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RAI No.: 182-8160

SRP Section: 03.07.01 - Seismic Design Parameters

Application Section: 3.7.1

Date of RAI Issue: 08/3112015

Question No. 03.07.01-1

10 CER 50 Appendix S requires that the safety functions of structures, systems, and
components (SSCs) must be assured during and after the vibratory ground motion associated
with the safe shutdown earthquake (SSE) ground motion through design, testing, or qualification
methods. In accordance with 10 CFR 50 Appendix S, the staff reviewed the adequacy of the
target power spectral density (PSD) functions used to demonstrate that the synthetic
acceleration time histories used for seismic analysis of the SSCs have sufficient power over the
frequency range of interest.

The DOD states that the development of synthetic acceleration time histories for the certified
seismic design response spectra (CSDRS) and the hard rock high frequency (HRHF) response
spectra (RS) is consistent with the SRP 3.7.1 Option 1 Approach 1 criteria, which include a
provision of assessing the power sufficiency of the synthetic acceleration time histories in the
frequency range of interest. This assessment needs to compare the PSDs estimated for the
time histories with target PSD functions compatible with the design RS (DRS). DOD Sections
3.7.1.1.2 and 3.7.1.1.3; technical report APR1400-E-S-NR-14001-P, Rev. 0, "Seismic Design
Bases;" and technical report APR1400-E-S-NR-14004-P, Rev. 1, "Evaluation of Effects of HRHF
Response Spectra on SSCs," provide information on the development of the target PSD
functions to be compatible with the corresponding DRS. The staff reviewed the submitted
documents and determined that the information requested below is needed in order to
determine the acceptability of the target PSD.

a) Identification of the NUREG/CR-5347 time history simulation method

The above-referred documents indicate that the time history simulation method
described in NUREG/CR-5347 was used to develop target PSD functions. The staff
could not find the term "time history simulation method" in NUREG/CR-5347 and it is
not clear to the staff whether it refers to the procedure utilizing Equations (7), (8), and
(9) of Appendix B of NUREG/CR-5347. Therefore, the applicant is requested to clearly
identify the time history simulation method.
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In addition, the method presented in the two technical reports, APR1400-E-S-NR-
14001-P, Rev. 0 and technical report APR1400-E-S-NR-14004-P, Rev. 1, utilizes the
computer code SIMOKE to generate 30 artificial time histories based on random
phasing. Each time history is developed to match the 2% damped DRS. The average of
the PSD functions of these 30 resultant time histories is used to define the target PSD.
In this process, it is not clear to the staff where and how the time history simulation
method is used. As such, the applicant is requested to explain how the time history
simulation method was used in the process and update the HRHF report as
appropriate, since it is incorporated by reference (IBR).

b) Target PSD for the horizontal CSORS below 9 Hz

Section 3.7.1.1.2 of the DCD and Section 3.2.4 of APR1400-E-S-NR-14001-P, Rev. 0,
indicate that for frequencies lower than 9 Hz, the target PSD for the CSDRS in the
horizontal direction is the same as that described in the SRP 3.7.1, Appendix A; while
for frequencies between 9 Hz and 50 Hz, the target PSO was developed using 30
simulated time histories which match individually the 2% damped RS. Since a PSD
function does not have a frequency-by-frequency independent relationship with the
response spectra, the target PSD below 9 Hz was technically not determined
appropriately. It appears to the staff that the target PSD based on the 30 time histories
is applicable to the entire frequency range and there is no obvious need to use any part
of the target PSD described in Appendix A of SRP 3.7.1. The applicant is requested to
utilize the target PSD function based on the 30 simulated time histories or justify the
hybrid approach that involves the target PSD provided in Appendix A of SRP 3.7.1
below 9 Hz.

c) Target PSD for the Vertical CSDRS

DOD Section 3.7.1.1.2 describes that the target PSD for the vertical CSDRS was
developed using a one-time scaling method, in which the horizontal target PSD
provided in Appendix A of SRP 3.7.1 was scaled for one time (without iterations) by a
frequency-dependent scaling factor. This scaling factor was calculated as the squared,
frequency-by-frequency ratio of the vertical CSDRS to the RG 1.60 horizontal RS. This
approach would be acceptable if the two RS are very close; however, the vertical
OSDRS is not close to the RG 1.60 horizontal RS. In fact, had the one-time scaling
method been adequate, it could have been used for the development of the target PSD
functions for the APR1400 horizontal CSDRS and the HRHF RS so that there would be
no need to generate 30 time histories for each RS. Therefore, the applicant is
requested to demonstrate that the one-time scaling method produced an adequate
approximation of the target PSD for the vertical OSDRS or redevelop the target PSD
based on an appropriate method (e.g., the simulation method used for the HRHF RS
and the horizontal CSDRS).

d) Magnitude of Target PSD Functions

Figure 3-11 of APR1400-E-S-NR-14001-P, Rev. 0, "Seismic Design Bases' shows the
smoothed ensemble-mean PSD and the piece-wise log-log linear PSD from the 30 time

* histories, and Figure 3-12 shows the target PS0 and the minimum required PSD. Both
figures are for the horizontal OSDRS anchored at 0.3 g. However, the PSD functions
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shown in Figure 3-11 differ significantly from Figure 3-12 (and other PSD figures after

Figure 3-12). The applicant is requested to justify this difference.

e) Upper limit of 80 Hz for HRHF Target PSD

Technical report APR1 400-E-S-NR-14004-P, Rev. I states that the APR1400 HRHF
RS- compatible target PSDs were developed in the frequency range of 0.3 Hz to 80 Hz.
It is understood that 0.3 Hz is consistent with Appendices A and B of SRP 3.7.1;
however, the report does not provide a basis for the choice of 80 Hz. It is recently
recognized during the development of Appendix B of SRP 3.7.1 Rev. 4 that the upper
bound frequency in the PSD assessment should be consistent with the DRS shape. For
a DRS with a zero period acceleration (ZPA) frequency, the ZPA frequency can be used
as the upper bound frequency for the development of the target PSD. However, the
horizontal and vertical HRHF DRS do not exhibit a definitive ZPA (zero period
acceleration) frequency. As such, the applicant is requested to justify the use of 80 Hz
as the upper bound frequency for the development of target PSDs.

Response

(a) The reference to NUREG/CR-5347 in technical reports APR1400-E-S-NR-1400 1-P/NP,
Rev. 0, "Seismic Design Bases"; and APR1400-E-S-NR-14004-P/NP, Rev. 1,
"Evaluation of Effects of HRHF Response Spectra on SSCs", refers to Equations (7),
(8), and (9) of Appendix B of NUREG/CR-5347 for generation of an acceleration time
history with its time history PSD function compatible with the 2%-damped RG 1.60
response spectrum for the horizontal component of motion, even though the term "time
history simulation method" is not explicitly mentioned in this NUREG reference.

As mentioned above, Equations (7), (8), and (9) of Appendix B of NUREG/CR-5347 are
for generation of an acceleration time history with its time-history PSD function
compatible with the 2%-damped RG 1.60 response spectrum for the horizontal
component of motion. The target PSD function compatible with the 2%-damped RG
1.60 response spectrum for the horizontal motion is given in Equation (1) of Appendix B
of NUREG/CR-5347.

It is noted that, in using Equation (7), (8), and (9) to generate an acceleration time
history compatible with the RG 1.60 compatible target PSD given in Equation (1), the
generation of such a time history involves a random phase angle, clk, in Equation (8).
The random phase angle is uniformly distributed between 0 and 2-rr. Thus, in principle,
an ensemble of such time histories can be generated, each of which has the same
target PSD but a different phase angle that is randomly sampled between 0 and 2m1-
Calculations of the time-history PS~s for the ensemble of time histories so generated
can be made, and the average of the time-history PS~s so calculated for the time-
history ensemble will return back to the target PS0 in Equation (1).

For the APR1400 standard plant DC project, since target PSO functions compatible
with the APR1400 CSDRS and HRHF-RS are not available, they need be developed.
The development of such target PSD functions follows the steps as described below.
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E~TS
(b) A PSD function is related to the response spectrum (RS), frequency-by-frequency,

approximately by a "PSD-to-RS peak factor". Since the APR1400 CSDRS below 9 Hz
is the same as the RG 1.60 spectra anchored to the peak acceleration of 0.3g, the
target PSD function for the RG 1.60 horizontal spectra anchored to the peak
acceleration of 0.3g is adopted directly as the target PSD for the APR 1400 horizontal
CSDRS. Below 9 Hz, the target PSD function based on the 30 simulated horizontal
CSDRS compatible time histories, as shown in Figure 3-11 of APR1400-E-S-NR-
14001-P/NP, Rev. 0, is very consistent with, but slightly lower in amplitude, than the
target PSD function for the RG 1.60 horizontal response spectra, as shown in Figure 3-
12 of APR1 400-E-S-NR-1 4001 -P/NP, Rev. 0. Therefore, the slightly-higher-amplitude
target PSD function for the RG 1.60 horizontal response spectra below 9 Hz is adopted
as the target PSD function for the CSDRS, which is then combined with the target PSD
function developed from the 30 simulated time histories for frequencies higher than 9
Hz, to form the target PSD function for the APR1400 horizontal CSDRS. The adopted
target PSD function is conservative as compared to the target PSD function developed
from the 30 simulated time histories for the frequency range below 9 Hz.

(c) The new vertical target PSD will be developed using 30 simulated time histories, and
the results will be provided by April 30, 2016.

(d) A PSD function is plotted in the unit of power (in2/sec4) per unit frequency. If the
frequency is in Hz (cycle/sec) unit, then the PSD unit is (in2/sec4/Hz). If the frequency
is in rps (radian per sec) unit, then the PSD unit is (in2/sec4/rps). Since co = 2i-rf, where
f is frequency in Hz and co is frequency in rps. Thus, the PSD in the unit of
(in2/sec4/Hz) unit is equal to 2rr times the PSD in the unit of (in2/sec4/rps), i.e.,
(in2/sec4/Hz) = 2fr x (in2/sec4/rps).

The PSD in Figure 3-11 is plotted in the unit of (in2/sec4/Hz). The PSD in Figure 3-12
(and other PSD figures after Figure 3-12) is plotted in the unit of (in2/sec4/rps). The
PSD in Figure 3-12 multiplied by a factor of 2Tr will give the numerical value of the PSD
in the same unit of PSD in Figure 3-11. The use of the unit of (in2/sec4/Hz) is
convenient for comparison with the target PSD compatible with the target PSD for the
RG 1.60 horizontal spectra. The use of the unit of (in2/sec4/rps) is convenient for
checking compatibility with the time history PSD, which is computed from the Fourier
spectrum in the frequency unit of rps.

(e) The 5%-damped horizontal and vertical HRHF design response spectra are developed
up to 100 Hz. The HRHF DRS developed from the EPRI report TR-1023389,
"Evaluation of Seismic Hazards at Central and Eastern US Nuclear Power Sites",
Electric Power Research Institute, June 2011, are 5%-damped response spectra. For
development of HRHF DRS for damping ratio values other than 5% (2, 3, 5, 7, and
10%), the response spectral ratios for the CEUS rock sites given in Table 1 of Appendix
C of SRP 3.7.1 Rev. 3 are used. Such spectral ratios as presented in Table 1 of
Appendix C of SRP 3.7.1 Rev. 3 are presented for the frequency range from 0.5 Hz to
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80 Hz. Therefore, for the development of the HRHF DRS for all damping ratio values,
the upper bound frequency limit of 80 Hz is adopted.

For development of the target PSDs compatible with the HRHF DRS, the 2%-damped
HRHF DRS are required. Since the 2%-damped HRHF DRS can only be defined from
the 5%-damped HRHF DRS for frequencies up to the high-frequency limit of 80Hz, this
high-frequency limit becomes the upper bound frequency limit for development of target
PSDs compatible with the horizontal and vertical HRHF DRS.

Even though the target PSDs compatible with the HRHF DRS are developed with the
high-frequency limit of 80 Hz, for comparison with the time-history PSDs of the
generated HRHF DRS compatible design time histories, the target PSDs are extended
by extrapolation and the calculation and comparison of the time-history PSDs with the
extended target PSDs are made up to the upper-bound high-frequency limit of 100 Hz,
as shown in Figures 3.7-20 through 3.7-22 of APR1400 DOD 3.7.1 Tier 2.

The comparison between the HRHF horizontal time history PSD for the Hi1H
component and PS0 given in Appendix B of SRP 3.7.1 Rev. 4 is shown in Figure 1,
which shows that the APR 1400 HRHF time history PSD envelope the PSD given in
Appendix B of SRP 3.7.1 Rev. 4.

Figure 3-24 of technical report APR1400-E-S-NR-14004-P/NP, Rev. 1 will be revised.
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Figure 1. Comparison between APR1400 HRHF PSD, Target PSD and SRP 3.7.1 Rev. 4
CEUS rock target PS~s for Hi H component
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Impact on DCD

There is no impact on the DOD.

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 APRI400-E-S-NR-14001-NP, Rev. 0 Section 3.2.4 and technical report
APR1400-E-S-NR-14004-NP, Rev. 1 Section 1.8.1 and Figure 3-24 will be revised, as indicated
on the attachment associated with this response.
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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/OR-
6728, which is the basis of NRC RG 1.208.

(4) From the study results published in NUREG-0003, the target median (in) values of maximum
velocity (V), maximum displacement (0), 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, 0, V/A, and AD/V2 values are developed to be the median ±: one standard
deviation (o-) (i.e., "in ± a-" 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 a-values each
parameter is used, because the smallest a-value will lead to the smallest range of variation for the
parameter. The eight a-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 kin, 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/OR-
6728.

Based on the a--value derived for each parameter as described above, the target mn ± a- 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 P5D of each of the spectrum-compatible time histories generated,
horizontal and vertical target PS~s compatible with the horizontal and vertical DRS, respectively, are
required.

(1) Horizontal Target PSD for f< 9 Hz

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 PS~s
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, SH(wo), where wo 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 m /sec,
or (m2/sec4)/rps, scaled by the square of the ratio of the horizontal PGA of 0.3g for the APRI400
to the PGA of 1 .0g for the NRC RG 1.60 DRS as follows:

Ilnsert page 2 •SHOf) = 2 r SH(Ow) x (0.30)Y f <- 9Hz

ere the values of SH(Wo) 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

KEPCO & KHNP 7
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Below 9 Hz, the target PSD function based on the 30 simulated horizontal CSDRS compatible time

histories, as shown in Figure 3-11 is very consistent with, but slightly lower in amplitude, than the

target PSD function for the NRC RG 1.60 horizontal response spectra, as shown in Figure 3-12.

Therefore, the slightly-higher-amplitude target PSD function for the RG 1.60 horizontal response

spectra below 9 Hz is adopted as the target PSD function for the CSDRS, which is then combined with

the target PSD function developed from the 30 simulated time histories for frequencies higher than 9

Hz, to form the target PSD function for the APRI400 horizontal CSDRS.
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* The resulting piecewise log-log linear ensemble-mean PSDs generated for the fourhigher frequency bands, namely, 9 < f -< 16 Hz, 16 < f < 25 Hz, 25 <f f- 35 Hz, and 35
< - 50 Hz, are the target PSDs compatible with the horizontal CSDRS for the higher

frequency range f > 9 Hz. The smoothed ensemble-mean PS~s and the piecewise log-
log linear smoothed PS~s obtained for the generated 30 time-history ensemble are
shown in Figure 3-11.

*The target PSD obtained in above steps for the higher frequency range f > 9 Hz is
combined with the target PSD compatible with the NRC RG 1.60 horizontal DRS for
the lower frequency bands, namely, 0.2 < f < 2.5 Hz and 2.5 < f < 9.0 Hz, to form the
complete target PSD compatible with the horizontal CSDRS for the entire frequency
range from 0.2 to 50 Hz. This target PSD so obtained is given in Table 3-3.

The target PSD compatible with the horizontal CSDRS, designated as SH(f), developed as described
above and defined in Table 3-3, is the target PSD to be used for checking the adequacy of the power
density distribution as function of frequency of the CSDRS-compatible horizontal design time histories.

The minimum required horizontal target PSD, designated as =OH(f), for checking power adequacy of the

KEPCO & KHNP 8
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Equations (7), (8), and (9) of Appendix B of NUREG/CR-5347(Reference 12) for generation of an
acceleration time history with its time history PSD function compatible with the 2%-damped RG 1.60
response spectrum for the horizontal component of motion is used. Equations (7), (8), and (9) of
Appendix B of NUREG/CR-5347 are for generation of an acceleration time history with its time-history
PSD function compatible with the 2%-damped RG 1.60 response spectrum for the horizontal component
of motion. The target PSD function compatible with the 2%-damped RG 1.60 response spectrum for the
horizontal motion is given in Equation (I) of Appendix B of NUREG/CR-5347.

It is noted that, in using Equation (7), (8), and (9) to generate an acceleration time history compatible with
the RG 1.60 compatible target PSD given in Equation (1), the generation of such a time history involves a
random phase angle, Dk, in Equation (8). The random phase angle is uniformly distributed between 0 and
2it. Thus, in principle, an ensemble of such time histories can be generated, each of which has the same
target PSD but a different phase angle that is randomly sampled between 0 and 2it. Calculations of the
time-history PSDs for the ensemble of time histories so generated can be made and the average of the
time-history PSDs so calculated for the time-history ensemble will return back to the target PSD in
Equation (1).

For the APRI1400 standard plant DC project, since target PSD functions compatible with the APRI400
CSDRS are not available, they need be developed. The development of such target PSD functions
follows the steps as described below.
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Evaluation of Effects of HRHF Response Spectra on SSCs APR1 400-E-S-NR-1 4004-NP, Rev. 1

compatible time history, horizontal and vertical target PS~s that are compatible with the horizontal and
vertical HRHF target response spectra for the APR1400 are needed. The development of the horizontal
and vertical target PSDs compatible with the APR 1400 horizontal and vertical HRHF response spectra is
described below.

1.8.1 HRHF Response Spectrum-compatible Target PSDs

The development of the APR1400-HRHF response spectrum-compatible target PS~s in the frequency
range of 0.3 to 80 Hz, the time history simulation method described in NUREG/CR-5347 (Reference 24)
is used. Applying this method for developing the target PSD involves the following steps:
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(1) Initial target PSDs compatible with the APRI400 HRHF response spectra are developed from
the 2%-damped APR 1400 HRHF response spectra using a "PSD-to-response-spectrum peak
factor", as a function of frequency developed from the random vibration theory. The peak factor,
which relates the target PSD value to the 2%-damped target response spectral value, is a function
of frequency and non-exceedance probability of the target response spectra. The initial time
history is then modified iteratively by adjusting the initial time history PSD at each frequency
using the square of the ratio of the 2%-damped time history response spectral value to the 2%-
damped target response spectral value. In this step, the computer program SIMQKE (Reference
25) developed by Gasparini, D. A. and Vanmarcke, E. H., at Department of Civil Engineering,
Massachusetts Institute of Technology Publication No. R76-4, November 1976 is utilized to
obtain the initial target PSDs compatible with APR 1400 HRHF response spectra.

(2) Using the initial target PSDs developed in Step (I), the computer program SLMQKE, which
implements the procedure in Equations (7), (8), and (9) of Appendix B of NUREG/CR-5347, is
utilized to generate an ensemble of 30 time histories, each of which has the same initial target
PSDs developed in Step (1) and a randomly phase angle sampled between 0 and 22t, for each of
APRI1400 HRHF response spectra. An ensemble of 30 artificial time histories is generated using
a frequency domain response spectrum-compatible time history generation method developed by
Gasparini and Vanmarcke and implemented in SIMQKE (Reference 25). Each time history 30
time history ensemble has a total duration of 20.475 seconds and is modulated by the intensity
envelope function shown in Figure 3-15. Each time history generated has a 2%-damped time
history response spectrum compatible with the 2%-damped horizontal APR1400 HRHF response
spectra.
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APRI 400-E-S-NR-1 4004-NP, Rev. 1

Figure 3-24 Comparison of the Horizontal Target PSD Compatible with APRI 400 HRHF Horizontal
Response Spectra with the SRP 3.7.1 PSDs for CEUS Rock Sites

KEPCO & KHNP 883
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APR1400-E-S-NR-14004-NP, Rev. 1
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Figure 3-24 Comparison of the Horizontal Target PSD Compatible with APR1 400 HRHF Horizontal
Response Spectra with the SRP 3.7.1 PSDs for CEUS Rock Sites
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

APRI400 Design Certification

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

Docket No. 52-046

RAI No.: 182-8160

SRP Section: 03.07.01 - Seismic Design Parameters

Application Section: 3.7.1

Date of RAI Issue: 0813112015

Question No. 03.07.01 -2

10 CFR 50 Appendix S requires that the safety functions of structures, systems, and
components (SSCs) must be assured during and after the vibratory ground motion associated
with the safe shutdown earthquake (SSE) ground motion through design, testing, or qualification
methods. In accordance with 10 CFR 50 Appendix S, the staff reviewed the adequacy of the
synthetic acceleration time histories used for seismic analysis of the SS0s. The APR 1400 DCD
indicates that a single set of time histories were developed in the three orthogonal directions for
both the certified seismic design response spectra (CSDRS) and the hard rock high frequency
(HRHF) response spectra (RS), following SRP 3.7.1 Option 1 Approach 1. In order for the staff
to understand whether the method and parameters associated with the time history generation
are consistent with the guidance of SRP Acceptance Criteria 3.7.1 II. 1. B, the applicant is
requested to provide additional information related to the fallowing aspects of the development
of the synthetic acceleration time histories.

a) Justification of seed recorded time histories

Section 3.7.1.1.2 of the DCD, "Design Ground Motion Time History," indicates that the initial
seed motions for the development of the design ground motions are recorded ground motions
from the Northridge earthquake. The DOD does not provide justification for the selection of
these Northridge ground motions as seed motions. The staff recognizes that some discussion
on the choice of the Northridge time histories is provided in APR1400-E-S-NR-14001-P, Rev. 0,
"Seismic Design Bases." Since this report is not incorporated by reference, the applicant is
requested to provide appropriate justification for the seed motions in the DOD.

As described in Section 3.2.2 of APR1400-E-S-NR-14001-P, Rev. 0, the recorded seed time
histories, from the M6.7 Northridge earthquake, has a time increment of 0.02 s, which
corresponds to a Nyquist frequency of 25 Hz. Furthermore, Figures 3-4 and 3-5 of this technical
report show that the frequency contents are only up to about 8~9 Hz for the two horizontal
directions. However, Section 3.2.3 of this technical report indicates that the applicant re-
digitized the time histories to 0.005 s. Therefore, the applicant is requested to (1) provide a
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description and a justification of the method used for the re-digitization of the seed recorded

time histories, and (2) provide an explanation why the seed recorded motions for the two
horizontal directions are considered acceptable given that they have power only up to 8~9 Hz

(not to 50 Hz).

b) Provide numerical values to demonstrate that the synthetic acceleration time

histories meet the SRP 3.7.1 Option 1 Approach 1 spectral matching criteria

Section 3.7.1 .1.2 of the DCD provides some numerical information on the design time histories,

such as time increment (0.005 s), correlation coefficients (<0.16), and duration (20.48 s).

However, it does not provide the necessary numerical values for the design time histories that

show how they meet the SRP 3.7.1 Option 1, Approach 1 criteria, although the DOD generally

concludes that those criteria are met. Some of the information is provided in graphical form but

is difficult to extract/interpret from the figures. Therefore, the applicant is requested to provide,

preferable in a tabular format, the following additional information of the design time histories for

both the CSDRS and the HRHF RS and revise the DOD and the HRHF report, as appropriate:

(1) Strong motion durations for all three directions

(2) Peak values (A, V, D)

(3) How many points of the response spectra were below each DRS

(4) The lowest percentage below the DRS

c) Provide the time histories for staff's confirmatory analyses

In light of the different ways to develop target PSD, normalize Fourier spectra, and estimate

PSDs from time histories, the staff decided to perform a confirmatory analysis of the APR 1400

design time histories. As such, please provide the following information in digital format (e.g.,

text files):

(1) The CSDRS and HRHF RS

(2) The target PSDs

(3) The PSDs estimated from the time histories

(4) The six synthetic acceleration time histories
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Response

(a) The 1994 M6.7 Northridge earthquake recorded time histories at the West Covina
recording station are selected as the seed motions for the development of the CSDRS-
compatible time histories because these recorded motions are selected from the NRC
time history library in Page B-52 of NUREG/CR-6728, Appendix B, as appropriate
recorded motions for representing earthquake motions for CEUS rock sites for
Magnitude range from 6 to 7 and source-to-site distance range from 50 to 100 km.
Although these recorded motions are recorded motion for WUS and have a time
increment (At) of 0.02 seconds, which corresponds to a Nyquist frequency of 25 Hz,
they can be used for response spectrum matching for response spectra with a cutoff
frequency higher than 25 Hz. This is discussed in NUREG/CR-6728, Section 3.4 -

Matching WUS Time History to CEUS Spectrum, in which it states in the second to the
last sentence on Page 3-6 that "Overall, these comparisons indicate that WUS motions
can be used as inputs to matching CEUS spectra provided the sample interval reflects a
Nyquist frequency (fN = [2 At ]-1) of at least 100 Hz." Thus, to make the selected seed
motions suitable for inputs to match CSDRS, which has spectral cutoff frequency at 50
Hz, the recorded seed motions need be re-digitized to have a time increment (At) of
0.005 seconds so that the Nyquist frequency is 100 Hz, as discussed in NUREG/CR-
6728, Section 3.4 - Matching WUS Time History to CEUS Spectrum, mentioned above.
The re-digitization of time histories with a time increment of 0.005 seconds is performed
using linear interpolation of the time histories recorded at 0.02 second intervals. The
comparison of time histories digitized in time increment of 0.02 seconds and 0.005
seconds is shown below in Figures 1 through 3.

Even though the selected recorded seed motions for the two horizontal components
have major power up to approximately 8 to 9 Hz, spectrum-matching time-history
adjustments add higher-frequency motion contents to the recorded seed motions so that
the resulting spectrum-matched modified time histories for the two horizontal
components have response spectrum amplitudes that conservatively match the CSDRS
up to 50 Hz, as indicated in Figures 3-15 through 3-20 and Figures 3-22 through 3-27 in
APR1400-E-S-NR-14001-P, Rev. 0. The Fourier spectra (amplitude and phase spectra)
of the re-digitized seed time histories using time increments of 0.005 seconds have
been calculated and are shown in Figures 4 through 15, below. The phase spectra for
the re-digitized time histories are plotted to show that the phase spectra in the higher
frequency range are sufficiently random.
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Northridge Earthquake Time History (E-W Direction)
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Figure 1 Northridge Earthquake Time History, E-W Direction
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Figure 2 Northridge Earthquake Time History, N-S Direction
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Figure 3 Northridge Earthquake Time History, Vertical Direction
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Northridge Earthquake Phase Spectrum (E-W Direction)
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Figure 4 Northridge Earthquake Phase Spectrum, E-W Direction
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Figure 5 Northridge Earthquake Phase Spectrum, N-S Direction

Northridge Earthquake Phase Spectrum (Vertical Direction)
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Figure 6 Northridge Earthquake Phase Spectrum, Vertical Direction
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Northridge Earthquake Fourier Spectrum (E-W Direction)
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Figure 7 Northridge Earthquake Fourier Spectrum, E-W Direction
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Figure 8 Northridge Earthquake Fourier Spectrum, N-S Direction
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Figure 9 Northridge Earthquake Fourier Spectrum, Vertical Direction
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Nahanni Earthquake Phase Spectrum (E-W Direction)
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Figure 10 Nahanni Earthquake Phase Spectrum, E-W Direction
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Figure 12 Nahanni Earthquake Phase Spectrum, Vertical Direction
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Nahanni Earthquake Fourier Spectrum (E-W Direction)
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Figure 13 Nahanni Earthquake Fourier Spectrum, E-W Direction
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Figure 14 Nahanni Earthquake Fourier Spectrum, N-S Direction
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Figure 15 Nahanni Earthquake Fourier Spectrum, Vertical Direction



E~oprieta~

03.07.01-2 - 9 /11 KEPCO/KHNP

(b) The requested 4 information are described in Table 1 through Table 4.

Table 1 Strong motion duration for all three directions

CSDRS HRHF
Drcin(sec) (sec)

EW 9.2 6.090

NS 10.3 6.400

VT 8.4 6.505

Table 2 Peak values (A, V, and D)

CSDRS HRHF

DrcinA V D A V D

(g) (in/sec) (in) (g) (in/sec) (in)

EW 0.300 17.5 16.5 0.463 8.86 3.63

NS 0.300 17.9 16.1 0.463 10.50 3.51

VT 0.300 18.9 13.0 0.463 9.94 4.16

Table 3 Number of points of the response spectra below each DRS

CSDRS HRHF
Damping

EW NS VT EW NS VT

2% 4 4 2 0 1 3

3% 1 3 2 2 4 1

4% 4 3 2 1 5 2

5% 5 2 1 0 4 3

7% 4 2 1 0 0 2

10% 1 2 1 4 3 2
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Table 4 The lowest percentage below the DRS

CSDRS HRHF
Damping EW NS VT EW NS VT

(%) (%) (%) (%) (%) (%)
2% -6.66 -4.53 -0.48 1.02 -0.77 -2.94

3% -4.72 -1.69 -2.99 -1.85 -4.02 -1.49

4% -4.58 -5.89 -2.94 -0.67 -1.84 -1.61

5% -3.61 -4.15 -1.00 1.56 -3.02 -2.01

7% -6.11 -5.51 -0.62 0.76 0.33 -0.89

10% -6.02 -2.40 -1.43 -1.94 -1.09 -4.40

(c) The requested files are attached in digital format.

The CSDRS and HRHF RS are provided on the enclosed CD.
(6 text files in "01_CSDRS and HRHF" folder)

A. CSDRS_RS_EW.txt
B. CSDRS_RS_NS.txt
C. CSDRS_RS_VT.txt
D. HRHF_RS_EW.txt
E. HRHF_RS_NS.txt
F. HRHF_RS_VT.txt

The target PSDs are provided on the enclosed CD.
(4 text files in "02_Target PSDs" folder)

G. CSDRS_Horizontal PSD.txt
H. CSDRS_Vertical PSD~txt
I. HRHF_Horizontal PSD.txt
J. HRHF_Vertical PSD.txt

The PSDs estimated from the time histories are provided on the enclosed CD.

(6 text files in "03_The PSDs estimated from the time histories" folder)
K. CSDRS_PSD_EW.txt
L. CSDRS_PSD_NS.txt
M. CSDRS_PSD_VT.txt
N. HRHF_PSD_EW.txt
0. HRHF_PSD_NS.txt
P. HRHF_PSD_VT.txt

The six synthetic acceleration time histories are provided on the enclosed CD.
(6 text files in "04_The six synthetic acceleration time histories" folder)
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Q. CSDRS TH EW.txt
R. CSDRSTHNS.txt
S. CSDRSTHVT.txt
T. HRHFTHEW.txt
U. HRHFTHNS.txt
V. HRHFTHVT.txt

Impact on DCD

There is no impact on the DOD.

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/TopicallEnvironmental Reports

Technical report APR1400-E-S-NR-14001-P/NP, Rev. 0, Tables 3-8 through 3-10 and Technical
report APR1400-E-S-NR-14004-P/NP, Rev. 1, Tables 3-11 through 3-14 will be added, as
indicated on the attachment associated with this response.



RAT 182-8160 - Question 03.07.01-2. No-Popietary. Attachment (1/7)

Seismic Design Bases APR1400-E-S-NR-14001-NP, Rev. 0

Comonnt (g) (Iinsec) (in) .

•"Hi 0.3 17.5 16.5 "

,.H2 0.3 17.9 16.1..

"v-r 0.3 18.9 13.0 "

KEPCO & KHNP 225



RAI 182-8160 -Question 03.07.01-2 E Non-rpietary Attachment (2/7)
Seismic Design Bases APR1400-E-S-NR-14001-NP, Rev. 0

p. Damping

KEPCO & KHNP 
26

KEPCO & KHNP 26
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Seismic Design Bases APR1400-E-S-NR-14001-NP, Rev. 0

DamppnoHInt VT

p-(%) (%) (%) -

2% -6.66 -4.53 -0.48 -

•"3% -4.72 -1.69 -2.99 ,

•"4% -4.58 -5.89 -2.94

•-5% -3.61 -4.15 -1.00

•,7% -6.11 -5.51 -0.62

10% -6.02 -2.40 -1.43

KEPCO&KHNP 
27

KEPCO & KHNP 27
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Evaluation of Effects of HRHF Response Spectra on SSCs APR1400-E-S-NR-14004-NP, Rev. 1

STable 3-11 I"

," Stationary Duration of Generated Time Histories

•" ComonentTs' (5-75%) .
Comonnt(sec) .

P"HI1H 6.090 .

•"H2H 6.400 -

P"VTH 6.505 -

KEPCO & KHNP 
40

KEPCO & KHNP 40
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Evaluation of Effects of HRHF Response Spectra on SSCs APR1400-E-S-NR-14004-NP, Rev. I

Component (g) (inisec) (in)

H1H 0.463 8.86 3.63

H2H 0.463 10.50 3.51

VTH 0.463 9.94 4.16

KEPCO & KHNP 
41

KEPCO & KHNP 41
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Evaluation of Effects of HRHF Response Spectra on SSCs APR1400-E-S-NR-14004-NP, Rev. 1

•"HIH H2H VTH -

•"2% 0 1 3 .

p.3% 2 4 1

•"4% 1 5 2 ,

•-5% 0 4 3

7% 0 0 2 .

KEPCO & KHNP 
42

KEPCO & KHNP 42
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Evaluation of Effects of HRHF Response Spectra on SSCs

Attachment (7/7)

APR1400-E-S-NR-.14004-NP, Rev. 1

Table 3-14 [Adthtal

The Lowest Percentaae below the HRHF DRS I
.. .... . .. . i31 . ......... ....... . ...

Component

Damping HIH H2H VTH

(%) (%/) (%)

2% 1.02 -0.77 -2,94

3% -1.85 -4.02 -1,49

4% -0.67 -1.84 -1.61

5% 1.56 -3.02 -2.01

7% 0.76 0.33 -0.89

10% -1.94 -1.09 -4.40

KEPCO & KHNP 443
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February 26, 2016
Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Attention: Mr. Jeff Ciocco Docket No. 52-046
Division of New Reactor Licensing MKD/NW- 16-0147L

Subject: Response to RAI 182-8160 for Questions 03.07.01-1 and 03.07.01-2

References: 1) NRC Request for Additional Information 182-8160, dated August 31, 2015
2) KI-INP Letter MKDI/NW-15-0411L, Response to RAI 182-8160 for Question

03.07.01-4, dated December 31, 2015

KHNP is hereby submitting the response to RAI 182-8160, dated August 31, 2015. The response
addresses Questions 03.07.01-1 and 03.07.01-2.

Enclosure 1 contains a copy of the associated affidavit. Enclosure 2 provides the response to RAI
182-8160 for Questions 03.07.01-1 and 03.07.01-2 (Proprietary). Enclosure 3 provides the
response to RAI 182-8160 for Questions 03.07.01-1 and 03.07.01-2 (Non-Proprietary).

The response Question 03.07.01-3 will be responded to by May 13, 2016.

If additional information or clarification is required, please contact Daegeun Ahn, Director of
KH{NP Washington DC Center at ahn.daegeun@khnp.co.kr or 703-388-0592.

Sincerely,

Jae-yong Lee
Project Manager
Advanced Reactors Development Laboratory
Korea Hydro and Nuclear Power Co., Ltd

Enclosures:
1. Affidavit KAW-16-0147
2. Response to RAL 182-8160 Questions 03.07.01-1 and 03.07.01-2 (Proprietary)
3. Response to RAI 182-8160 Questions 03.07.01-1 and 03.07.01-2 (Non-Proprietary)


