or by performing a single analysis with all three 
components of design time histories applied simultaneously. 

The design time histories have a total time duration equal to 20.48 seconds and a 
corresponding stationary phase, which is the strong-motion duration defined as the time 
required for the Arias Intensity rise from 5 percent to 75 percent in more than 6 seconds.  

The design time histories are developed following the spectrum matching acceptance 
criteria of Option 1, Approach 1, in Section II of SRP 3.7.1.  The comparison plots of the 
response spectra of the design time histories versus the design response spectra for 2, 3, 4, 5, 
7, and 10 percent critical damping are shown in Figures 3.7-6, 3.7-7, and 3.7-8.  The 
figures demonstrate that the design time histories envelop the design response spectra for 
those damping values, satisfying the requirement of SRP 3.7.1 that no more than 5 points 
fall below and by no more than 10 percent below the design response spectra.  The 
response spectra are computed at the frequency intervals given in Table 3.7.1-1 of SRP 
3.7.1. 

According to SRP 3.7.1, the ratios V/A and AD/V2, where A, V, D are peak ground 
acceleration, ground velocity, and ground displacement, respectively, should be consistent 
with characteristic values for the magnitude and distance of the appropriate controlling 
events defining the uniform hazard response spectra.  The target and target ranges of 
values for the other design ground-motion time-history parameters are the median (m) 
values and the median (m) ± one standard deviation  (i.e., m ± ), ranges.  The 
determination of these target and target ranges of values is based on the methodologies and 
ground motion databases as described in NRC RG 1.60 and relevant NUREG reports, 
namely, NUREG-0003 (Reference 6) and NUREG/CR-6728 (Reference 7).  Table 3.7-2 
shows a comparison of the ratios V/A and AD/V2 for the time histories and the guidance in 
NUREG/CR-6728 and that the ratios are between the target values, target median ±  
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3.7-7 

The time histories are developed following the spectrum matching acceptance criteria of 
Option 1, Approach 1, in Section II of SRP 3.7.1.  The comparison plots of the response 
spectra of the time histories versus the HRHF response spectra for 2, 3, 4, 5, 7, and 10 
percent critical dampings are shown in Figures 3.7-17, 3.7-18, and 3.7-19.  The figures 
demonstrate that the time histories envelop the HRHF response spectra for those damping 
values, satisfying the requirement of SRP 3.7.1 that no more than 5 points fall below and by 
no more than 10 percent below the HRHF response spectra. 

According to SRP 3.7.1, the ratio V/A and AD/V2 should be consistent with characteristic 
values for the magnitude and distance of the appropriate controlling events defining the 
uniform hazard response spectra.  The target and target ranges of values for the other 
design ground-motion time-history parameters are the median (m) values and the median 
(m) ±    The determination of these target 
and target ranges of values is based on the methodologies and ground motion databases as 
described in NUREG/CR-6728.  Table 3.7-4 shows a comparison of the ratios V/A and 
AD/V2 for the time histories and the guidance in NUREG/CR-6728 and that the ratios are 
between the  

For the development of the HRHF-response spectra-compatible target PSDs in the 
frequency range from 0.3 to 80 Hz, the time-history simulation method described in 
NUREG/CR-5347 is used.  The resulting piecewise log-log linear horizontal and vertical 
target PSD developed is given in Tables 3.7-5 and 3.7-6.  The minimum required 
horizontal and vertical PSD is then 0.8 times the horizontal and vertical target PSD. 

The PSDs of the acceleration time histories compatible with the HRHF response spectra are 
presented in Figures 3.7-20 through 3.7-22.  The PSDs of the acceleration time histories 
exceed the minimum required PSD throughout the entire frequency range. 

The evaluation methodology and results of the APR1400 for the HRHF seismic input 
motions are provided in Appendix 3.7B. 

 Percentage of Critical Damping Values 3.7.1.2

Damping values used for various nuclear safety-related SSCs are based on NRC RG 1.61 
(Reference 10).  These values are expressed in percentages of critical damping and are 
given in Table 3.7-7.  Damping values of soil to be used in soil-structure interaction 
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3.7-43 

Table 3.7-2 

Comparison of Ratios V/A and AD/V2 for CSDRS 

Component 

V/A, 
cm/sec/g 
(in/sec/g) 

Target V/A,  
cm/sec/g (in/sec/g) 

AD/V2 

Target AD/V2 

med-  median med+  med-  median med+  

H1 148.08 
(58.3) 

87.63 
(34.5) 

121.92 
(48.0) 

169.67 
(66.8) 6.2 4.2 6.0 8.6 

H2 151.64 
(59.7) 

87.63 
(34.5) 

121.92 
(48.0) 

169.67 
(66.8) 5.8 4.2 6.0 8.6 

VT 160.02 
(63.0) 

87.63 
(34.5) 

121.92 
(48.0) 

169.67 
(66.8) 4.2 4.2 6.0 8.6 
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RAI 253-8300 - Q 03.07.01-7_Rev.1 Attachment (3/27)



 Table 3.7-2 

Deleted 

APR1400 DCD TIER 2 

RAI 253-8300 - Q 03.07.01-7_Rev.1 Attachment (4/27)



APR1400 DCD TIER 2 

3.7-45 

Table 3.7-4 

Comparison of Ratios V/A and AD/V2 for HRHF Seismic Input Motions 

Component 

V/A, 
cm/sec/g 
(in/sec/g) 

Target V/A,  
cm/sec/g (in/sec/g) 

AD/V2 

Target AD/V2 

med-  median med+  med-  median med+  

H1 48.62 
(19.14) 

30.43 
(11.98) 

42.34 
(16.67) 

58.88 
(23.18) 8.26 3.92 6.14 9.63 

H2 57.61 
(22.68) 

30.43 
(11.98) 

42.34 
(16.67) 

58.88 
(23.18) 5.69 3.92 6.14 9.63 

VT 54.53 
(21.47) 

30.43 
(11.98) 

42.34 
(16.67) 

58.88 
(23.18) 7.53 3.92 6.14 9.63 
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DESIGN TIME HISTORIES3.

This section presents the analytical methods and procedures for use in generation of design time histories 
compatible with the CSDRS and generated time histories satisfying the SRP section 3.7.1, option 1 
approach 1 response spectrum and PSD enveloping guidelines and criteria for design time histories. 

3.1 Guidelines and Criteria for Time History Generation 

In accordance with the guidelines provided in the SRP section 3.7.1 for option 1 approach 1, the following 
are desirable procedures of the design ground motion time histories: 

(1) Design time histories are based on recorded seed motion time histories. 

(2) The set of time histories shall consist of time histories in three mutually orthogonal directions 
(two horizontal and one vertical). 

(3) The time interval of time-history digitization, t, shall be less than 1/(2fn) where fn is the highest 
frequency of interest. 

(4) The minimum acceptable strong motion duration, which is defined as the time required for the 
Arias Intensity to rise from 5% to 75%, shall be 6 seconds. 

(5) The three (two horizontal and one vertical) time histories shall be mutually statistically 
independent from one another.  The criterion for statistical independence is based on the 
cross-correlation coefficients computed for any pairs of time histories; these calculated 
coefficients shall be less than 0.16. 

(6) The ratios V/A and AD/V², where A, V, and D, are peak ground acceleration, ground velocity, 
and ground displacement, respectively, shall be consistent with characteristic values determined 
for the low and high-frequency events described in Appendix D of NRC RG 1.208 (Reference 7). 

In accordance with the guidelines provided in the SRP section 3.7.1 for option 1 approach 1, the following 
are the response spectra and PSD enveloping requirements: 

(1) The response spectra from the time history must envelop the target CSDRS for all damping 
values used in the seismic response analysis. 

(2) For each applicable damping value, the response spectrum of the time history shall envelop the 
target design response spectrum with no more than five points falling below the target spectrum 
by no more than 10% of the target spectral values. 

(3) In checking the spectrum-enveloping, the set of frequencies at which the response spectra are 
to be calculated shall be the standard set of 81 frequencies from 0.2 Hz to 50 Hz as specified in 
the SRP section 3.7.1 table 3.7.1-1. 

(4) The PSD of the time history shall adequately match a target PSD that is compatible with the 
target DRS.  For DRS other than the NRC RG 1.60 response spectra, response-spectrum-
compatible target PSDs shall be generated.  In generating the target PSDs, the guidelines and 
procedures provided in the SRP section 3.7.1, appendix A can be used. 

(5) The time-history PSD shall generally envelop the minimum-required target PSD, which is set at 
80% of the target PSD, in the frequency range between 0.3 Hz and 50 Hz. 

RAI 253-8300 - Q 03.07.01-7_Rev.1 Attachment (7/27)
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recorded time histories have their response spectra matching generally well with the target response 
spectra over a relatively wide frequency band. 

3.2.3 General Procedures 

In generating the set of three-component design time histories for the CSDRS, the seed motion recorded 
from the 1994 Northridge earthquake at the West Covina recording station as described in 
subsection 3.2.2 to produce the initial time histories for modifications.  In order to improve convergence 
in the spectrum-matching iterations and produce modified time histories having a more realistic 
appearance like real earthquake accelerograms, while satisfying the stationary-phase strong-motion 
duration requirement, these initial time histories are (a) scaled to have a maximum acceleration of 0.3g; (b) 
re-digitized to have a time interval of 0.005 second; (c) truncated to retain the strong-phase duration of 
the time histories to 4,096 points (total duration of 20.475 seconds); and (d) intensity-modulated by an 
intensity envelope function, g(t) as shown in Figure 3-7, before they are used as the initial time histories 
for time-history modifications using the computer program SYNQKE-R (Reference 10).   

SYNQKE-R performs adjustments to the initial time history by automated iterations.  For each cycle of 
iteration, the time-history response spectra are compared with the target response spectra of 
corresponding damping values and the necessary time-history adjustments to achieve spectrum-matching 
for the cycle are automatically solved.  By repeating this iteration process and constantly monitoring the 
convergence to within the SRP spectrum-enveloping guidelines, a final modified time history that has 
response spectra closely matching with the target multiple-damping response spectra and satisfying the 
SRP spectrum-enveloping guidelines is obtained. 

The final modified acceleration time histories so obtained are then integrated to obtain their integrated 
velocity and displacement time histories.  From these results, baseline corrections are performed, as 
necessary, to minimize the residual velocity and displacement values and, at the same time, produce the 
desirable integrated maximum velocity and displacement values, giving the baseline-corrected 
acceleration time histories.  Time-history response spectra of the baseline-corrected time histories are 
then computed and compared with the target spectra to provide reasonable assurance that the SRP 
spectrum-enveloping guidelines are still satisfied; otherwise, further time-history adjustments and baseline 
corrections are performed until the guidelines are satisfied. 

The CSDRS-compatible time histories generated shall also be checked for reasonable compliance within 
the target ranges of values of another set of ground-motion time-history parameters.  In addition to the 
maximum acceleration (A), of the generated time history, these other time-history parameters to be 
checked include the maximum velocity (V), maximum displacement (D), V/A, and AD/V2 ratio values. 

(1) The target and target ranges of values for these other design ground-motion time-history 
parameters shall be the median (m) values and the median (m)  one standard deviation ( ), 
i.e., m  , ranges.  The determination of these target and target ranges of values is based on 
the methodologies and ground motion databases as described in NRC RG 1.60 and relevant 
NUREG reports, namely, NUREG-0003 (Reference 11) and NUREG/CR-6728.  The 
determination of the target and target ranges of values for these other design ground-motion 
time-history parameters is described below. 

(2) The PGA of the CSDRS is 0.3g for both the horizontal and vertical components of ground 
motion.  Thus, the target maximum acceleration (A) of the CSDRS-compatible time histories is 
generated as 0.3g.  Also, the CSDRS adopt the horizontal and vertical NRC RG 1.60 DRS for 
the frequency range below 9 Hz.  The CSDRS are enhanced from the spectra values of the 
NRC RG 1.60 DRS in the high frequency range from 9 to 50 Hz. 

(3) The higher high-frequency motion contents in the frequency range from 9 to 50 Hz associated 
with the CSDRS will not have a significant effect on the integrated velocity and displacement 

RAI 253-8300 - Q 03.07.01-7_Rev.1 Attachment (8/27)
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time histories.  Thus, the development of the target values and associated target ranges of 
values for the maximum velocity (V) and maximum displacement (D) of the CSDRS-compatible 
time histories to be generated is based on the ground motion study results published in 
NUREG-0003, which is the basis of the NRC RG 1.60 DRS, and the results in NUREG/CR-6728, 
which is the basis of NRC RG 1.208. 

(4) From the study results published in NUREG-0003, the target median (m) values of maximum 
velocity (V), maximum displacement (D), V/A ratio, and AD/V² ratio of the time histories to be 
generated, scaled to the PGA value of 0.3g, are given in Table 3-1. 

The target ranges of V, D, V/A, and AD/V² values are developed to be the median  one standard 
deviation ( ) (i.e., “m  ” ranges).  The standard deviation for each parameter is derived from the 
database of values published in NUREG/CR-6728.  For conservatism, the smallest of eight  values 
each parameter is used, because the smallest  value will lead to the smallest range of variation for the 
parameter.  The eight  values are obtained from the ground-motion databases for the Western United 
States (WUS) and CEUS rock and soil sites, for distance bins 50-100 km, and for earthquake 
magnitudes 6.3 to 7.5, as given in Table 3-5 (on page 3-12) and Table 3-6 (on pages 3-14 and 3-15) of 
NUREG/CR-6728.   

Based on the -value derived for each parameter as described above, the target m   ranges of the 
parameter values so derived for the CSDRS-compatible time histories to be generated are shown in 
Table 3-2. 

3.2.4 Method for Developing Spectrum-Compatible Target PSD Function 

In order to check the adequacy of the PSD of each of the spectrum-compatible time histories generated, 
horizontal and vertical target PSDs compatible with the horizontal and vertical DRS, respectively, are 
required.   

(1) Horizontal Target PSD for f  

The horizontal CSDRS are the same as the horizontal NRC RG 1.60 DRS for the frequency 
range below 9 Hz.  The method for developing the horizontal CSDRS-compatible target PSDs 
below 9 Hz follows the procedure and uses the standard horizontal PSD functions presented in 
the SRP section 3.7.1, appendix A, which is applicable for the NRC RG 1.60 horizontal DRS 
anchored to the PGA of 1.0g. 

To obtain the horizontal target PSD compatible with the horizontal CSDRS, the one-sided 
horizontal target PSD, SH(f), where f is cycles per second (cps), expressed in the units of 
(m2/sec4)/cps, is obtained from the one-sided PSD, , where  is in the units of radians per 
second (rps), presented in appendix A of SRP, section 3.7.1, which are in the units of m2/sec3, 
or (m2/sec4)/rps, scaled by the square of the ratio of the horizontal PGA of 0.3g for the APR1400 
to the PGA of 1.0g for the NRC RG 1.60 DRS as follows: 

SH(f) = 2 SH  

where the values of SH are obtained from Eq.  (2) of SRP section 3.7.1, appendix A. 

(2) Horizontal Target PSD for f > 9 Hz 

For the frequency range between 9 and 50 Hz, for which the CSDRS differ from the NRC RG 
1.60 DRS, the method presented in the SRP section 3.7.1, appendix A can no longer be used.  
Thus, for developing the CSDRS-compatible target PSD in the higher frequency range above 9 
Hz, the time-history simulation method described in NUREG/CR-5347 (Reference 12) is used.  

RAI 253-8300 - Q 03.07.01-7_Rev.1 Attachment (9/27)
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In computing the time-history PSDs, the equivalent stationary duration for each of the time histories H1, 
H2, and VT are determined from the cumulative energy (Arias Intensity) time-history plots shown in 
Figures 3-35, 3-36, and 3-37, respectively.  From these plots, the equivalent stationary duration for each 
time history is determined and the results are shown in Table 3-4.  These comparisons within the 
frequency range of 0.3 to 50 Hz are shown in the plots of Figures 3-38, 3-39, and 3-40, respectively, for 
time histories H1, H2, and VT.  As can be seen from these comparison plots, the PSDs of the time 
histories generated generally conform to and envelop the corresponding minimum required target PSDs. 

The maximum acceleration (A), maximum velocity (V), maximum displacement (D), V/A and AD/V2 ratios 
of the generated H1, H2, and VT time histories are listed in Tables 3-5 and 3-6. 

In order to check the statistical independence among the three-component spectrum-compatible time 
histories, which are to be applied simultaneously to the seismic response analysis with zero time-lag, the 
cross-correlation coefficients of any pair of time histories with zero time-lag are calculated and checked 
against the SRP section 3.7.1 threshold value of 0.16 to determine the statistical independence between 
any pair of time histories.  The results are listed in Table 3-7.  The computed values of cross-correlation 
coefficients as shown in Table 3-7 are all less than the threshold value of 0.16.  Thus, the three final 
modified time histories generated can be considered mutually statistically independent from one another. 

RAI 253-8300 - Q 03.07.01-7_Rev.1 Attachment (10/27)
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Table 3-1 

Target Median Values of APR1400 CSDRS-Compatible Time Histories 

A 
(g) 

V 
(in/sec) 

D 
(in) 

V/A 
(in/sec/g) 

AD/V² 

0.30 14.4 10.8 48.0 6.0

RAI 253-8300 - Q 03.07.01-7_Rev.1 Attachment (11/27)
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Table 3-1 
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Table 3-2 

Target Ranges of Values of APR1400 CSDRS-Compatible Time Histories 

Parameter 
V 

(in/sec) 
D 

(in) 
V/A 

(in/sec/g) 
AD/V² 

 0.47 0.65 0.33 0.36

m-  9.0 5.6 34.5 4.2

m 14.4 10.8 48.0 6.0

m+  23.0 20.7 66.8 8.6

RAI 253-8300 - Q 03.07.01-7_Rev.1 Attachment (13/27)
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Table 3-2 
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Table 3-5 

Maximum Acceleration (A), Velocity (V), and Displacement (D) of Generated Time Histories 

Component 
A 

(g) 
V 

(in/sec) 
Target V (in/sec) D 

(in) 
Target D (in) 

m -  Median (m) m +  m -  Median (m) m +  

H1 0.300 17.5 9.0 14.4 23.0 16.5 5.6 10.8 20.7

H2 0.300 17.9 9.0 14.4 23.0 16.1 5.6 10.8 20.7

VT 0.300 18.9 9.0 14.4 23.0 13.0 5.6 10.8 20.7
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Table 3-5 
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Table 3-6 

V/A and AD/V² Ratios of Generated Time Histories 

Component 
V/A 

(in/sec/g) 
Target V/A (in/sec/g) 

AD/V² 
Target AD/V² 

m -  Median (m) m +  m -  Median (m) m +  

H1 58.3 34.5 48.0 66.8 6.2 4.2 6.0 8.6

H2 59.7 34.5 48.0 66.8 5.8 4.2 6.0 8.6

VT 63.0 34.5 48.0 66.8 4.2 4.2 6.0 8.6
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(2) The set of time histories should consist of time histories in three mutually orthogonal directions - 
two horizontal and one vertical. 

(3) The time interval of time history digitization, t, shall be less than 1/(2 fn) where fn is the highest 
frequency of interest. For the APR1400, the interval of time history digitization shall be 0.005 
second, which corresponds to a fn of 100 Hz. 

(4) The minimum acceptable strong-motion duration, which is defined as the time required for the 
Arias Intensity to rise from 5 to 75 percent, should be 6 seconds. 

(5) The three time histories (two horizontal and one vertical) shall be statistically independent from 
one another. The criterion for statistical independence shall be based on the cross-correlation 
coefficients computed for any pairs of time histories and these calculated coefficients shall be 
less than 0.16. 

(6) In addition to the duration, the ratios V/A and AD/V², where A, V, and D are peak ground 
acceleration, ground velocity, and ground displacement, respectively, should be consistent with 
characteristic values determined for the low and high frequency events described in Appendix D 
of NRC RG 1.208 (Reference 16). 

3.3.2 Response Spectrum and Power Spectral Density Enveloping Requirements 

In accordance with the guidelines and criteria for Option 1 Approach 1, the response spectrum and power 
spectral density (PSD) enveloping requirements for design time histories are as follows: 

(1) The response spectra from the time history must envelop the target HRHF response spectra for 
all damping values used in the seismic response analysis. 

(2) For each applicable damping value, the response spectrum of the time history shall envelop the 
target response spectrum with no more than five points falling below the target spectrum by no 
more than 10 percent of the target spectral values. 

(3) In checking spectrum-enveloping, the set of frequencies at which the response spectra are to be 
calculated shall be the standard set of 92 frequencies from 0.2 Hz to 80 Hz as specified in SRP 
3.7.1 Table 3.7.1-1. 

(4) The PSD of the time history shall adequately match a target PSD, which is compatible with the 
target design response spectra. For design response spectra other than the NRC RG 1.60 
response spectra, the response spectrum-compatible target PSDs should be generated.  In 
generating the target PSDs, the guidelines and procedures provided in Appendix B to SRP 3.7.1 
can be used. 

(5) The time history PSDF shall generally envelop the minimum required target PSD, which is set at 
80 percent of the target PSD, in the frequency range between 0.3 Hz and 80 Hz. 

3.3.3 Selection of Initial Seed Motion Time Histories 

To comply with the SRP 3.7.1 guidelines, design time histories should be generated from the recorded, 
actual earthquake ground motion called “seed motion”.  The selection guidelines of a set of recorded 
time histories to be used as the seed motion for the generation of the HRHF response spectrum-
compatible design time histories are follows: 

(1) The three component seed motion time histories, two horizontal and one vertical, should come 
from the same earthquake event and recording station. 
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3.3.4 Other Relevant Ground Motion Parameters 

To comply with the guidelines and criteria in SRP 3.7.1, the response-spectrum-compatible time histories 
to be generated should also be checked for reasonable compliance within the target value of ranges of 
other associated design ground motion parameters. In addition to the maximum acceleration, A, of the 
generated time history, the other ground motion parameters to be checked include the maximum velocity, 
V, maximum displacement, D, and V/A and AD/V2 ratios. 

The target and target ranges of values for these other design ground motion parameters defined to be the 
median (m) values and median (m)  one standard deviation ( ), i.e., m , ranges. The target and target 
ranges of values are determined based on the methodologies and ground motion databases described in 
SRP 3.7.1 and NUREG/CR-6728. 

The peak ground acceleration (PGA) of the selected APR1400 HRHF response spectra is 0.46g for both 
the horizontal and vertical components of ground motion. Thus, the target maximum acceleration (A) of 
the HRHF response spectrum-compatible time histories is A = 0.46g. 

From the study results presented in NUREG/CR-6728, the target median (m) values of maximum velocity 
V, maximum displacement, D, V/A and AD/V² ratios of the HRHF response spectrum-compatible time 
histories to be generated, scaled to the target PGA value of A = 0.46g, are given in Table 3-5. The target 
ranges of V, D, V/A, and AD/V² values defined to be the median  one standard deviation (m ) ranges 
are shown in Table 3-6. The standard deviation ( ) for each parameter is derived from the ground motion 
databases for CEUS rock sites for earthquake magnitudes of 6.3 to 7.5 and epicentral distance bins 0-
100 km, as given in Table 3-6 (on pages 3-14 and 3-15) of NUREG/CR-6728. For conservatism, the 
smallest of the  values of each parameter for the CEUS rock motions for magnitudes of 6.3 to 7.5 and 
for epicentral distance 0 to 100 km is used. The smallest  value leads to the smallest target range of 
variation for the parameter considered and is therefore, the most conservative. 

For the maximum velocity V, the minimum -value selected from Table 3-6 of NUREG/CR-6728 is 0.40. 
Thus, the value for “m+ ” is computed as m+  = m exp ( ) = 8.53 exp (0.40) = 12.73 in/sec and the 
value for “m- ” is computed as m-  = m exp (- ) = 8.53 exp (-0.40) = 5.72 in/sec.   

For the maximum velocity D, the minimum -value selected from Table 3-6 of NUREG/CR-6728 is 0.57. 
Thus, the value for “m+ ” is computed as m+  = m exp ( ) = 3.63 exp (0.57) = 6.42 in. and the value for 
“m- ” is computed as m-  = m exp (- ) = 3.63 exp (-0.57) = 2.05 in. 

The -values of 0.33 and 0.45 for V/A and AD/V², respectively, as given in Table 3-6 are smaller and, 
hence, more conservative than the corresponding -values of 0.48 and 0.54, respectively, given in 
NUREG-0003 (Reference 18), which are applicable for the NRC RG 1.60 horizontal design response 
spectra (Reference 19). 

3.4 Method for Generation Spectrum-compatible Time Histories 

Two methods have generally been adopted for the generation of response-spectrum-compatible time 
histories: (a) the time domain time history adjustment method and (b) the frequency domain time history 
adjustment method.  To generate a time history that is compatible with a set of multiple damping target 
response spectra based on a recorded actual earthquake seed motion time history, the time domain time 
history adjustment method is usually adopted because it preserves the motion characteristics of the 
recorded seed motion.    

3.4.1 Analytical Background 

The method for generating a design time history with response spectra closely matching a family of target 

RAI 253-8300 - Q 03.07.01-7_Rev.1 Attachment (20/27)



Non-Proprietary 

Evaluation of Effects of HRHF Response Spectra on SSCs APR1400-E-S-NR-14004-NP, Rev. 1

KEPCO & KHNP 14

buildup) having a constant slope = /( ).  The equivalent stationary 
duration  for the entire time history as determined from Eq. (3-3) is the duration over which 
the total energy of the time history is built up from 0 to 100 percent with the constant slope S. 
This procedure of calculating  is illustrated in Figure 3-27. 

(2) Compute the one-sided PSD, Si(f) of the time history ai(t) using the following equations: ( ) = | ( )| (3-4) 

Where | ( )| is the amplitude of the Fourier spectrum obtained from the following equation: ( ) = ( ) (3-5)

Where Ti is the total duration of the time history ai(t). 

(3)  Smooth the time history PSD Si(f) using the moving average technique over a ±20 percent 
frequency bandwidth centered at the frequency f, in accordance with the guidelines in 
NUREG/CR-5347 (Reference 24), to give the smoothed time history PSD ( ). 

The smoothed time history PSD, ( ), obtained from step (c) above is then compared with the minimum 
required target PSD, ( ), to check the adequacy of the power content of the generated time history. 

3.6 Generation Results 

The acceleration time histories generated using the procedure described in Section 3.4 consist of two 
horizontal (H1H and H2H) and one vertical (VTH) components.  Time histories H1H, H2H, and VTH are 
applied in the horizontal E-W, horizontal N-S, and vertical directions, respectively.  The time interval of 
time history digitization, , is 0.005 second, which corresponds to the highest frequency of interest of 100 
Hz. 

The horizontal H1H acceleration time history is plotted along with the integrated velocity and 
displacement time histories in Figure 3-28.  The comparison of the time history response spectra with the 
corresponding horizontal target HRHF response spectra for the corresponding damping values are shown 
in Figure 3-29.  Similar results for the horizontal H2H time history are shown in Figures 3-30 and 3-31. 
Similar results for the vertical time history VTH are shown in Figures 3-32 and 3-33. 

The maximum acceleration (A), maximum velocity (V), maximum displacement (D) and V/A and AD/V2 
ratios of the generated H1H, H2H, and VTH time histories are listed in Table 3-9 

To show the statistical independence of the set of time histories, the cross-correlation coefficients of pairs 
of the HRHF response spectrum-compatible time histories are given in Table 3-10.  The values all are 
below 0.16, thus satisfying the SRP Section 3.7.1 (Reference 15) threshold for statistical independence. 
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Table 3-5 

Target Median Values for APR1400 HRHF Response-Spectrum-compatible Time Histories 

Distance 
 M A 

 
A 

2  
V 

 
D 

 
V/A 

 AD/V2 

0-10 rock 6.53 1.16 1138.5 39.74 7.84 34.37 5.63 
7.25 0.89 873.5 58.4 22.33 65.84 5.7

10-50 
rock 6.32 0.25 245.4 7.95 1.7 31.75 6.58

7.38 0.34 333.7 19.85 9.17 58.24 7.78
50-100 

rock 6.38 0.09 88.3 2.99 0.46 32.59 4.66

7.46 0.15 147.2 7.33 3.98 50.29 10.6
median values = 0.295 289.5 13.90 5.91 42.33 6.14 

target median 
values  = 0.46 451.5 21.67 9.22 42.33 6.1 

Distance 
 M A 

 
A 

2  
V 

 
D 

 
V/A 

 AD/V2 

0-100 km 6.3- 7.5 0.46 177.7 8.53 3.63 16.67 6.14 
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Table 3-6 

Target Ranges of V, D, V/A, and AD/V² 

Parameter V 
 

D 
 

V/A 
 AD/V2 

1) 0.40 0.57 0.33 0.45

m- 3) 5.72 2.05 11.98 3.92

m2) 8.53 3.63 16.67 6.14

m+  12.73 6.42 23.18 9.63

Notes:   

1)  values for V, D, V/A and AD/V² are the minimum log-normal standard deviations for the

CEUS rock motions for M = 6.3 to 7.5, and R = 0-100 km obtained from Ref. (6).

2) m = median values of V, D, V/A, and AD/V² for given distance and M are obtained from

Ref. (6).

3) m -  = m×exp(- )

4) m+  = m×exp( ).

5) Median values of V, D, V/A, and AD/V² are obtained from statistics of the values in the

columns.
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Table 3-9 

Statistics of HRHF Response Spectrum-compatible Time Histories 

Com- 
ponent 

A 
 Target V 

 
Target 
Range 

 
D 

 
Target 
Range 

 
V/A 

 
Target 
Range AD/V² Target 

Range 

H1H 0.463 0.463 8.86 5.72 – 
12.73 3.63 2.05 – 

6.42 19.1 
11.98 

– 
23.18 

8.27 3.92 – 
9.63 

H2H 0.463 0.463 10.50 5.72 – 
12.73 3.51 2.05 – 

6.42 22.7 
11.98 

– 
23.18 

5.70 3.92 – 
9.63 

VTH 0.463 0.463 9.94 5.72 – 
12.73 4.16 2.05 – 

6.42 21.5 
11.98 

– 
23.18 

7.53 3.92 – 
9.63 

RAI 253-8300 - Q 03.07.01-7_Rev.1 Attachment (26/27)



Non-Proprietary 

Evaluation of Effects of HRHF Response Spectra on SSCs APR1400-E-S-NR-14004-NP, Rev. 1

KEPCO & KHNP 38

Table 3-9 

Deleted 

RAI 253-8300 - Q 03.07.01-7_Rev.1 Attachment (27/27)


	Impact on DCD
	Impact on PRA
	Impact on Technical Specifications
	Impact on Technical/Topical/Environmental Reports



