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converges. The final (or strain-compatible) stiffness and damping are then used to calculate
the strain-compatible site transfer function. This transfer function is then multipled by the
Fourier spectrum of the input rock motion to obtain the Fourier spectrum of the motion at the
top of the profile or at the desired elevation ( for either outcrop or in-column conditions), from
which response spectra are calculated using RVT.

This process is repeated multiple times, once for each artificial profile . For sixty site profiles,
sixty response spectra are calculated, from which statistics of site response are obtained.

The above calculations are repeated multiple times, once for each input rock spectrum. Thus
the site response is calculated separately for the 104 HF, 10" LF, 10> HF, 105 LF, 10 HF, and
106 LF spectra. '

In comparison to the SHAKE approach, the RVT approach avoids the requifement of
performing spectral matching on the input time histories to match an input rock spectrum,
and avoids analyzing each individual time history with a site-response program. -

The site amplification factor is defined as the surface response spectral amplitude at each
frequency, computed using the set of profiles that do not contain the 41 feet of fill above the
nuclear island, divided by the input rock spectral amplitude. Figure 2.5-78 shows the
logarithmic mean and standard deviation of site amplification factor from the 60 profiles for
the 10"* HF input motion. As would be expected by the large depth of sediments at the site,
amplifications are largest at low frequencies, and de-amplification occurs at high frequencies
because of soil damping. The maximum strains in the soil column are low for this motion, and
this is shown in Figure 2.5-79, which plots the maximum strains calculated for the 60 profiles
versus depth. Maximum strains are generally less than 0.01 percent, with some profiles having
strains in shallow layers up to 0.03 percent.

Figure 2.5-80 and Figure 2.5-81 show similar plots of amplification factors and maximum
strains for the 10" LF motion. The results are similar to those for the HF motion, with the soil
column generally exhibiting maximum strains less than 0.01 percent.

Figure 2.5-82 through Figure 2.5-85 show comparable plots of amplification factors and
maximum strains for the 10 input motion, both HF and LF. For this higher motion, larger
maximum strains are observed, but they are still generally less than 0.03 percent. A few
profiles exhibit maximum strains of about 0.1 percent at shallow depths. These strains are
within the range for which the equivalent linear site response formulation has been validated.

Table 2.5-23 documents the mean amplification factors for 104, 10, and 107 rock input
motions, and for HF and LF spectra.}

2.5.2.6 Ground Motion Response Spectra
The U.S. EPR FSAR includes the following COL Item in Section 2.5.2.6:

A COL applicant that references the U.S. EPR design certification will compare the
final site-specific soil characteristics with the U.S. EPR design generic soil
parameters and verify that the site-specific seismic characteristics are enveloped
by the CSDRS (anchored at 0.3 g PGA) and the 10 generic soil profiles discussed in
Section 2.5.2 and Section 3.7.1 and summarized in Table 3.7.1-6.

This COL Itém is addressed as follows:
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2.5.2.6.1 Ground Motion Response Spectra Development

This section and Section 3.7.1 describes the reconciliation of the site-specific soil
characteristics and site-specific seismic characteristics for CCNPP Unit 3 and demonstrates that
these parameters are enveloped by the Certified Seismic Design Response Spectra (CSDRS),
anchored at 0.3 g PGA, and the 10 generic soil profiles used in the design of the U.S. EPR.

Table 5.0-1 of the U.S. EPR FSAR identifies shear wave velocity as a required parameter to be
enveloped, defined as "Minimum shear wave velocity of 1000 feet per second (Low strain best
estimate average value at bottom of basemat).”

Figure 2.5-102 compares the 10 generic soil profile cases used for the U.S. EPR and the average
shear wave velocity profile that was adopted for the CCNPP site (shown in Figure 2.5-74 and

Figure 2.5-75. ' /

The CCNPP Unit 3 Average Profile shown in the Figure 2.5-102 is for soils below El. +44 ft
{bottom of the basemat is zero in the figure). Soils such as Stratum | Terrace Sand will not be
used for support of foundations of Category | structures. Therefore, shear wave velocity
measurements in the CCNPP site soils above El. +44 ft. regardless of value, are excluded from
this evaluation as they lie above the basemat. Results from the above Figure indicate that:

1. The CCNPP Unit 3 Average Profile is bounded by the 10 generic profiles used for the
U.S. EPR.

[~

The CCNPP Unit 3 Average Profile offers a shear wave velocity at the bottom of the
basemat (approx. El. +44 ft (or depth = 0in Figure 2.5-102)) of 1,450 ft/sec.

i

The minimum shear wave velocity from the CCNPP Unit 3 Average Profile is 1,130 ft/
sec.

4. The characteristic shear wave velocity of the soil column (weighted with respect to the
344 ft soil column) is 1,510 ft/sec.

On the basis of the above, the idealized CCNPP Unit 3 site shear wave velocity profile is
bounded by the 10 generic soil profiles used for the U.S. EPR and meets the minimum 1,000 ft/
sec criterion identified in the U.S. EPR FSAR.
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GMRS was conducted in accordance with the performance-based approach described in
Regulatory Position 5 of Requlatory Guide 1.208 (NRC, 2007a).

The GMRS was developed starting from the 10 and 107 rock Uniform Hazard Spectra. At high
frequencies, the appropriate (10~ or 1075) HF mean amplification factor was applied to the 10

~and 1075 rock spectrum, to calculate site spectral amplitudes for 10 and 107 annual

frequencies of exceedance. At low frequencies, a similar technique was used with the LF mean
ampilification factors. At intermediate frequencies the larger of the HF and LF site spectral
amplitudes was used. :

Figure 2.5-86 illustrates the resulting site spectra. At high frequencies the HF spectral
amplitudes are always greater, and at low frequencies the LF spectral amplitudes are always
greater. The two sets of spectral amplitudes cross at 2-3 Hz.

This procedure corresponds to Approach 2A in NUREG/CR-6728 (NRC, 2001) and NUREG/
CR-6769 (NRC, 2002b), wherein the rock Uniform Hazard Spectra (for example, at 107) is
multiplied by a mean amplification factor at each frequency to estimate the 107 site Uniform
Hazard Spectra. Note that the amplification factors plotted in Figure 2.5-78, Figure 2.5-80,
Figure 2.5-82, and Figure 2.5-84 are mean logarithmic amplification factors, which correspond
approximately to the median. The amplification factors used to prepare Figure 2.5-86 are
arithmetic mean amplification factors, which are slightly higher than the median.

The low-frequency character of the spectra in Figure 2.5-86 reflects the low-frequency
ampilification of the site, as shown in the amplification factors of Figure 2.5-78, Figure 2.5-80,
Figure 2.5-82, and Figure 2.5-84. That is, there is a fundamental site resonance at about 0.22
Hz, with a dip in site response at about 0.4 Hz, and this dip occurs for all 60 of the site profiles
that were used to characterize the site profile. As a result, there is a dip in the site spectra for
107 and 107 at 0.4 Hz that reflects the site characteristics.

The ASCE (ASCE, 2005) performance-based approach was used to derive a GMRS from the 10
and 107 site spectra. The spectrum is derived at each structural frequency as follows:

Ar=SA(107)/SA(10™%)

DF = 0.6 AgP®

GMRS = max{SA(10*)xmax(1.0, DF), 0.45xSA(10™))

The last term in the above equation was not published in this form in ASCE (ASCE, 2005) but is
a supplemental modified form, as presented in NRC Requlatory Guide 1.208 (NRC, 2007a). The
resulting horizontal spectrum is plotted in Figure 2.5-87. This spectrum has been smoothed
slightly, particularly around 1.5 Hz, to remove slight bumps and dips in the spectrum resulting
from the site ampilification calculations that are not statistically significant. The average
change in spectral amplitudes for the 5 frequencies that were smoothed was an increase of
1%, which is not significant.

A vertical spectrum was calculated by deriving vertical-to-horizontal (V:H) ratios and applying
them to the horizontal spectrum. As background and for comparison purposes, V:H ratios
were obtained by the following methods:
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Rock V:H ratios for the central and eastern United States (CEUS) were calculated from
NUREG-6728 (NRC, 2001), using the recommended ratios for PGA < 0.2g, which applies
at this site (see Figure 2.5-88).

(e

Soil V:H ratios for the western United States (WUS) were calculated from two
publications (Abrahamson, 1997) (Campbell, 1997) that have equations estimating
both horizontal and vertical motions on soil. Horizontal and vertical motions were
predicted from these two references for M = 5.5 and R =9 mi (15 km). M = 5.5 was -
selected because earthquakes around this magnitude dominate the high frequency
motions, and R =9 mi (15 km) was selected because this distance resulted in a
horitontal PGA of approximately 0.1 g at the site, which is close to the PGA associated
with the horizontal SSE. For each reference, the V:H ratio was formed, and the average
ratio (average from the two references) was then calculated.

o

The WUS V/H ratios for soil were modified in an approximate way for CEUS conditions
by shifting the frequency axis of the V:H ratios so that they more closely resemble
what might be expected at a soil site. This shifted the WUS peak V/H ratio from about
15 Hz to about 45 Hz,

|

Figure 2.5-88 shows these three V:H ratios plotted vs. structural frequency. As a conservative
choice, the envelope V/H ratio shown as a thick dashed line was selected because this
envelops all three approaches. The recommended V:H ratio is 1.0 for frequencies greater than
25 Hz, 0.75 for frequencies less than 5 Hz, and is interpolated (log-linear) between 5 and 25 Hz.
Figure 2.5-87 plots the resulting vertical spectrum, calculated in this manner from the
horizontal spectrum. Table 2.5-22 lists the horizontal and vertical GMRS amplitudes.

2.5.2.6.2 CCNPP3 Seismic Site Characteristics Reconciliation |

The CCNPP3 Site Seismic Characteristics are reconciled with the U.S. EPR FSAR generic seismic
analysis input and output thus assuring that the generic design of the U.S. EPR Nuclear Island
(NI, Emergency Power Generation Building (EPGB), and the Essential Service Water Building
(ESWB) bounds the CCNPP3 site requirements for these structures and the associated
equipment. This reconciliation follows the nine-step methodology and guidelines defined in
U.S. EPR FSAR Section 2.5.2.6. The overall conclusion of the reconciliation is that the CCNPP3
Site Seismic Characteristics are well bounded by the U.S. EPR FSAR generic analyses and
resulting design. o

The U.S. EPR FSAR states: |

"A COL applicant that references the U.S. EPR design certification will compare the final
site-specific soil characteristics with the U.S. EPR design generic soil parameters and verify that
the site-specific seismic characteristics are enveloped by the CSDRS (anchored at 0.3g PGA)
and the 10 generic soil profiles discussed in Section 2.5.2 and Section 3.7.1 and summarized in
Table 3.7.1-6. The applicant develops site-specific ground motion response spectra (GMRS)
and foundation input response spectra (FIRS). The applicant will also describe site-specific soil
conditions and evaluate the acceptability of the U.S. EPR standard design described in Section
3.7.1 for the particular site. In making this comparison, the applicant will refer to Sections 3.7.1
and 3.7.2 for a description of the soil-structure interaction analyses performed for the U.S. EPR
in addressing the following evaluation guidelines.”

This COL Item is addressed as follows: |
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The reconciliation of the CCNPP3 Seismic Site Characteristics consists of two parts:

4 A comparison of the CCNPP3 seismic analysis inputs to those used for the
U.S. EPR generic design and,

4 A comparison of the CCNPP3 site-specific confirmatory seismic analysis
results to the U.S. EPR FSAR generic analysis results.

Summaries of these comparisons are presented below. Then, subsections 1 through 9 discuss
each of the nine reconciliation steps included in the U.S. EPR FSAR guidelines. Table 2.5-75
highlights the primary CCNPP3 responses to each of the nine steps. The nine-step
reconciliation sections include appropriate references to various supporting tables and figures
contained in this and other sections of the COLA and the U.S. EPR FSAR.

Summary of the Comparison of Seismic Analysis Inputs

The key site characteristics used as input to the seismic analysis are the GMRS and the shear
wave velocity (SWV) profiles. The most significant input is the GMRS.

The U.S. EPR FSAR design is based on the EUR spectra with a Zero Period Acceleration (ZPA) of
0.3g and a peak spectral acceleration of 0.9¢g (Figure 3.7-5). The corresponding values for the
CCNPP3 site, as determined using the performance-based approach described in Section
2.5.2.6.1, are 0.0769g and 0.18g (Table 2.5-22). The CCNPP3 Safe Shutdown Earthquake {SSF)
has been defined as response spectra with a zero period acceleration of 0.15g and a peak
spectral acceleration of 0.45q (Figure 3.7-1). The shape of the CCNPP3 SSE is an envelope of
the shapes defined by Regulatory Guide 1.60 and the EUR spectra. 10CFR50, Appendix S
requires an “appropriate” SSE spectra shape with a ZPA of at least 0.10g. Therefore:

4 The defined CCNPP3 SSE exceeds the Appendix S requirement by 50%
and,

4 The U.S. EPR FSAR exceeds this defined SSE by a factor of two.

The reason the site SSE was developed in this manner is to assure that the analysis and design
of the site-specific buildings and equipment are performed in a conservative manner. For
simplicity and conservatism the site SSE which bounds the FIRS for the NI, EPGB, and ESWB, is
also used for the confirmatory analysis comparison to the U.S, EPR FSAR generic design,

The U.S. EPR FSAR generic design is based on a broad range of SWV profiles with a minimum
value of 700 feet per second and a maximum value of 13,123 feet per second. The U.S. EPR
FSAR also analyzes cases with shear wave velocities that vary by depth. The U.S. EPR FSAR
seismic analysis results show that the design of the U.S. EPR is generally controlled by the
maximum (13,123 feet per second) SWV analysis. As discussed in the reconciliation below, the

CCNPP3 SWV varies by structure and with depth and is within, or less than, the low end of the

range of SWV profiles used by the U.S. EPR FSAR for the generic design of the plant.
Foundation Input Response Spectra (FIRS) have been developed using the CCNPP3 SWV
profiles. These FIRS are shown to be bounded by the CCNPP3 site SSE.

Summary of the Comparison of Seismic Analysis Results

CCNPP3 confirmatory seismic analyses were performed, as described in Section 3.7, for the NI,
EPGB, and ESWB. The confirmatory analyses inputs consist of the CCNPP3 defined SSE
response spectra and associated strain-compatible site-specific SWV profiles. For the NI
confirmatory analysis, the Nl is modeled as a surface mounted structure and uses the SWV
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profile without backfill. As described in Section 3.8.4.6.1, the placement of a sand layer and
backfill is being used to accommodate the waterproofing system provided to protect the
reinforced concrete NI common basemat. Supporting NI FIRS have been developed for an
embedded NI using a SWV profile that includes backfill. These FIRS are shown to be enveloped

by the site SSE.

The purpose of the U.S. EPR FSAR seismic analyses is to obtain seismic results to develop the
generic design of these buildings and associated equipment. This generic design is used for
the CCNPP3 site. The purpose of the CCNPP3 confirmatory seismic analyses is to confirm that
the seismic results used for the generic design of the U.S. EPR bound the CCNPP3
requirements. The CCNPP3 confirmatory seismic analysis results are not used for design.

The results of the CCNPP3 confirmatory analyses are presented in Section 3.7, Figures 3.7-25
through 3.7-51 show comparisons of the U.S. EPR FSAR design In-Structure Response Spectra
{ISRS) with the results of the CCNPP3 confirmatory seismic analysis for the NI. Figures 3.7-54
through 3.7-72 provide the same comparisons for the EPGB and the ESWB. In all cases, except
for EPGB and ESWB accelerations in the very low frequency range (0.3 Hz and below), the U.S.
EPR design ISRS exceed the CCNPP3 confirmatory analysis results by a large margin. This large
margin is quantified in Reconciliation Step 8 and an assessment of the acceleration results
below 0.3 Hz is presented in Reconciliation Step 9.

The U.S. EPR FSAR nine-step reconciliation process is presented below in a standard format
consisting of the quote from the U.S. EPR FSAR step statement followed by the CCNPP3
response to this statement.

1. Reconciliation Step 1

U. S. EPR FSAR Statement: The applicant will confirm that the
peak ground acceleration (PGA) for the GMRS is less than 0.3q.

CCNPP3 Response: The PGA for the CCNPP3 GMRS is 0.0764.
However, a site SSE with a PGA of 0.15g has been defined for
CCNPP3 and, the site SSE is used as the input to the CCNPP3
confirmatory analysis. A discussion of the development of this
input is included in Section 3.7.1.1.1.1 for the NI and Section
3.7.1.1.1.2 for the EPGB and ESWB.

[N

Reconciliation Step 2

U. S. EPR FSAR Statement: The applicant will confirm that the
low-strain, best-estimate, value of SWV at the bottom of the
foundation basemat of the NI Common Basemat Structures
and other Seismic Category | structures is 1000 fps, or greater.
This comparison will confirm that the NI Common Basemat
Structures and other Seismic Category | structures are founded
on competent material.

CCNPP3 Response: The CCNPP3 low-strain best-estimate SWV
profile for the NI, EPGB, and ESWB are discussed in Section
2.5.2.6.1 and are reconciled to the 1,000 fps requirement.
However, backfill is used below each of these structures and
this backfill is expected to have a SWV of less than 1,000 fps.

CCNPP Unit 3 2-960 7D
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CCNPP3 has identified a departure related to the SWV of the
backfill. The in-situ material after backfill placement below
these buildings meets the 1,000 fps SWV.

For the backfill, the comparison of the site characteristics to a
SWV of 1,000 fps is not the only method used to assure that
the structures are founded on competent material. Industry
has found that competent backfill is not necessarily expected
to meet a SWV of 1000 fps. To assure competent material is
used for backfill, CCNPP3 has performed a backfill
investigation as described in Section 2.5.4.2.3. This
investigation has resulted in assuring that a competent source
of backfill is available and the properties of this competent
backfill can be defined. The impact of the backfill properties
(SWV) on the seismic analysis is evaluated as described in the
following subsections and the SWV of less than 1,000 fps is
determined to be acceptable.

Reconciliation Step 3

U.S. EPR FSAR Statement: The applicant will demonstrate that
the FIRS for the NI Common Basemat Structures is enveloped
by the CSDRS. In addition, the applicant will demonstrate that
the input motion, which considers the difference in elevation
between each structure and the Nl Common Basemat
Structures, the embedment of the ESWB, and SSSI effect of the
NI Common Basemat Structures is less than the modified
CSDRS used for the design of the EPGB and the ESWB (see
Section 3.7.1.1.1).

CCNPP3 Response: Figures 3.7-2 and Figure 3.7-3 show
comparisons of the FIRS to the site SSE for the NIl Common
Basemat Structures, without considering the NI backfill. Figure
2.5-241 shows a comparison of the CCNPP3 FIRS to the site SSE
for the NI Common Basemat Structures, considering backfill.
These fiqures show that the FIRS are bounded by the site SSE
as well as the Regulatory Guide 1.60 spectra. Figure 3.7-6
shows a comparison of the site SSE, which is used as input to
the confirmatory analysis, with the CSDRS. For most
frequencies, the SSE is bounded by the CSDRS by a factor of 2.

Two sets of NI FIRS are shown on Figure 2.5-241 to account for
the varying depth of backfill between the planned excavation
and the varying bottom contour of the NI basemat. The two
sets of strain-compatible SWV's associated with the CCNPP3
SSE response spectra are shown in Fiqures 2.5-242 and 2.5-243
for the upper 200 feet of the soil. Tables 2.5-76 and 2.5-77
show the strain-compatible values for the entire soil depth.

Figure 3F-27 shows a comparison of the EPGB and ESWB
CCNPP3 FIRS and the site SSE as well as the Requlatory Guide
1.60 spectra. The FIRS are bounded by the site SSE. Figure 3.7-6
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[

shows a comparison of the CCNPP3 site SSE to the unmodified
CSDRS. For most frequencies, the site SSE is bounded by the
unmodified CSDRS by a factor of 2. The modified CSDRS used
for the design of the EPGB and ESWB is greater than the
unmodified CSDRS. The modified CSDRS are shown in U.S. EPR
FSAR Figures 3.7.1-33 and 3.7.1-34. The ZPA for the modified
CSDRS is 26% greater and the peak spectral acceleration is
33% greater than the unmodified CSDRS.

-Reconciliation Step 4

U.S. EPR FSAR Statement: The applicant will demonstrate that
the site-specific profile is laterally uniform by confirming that
individual layers with the profile have an angle of dip no
greater than 20 degrees.

CCNPP3 Response: As discussed in Section 2.5.4.10.3, Item 2,
the CCNPP3 individual layers dip up to about 10 degrees.

In addition, Sections 2.5.4.2.2.2 and 2.5.4.10.3 summarizes the
results of extensive geotechnical studies and field surveys of
the CCNPP3 site that have been performed to confirm that soil
layers are laterally uniform.

Reconciliation Step 5

U. S. EPR FSAR Statement: The applicant will compare the final
site-specific soil characteristics including backfill with the U.S.
EPR design generic soil parameters and demonstrate that the
idealized strain-compatible site soil profile is similar to or
bounded by the 10 generic soil profiles used for the U.S. EPR.
The 10 generic profiles include a range of uniform and layered
site conditions. The applicant also considers the assumptions
used in the SSI analyses including backfill, as described in
Section 3.7.1 and Section 3.7.2. Site soil properties of soil
columns beneath Category | structures must be bounded by
design soil properties listed in Tables 3.7.1-6 and 3.7.2-9. The
soil column beneath the embedded NI Common Basemat and
the soil column, starting at grade, for the EPGB and ESWB must
meet this requirement.

CCNPP3 Response: The comparison between site soil

properties and design soil properties is performed in two
steps. First, the SWV site profile is compared to the design
SWV’s, and then the influence of unit weight is evaluated.

As far as the NI SWV site profile is concerned, a departure has
been identified because the backfill portion of the Best
Estimate SWV profile is less than the minimum analyzed in the
U.S. EPR FSAR (700 fps). The CCNPP3 data included in Tables
2.5-76 and 2.5-77 results in weighted average backfill SWV's of

CCNPP Unit 3

2-962
© 2007-2011 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED

7D




FSAR: Section 2.5

Geology, Seismology, and Geotechnical Engineering

UN#11-107
Enclosure 2
Page 12 of 29

620 fps and 688 fps. This departure can be justified for the
following reasons.

The departure addresses a SWV that is on average less than
12% lower than the minimum used in the U.S. EPR FSAR (700

fps).

The strain-compatible SWV's decrease from the low-strain
values as the seismic demand increases. The CCNPP3 values of
620 fps and 688 fps are associated with the site-specific SSE
which is used in the confirmatory analyses. Considering the
CCNPP3 site-specific FIRS rather than the SSE, the Best
Estimate strain-compatible SWV values would be equal to or
larger than the minimum SWV value considered in the U.S. EPR
FSAR. Refer to Figures 2.5-244 and 2.5-245. This means that the
departure is a result of the use of a conservative SSE input to
the confirmatory analyses. These two facts demonstrate that
the CCNPP3 site characteristics are very close to the generic
design conditions.

For the EPGB and ESWB, the CCNPP3 Best Estimate, Lower
Bound, Upper Bound SWV profiles are included in Tables 3F-3,
3F-4, and 3F-5. Similar to the NI, these tables show a departure
from the U.S. EPR FSAR minimum SWV of 700 fps.

In order to quantify the impact of these departures, two
approaches are taken.

For the EPGB and ESWB, the confirmatory analysis was
performed with CCNPP3 values reflecting the backfill. The
CCNPP3 SWV profiles are in the low end of the range of SWV’s
analyzed in the U.S. EPR FSAR. The results of these analyses are
presented in Section 3.7 and compared with the U.S. EPR FSAR
results. As discussed in Reconciliation Step 8 below, the
comparison shows that the CCNPP3 ISRS are well bounded.

For the NI, because the backfill was introduced after the
completion of the confirmatory analysis, a different approach
is used. This approach compares the FIRS with and without
backfill. The data for this comparison are shown on Figure
2.5-241 and Figures 3.7-2 and 3.7-3. The effect of the backfill is
to increase the ZPA and peak spectral accelerations of the FIRS
by 11% and 16% respectively. The Ni FIRS with backfill remain
bounded by the site SSE which is the basis for the confirmatory

analysis.

Another reason which makes the departure acceptable is that
the departure is associated with low, not high SWV's. Figure
3.7-20 shows a comparison of the NI Lower Bound, Best
Estimate, and Upper Bound CCNPP3 SWV profiles without
backfill being considered. Tables 3.7-2, 3.7-3, and 3.7-4 provide
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the associated data. This fiqure also shows the U.S. EPR FSAR
SWV profiles. As can be seen from the figure, even without
considering the backfill, the NI SWV profile is in the low end of
the range of SWV’s analyzed in the U.S. EPR FSAR. When
considering backfill, the SWV profile is even lower. This is not
critical because hard rock SWV profiles, not low SWV profiles,
generally control the design of the U.S. EPR.

The basis for stating that the hard rock or U.S. EPR SWV of
13,123 fps generally controls the generic design is contained in

U.S. EPR FSAR Tables 3.7.2-10 through 3.7.2-17 for the NI, Table
3.7.2-27 for the EPGB, and Table 3.7.2-28 for the ESWB. These
tables list the ZPA values for each of the SWV's analyzed. The
ZPA's are provided at various elevations for each of the
buildings. As an example, Figure 2.5-246 shows a plot of the
Containment Building horizontal ZPA's in the x-direction at
each elevation for three of the SWV's analyzed in the U.S. EPR
FSAR. Since the design of the structure and the development
of the ISRS are based on these ZPA’s, it can be seen that the
seismic analysis results from the SWV of 13,123 fps generally
controls the generic design. For comparison purposes, the
figure also includes the ZPA’s resulting from the CCNPP3
confirmatory analysis which is based on the site SSE input and
a strain-compatible SWV profile without backfill. '

Based on the logic that the high SWV’s generally control the
generic design, the low values that are the basis for the
departure do not impact the conclusion that the U.S. EPR FSAR
seismic response bounds the CCNPP3 site-specific response,
This conclusion has been confirmed by the results of the
CCNPP3 confirmatory analysis which are discussed in
Reconciliation Step 8 below.

The overall conclusion is that the CCNPP3 SWV's profile is
similar to and bounded by the 10 generic soil profiles used for
the U.S. EPR. The CCNPP3 SWV profile leads to seismic analysis
results which are bounded by the results from the U.S. EPR
FSAR range of profiles because high rather than low SWV
profiles generally control the generic design of the U. S, EPR.

The departure has also been written to address the fact that
the U.S. EPR FSAR seismic analyses are based on a soft soil unit
weight of 110 pcf. The CCNPP3 unit weight for the in-situ soil
in the NI, EPGB, and ESWB area ranges from 105 pcf to 125 pcf.
The unit weight of the backfill is 145 pcf partially a result of the
high compaction requirements. The confirmatory analysis for
the EPGB and ESWB and the development of the FIRS for the NI

used the site-specific unit weights. Therefore, the influence of
this departure has been taken into account in the supporting

analyses.

6. Reconciliation Step 6
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U. S. EPR FSAR Statement: If the conditions of steps one

through five are met, the characteristics of the site fall within
the site parameters for the U.S. EPR and the site is acceptable.

CCNPP3 Response: The conditions of steps one through five
have been met or the departures have been shown to be
acceptable because; '

4 The primary input influencing the seismic
analysis results is the earthquake magnitude as
defined by the GMRS and, the requlatory
required earthguake for the CCNPP3 site is
one-third of that used for the generic design of
the U.S. EPR,

The secondary input, the CCNPP3 SWV values
are similar to the U.S. EPR FSAR values and the
SWV profiles are relatively low when compared
to the range of SWV profiles used for the
generic design of the U.S. EPR. In general, the
high SWV profiles (a rock site) control the
design of the U.S. EPR.

|

L4

The FIRS which include the influence of the
CCNPP3 SWV profiles are bounded by the
defined site SSE.

However to conservatively confirm the above assessment,
CCNPP3 site-specific confirmatory seismic analyses have been
performed. The results of these analyses are discussed in the
following sections.

Reconciliation Step 7

U. S. EPR FSAR Statement: If the conditions of steps one
through five are not met, the applicant will demonstrate by
other appropriate means that the U.S. EPR is acceptable at the
proposed site. The applicant may perform intermediate-level
additional studies to demonstrate that the particular site is
bounded by the design of the U.S. EPR. An example of such
studies is to show that the site-specific motion at
top-of-basemat level, with consideration of the range of
structural frequencies involved, is bounded by the U.S. EPR

design.

CCNPP3 Response: The CCNPP3 confirmatory analysis seismic
modeling and methodology are consistent with the modeling
and methodology described in the U.S. EPR FSAR. Therefore,
the confirmatory analyses are “detailed site-specific SSI
analyses” as defined in Step 8.

The development of the NI FIRS to assess the impact of the
backfill layers on the NI confirmatory analysis is an

CCNPP Unit 3
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“intermediate study” which supports the conclusion that the
FIRS are enveloped by the CCNPP3 SSE and the confirmatory
analysis remains conservative. Refer to Reconciliation Step 5.

Future changes, in particular those anticipated in Revision 3 of
the U.S. EPR FSAR, may require further reconciliation of the
CCNPP3 Site Seismic Characteristics. Some of these changes
are expected to affect the specific modeling and methodology
used in the U.S. EPR FSAR without changing the broad features
of the generic analysis and design. Considering the expected
limited impact, these changes could be reconciled through the

use of the CCNPP3 confirmatory analyses and other
“intermediate level” studies in accordance with this Step 7.

Reconciliation Step 8

U. S. EPR FSAR Statement: If the evaluations of step 7 are not
sufficient, the applicant will perform detailed site-specific SSI
analyses for the particular site. This site-specific evaluation will
include dynamic seismic analyses and development of ISRS for
comparison with ISRS for the U.S. EPR. These analyses will be
performed in accordance with the methodologies described in
Section 3.7.1 and Section 3.7.2. Results from this comparison
will be acceptable if the amplitude of the site-specific ISRS do
not exceed the ISRS for the U.S. EPR by greater than 10 percent
on a location-by-location basis. Comparisons will be made at
the following key locations, defined in Section 3.7.2:

(For brevity, the defined Locations A though G contained in
U.S. EPR FSAR Section 2.5.2.6 are not repeated here.)

CCNPP3 Response: CCNPP3 site-specific confirmatory analyses
have been performed. These confirmatory analyses are
performed in accordance with the methodologies described in
U.S. EPR FSAR Section 3.7.1 and Section 3.7.2.

ISRS are developed for the Lower Bound, Best Estimate, and
Upper Bound SWV profiles shown in Tables 3.7-2, 3.7-3, and
3.7-4 for the NI and Tables 3F-3, 3F-4, and 3F-5 for the EPGB
and ESWB. The resulting CCNPP3 ISRS are compared to the
ISRS for the U.S. EPR in Figures 3.7-25 through 3.7-51 for the NI
and Figures 3.7-64 through 3.7-72 for the EPGB and ESWB.

The comparison figures show:

4 For the designated locations of the NI, the U.S.
EPR FSAR ISRS bound the CCNPP3 results. The
margin between the generic design and
confirmatory analysis results is large in the
range of frequencies affecting the design of
structures and equipment, The multiplication
factor between the peak spectral acceleration

CCNPP Unit 3
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of the U.S. EPR FSARISRS and the CCNPP3
confirmatory analysis ISRS for the same
building location ranges from a minimum of
1.99 to a maximum of 5.45. The corresponding
ZPA factor ranges from 2.06 to 3.78.

(&

For the designated locations of the EPGB and
ESWB, the U.S. EPR FSAR ISRS bound the
CCNPP3 results above a frequency of 0.3Hz.
The margin between the generic design and
confirmatory analysis results is large in the
range of frequencies affecting the design of
structures and equipment. The multiplication
factor between the peak spectral acceleration
of the U.S. EPR FSAR ISRS and the CCNPP3
confirmatory analysis ISRS for the same
building location ranges from a minimum of
2.48 to a maximum of 5.40. The corresponding
ZPA factor ranges from 2.49 to 7.73.

9. Reconciliation Step 9

U. S. EPR FSAR Statement: Exceedances in_excess of the limits
discussed in step 8 will require additional evaluation to
determine if safety-related structures, systems, and
components of the U.S. EPR at the location(s) in question will
be affected.

CCNPP3 Response: As noted in the Step 8 response, in EPGB
and ESWB building locations the CCNPP3 results exceed the
U.S. EPR FSAR ISRS below a frequency of 0.3 Hz. This is caused
by the fact that the confirmatory analyses use the site SSE as
input. And, the site SSE is conservative when compared to the
FIRS or the U.S. EPR FSAR response spectra shape. This can be
seen from Figure 3F-27. It is well known that structures and
equipment are not affected by accelerations in this frequency
range. Data supporting this fact can be obtained from the
modal frequency and mass participation information
contained in U.S. EPR FSAR Tables 3.7.2-1 through 3.7.2-5 for
the NI. The lowest frequency affecting the response of the
structure and included in the table is 3.75 Hz. The lowest
frequency affecting the response of the structure and included
in U.S. EPR FSAR Table 3.7.2-7 for the EPGB is 10.72 Hz. The
lowest frequency affecting the response of the structure and
included in U.S. EPR FSAR Table 3.7.2-8 for the ESWB is 6.67 Hz.

Sloshing associated with water storage containers could be
affected by very low frequency accelerations. However, the
associated maximum acceleration below the frequency of 0.3
Hz is 0.06g and the exceedance is less than 0.007g. Taking into
account the cause (the CCNPP3 confirmatory analysis use of an
enveloping SSE response spectrum that is more conservative

CCNPP Unit 3
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than the U.S. EPR response spectra in this low frequency range)
and the magnitude of the exceedances (0.007q), the
exceedances have no impact on the application of the U.S. EPR
FSAR generic design to the CCNPP3 site.

Based on the above reconciliation process which includes a comparison of the CCNPP3 site
seismic characteristics inputs and the results of confirmatory seismic analyses with the U.S. EPR
FSAR inputs and results; the CCNPP3 Seismic Site Characteristics are bounded by the U.S. EPR
FSAR. Therefore, the CCNPP3 site is acceptable,

2.5.2.7 Conclusions

This section is added as a supplement to the U.S. EPR FSAR.

Calvert Cliffs 3 Nuclear Project, LLC and UniStar Nuclear Operating Services, LLC used the
seismic source and ground motion models published by the Electric Power Research Institute
(EPRI) for the central and eastern United States (CEUS), Seismic Hazard Methodology for the
Central and Eastern United States, (EPRI, 1986). As such, FSAR Section 2.5.2 focuses on those
data developed since publication of this 1986 EPRI report. Regulatory Guide 1.165,
Identification and Characterization of Seismic Sources and Determination of Safe Shutdown
Earthquake Ground Motion, (NRC, 1997), indicates that applicants may use the seismic source
interpretations developed by Lawrence Livermore National Laboratory (LLNL) in the "Eastern
Seismic Hazard Characterization Update,” published in 1993, or the EPRI document as inputs
for a site-specific analysis.

Calvert Cliffs 3 Nuclear Project, LLC and UniStar Nuclear Operating Services, LLC also used the
guidance of Regulatory Guide 1.208, A Performance-Based Approach to Define the
Site-Specific Earthquake Ground Motion, (NRC, 2007a) to develop the Ground Motion
Response Spectrum (GMRS).

Calvert Cliffs 3 Nuclear Project, LLC and UniStar Nuclear Operating Services, LLC has provided a
characterization of the seismic sources surrounding the site, as required by 10 CFR 100.23.
Calvert Cliffs 3 Nuclear Project, LLC and UniStar Nuclear Operating Services, LLC has
adequately addressed the uncertainties inherent in the characterization of these seismic
sources through a PSHA, and that this PSHA followed the guidance provided in Regulatory
Guide 1.208 (NRC, 2007a).

The GMRS developed by UniStar Nuclear Operating Services, LLC uses the performance-based
approach described in Regulatory Guide 1.208 (NRC, 2007a), adequately representing the
regional and local seismic hazards and accurately includes the effects of the local CCNPP Unit
3 subsurface properties.

The performance-based approach outlined in Regulatory Guide 1.208 (NRC, 2007a) is an
advancement over the solely hazard-based reference probability approach recommended in
Regulatory Guide 1.165 (NRC, 1997) and it was used where appropriate in the determination of
the GMRS. The performance-based approach uses not only the seismic hazard characterization

. of the site from the PSHA but also basic seismic fragility SSC modeling in order to obtain an

SSE that directly targets a structural performance frequency value. Calvert Cliffs 3 Nuclear
Project, LLC and UniStar Nuclear Operating Services, LLC conclude that the application for the
CCNPP Unit 3 site is acceptable from a geologic and seismologic standpoint and meets the
requirements of 10 CFR 100.23(d) (CFR, 2007). However, because the site specific SSE is smaller
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Table 2.5-75— Summary of CCNPP3 Response to U.S. EPR FSAR Site Seismic Characteristics Reconciliation
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{Page 1 of 2)

Z0L-LLENN

U.S. EPR FSAR Reconciliation

Nine-Step Process

Guideline

CCNPP3 Response

CCNPP3 Comments

1

PGA for the GMRS less than

PGA for the GMRS equals 0.076g

Reference COLA Section 2.5.2.6

0.3g
2 Low Strain Best Estimate SWV |Low Strain Best Estimate SWV: Reference COLA Part 7 Departure
1,000 fps Remaining in-situ soil after backfill Reference Section 2.5.2.6.1
placement greater than 1,000 fps
Backfill expected to be less than 1,000 |Purpose of Guideline to assure competent foundation material.
fos CCNPP3 COLA Section 2.5.4.2.3 backfill investigations assure
competent foundation material.
3 FIRS enveloped by CSDRS NI, EPGB, and ESWB with backfill, (ZPA |Reference Figures 2.5-242, 2.5-243, and 2.5-244, Tables 2.5-76
(ZPA 0.3g and Peak Spectral 0.08g and Peak Spectral Acceleration and 2.5-77, and COLA Appendix 3F
Acceleration of 0.99) of 0.22q)
4 Soil layer angle of dip no CCNPP3 angle of dip up to 10 degrees | Reference COLA Sections 2.5.4.2.2.2 and 2.5.4.10.3
greater than 20 degrees
5 Strain-compatible soil profile |In-situ soil profiles bounded by EPR Reference Figures 2.5-245, 2.5-246, and 3.7-20 and Tables 3F-3,
similar to or bounded by 10 | profiles. 3F-4, and 3F-5
generic EPR profiles (SWV range | gackfill layers are lower than minimum | CCNPP3 SWV values similar to the U.S. EPR FSAR
from 700 fpsto 13,123 fps)  |EpR value.
Departure identified and justified High SWV profiles generally control the generic design, refer to
Figure 2.5-247
R EPGB and ESWB Confirmatory Analyses performed with backfillNI
FIRS developed with backfill
B} Comparison of NI FIRS with and without backfill show relatively
minor increase in acceleration
i} NI FIRS bounded by SSE used in CCNPP3 confirmatory analysis
6 Steps 1 through 5 met, site | Essentially shown to be bounded but R
characteristics bounded CCNPP3 confirmatory analysis
performed
7 If Steps 1 thru 5 not met, None performed CCNPP3 confirmatory analysis meets more stringent
perform “intermediate studies” requirements of Step 8
8 Compare U.S. EPR In-Structure |CCNPP3 In-Structure Response Spectra {Reference NI Figures 3.7-25 thru -51 and EPGB & ESWB Figures

Response Spectra with

well bounded within frequency range of

3.7-64 thru -72

site-specific spectra

interest (above 0.3 Hz)
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Table 2.5-75— Summary of CCNPP3 Response to U.S. EPR FSAR Site Seismic Characteristics Reconciliation

(Page 2 of 2)
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U.S. EPR FSAR Reconciliation
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Nine-Step Process

Guideline

CCNPP3 Response

CCNPP3 Comments

9

Reconcile any exceedances

Exceedances below 0.3 Hz reconciled

Exceedance caused by use of SSE for the CCNPP3 confirmatory

analysis.

SSE developed using a conservative enveloping approach (RG
1.60 and EUR shapes)Exceedances very small
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FSAR: Section 2.5 Geology, Seismology, and Geotechnical Engineering

gr’:‘gggu:gq Table 2.5-76— {CCNPP Unit 3 Soil Profiles for SSE - Nl Common Basemat Structure —
Page200 . RB36 Soil Column}
(Page 1 of 2)
. Lower Bound (LB) Best Estimate (BE) Upper Bound (UB)
Layer | Thick Top y‘n"! S-Wave | P-Wave S-Wave | P-Wave S-Wave | P-Wave
N [ft] Depth | Weight Vel, vel, | 2ame- | Tyo Vel |2ame. |7y Vel | Dame-
[ftl [kefl — e [%] gy "y [%1 — " %
[ft/sec] | [ft/sec] [ft/sec] | [ft/sec]l [ftisec] | [ft/sec]
1 3.0 00 | 0145 | 5494 | 1143.7 | 289 | 6729 | 14007 | 197 | 8241 | 17155 | 134
2 3.0 30 | 0145 | 4918 | 10238 | 492 | 6339 | 13196 | 3.05 | 8171 | 17009 | 1.89
3 35 60 | 0145 | 4541 | 9452 | 751 | 6097 | 12693 | 440 | 8188 | 17045 | 2.58
4 4.0 9.5 0.145 | 409.7 | 8530 | 932 | 5858 | 12195 | 546 | 8376 | 17437 | 3.20
5 40 135 0.145 400.7 8342 1041 586.6 1221.2 6.15 858.8 1787.7 363
6 45 175 | 0.145 | 4060 | 8451 | 1097 | 601.0 | 12512 | 656 | 889.8 | 18524 | 3.92
z 4.0 220 | 0145 | 3934 | 8190 | 11.00 | 5983 | 12456 | 649 | 9100 | 18943 ( 3.83
8 40 26.0 0.145 426.8 8884 10.84 633.5 1318.8 6.54 940.5 1957.8 395
9 30 300 | 0145 | 4117 | 20994 | 1128 | 6284 | 32044 | 683 | 959.2 | 48000 | 4.14
10 30 33.0 | 0.145 | 409.2 | 20865 | 11.32 | 629.8 | 32112 | 699 | 969.2 | 48000 | 432
n 30 360 | 0145 | 4011 | 20450 | 11.62 | 6307 | 32161 | 712 | 9919 | 48000 | 436
12 3.0 39.0 0.145 395.5 2016.6 11.78 633.7 32311 7.21 1015.3 | 4800.0 441
13 | 30 420 | 0.145 | 3902 | 1989.8 | 11.86 | 6298 | 32114 | 7.36 | 10165 | 48000 | 457
14 4.0 450 | 045 | 3837 | 19565 | 1200 | 6328 | 32265 | 742 | 10435 | 48000 [ 4.59
15 6.0 490 | 0.120 | 10166 | 48000 | 292 | 14106 | 4800.0 | 2.08 | 19572 | 64912 | 148
16 5.0 55.0 0.120 1229.1 | 4800.0 2.50 1709.5 | 5669.7 1.89 2377.6 | 7885.7 143
17 5.0 60.0 0.120 1226.8 | 4800.0 256 1707.8 | 5664.0 192 2377.2 | 78844 144
18 50 650 0.120 12246 | 4800.0 2.60 1706.1 | 5658.4 194 2376.8 | 7883.0 145
19 50 700 | 0.120 | 7698 | 39254 | 3.67 | 1094.1 | 5579.1 | 2.55 | 1555.1 | 79294 | 177
20 5.0 75.0 0.120 766.9 3910.5 371 1091.3 | 5564.7 2.57 1553.0 | 7918.7 1.78
21 50 800 | 0120 | 7659 | 39051 | 3.74 | 11166 | 5693.8 | 257 | 1628.1 | 83018 | 1.76
22 5.0 850 0.120 1196.1 | 4800.0 2.68 1686.1 | 5592.0 195 2376.6 | 78824 142
23 5.0 90.0 0.120 1234.7 | 4800.0 2.60 1705.6 | 5656.8 194 2356.2 | 78145 145
24 50 950 | 0.118 | 11727 | 48000 | 251 | 1639.8 | 54385 | 1.86 | 2292.8 | 76044 | 1.38
25 50 100.0 0.106 1039.0 | 4800.0 162 1289.9 | 5421.8 133 1601.6 | 6731.6 1.09
26 5.0 105.0 0.105 1040.1 | 4800.0 146 12739 | 53543 1.27 1560.2 | 6557.7 1.10
27 70 | 1100 | 0105 | 10397 | 48000 | 146 | 12734 | 53522 | 127 | 15596 | 6555.1 | 1.10
28 8.0 1170 0.105 1039.3 | 4800.0 148 1272.8 | 5350.0 1.28 15589 | 65524 1.10
29 100 | 1250 | 0.105 | 10388 | 4800.0 | 149 | 1272.3 | 53476 | 1.28 | 1558.2 | 65494 | 1.10
30 100 | 1350 | 0.105 | 10375 | 4800.0 | 143 | 1270.6 | 53407 | 1.26 | 1556.2 | 65410 | 1.11
31 100 145.0 0.105 1038.1 | 4800.0 1.49 1271.4 | 5344.0 1.28 1557.2 | 6545.1 1.10
32 10.0 155.0 0.105 1036.0 | 4800.0 153 1268.8 | 5333.2 130 15540 | 65318 111
33 10.0 165.0 0.105 1035.7 | 4800.0 153 1268.5 | 5331.7 130 1553.6 | 6530.0 1.11
34 10.0 175.0 0.105 1035.1 | 4800.0 154 1267.8 | 5328.7 131 1552.7 | 65263 111
35 100 185.0 0.105 1041.1 | 4800.0 1.60 1275.1 | 5359.5 135 1561.7 | 6564.0 1.14
36 10.0 195.0 0.105 1036.4 | 4800.0 159 12694 | 53354 135 1554.6 | 65345 115
37 10.0 2050 0.105 10344 | 4800.0 1.60 1266.9 | 5325.1 136 1551.7 | 6521.9 1.16
38 10.0 215.0 0.105 10339 | 4800.0 1.62 1266.3 | 5322.5 137 15509 | 6518.7 1.16
39 100 2250 0.105 1033.5 | 4800.0 164 1265.8 [ 5320.2 1.38 1550.2 | 6515.9 1.16
40 100 | 2350 | 0.105 | 10356 | 48000 | 1.58 | 12684 | 53313 | 1.36 | 15535 | 65294 | 1.7
41 80 | 2450 | 0.105 | 10324 | 4800.0 | 1.63 | 1264.4 | 53145 | 1.7 | 15486 | 65089 | 1.15
42 7.0 2530 0.105 1031.8 | 4800.0 1.64 1263.7 | 5311.5 1.36 1547.7 | 6505.2 113
43 5.0 260.0 0.105 1033.9 | 4800.0 162 1266.3 | 5322.5 1.35 15509 | 6518.7 113
CCNPP Unit 3 2-1174 7D
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gr’;‘é‘:;;u:é’ﬂ Table 2.5-76— {CCNPP Unit 3 Soil Profiles for SSE - Nl Common Basemat Structure —
Page 21 of RB36 Soil Column}
(Page 2 of 2)
. Lower Bound (LB) Best Estimate (BE) Upper Bound (UB)
Layer | Thick Top M S-Wave | P-Wave S-Wave | P-Wave S-Wave | P-Wave
No. | [y |Depth |Weight| =y = Tve. |Damp: Ty T | Tye, | Rame: |Tyg | Tye, | Dame.
[fe] [kef] | == " [%] oo oo [%] e Yy 1%]
[ft/sec] | [ft/sec] [ft/sec] | [ft/sec] [ft/sec] | [ft/sec]
44 5.0 265.0 0.106 1060.5 | 4800.0 174 12989 | 54594 139 1590.8 | 6686.3 in
45 5.0 2700 0.107 10779 | 4800.0 1.80 1320.2 | 5549.0 141 1616.9 | 6796.1 1
46 5.0 2750 0.110 1101.0 | 4800.0 2.08 13484 | 5667.5 153 1651:4 | 6941.3 112
47 5.0 2800 0.114 1167.7 | 4908.1 237 1430.2 | 6011.2 1.68 1751.6 | 7362.2 1.19
48 50 2850 | 0118 | 12150 | 48000 | 253 | 1553.1 | 5151.2 | 1.84 | 19855 | 65850 | 1.34
49 5.0 2900 0.120 | 12964 | 48000 | 257 | 16332 | 54167 | 192 | 20575 | 6824.1 | 1.43
30 5.0 2950 | 0.122 | 13208 | 48000 | 266 | 16676 | 55307 | 2.00 | 21054 | 69829 | 151
51 5.0 300.0 0.123 14629 | 4851.7 2.50 1827.5 | 6061.0 1.99 22829 | 7571.7 1.58
52 5.0 305.0 0.124 | 15846 | 4800.0 235 19756 | 53196 1.95 2463.2 | 66323 1.62
53 5.0 3100 0.125 1636.6 | 4800.0 241 20044 | 53971 2.01 24549 | 6610.0 1.68
54 50 3150 0.125 | 16429 | 48000 238 20121 | 57416 2.02 24643 | 70320 1.72
55 50 3200 | 0125 | 16355 | 48000 | 236 [ 2003.1 | 57160 | 203 | 24533 | 70007 | 1.75
56 50 325.0 0.125 1648.5 | 4800.0 238 2019.0 | 5761.2 2.02 24727 | 7056.0 1.72
57 5.0 3300 | 0.125 1643.6 | 4800.0 240 2013.0 | 57443 204 24654 | 7035.3 1.74
58 5.0 3350 0.125 1617.7 | 4800.0 243 1981.3 | 5653.8 2.07 2426.6 | 6924.5 176
59 5.0 340.0 0.125 1607.1 | 4800.0 245 1968.2 | 5616.5 2.08 24106 | 6878.8 176
60 5.0 3450 0.125 1590.6 | 4800.0 249 1948.1 | 5559.0 212 23859 | 68084 181
61 5.0 350.0 0.125 1580.6 | 4800.0 254 19359 | 552441 216 2370.9 | 6765.6 1.84
62 5.0 355.0 0.125 1560.2 | 4800.0 258 19109 | 5837.8 2.18 23403 | 71498 1.84
63 5.0 360.0 0.125 15309 | 4800.0 261 1875.0 | 5728.2 2.20 22964 | 7015.6 1.85
64 5.0 365.0 0.125 1519.2 | 4800.0 263 1860.6 | 5684.2 2.23 2278.8 | 6961.7 1.89
65 6.0 370.0 0.125 1510.2 | 4800.0 265 1849.7 | 5650.8 2.26 22654 | 6920.8 1.93
66 6.0 376.0 0.125 1511.1 | 4800.0 2.66 1850.8 | 5654.2 2.27 2266.7 | 69249 1.94
67 5.0 382.0 0.124 | 15222 | 4800.0 2.65 1864.3 | 5695.6 2.25 22833 | 69757 191
68 5.0 3870 | 0124 | 1538.2 | 4800.0 | 264 | 18839 | 57555 | 224 | 23073 | 70490 | 1.90
69 50 392.0 0.122 1573.0 | 4805.7 2.56 1926.6 | 5885.7 219 2359.5 | 7208.5 1.87
70 5.0 397.0 0.120 1609.8 | 4918.1 2.51 1971.6 | 60234 217 2414.7 | 73771 1.87
yal 5.0 402.0 0.119 1638.8 | 4800.0 249 2007.1 | 4916.5 215 2458.2 | 60214 1.86
72 8.0 4070 | 0.117 | 16767 | 48000 | 245 | 20535 | 5030.1 | 211 | 2515.1 | 61606 | 1.82
73 10.0 4150 0.116 | 1709.7 | 48000 | 242 | 20939 | 5129.0 [ 211 | 25645 | 62817 | 184
74 10.0 425.0 0.115 17249 | 4800.0 241 21125 | 51746 2.09 2587.3 | 6337.6 181
75 10.0 4350 0.115 1728.6 | 4800.0 243 2117.1 | 51859 2.09 25930 | 63514 1.80
76 20.0 445.0 0.115 1728.1 | 4800.0 245 2116.5 | 5184.2 2.10 2592.1 | 63494 1.80
77 20.0 465.0 0.115 1727.3 | 4800.0 245 2115.6 | 51820 2.10 2591.0 | 6346.7 1.80
78 300 485.0 0.115 17264 | 4800.0 247 21144 | 51793 2.11 2589.6 | 6343.3 1.80
79 30.0 515.0 0.115 17254 | 4800.0 247 2113.2 | 5176.1 212 2588.1 | 6339.5 182
80 40.0 545.0 0.115 1724.1 | 4800.0 2.50 21116 | 51723 2.14 2586.2 | 63348 1.83
81 400 | 5850 | 0115 | 17226 | 48000 | 254 | 21097 | 51678 | 2.7 | 25839 | 63292 | 1.85
CCNPP Unit 3 2-1175 7D

© 2007-2011 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED




FSAR: Section 2.5

Geology, Seismology, and Geotechnical Engineering

UN#11-107 Table 2.5-77— {CCNPP Unit 3 Soil Profiles for SSE - Nl Common Basemat Structure -
Enclosure .
Page 22 of RB26 Soil Column} ‘
(Page 1 of 2)
N Lower Bound (LB) Best Estimate (BE) Upper Bound (UB)
Layer | Thick Top Unit S-Wave | P-Wave S-Wave | P-Wave S-Wave | P-Wave
No. | [my |DeBth \Welaht =0 = Vel | BAmR: | Tyg T |Tvel, |23ME: | Tyo | Tye, | 22mE:
e | [kefl | € | g | o8 | PSS | peel | E: | TEE 6]
[ft/sec] | [ft/sec] [ft/sec] | [ft/sec] [ftisec] | [ftisec]
1 3.0 0.0 0.145 583.7 1215.2 292 719.0 1496.7 1.96 885.6 18435 131
2 30 30 0145 | 5214 | 10854 | 483 | 6806 | 14169 | 290 | 8885 | 18496 | 1.74
3 35 6.0 0.145 482.5 10044 6.47 663.7 1381.6 372 9129 19004 214
4 40 25 0.145 | 4528 | 2426 1.94 659.2 | 13722 | 447 959.6 | 19976 | 2.52
5 4.0 135 | 0.145 | 4348 | 9052 | 901 | 6563 | 13663 | 511 | 9907 | 2062.2 | 2.90
6 45 17.5 | 0145 | 4375 | 9107 | 969 | 6639 | 1382.1 | 560 | 1007.6 | 2097.5 | 3.24
7 4.0 220 0.145 436.9 9094 10.11 660.0 13738 5.89 997.0 | 20754 343
8 4.0 260 | 0.145 | 459.0 | 9555 | 1021 | 688.0 | 14321 | 6.00 | 10311 | 21464 | 3.53
9 3.0 30.0 0.145 472.2 2408.0 10.33 698.2 | 3560.1 6.17 1032.3 | 4800.0 3.69
10 3.0 330 | 0.145 | 461.2 | 2351.6 | 1045 | 7025 | 35823 | 6.28 | 1070.2 | 48000 | 3.77
n 30 36.0 0.145 4594 | 23423 | 10.63 701.1 | 3575.1 6.44 1070.2 | 4800.0 390
12 30 39.0 0.145 448.9 2289.2 10.95 698.7 3562.5 6.56 1087.3 | 4800.0 393
13 3.0 42.0 0.145 453.2 2310.8 10.92 705.2 35957 6.62 1097.3 | 4800.0 4.01
14 40 45.0 0.145 436.7 | 22268 | 11.34 696.8 3553.0 6.82 1111.8 | 4800.0 4.10
15 3.0 49.0 0.145 450.6 | 22976 11.30 7148 | 36447 6.81 11339 | 4800.0 4.10
16 3.0 52.0 0.145 4420 | 22539 11.57 7108 | 36243 6.92 11429 | 4800.0 4.14
17 4.0 55.0 0.145 459.3 2342.2 11.60 720.7 36751 7.01 11309 | 4800.0 423
18 5.0 59.0 0.120 | 1228.2 | 4800.0 248 17144 | 5686.0 1.85 23931 | 7937.0 138
19 6.0 64.0 0.120 12254 | 4800.0 251 17124 | 56794 1.87 23929 | 7936.3 1.39
20 5.0 70.0 0.120 7116 | 36284 378 10356 | 52804 2.56 1507.1 | 7684.6 173
21 5.0 75.0 0.120 708.7 3613.5 3.83 10328 | 52664 2.59 1505.2 | 7675.2 175
22 5.0 80.0 0120 | 711.8 | 3629.3 | 3.89 | 10567 | 5388.2 | 262 | 1568.8 | 79995 | 1.76
23 50 85.0 0.120 1101.7 | 4800.0 272 1579.6 | 5239.0 2.02 22649 | 7511.7 1.50
24 5.0 90.0 0.120 1159.2 | 4800.0 2.65 1610.2 | 53404 2.01 2236.7 | 74183 1.52
25 5.0 95.0 0.118 1119.7 | 4800.0 255 1555.2 | 51579 1.89 21600 | 71639 140
26 5.0 100.0 0.105 997.6 | 4800.0 1.52 12218 | 51354 1.32 1496.4 | 6289.5 1.14
27 5.0 105.0 0.105 988.7 4800.0 1.54 1211.0 | 5089.9 132 1483.1 | 6233.8 113
28 70 110.0 0.105 988.2 | 4800.0 1.55 1210.3 | 5087.0 133 14823 | 6230.3 1.14
29 8.0 117.0 0.105 987.6 | 4800.0 1.56 1209.6 | 5084.0 133 14814 | 6226.6 1.14
30 100 1250 0.105 987.0 | 4800.0 1.59 1208.8 | 5080.7 1.35 1480.5 | 6222.6 115
31 10.0 1350 0.105 9824 | 4800.0 1.58 1203.2 | 5057.3 135 14736 | 61939 115
32 100 145.0 0.105 980.0 | 4800.0 151 12003 | 5045.0 131 14700 | 61789 1.14
33 100 | 1550 | 0.105 | 979.8 | 48000 | 1.55 | 12000 | 50437 | 133 | 14697 | 61773 | 1.14
34 10.0 165.0 0.105 979.2 | 4800.0 1.55 1199.3 | 5040.7 133 1468.8 | 6173.6 114
35 10.0 175.0 0.105 978.6 | 4800.0 1.57 1198.6 | 5037.7 134 14679 | 6169.9 1.14
36 10.0 185.0 0.105 977.3 | 4800.0 1.58 1196.9 | 50309 134 14659 | 6161.5 1.13
37 10.0 195.0 0.105 979.1 4800.0 1.67 1199.1 | 5040.1 139 1468.6 | 61728 1.16
38 10.0 205.0 0.105 982.4 | 4800.0 1.65 1203.2 | 50573 1.39 14736 | 6193.9 117
39 100 215.0 0.105 981.9 | 4800.0 1.67 1202.5 | 5054.5 140 14728 | 6190.5 117
40 100 | 2250 | 0.105 | 9813 | 48000 | 1.67 | 12019 | 50517 | 140 | 14720 | 61871 | 1.17
41 10.0 2350 0.105 982.1 4800.0 1.68 1202.8 | 5055.5 141 1473.1 | 61916 1.18
42 8.0 2450 0.105 979.9 | 4800.0 1.65 1200.2 | 5044.5 140 14699 | 6178.2 119
43 7.0 253.0 0.105 981.3 4800.0 1.65 1201.8 | 5051.6 139 14720 | 61869 117
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g:::;;u::q Table 2.5-77— {CCNPP Unit 3 Soil Profiles for SSE - NI Common Basemat Structure -
Page 23 « RB26 Soil Column}
(Page 2 of 2)

. . Lower Bound (LB) Best Estimate (BE) Upper Bound (UB)

Layer | Thick Too M S-Wave | P-Wave S-Wave | P-Wave S-Wave | P-Wave
No. [ft Depth | Weight Vel Vel, | 2amp. |7y, Vel, | Damp. |y vel, | Dame:

Ift] [kef] | = o [%] o e % o e %
[ft/sec] | [ftisec] [ft/sec] | [ft/sec] [ft/sec] | [ft/sec]

44 50 260.0 0.105 979.9 | 4800.0 1.66 1200.1 | 5044.3 140 1469.8 | 6178.0 1.18
45 50 2650 0.105 979.6 4800.0 1.66 1199.8 | 5043.0 140 1469.5 | 61764 1.18
46 50 270.0 0.107 1007.8 | 4800.0 1.79 12343 | 5188.0 145 1511.7 | 6354.0 117
47 5.0 275.0 0.109 1052.7 | 4800.0 193 1289.3 | 5419.0 152 1579.0 | 6636.8 119
48 50 2800 0.113 1088.1 | 4800.0 2.22 1363.2 | 5730.0 1.67 1707.9 | 7178.6 1.26
49 50 | 2850 | 0.116 | 1139.5 | 4800.0 | 240 | 14449 | 48000 | 1.82 | 18322 | 60766 | 1.38
50 5.0 290.0 0.120 1230.7 | 4800.0 256 1578.8 | 52364 198 2025.5 | 67179 1.53
51 5.0 2950 0.123 1338.1 | 4800.0 261 17164 | 56928 2.10 2201.8 | 7302.5 1.69
52 5.0 300.0 0.125 1480.7 | 49109 2.55 18364 | 6090.8 2.10 2277.6 | 7554.1 1.73
53 5.0 305.0 0.125 1569.9 | 4800.0 250 | 1961.6 | 52819 2.05 2451.2 | 6600.0 1.68
54 5.0 3100 0.125 | 1628.2 | 4800.0 244 2029.5 | 54646 2.02 25296 | 6811.2 1.67
55 50 | 3150 | 0.125 | 16643 | 4800.0 | 239 | 20384 | 58167 | 202 | 24965 | 71240 | 1.71
56 50 3200 0.125 16464 | 4800.0 239 2016.5 | 5754.1 2.02 2469.6 | 7047.3 1.71
37 5.0 3250 | 0125 | 16250 | 4800.0 | 244 | 1990.2 | 56790 | 2.04 | 24374 | 69554 | 1.71
58 50 330.0 0.125 1614.0 | 4800.0 244 1976.7 | 5640.7 2.05 2421.0 | 6908.5 172
59 50 | 3350 | 0125 | 15954 | 4800.0 | 245 | 19539 | 55756 | 206 | 23930 | 68287 | 1.73
60 50 | 3400 | 0125 | 15913 | 48000 | 246 | 19489 | 5561.3 | 207 | 23869 | 68111 | 1.74
61 5.0 3450 0.125 1590.8 | 4800.0 243 19483 | 5559.6 2.06 2386.2 | 6809.1 175
62 5.0 350.0 0.125 1567.4 | 4800.0 245 1919.6 | 5477.7 2.07 2351.0 | 6708.8 175

\ 63 5.0 355.0 0.125 1547.6 | 4800.0 248 18955 | 5790.7 2.10 2321.5 | 7092.2 1.78
64 5.0 360.0 0.125 15259 | 4800.0 249 1868.8 | 5709.3 214 22888 | 69924 1.84
65 50 | 3650 | 0.125 | 15151 | 48000 | 250 | 1855.6 | 56689 | 214 | 22726 | 69429 | 1.83
66 6.0 370.0 0.125 15154 | 4800.0 251 1856.0 | 5670.1 2.15 2273.1 | 69444 1.84
67 6.0 376.0 0.125 15109 | 4800.0 249 1850.5 | 56534 2.14 2266.4 | 6924.0 1.84
68 5.0 3820 0.125 15114 | 4800.0 249 1851.1 | 5655.3 2.14 2267.2 | 6926.3 1.84
69 5.0 3870 | 0.124 | 15354 | 4800.0 | 248 | 18804 | 57448 | 212 | 2303. | 70359 | 1.81
70 5.0 3920 0.123 1553.0 | 4800.0 249 1902.0 | 5810.6 2.12 23294 | 7116.5 181
71 5.0 397.0 0.121 1597.7 | 4880.9 244 1956.7 | 5977.9 211 2396.5 | 73214 1.82
72 5.0 402.0 0.119 1624.6 | 4800.0 249 1989.7 | 4873.8 213 2436.9 | 5969.1 1.82
73 8.0 407.0 0.116 1673.1 | 4800.0 248 2049.1 | 50193 212 25096 | 61474 1.81
74 10.0 415.0 0.115 1691.5 | 4800.0 249 2071.6 | 50744 213 2537.2 | 6214.9 1.82
75 100 | 4250 | 0.115 | 1697.9 | 4800.0 | 250 | 20795 | 50938 | 2.13 | 25469 | 62386 | 1.82
76 100 | 4350 | 0.115 | 1697.5 | 4800.0 | 250 | 2079.0 | 5092.5 | 2.13 | 25463 | 6237.0 | 1.82
77 200 4450 0.115 1696.9 | 4800.0 250 2078.2 | 5090.6 2.14 2545.3 | 62347 1.83
78 20.0 465.0 0.115 1696.1 { 4800.0 252 2077.3 | 5088.2 2.15 2544.1 | 6231.8 1.84
79 300 485.0 0.115 1695.1 | 4800.0 253 2076.1 | 50854 2.16 25427 | 62284 1.85
80 30.0 5150 0.115 1694.1 | 4800.0 255 2074.8 | 5082.2 217 2541.1 | 62244 1.85
81 40.0 545.0 0.115 1692.9 | 4800.0 257 20734 | 5078.7 2.19 25394 | 6220.2 1.87
82 40.0 585.0 0.115 1691.6 | 4800.0 260 2071.8 | 50748 221 25374 | 62154 1.88
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Enclosure 2 Figure 2.5-242— {CCNPP Unit 3 Strain - Compatible Profiles for Nl Common Basemat Structures -

Page 25 of 29

RB36 Soil Column}

Shear wave velocity, Vs [m/sec]

0 100 200 300 400 500 600 700 800 900 1000
0 ' * ; ; : e —— — 0
== Best Estimate (BE)
== |_ower Bound (LB)
20 1
== Jpper Bound (UB
pPp (UB) -
40 - ;
60 + 200
£ =)
< 80 | i 8
e } s
an | I en
3 o o0 3
- ‘ -
& 100 - o
i= | 1| i
g
8 :
& =
g 120 1 + 400 'g
L [
(@) A
140 | !
1 500
160, ,,,,,,,,,,,,,, o s v HRSIEL 1 S . " i e A i o it i
180 | - - - =
600
200 — | : : ;
0 500 1000 1500 2000 2500 3000
Shear wave velocity, Vs [ft/sec]
CCNPP Unit 3 2-1419 7D

© 2007-2011 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED




FSAR: Section 2.5 Geology, Seismology, and Geotechnical Engineering

UN#11-107
Enclosure 2 Figure 2.5-243— {CCNPP Unit 3 Strain - Compatible Profiles for Nl Common Basemat Structures -
Page 26 of 29 RB26 Soil Column}
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Endlosure 33.7 SEISMIC DESIGN

Page 2 of 130 . . .
This section of the U.S. EPR FSAR is incorporated by reference with the supplements as

described in the following sections.

3.741 Seismic Design Parameters

{Section 3.7.1 and Appendix 3F describe the site-specific seismic design characteristics for
CCNPP Unit 3. Section 3.7.2 provides the methodology and results of the confirmatory
site-specific Soil-Structure Interaction (SSI) analysis. The confirmatory analysis of the Nuclear
Island (NI) is based on:

- a surface mounted structure

- the in-situ soil SWV profile, without the backfill as described in Section 3.8.4.6.1, and

- the site-specific SSE response spectra.

{Seetien3-243-The results of this confirmatory analysis are not used for design because the US
EPR Design of the NI, EPGB, and Appendix3Fdeseribe-ESWB are adopted for CCNPP3. Section
2.5.2.6 compares the site-specific seismic desigr-characteristics forCENRR-Unit3-Section3-742
demenstrates-threugh-and the results of the confirmatory site-speeific-Seil-Structure
interaction(SSH-analysis-analysis with the US EPR Analysis and Design. This comparison
confirms that the Y-5:US EPR seismic design is-applicable-envelopes the CCNPP Unit 3 siteby a
large margin. In addition, the SSI analysis of the site-specific Seismic Category | structures,
listed below, is presented in Section 3.7.2.

Throughout this section, three groups of structures are considered:
¢ Nuclear Island (NI) Common Basemat Structures

4 Emergency Power Generating Buildings (EPGB) and Essential Service Water Buildings
(ESWB) located in the Nl area

¢ Site-specific Seismic Category | structures

The site-specific Seismic Category | structures at CCNPP Unit 3 are:
4 Uitimate Heat Sink (UHS) Makeup Water Intake Structure
¢ Forebay
4 Buried Electrical Duct Banks and Pipes

Two site-specific Seismic Category | structures: the UHS Makeup Water Intake Structure and
the UHS Forebay, as well as the Seismic Category |l Circulating Water Makeup Water Intake
Structure share the same basemat; they are referred to as Common Basemat Intake Structures
(CBIS). The CBIS are situated at the CCNPP Unit 3 site along the west bank of the Chesapeake
Bay. Figures 9.2-4, 9.2-5 and 9.2-6 provide plan views of the Seismic Category | UHS structures,
along with associated sections. Figures 10.4-4 and 10.4-5 provide the plan and section views of
the Seismic Category Il Circulating Water Makeup Intake Structure. The bottom of the CBIS
basemat is situated approximately 37.5 ft (11.4 m) below a nominal grade elevation of 10 ft
(3.0 m) NGVD 29. The layout of the Seismic Category | buried electrical duct banks and Seismic

CCNPP Unit 3 3-33 7D
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Enclosure 3 Category | buried piping is defined in Figures 3.8-1 and 3.8-2, and Figures 3.8-3 and 3.8-4,

Page 3 of 130 respectively.

3.7.1.1 Design Ground Motion

The site-specific Foundation Input Response Spectra (FIRS) for CCNPP Unit 3 are developed

using Regulatory Guide 1.208 (NRC, 2007a). The FIRS for confirmatory analysis purposes are |

developed for the Nl common basemat structures and the Seismic Category | ESWB and EPGB

in the Nl area-as-well-as-area. The FIRS for design purposes are developed for the site-specific |

Seismic Category | CBIS in the Intake area. The development of the Site Safe Shutdown

Earthquake (Site SSE) is discussed in Section 3.7.1.1.1. All FIRS are shown to be enveloped by

the Site SSE. Therefore, the Site SSE is conservatively used as the input motion for both the |
confirmatory analysis of the strueturesin-Seetion3-722US EPR FSAR structures; the NI, EPGB,

and ESWB; and the design of the site-specific structures.

3.7.1.1.1 Design Ground Motion Response Spectra

3.7.1.1.1.1  Design Ground Motion Response Spectra for Nuclear island Common
Basemat Structures

Development of FIRS

As-deseribed-n-For confirmatory analysis purposes, the US-ERR-FSARSection3-72:4-the-N| |
Common Basemat Structures are analyzed as surface-founded structures and structural
embedment is ignored in the Soil-Structure Interaction (SSI) analysis. The Foundation Input
Response Spectra (FIRS) for the NI Common Basemat Structures is defined at the bottom of the
basemat at approximately 40 ft (12 m) below grade. The GMRS are also defined at this depth.
The FIRS for the Nl common basemat is therefore taken as the GMRS for CCNPP Unit 3. The
GMRS are developed, in Section 2.5.2.6, using Regulatory Guide 1.208 (NRC, 2007a). Computer
programs SOILSIM (version 1.3) and RVTSITE (version 1.2) were used to perform site response
analysis for the Nl Common Basemat Structures and develop GMRS.

Development of Site SSE

Appendix S of 10 CFR Part 50 (CFR, 2008) requires that the horizontal component of the SSE
ground motion in the free-field at the foundation level of the structures must be an
appropriate response spectrum with a peak ground acceleration of at least 0.1 g. The FIRS for
the horizontal direction in the free-field at the foundation level of the Nl Common Basemat
Structures has a peak ground acceleration of 0.076 g. Therefore an appropriate Site SSE for
CCNPP Unit 3 is defined as follows.

The Site SSE ground motion for CCNPP Unit 3 is the envelope of the U.S. EPR FSAR European
Utility Requirements (EUR) Soft Soil spectrum anchored at 0.15 g and the horizontal RG 1.60
spectrum anchored at 0.1 g, therefore satisfying the requirements of Appendix S of 10 CFR
Part 50. The Site SSE ground mation, which is specified for both horizontal and vertical
directions, is presented in Figure 3.7-1 and Table 3.7-1.

Comparison of FIRS, CSDRS and Site SSE

A comparison of the horizontal and vertical GMRS (or FIRS for Nl Common Basemat Structures)
versus the Site SSE is shown in 3.7-2 and 3.7-3, respectively. The horizontal and vertical GMRS
are enveloped by the Site SSE. A comparison of the GMRS and Site SSE to the CSDRS is
outlined below:

CCNPP Unit 3 3-34 7D
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1. The PGA for the GMRS {(FIRS for the NI Common Basemat Structures) and Site SSE are
less than 0.3 g, the PGA for the CSDRS.

2. A comparison of the FIRS for the Nl Common Basemat Structures (i.e.,, GMRS) with the
CSDRS is shown in 3.7-4 and 3.7-5 for the horizontal and vertical directions,
respectively. This comparison shows that the CSDRS envelops the GMRS (FIRS for the
NI Common Basemat Structures).

3. A comparison of the Site SSE with the CSDRS is shown in Figure 3.7-6. This comparison
shows that the CSDRS does not envelop the Site SSE in the low frequency range. This
very small exceedence is shown to be acceptable in the site seismic characteristics
reconciliation documented in Section 2.5.2.6.

Development of Site OBE

RG 1.166 states that the operating basis earthquake (OBE) response spectrum check is
performed using the lower of: 1) The spectrum used in the certified design, or 2) A spectrum
other than (1) used in the design of any Seismic Category | structure.

Section 3.7.4.4 of the U.S. EPR FSAR states that the application of OBE Exceedance Criteria is
based on the following:

i. For the certified design portion of the pIant,I the OBE ground motion is one-third of the
certified seismic design response spectra (CSDRS).

ii. Forthe safety-related noncertified design portion of the plant, the OBE ground motion
is one-third of the site-specific SSE design motion response spectra, as described in
Section 3.7.1.

iii. The threshold response spectrum ordinate criterion to be used in conjunction with RG
1.166 is the lowest of (i) and (ii).

The EUR soft soil spectrum is lower than the Site SSE below approximately 0.36 Hz. Therefore,
the Site OBE for CCNPP Unit 3 is the composite earthquake which consists of one-third of the
site SSE (i.e. the Site SSE anchored at 0.05g vs. 0.15g) in the high frequency, and one-third of
the EUR Soft Soil spectrum (i.e. the EUR Soft Soil Spectrum anchored at 0.10g vs. 0.30g) in the
low frequency (approximately 0.36Hz and below). The Site OBE is shown in Figure 3.7-6.

3.7.1.1.1.2 Design Ground Motion Response Spectra for EPGB and ESWB
Development of FIRS

The FIRS for Seismic Category | Emergency Power Generating Buildings (EPGB) and the Seismic
Category | Essential Service Water Buildings (ESWB) are developed in accordance with
Regulatory Guide 1.208 (NRC, 2007a). The FIRS are developed through seismic site response
analysis using the rock motion spectra, presented in Section 2.5.2.5.1.4, and the soil profile
properties representing the Nl area site conditions, presented in Section 2.5.4.2 (including
properties for structural backfill that supports both the EPGB and ESWB). Appendix 3F
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discusses in detail the development of FIRS as well as the site response analysis methodology
and the computer codes.

Comparison of FIRS, CSDRS and Site SSE

The FIRS are checked for adequacy as SSI input according to the applicable requirements (NEI,
2009 and NRC, 2009), and amplified to account for the structure-soil-structure Interaction
(SSSI) effects at the NI area (see Appendix 3F for details). The modified and amplified FIRS are
referred to as Adjusted FIRS in the following discussion. Figure 3.7-7 compares the Site SSE
with the following spectra:

¢ Site-specific horizontal and vertical Adjusted FIRS for the EPGB and ESWB. The FIRS for
the EPGB and ESWB are calculated as the envelope of the FIRS at ground surface (the
EPGB in the SSl analysis is surface founded) and the FIRS at 22 ft (6.7 m) below grade
(corresponding to the bottom of foundation elevation of the ESWB).

¢ Regulatory Guide 1.60 (NRC, 1973) horizontal spectrum scaled to a PGA of 0.10 g.
¢ The CSDRS based on the EUR soft, medium and hard soil spectra.

The comparison shows that the CSDRS envelops the Adjusted FIRS at all frequencies except for
small exceedance at the low frequency range (around 0.2 Hz). The comparison also shows, as
presented more clearly in Figure 3.7-8, that in addition to satisfying the requirements of
Appendix S of 10 CFR Part 50 {CFR, 2008), the Site SSE envelops the Adjusted FIRS. As such,
confirmatory SSI analyses are performed for the EPGB and ESWB using the Site SSE as the
design response spectrum and a set of site-specific LB, BE and UB soil profiles
strain-compatible with Site SSE, presented in Section 3.7.1.3.2.

The site-specific confirmatory SSI analysis is presented in Section 3.7.2 and demonstrates that
the U.S. EPR design is applicable to the EPGB and ESWB.

3.7.1.1.1.3 Design Ground Motion Response Spectra for Common Basemat Intake
Structures

Development of FIRS

The FIRS for the site-specific structures (CBIS) are developed in accordance with Regulatory
Guide 1.208 (NRC, 2007a). The FIRS are developed through seismic site response analysis using
the rock motion spectra, presented in Section 2.5.2.5.1.4, and the soil profile properties
representing the Intake area site conditions, presented in Section 2.5.4.2 (including properties
for structural backfill surrounding the CBIS). Appendix 3F discusses in detail the development
of FIRS as well as the site response analysis methodology and the computer codes used.

Comparison of FIRS and Site SSE

The FIRS are checked for adequacy as SS! input according to the applicable requirements (NEI,
2009 and NRC, 2009), see Appendix 3F for details. The modified FIRS are referred to as
Adjusted FIRS in the following discussion. Figure 3.7-9 compares the Site SSE with the
following spectra;

4 Site-specific horizontal and vertical Adjusted FIRS for the Intake area at 37.5 ft (11.4 m)
below grade (corresponding to the bottom of foundation elevation of the CBIS).
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¢ Regulatory Guide 1.60 (NRC, 1973) horizontal spectrum scaled to a PGA of 0.10 g.

Figure 3.7-9 demonstrates that, in addition to satisfying the requirements of Appendix S of 10
CFR Part 50 (CFR, 2008), there is significant margin between the Site SSE and the horizontal
and vertical Adjusted FIRS.

The SSl analysis for the CBIS is described in detail in Section 3.7.2.4. The analysis uses the Site
SSE as the design response spectrum and a set of site-specific LB, BE and UB profiles
(presented in Section 3.7.1.3.3) that are strain-compatible with the Site SSE.

3.7.1.1.1.4 Design Ground Motion Response Spectra for Seismic Category | Buried
Utilities

A separate site response analysis can not be performed for the utility corridor between the NI
and Intake areas until detailed design. However, the FIRS developed for the NI area (Section
3.7.1.1.1.1 and Section 3.7.1.1.1.2) and Intake area (Section 3.7.1.1.1.3) are shown to be
comfortably enveloped by the Site SSE. The Site SSE is therefore considered as the design
ground motion for the seismic analysis of the buried utilities.

3.7.1.1.2 Design Ground Motion Time History

A three component set of spectrum compatible acceleration time histories is developed for
use as input time histories for SSI analysis. The two horizontal and one vertical components
are modified to be spectrum compatible with the Site SSE. The spectral matching criteria given
in NUREG CR-6728 (McGuire et al., 2001) and NUREG-0800, Section 3.7.1, Approach 2, Option 1
(NRC, 2007b}) are followed for the spectral matching procedure, including the cross-correlation
between the three components of less than 0.16. The starting seed input time histories are
selected as the EUR soft soil three component acceleration time histories, presented in U.S.
EPR FSAR Section 3.7.1.1.2. These time histories are spectrum compatible with the EUR soft
target spectra scaled to a PGA of 0.3g. Figure 3.7-10 presents the acceleration, velocity and
displacement time histories for the first horizontal component (S1) spectrally matched to Site
SSE. Figure 3.7-11 presents the time histories for the second horizontal component (52) and
Figure 3.7-12 presents the time histories for the vertical component (53). Bechtel proprietary
computer programs RSPM (version 1.0) and SETARGET (version 1.0) were used to develop
these spectrally matched time histories.

3.7.1.1.2.1 Design Ground Motion Time History for Nuclear Island Common Basemat

As described in the US EPR FSAR Section 3.7.2.4, the NI Common Basemat Structures are
analyzed as surface-founded structures and structural embedment is ignored in the SSI
analysis. The three component set of Site SSE spectrum compatible acceleration time histories
presented in Figure 3.7-10 through Figure 3.7-12 are used as the input ground motion for the
confirmatory SSI analysis of the NI Common Basemat Structures,

3.7.1.1.2.2 Design Ground Motion Time History for EPGB and ESWB

As described in the US EPR FSAR Section 3.7.2.4, the EPGB is analyzed as a surface-founded
structure. The three component set of Site SSE spectrum compatible acceleration time
histories presented in Figure 3.7-10 through Figure 3.7-12 are used as the input ground
motion for the confirmatory SSI analysis of the EPGB.

In the case of the ESWB, which is analyzed as an embedded structure, the “within” acceleration
time histories at the FIRS horizon are calculated using the computer program SHAKE2000
(described in Appendix 3F). In this analysis, the Site SSE spectrally matched time histories are
used as input “outcrop” motions at the foundation level in conjunction with the

CCNPP Unit 3 3-37 7D

© 2007-2011 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED



FSAR: Chapter 3.0 Seismic Design

UN#11-107
Enclosure 3
Page 7 of 130

strain-compatible profiles for the NI area, presented in Section 3.7.1.3.2. No further iterations
on soil properties are performed as the acceleration time history is converted from “outcrop”
to “within.” The analysis results in a set of three “within” motions (two horizontal and one
vertical) at the same FIRS horizon. Three sets are developed corresponding to the LB, BE and
UB profiles for the ESWB, as presented in Figure 3.7-13 through Figure 3.7-15. The
development of the “within” acceleration time histories is discussed in detail in Appendix 3F.
In the SSI analysis, the time histories are applied at the FIRS horizon as “within” motions and
are used in conjunction with the respective SSI soil profiles, described in Section 3.7.1.3.2.

3.7.1.1.2.3 Design Ground Motion Time History for Common Basemat Intake
Structures

In the case of the CBIS, which are analyzed as embedded structures, the “within” acceleration
time histories at each FIRS horizon are calculated using the computer program SHAKE2000
(described in Appendix 3F). In this analysis, the Site SSE spectrally matched time histories are
used as input “outcrop” motions at the foundation level in conjunction with the
strain-compatible profiles for the Intake area, presented in Section 3.7.1.3.3. No further
iterations on soil properties are performed as the acceleration time history is converted from
“outcrop” to “within.” The analysis results in a set of three “within” motions (two horizontal
and one vertical) at the same FIRS horizon. Three sets are developed corresponding to the LB,
BE and UB profiles for the CBIS, as presented in Figure 3.7-16 through Figure 3.7-18. The
development of the within acceleration time histories is discussed in detail in Appendix 3F.
The time histories are applied at the FIRS horizon as “within” motions and are used in
conjunction with the corresponding SSI soil profiles, described in Section 3.7.1.3.3.

3.7.1.2 Percentage of Critical Damping Values

Operating Basis Earthquake (OBE) structural damping values, defined in Table 2 of RG 1.61, Rev
1 (NRC, 2007c¢), are used for the dynamic analysis of site-specific Seismic Category | SSCs and
confirmatory SSI analysis of the NI Common Basemat Structures as well as for the EPGB and
ESWB. In-structure response spectra (ISRS) for site-specific Seismic Category | structures are
also based on OBE structural damping values.

The damping values for site-specific Seismic Category II-SSE and Seismic Category Il structures
are in accordance with RG 1.61, Rev. 1 (NRC, 2007c¢).

3.7.1.3 Supporting Media for Seismic Category | Structures
3.7.1.3.1 Nuclear Island Common Basemat

The supporting media for the seismic analysis of the Nl Common Basemat Structures is shown
in Figure 3.7-19 and Table 3.7-2 through Table 3.7-4. The presented soil profiles are
site-specific and are strain-compatible with the Site SSE. Lower bound and upper bound
profiles are calculated maintaining a minimum variation of 0.5 on the shear modulus. An
evaluation of the CCNPP Unit 3 site-specific soil profiles with respect to the criteria provided in
U.S. EPR FSAR Section 2.5.2.6 is described belewxin Section 2.5.2.6.
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nview-of such-variations-confirmatery-Confirmatory site-specific SSI analyses are performed, |
as described in Section 3.7.2. The resulting in-structure response spectra (ISRS) at
representative locations of the NI structures, as reported in Section 3.7.2.5.1, are found to be

bounded by the corresponding U.S. EPR FSAR ISRS. Fherefore-the- U-S-ERR-designr-isapplieable
to-CENPR-Unit3-N-commeon-Basemat-Structures:

3.7.1.3.2 EPGBand ESWB

The supporting media for the seismic analysis of the EPGB and ESWB in the Nl area are
presented in Figure 3.7-21. The presented soil profiles are site-specific and are
strain-compatible with the Site SSE. The development of the Site SSE strain-compatible soil
profiles is described in detail in Appendix 3F.

Note that in contrast to Figure 3.7-19, where the top layer is located at the bottom of the NI
common basemat foundation at approximately 40 ft (12 m) below grade, Figure 3.7-21
presents the profiles for the upper 656 ft (200m) with the top layer at grade, including the
structural backfill layers, therefore consistent with the confirmatory SSI analyses of the EPGB
and ESWB, described in Section 3.7.2.

3.7.1.3.3 Common Basemat Intake Structures

The supporting media for the seismic analysis of the CBIS in the Intake area are presented in
Figure 3.7-22 for the upper 656 ft (200m). The presented soil profiles are site-specific and are
strain-compatible with the Site SSE. The development of the Site SSE strain-compatible soil
profiles is described in detail in Appendix 3F. The dimensions of the CBIS, including the
structural height, are described in Section 3.7.2.3.2,
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3.7.2
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NRC, 2009. Interim Staff Guidance on Ensuring Hazard-Consistent Seismic Input for Site
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Seismic System Analysis
The U.S. EPR FSAR includes the following COL Item in Section 3.7.2:

A COL applicant that references the U.S. EPR design certification will confirm that
the site-specific seismic response is within the parameters of Section 3.7 of the U.S.
EPR standard design.

This COL Item is addressed as follows:

{The confirmatory soil-structure interaction (SSI) arakysisanalyses of Nuclear Island (NI)
Common Basemat Structures, Emergency Power Generating Buildings (EPGBs) and Essential
Service Water Buildings (ESWBs) for Site SSE and site-specific strain-compatible soil properties

is addressed in Section 3.7.2.4 Fheconfirmatory-SStanalysisisperformed-sinee:

Site-specific Seismic Category | structures at CCNPP Unit 3 include:
¢ Ultimate Heat Sink (UHS) Makeup Water Intake Structure (MWIS)
4 Forebay

The Seismic Category | UHS Makeup Water Intake Structure and Seismic Category | Forebay are
situated at the CCNPP Unit 3 site along the west bank of the Chesapeake Bay. These structures
are part of the UHS Makeup Water System, which provides makeup water to the Essential
Service Water Buildings for maintaining the safe shutdown of the plant 72 hours after a design
basis accident. The UHS Makeup Water Intake Structure and Forebay are supported on a
common basemat, which also supports the Seismic Category Il Circulating Water Makeup
Intake Structure. The UHS Makeup Water Intake Structure, Forebay, and Circulating Water
Makeup Intake Structure, henceforth referred to as the Common Basemat Intake Structures |
(CBIS) in Section 3.7.2, are integrally connected. The Circulating Water Makeup Intake
Structure and the UHS Makeup Water Intake Structure, respectively, are located on the north
and south end of the Forebay. Figure 2.1-1 depicts the CCNPP Unit 3 site plan, which shows
the position of the UHS Makeup Water Intake Structure and Forebay relative to the NI.

The bottom of the CBIS common basemat is situated approximately 37.5 ft (11.4 m) below a
nominal grade elevation of 10 ft (3.0 m). 9.2-4, 9.2-5, and 9.2-6 provide plan views of the
Seismic Category | structures, along with associated sections and details. 10.4-4 and 10.4-5
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provide the plan' and section views of the Seismic Category Il Circulating Water Makeup Intake
Structure.
3.7.2.1 Seismic Analysis Methods

No departures or supplements.

3.7.2.1.1 Time History Analysis Method

No departures or supplements.

3.7.2.1.2 Response Spectrum Method

No departures or supplements.

3.7.2.1.3 Complex Frequency Response Analysis Method

As described in Section 3.7.2.3.2, an integrated finite element model is developed for the CBIS.
The complex frequency response analysis method is used for the seismic 5SSl analysis of these
structures, with earthquake motion considered in three orthogonal directions (two horizontal
and one vertical) as described in Section 3.7.2.6. The SSI analysis of site-specific structures is
performed, as described in Section 3.7.2.4, using RIZZO computer code SASSI, Version 1.3a.
The hydrodynamic load effects are considered as described in Section 3.7.2.3.2.

3.7.2.1.4 Equivalent Static Load Method of Analysis

No departures or supplements.

3.7.2.2 Natural Frequencies and Response Loads
3.7.2.2.1 Nuclear Island Common Basemat Structures

Section 3.7.2.5.1 provides the in-structure response spectra (ISRS) for Nl Common Basemat
Structures for site-specific strain-compatible soil properties and Site SSE.

3.7.2.2.2 EPGBand ESWB

Section 3.7.2.5.2 provides the ISRS for EPGB and ESWB at the locations defined in U.S. EPR FSAR
Section 3.7.2.5 for site-specific strain-compatible soil properties and Site SSE. Section
3.7.2.4.6.2 provides the combined average maximum nodal accelerations for the site-specific
confirmatory SSI analysis.

3.7.2.2.3 Common Basemat Intake Structures

The SSI analysis of site-specific Seismic Category | structures is performed using the complex
frequency response analysis method described in Section 3.7.2.1.3, where the equation of
motion is solved in the frequency domain. The natural frequencies and associated modal
analysis results are not obtained from this analysis. However, fixed base undamped eigenvalue
analyses have been performed separately for the Common Basemat intake Structures. The
analysis results are tabulated in 3.7-5 and 3.7-6 for reference purposes only.

Section 3.7.2.5.3 provides the ISRS at the locations of safety-related UHS Makeup Water pumps
and facilities in the UHS Makeup Water Intake Structure at El. 11.5 ft and El. -22.5 ft, and at the
location of safety-related electrical equipment at El. 26.5 ft. Section 3.7.2.4.6.3 provides the
combined maximum nodal accelerations for the CBIS.
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3.7.2.3 Procedures Used for Analytical Modeling

No departures or supplements.

3.7.2.3.1 Seismic Category | Structures - Nuclear Island Common Basemat

No departures or supplements.

3.7.2.3.2 Seismic Category | Structures — Not on Nuclear Island Common Basemat

As described in Section 3.7.2.4.2.2, the confirmatory SS| analysis of EPGB and ESWB is
performed using the-samestructurabmedel-definedinU-S-EPRFESARfinite element models.

The UHS Makeup Water Intake Structure and Forebay are the site-specific Seismic Category |
structures situated away from the Nl in the intake area.

The CBIS, i.e., the UHS Makeup Water Intake Structure, Forebay, and Circulating Water Makeup
Intake Structure are reinforced concrete shear wall structures, and are supported ona 5 ft (1.5
m) thick reinforced concrete basemat. The Common Basemat Intake Structures extend
approximately 260 ft (79.3 m) along the North-South direction and 89 ft (27.1 m) along the
East-West direction, with respect to CCNPP Unit 3 coordinate system. The maximum height of .
the structures from the bottom of common basemat to the top of the UHS Makeup Water
Intake Structure roof is approximately 69 ft (21.0 m).

Figures 9.2-4 through 9.2-6 and 10.4-4 and 10.4-5 are used as the bases for the development of
the analytical model of the aforementioned structures.

A 3D finite element model of the CBIS is developed in STAAD Pro, Version 8i, as shown in
Figures 3.7-23 and 3.7-24. The model is used to generate the finite element model for seismic
SSl analysis using RIZZO computer code SASSI, Version 1.3a, and to perform static analysis for
non-seismic loads.

The CBIS are symmetric about the North-South axis, as depicted in Figures 9.2-4 through 9.2-6
and 10.4-4 and 10.4-5. A sensitivity analysis was performed to consider the effects of the
non-symmetric features such as door openings and equipment masses. Based on the
sensitivity analysis, only one-half (western half ) of the CBIS is modeled for the SSI analysis.
Figure 3.7-23 depicts the finite element mesh for the half model.

The reinforced concrete basemat, floor slabs, and walls of the Common Basemat Intake
Structures are modeled using plate/shell elements to accurately represent the structural
geometry and to capture both in-plane and out-of-plane effects from applied loads. The finite
element mesh is sufficiently refined to accurately represent the global and local modes of
vibration. The skimmer walls, at the entrance of the UHS Makeup Water Intake Structure and
Circulating Water Makeup Intake Structure into the Forebay Structure, have an inclination of
approximately 10 degrees with the vertical, which is neglected in the finite element model.
This simplification has an insignificant effect on the global mass and stiffness distribution, and
is conservative for the local response of structural panels. The finite element model in SASSI
uses a thin shell element formulation that represents the in-plane and out-of-plane bending
effects. In-plane shear deformation are accurately reproduced by the finite element mesh,
while out-of-plane shear deformations are considered negligible due to the low thickness/
height ratio of these walls.

The reinforced concrete basemat, floor slabs, and walls of the CBIS are modeled using thin
shell elements in RIZZO computer code SASSI, Version 1.3a, to accurately represent the
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structural geometry and to capture in-plane membrane and out-of-plane bending. The
average mesh size used in the finite element model below ground level and along the vertical
direction is approximately 1.6 ft (0.5 m), based on one-fifth of the wave length at the highest
frequency of the SASS! analysis. The average mesh size in the plan direction is approximately 5
ft (1.5 m), abased on an aspect ratio of approximately 3.0.

The skimmer walls, at the entrance of the UHS Makeup Water Intake Structure and the
Circulating Water Makeup Intake Structure into the Forebay, have an inclination of
approximately 10 degrees with the vertical. However, these walls are modeled vertically for
simplification of the finite element model. This simplification has an insignificant effect on the
global mass and stiffness distribution, and on the local responses of the structural panels.

The east and west bottom walls of the Forebay, to the top portion of the forebay wall corners,
and the basemat below the backfill inside the UHS MWIS are the only structural panels that
will crack during any of the applicable loading conditions. These walls crack since they retain
approximately 37.5 ft (11.5 m) of soil and exhibit cantilever behavior. The out-of-plane
bending stiffness of these walls is reduced by one-half to simulate cracked behavior in
accordance with ASCE 43-05 (ASCE, 2005). For the walls located in the plane of symmetry, the
modulus of elasticity and density are reduced by one-half to accurately represent mass and
stiffness in the half model.

As shown in 10.4-4 and 10.4-5, the pump house enclosure and the electrical room for the
Circulating Water Makeup Intake Structure are steel enclosures founded on grade slabs. The
grade slabs are separated from the CBIS by providing an expansion joint, and are not included
in the finite element model. The south end of the pump house enclosure is partially supported
on the operating deck slab of the Circulating Water Makeup Intake Structure. The masses
corresponding to the applicable dead loads and snow loads for the pump house enclosure are
appropriately included in the finite element model.

The finite element model used for the seismic SSI analysis includes masses corresponding to
25 percent of floor design live load and 75 percent of roof design snow load, as applicable, and
50 pounds per square feet of miscellaneous dead load in addition to the self weight of the
structure. The weights of equipment are included in the dynamic analysis.

The hydrodynamic effects of water contained in the CBIS are considered in accordance with
ACl 350.3-06 (ACI, 2006). The impulsive and convective water masses due to horizontal
earthquake excitation are calculated using the clear dimensions between the walls
perpendicular to the direction of motion and the minimum height of water during a hurricane
(Elev. -4.0 ft NGVD 29). The impulsive water masses are rigidly attached to the walls, and the
convective water masses are connected to the walls using springs with appropriate stiffness.
The entire water mass is lumped at the basemat nodes for earthquake ground motion in the
vertical direction. The hydrodynamic loads are included for walls both in the Forebay and
basement of the UHS Makeup Water Intake Structure.

The maximum sloshing heights in both directions for the UHS Makeup Water Intake Structure
and the Forebay are approximately 0.6 ft (0.2 m) and 0.5 ft (0.15 m), respectively. The minimum
available freeboard for the UHS Makeup Water Intake Structure and the minimum clearance
for the Forebay are significantly higher than the maximum sloshing heights.

The earthquake excitation along the North-South and vertical directions cause symmetric
loading on the structure, whereas the earthquake excitation along the East-West direction
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causes anti-symmetric loading on the structure, The seismic SSI analysis is performed by
applying appropriate symmetric and anti-symmetric boundary conditions in the plane of
symmetry of the half model shown in Figure 3.7-23, as indicated in Table 3.7-7.

3.7.2.3.3 Seismic Category Il Structures

Site-specific Seismic Category II-SSE structures, systems, and components (SSCs) are analyzed
and designed to meet the same requirements as the Seismic Category | SSCs. Seismic Category
Il Circulating Water Makeup Intake Structure is analyzed along-with the Seismic Category |
Forebay and Seismic Category | UHS Makeup Water Intake Structure, as described in Section
3.7.2.3.2. Other site-specific Seismic Category Il structures are designed using conventional
codes and standards, but are also analyzed for Site SSE.

3.7.2.3.4 Conventional Seismic (CS) Structures

No departures or supplements.

3.7.2.4 Soil-Structure Interaction

This section describes the confirmatory soil-structure interaction (SSI) analyses for the Nuclear
Island Common Basemat Structures, EPGB, and ESWB. In addition the SSi analysis of the CBIS
are also described.

The complex frequency response analysis method is used for the SSl analyses, in accordance
with the requirements of NUREG-0800 Section 3.7.2, Acceptance Criteria 1.A and 4 and Section
3.7.1, Acceptance Criteria 4.A.vii (NRC, 2007a). During the SSl analyses, the effects of

.foundation embedment (for ESWB and CBIS), soil layering, soil nonlinearity, ground water

table, and variability of soil and rock properties on the seismic response of the structures are
accounted for, as described in the following sections. In particular, Sections 3.7.2.4.1 through
3.7.2.4.6 provide the steps followed to perform the SSI analyses. Section 3.7.2.4.7 describes the
computer codes used in the analyses.

3.7.2.4.1 Step 1-SSE Strain Compatible Soil Properties
3.7.2.4.1.1 Nuclear Island Common Basemat Structures

For the Nuclear Island Common Basemat Structures, confirmatory SSI analyses are performed
for the lower bound, best estimate and upper bound soil profiles established in Section
3.7.1.3.1 and shown in 3.7-2, 3.7-3 and 3.7-4. Soil properties used in the SSI analysis are
strain-compatible with the Site SSE, and account for the range of variation of shear-wave
velocity, damping ratio, and P-wave velocity.

3.7.2.4.1.2 EPGBand ESWB

For the EPGB and ESWB, confirmatory SSI analyses are performed for the lower bound, best
estimate and upper bound soil profiles established in Section 3.7.1.3.2. 3F-3, 3F-4, and 3F-5
show the properties for the top fifty layers of each soil profile (approximately 300 ft), while
3F-29, 3F-30 and 3F-31, respectively, show the shear wave velocity, damping ratio and P-wave
velocity for the top six hundred feet in this area. Soil properties used in the SSI analysis are
strain-compatible with the Site SSE, and account for the range of variation of shear-wave
velocity, damping ratio, and P-wave velocity.

3.7.2.4.1.3 Common Basemat Intake Structures

SSI analyses for the CBIS are performed for the lower bound, best estimate and upper bound -
soil profiles established in Section 3.7.1.3.3. Tables 3F-6, 3F-7 and 3F-8 show the properties for
the top fifty layers of each soil profile (approximately 380 ft), while 3F-32, 3F-33 and 3F-34,
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respectively, show the shear wave velocity, damping ratio and P-wave velocity for the top six
hundred feet in the intake area. Soil properties used in the SSI analysis are strain-compatible
with the Site SSE, and account for the range of variation of shear-wave velocity, damping ratio,
and P-wave velocity.

3.7.2.4.2 Step 2 - Development of Structural Model

3.7.2.4.2.1 Nuclear Island Common Basemat Structures

Confirmatory SSl analyses of the Nuclear Island Common Basemat Structures use-the-same
structirabmedelas-usedHinU:.SEPRFSAR-exceptthatuses a surface founded stick model. 4

percent structural damping for reinforced concrete is used and 3 percent structural damping |
for pre-stressed concrete, NSSS components and vent stack is apphed m-pame&&ar—them

3.7.24.2.2 EPGBand ESWB

Confirmatory SSI analyses for the EPGB and ESWB use the-same-structural-medeland
wu&uf&ﬁnlte element models 4% structural damplng the4pereentstructural-dampinglas

:is used.

3.7.2.4.2.3 Common Basemat Intake Structures

Section 3.7.2.3.2 describes the development of the integrated finite element model of the CBIS
in STAAD Pro, and translation of the model into SASSI. The thin plate element in SASSI is used
to model all the structural panels.

The Common Basemat Intake Structures are reinforced concrete structures. A structural
damping of 4 percent is used in the SSl analysis to obtain the ISRS, while 5 percent is used to
obtain internal forces for the design of the CBIS using STAAD Pro.

3.7.2.4.3 Step 3 - Development of Soil Model
3.7.2.4.3.1 NuclearIsland Common Basemat Structures

SSl analyses are conducted for the three soil profiles discussed in Section 3.7.2.4.1.1, namely
CCNPP Unit 3 strain-compatible BE, CCNPP Unit 3 strain-compatible LB and CCNPP Unit 3
strain-compatible UB. Each soil profile is discretized in a sufficient number of horizontal
sub-layers, followed by a uniform half space beneath the lowest sub-layer.

The effect of ground water table on the seismic soil-structure-interaction (SSl) analysis of NI
Common Basemat Structures is considered through modification of the P-Wave velocity
profiles and by using the saturated weight for the soil below the ground water table.

3.7.24.3.2 EPGBandESWB

The soil model is developed using the SSE strain-compatible lower bound, best estimate and
upper bound soil profiles discussed in Section 3.7.2.4.1.2. Each soil profile is discretized in a
sufficient number of horizontal sub-layers, followed by a uniform half space beneath the
lowest sub-layer, which is located at a depth of 435 ft. The material soil or rock damping does
not exceed 15 percent. P-wave damping is set to be equal to S-wave damping for all soil
layers.
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Section 3.7.1.3.2 and by using the saturated weight for the soil below the ground water table.

3.7.2.4.3.3 Common Basemat Intake Structures

The soil model is developed using the SSE strain-compatible lower bound, best estimate and
upper bound soil profiles discussed in Section 3.7.2.4.1.3. Each soil profile is discretized in a
number of horizontal sub-layers, based on shear propagation requirement, and a uniform half
space is introduced beneath the lowest sub-layer, which is located at a depth of 350 ft. The
material soil or rock damping does not exceed 15 percent. P-wave damping is set to be equal
to S-wave damping for all soil layers.

The effect of ground water table on the seismic SSI analysis of the integrated CBIS is
considered through modification of the P-Wave velocity profiles as discussed in Section
3.7.1.3.3, and by using the saturated weight for the soil below the ground water table.

3.7.2.44 Step 4 - Development of SS| Analysis Soil Model

3.7.2.4.4.1 Nuclear Island Common Basemat Structures

FhesameSSHA surface founded stick model and-methedelogy-is used-in-U-S—ERRFSARfor the |
Nuclear Island Common Basemat Structures-is-used-ferthe-confirmatory SS| analyses;with |
analyses. The analysis uses the following exeeptions:inputs:

¢ Site-specific soil profiles strain-compatible with the Site SSE are used, as described in
Section 3.7.2.4.1.1.

4 The free-field control input motion to the SSI analysis of the NIl Common Basemat
Structures is the Site SSE previously described in Section 3.7.1.1.2.1. The Site SSE is
applied at NI foundation level, which is the horizon used for development of the NI
FIRS (i.e., CCNPP Unit 3 GMRS described in Section 2.5.2.6). In particular, the surface
outcrop motions (acceleration time histories) shown in 3.7-10, 3.7-11 and 3.7-12 are
used for the SSI analysis.

¢ Four percent structural damping is applied.

3.7.2.44.2 EPGBandESWB

Fhesame-An SSI model and methodology used-inU-S—ERRFSARfor-of the EPGB and ESWBis |
used for the confirmatory SSI analyses-with-analyses. The analysis uses the following |
exeeptens:inputs:

¢ Site-specific soil profiles strain-compatible with the Site SSE are used, as described in
Section 3.7.2.4.1.2.

¢ The control input motion for the SSI analysis of the EPGB and ESWB is the Site SSE
described in Section 3.7.1.1.2.2. The control motion is applied at the foundation level
(i.e., at the same horizon used for development of FIRS). In particular, for the EPGB, the
surface outcrop motions {acceleration time histories) shown in 3.7-10, 3.7-11 and
3.7-12 are used, while for the ESWB the within soil-column motions (acceleration time
histories) shown in 3.7-13, 3.7-14 and 3.7-15 are used.
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Interaction forces are obtained at the basemat nodes at the soil-structure interface, and
subseguently used in the stability analyses described in Section 3.7.2.14.2.

3.7.2.4.4.3 Common Basemat Intake Structures

The SSI model includes the CBIS, the surrounding layers of structural fill and the existing soil
media as shown in Figure 3.7-24. Interaction forces are obtained at the basemat nodes at the
soil-structure interface, and subsequently used in the stability analyses described in Section
372142,

The control input motion for the SSI analysis of the CBIS is the within soil-column motion
corresponding to the outcrop Site SSE for each soil profile, shown in Figures 3.7-16, 3.7-17 and
3.7-18 and described in Section 3.7.1.1.2.3. Consistent with the development of the within
soil-column motion, the control motion is applied at the foundation level of the CBIS (i.e., at
the same horizon used for development of FIRS for the CBIS).

3.7.24.5 Step5 - Performing SSI Analysis
3.7.2.4.5.1 Nuclear Island Common Basemat Structures

Confirmatory SSI analyses for the Nuclear Island Common Basemat Structures are performed

following the same-methodelogy-usedintS-EPRFSARforthis-structurespreviously described
methodology.

3.7.2.4.5.2 EPGB and ESWB

Confirmatory SSl analyses for the EPGB and ESWB are performed following the same

methodelogy-used-inU-S-EPRFSARfor thesestructures:previously described methodology.

3.7.2.4.5.3 Common Basemat Intake Structures

The SSI analysis of the model for the CBIS is performed using RIZZO computer code SASSI. SSI
analysis is performed for each direction of the Site SSE (i.e., X (N-S), Y (E-W), Z (Vertical)) and for
each of the three soil profiles described in Section 3.7.2.4.1.3.

3.7.2.4.6  Step 6 - Extracting Seismic SSI Responses
3.7.2.4.6.1 NuclearIsland Common Basemat Structures

SSl analysis outputs are generated for each soil profile (i.e., LB, BE, and UB) and direction of the
input motion. In particular in-structure response spectra for 5 percent damping are generated
at the key locations as described in Section 3.7.2.5.1.

3.7.24.6.2 EPGBand ESWB

SS! analysis outputs are generated for each soil profile (i.e., LB, BE, and UB) and direction of the
input motion. Accelerations, in-structure response spectra, and interaction forces at the
soil-basemat interface are calculated.

3.7-8 and 3.7-9 provide the combined average maximum nodal accelerations at various

elevations of EPGB and ESWB respectively. :Fhese—aeeelefaﬂens—havebeeﬁeb%mned—uﬁng—the

accelerations provided in 3.7-8 and 3.7-9 with the corresponding structural accelerations
reported in U.S. EPR FSAR Tables 3.7.2-27 and 3.7.2-28, respectively, show that the site-specific
accelerations for EPGB and ESWB are bounded by the certified design.

Output response time histories of nodal interaction forces for each of the basemat nodes of
the EPGB and ESWB are used to calculate response time histories of resultant sliding forces
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and overturning moments, which are used to evaluate the overall stability of each structure as
described in Section 3.7.2.14.2,

In-structure response spectra are reported at selected locations of the EPGB and ESWB as
detailed in Section 3.7.2.5.2.

3.7.2.4.6.3 Common Basemat Intake Structures

SS! analysis outputs are generated for each soil profile (i.e,, LB, BE, and UB) and direction of the
input motion. Accelerations, relative displacements, element forces, in-structure response
spectra, resultant sliding force and total overturning moments are calculated.

Table 3.7-10 provides the combined maximum nodal accelerations at various elevations of
UHS Makeup Water Intake Structure. These accelerations have been obtained using the
methodology outlined in U.S. EPR FSAR Section 3.7.2.4.6.

Absolute peak element forces and moments (i.e., membrane and out-of-plane bending and
shear resultants) are calculated for each soil profile and direction of the input motion. These
forces and moments are used for the design of critical walls and slabs, as detailed in Appendix
3E.

For determination of seismic stability of the CBIS, the seismically induced normal and shear
stresses at the base of the CBIS foundation are computed and compared with the restoring
stresses from the self weight of the structure as described in Section 3.7.2.14.3.

In-structure response spectra (ISRS) are reported at selected locations of the CBIS as detailed in
Section 3.7.2.5.3.

3.7.2.4.7 Computer Codes

The confirmatory SSI analysis of the Nl Common Basemat Structures is performed using AREVA
computer code SASSI, Version 4.2; which has been verified and validated in accordance with
the AREVA 10 CFR 50 Appendix B QA program.

Bechtel computer code SASSI2000, Version 3.1, is used to perform the seismic confirmatory SSI
analysis of the EPGB and ESWB. This program is developed and maintained in accordance with
Bechtel's engineering department and QA procedures. Validation manuals are maintained in
the Bechtel Computer Services Library. The program is in compliance with the requirements of
ASME NQA-1-1994.

RIZZO computer code SASSI, Version 1.3a, is used to perform the seismic confirmatory SSI
analysis of the CBIS. This program is developed and maintained in accordance with RIZZO's
engineering department and QA procedures. Validation manuals are maintained in the RIZZO
Computer Services Library. The program is in compliance with the requirements of ASME
NQA-1-1994,

3.7.2.5 Development of Floor Response Spectra

A structural damping of 4 percent is used for the development of ISRS for the site-specific
reconciliation of Nl Common Basemat Structures, EPGB and ESWB; this is in compliance with
RG 1.61, Revision 1 (NRC, 2007b). This damping value is also used for the development of ISRS
for the Common Basemat Intake Structures.
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As described in Sections 3.7.2.5.1 and 3.7.2.5.2, the ISRS for NI Common Basemat Structures,
EPGB and ESWB are bounded by the corresponding U.S. EPR FSAR ISRS. Therefore, the U.S. EPR
FSAR ISRS are applicable to CCNPP Unit 3 NI Common Basemat Structures, EPGB and ESWB,

3.7.2.5.1 Nuclear Island Common Basemat Structures

U.S. EPR FSAR Section 3.7.2.5 describes the development of floor response spectra for the Ni
Common Basemat Structures. The soil cases are described in U.S. EPR FSAR Table 3.7.1-6 and
the ground design response spectra are shown in U.S. EPR FSAR Figure 3.7.1-1 for the NI, The
ISRS used to design the piping, cable trays and commodity supports for the Nl are the
spectrum envelopes shown in U.S. EPR FSAR, Tier 2, Figures 3.7.2-74 through 3.7.2-100 and
Figures 3.7.2-110 through 3.7.2-112.

For site-specific confirmatory analysis, response spectra for 5 percent damping in the three
directions are generated, using methodology consistent with the U.S. EPR FSAR Section
3.7.2.5, at the following key locations:

4 Reactor Building Internal Structure at Elev. 16.9 ft (5.15 m) and 64.0 ft (19.5 m).
¢ Safeguard Building 1 at Elev. 27 ft (8.1 m) and 69.9 ft (21.0 m).

4 Safeguard Building 2/3 at Elev. 27 ft (8.1 m) and 50.5 ft (15.4 m).

¢ Safeguard Building 4 at Elev. 69.9 ft (21.0 m).

¢ Containment Building at Elev. 123 ft (37.6 m) and 190 ft (58.0 m).

A comparison of the 5 percent damped ISRS for the CCNPP Unit 3 BE, LB and UB soil profiles
with the corresponding peak-broadened Design Certification ISRS show that the certified
design bounds the CCNPP Unit 3 seismic demands by a large margin (3.7-25 through 3.7-51).
Therefore, the CCNPP Unit 3 site~specific seismic responses are bounded by the U.S. EPR FSAR
results. The Seismic Category li vent stack structure is part of the Nl common basemat
structures. Consequently, the site-specific seismic response of the vent stack is confirmed as
well.

The site-specific seismic responses for the Nuclear Auxiliary Building (NAB) and Radioactive
Waste Processing Building (RWPB) are within the parameters of Section 3.7 of the U.S. EPR
standard design. The seismic responses at the center of basemats of the NAB and RWPB
structures were computed from the site-specific SSI analysis for the Nuclear Island common
basemat structures described in Section 3.7.2.4. The site-specific response for the NAB is
enveloped by U.S. EPR standard design response as shown by comparing the site-specific ISRS
(3.7-52 through 3.7-54) at the basemat for NAB to the corresponding U.S. EPR standard design
ISRS (3.7-55 through 3.7-57). Similarly, the site-specific response for the RWPB is enveloped by
U.S. EPR standard design response as shown by comparing the site-specific ISRS (3.7-58
through 3.7-60) at the basemat for RWPB to the corresponding U.S. EPR standard design ISRS
(3.7-61 through 3.7-63).

3.7.25.2 EPGBandESWB

U.S. EPR FSAR Section 3.7.2.5 describes the development of floor response spectra for the

EPGB and ESWB. The soil cases are described in U.S. EPR FSAR Table 3.7.1-6 and the ground
design response spectra are shown in U.S. EPR FSAR Figures 3.7.1-33 and 3.7.1-34 for the EPGB
and ESWB.

CCNPP Unit 3 3-49 7D

© 2007-2011 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED



FSAR: Chapter 3.0 Seismic Design

UN#11-107
Enclosure 3
Page 19 of 130

For site-specific confirmatory analysis, ISRS are generated for EPGB and ESWB at locations
identified in U.S. EPR FSAR Section 3.7.2.5, using the guidelines described in U.S. EPR FSAR
Section 3.7.2.5. The ISRS are however, calculated from 0.2 to 100 Hz, and correspond to the
envelope of the ISRS for the site-specific strain-compatible BE, LB and UB soil profiles. For the
purposes of confirmatory analyses, 3.7-64 to 3.7-72 show the comparison of 5 percent damped
ISRS, which are representative of the response at all damping values, with the corresponding
ISRS from U.S. EPR FSAR. The site-specific ISRS for these structures are enveloped by the
corresponding design certification ISRS by a large margin, except for frequencies less than

approxmately 0. 3 Hz -Iheugh—#ve—ma*mun%e—speeﬁespeﬁra%e&eraﬂemn—tﬂs

gwéehae&speeﬂed—m—U%—EPR%SARée&reﬁ%%é—Iheeﬁe&&Reconahatlo

acce|erat|ons at these Iow

3.7.2.5.3 Common Basemat Intake Structures

ISRS at the location of safety-related equipment within the UHS Makeup Water Intake
Structure are geneérated using the SSI model described in Section 3.7.2.4. The ISRS are
calculated from 0.1 to 50 Hz, which meets the guidelines provided in RG 1.122, Revision 1
(NRC, 1978). For the UHS Makeup Water Intake Structure, the ISRS are calculated at 0.5 percent,
2 percent, 3 percent, 4 percent, 5 percent, 7 percent and 10 percent damping. The ISRS are
enveloped for the site-specific strain-compatible BE, LB and UB soil profiles.

For the UHS Makeup Water Intake Structure, the ISRS are developed at the location of
safety-related makeup pumps and facilities, as shown in 3.7-73 through 3.7-78 and at the

location of safety-related electrical equipment supported at EL +26.5 ft in the CBIS, and are

shown in 3.7-79 through Figure 3.7-81. ISRS will be generated at the support locations of
additional safety-related equipment, as required.

3.7.2.6 Three Components of Earthquake Motion

As indicated in Section 3.7.2.4, the SSl analysis of the site-specific Seismic Category | structures
is performed using the integrated finite element model, with the input ground motion applied
separately in the three directions. Following the methodology described in U.S. EPR FSAR
Section 3.7.2.5 for EPGB and ESWB, the ISRS in the UHS Makeup Water Intake Structure are

" determined by using the Square Root of Sum of Squares (SRSS) of the calculated response

spectra in a given direction, due to earthquake motion in the three directions.

The maximum member forces and moments due to the three earthquake motion components
are combined using the ASCE 4-98 (ASCE, 2000) “100-40-40" combination rule to obtain the
maximum total member forces and moments. The 100-40-40 rule used is consistent with the
requirements of RG 1.92, Revision 2 (NRC, 2006).

3.7.2.7 Combination of Modal Responses

No departures or supplements.}
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3.7.2.8 Interaction of Non-Seismic Category | Structures with Seismic Category |
Systems

The U.S. EPR FSAR includes the following COL Item and conceptual design information in
Section 3.7.2.8:

A COL applicant that references the U.S. EPR design certification will provide the
site-specific separation distances for the Access Building and Turbine Building.

The COL Item is addressed as follows:

The conceptual design information in U.S. EPR FSAR, Tier 2, Figure 3B-1 provides the
separation gaps between the AB and SBs 3 and 4 and between the TB and the NI Common
Basemat Structures. This information is incorporated by reference.

The U. S. EPR FSAR includes the following COL Item and conceptual design information in
Section 3.7.2.8 - Access Building:

A COL applicant that references the U.S. EPR design certification will demonstrate that the
response of the Access Building to an SSE event will not impair the ability of Seismic
Category | systems, structures, or components to perform their design basis safety
functions.

[[The Access Building is analyzed to site-specific SSE load conditions and designed to the
codes and standards associated with Seismic Category | structures so that the margin of
safety is equivalent to that of a Category | structure with the exception of sliding and
overturning criteria. Because the Access Building does not have a safety function, it may
slide or uplift provided that the gap between the Access Building and any Category |
structure is adequate to prevent interaction. The effects of sliding, overturning, and any
other calculated building displacements (e.g., building deflections, settlement) must be
considered when demonstrating the gap adequacy between the Access Building and
adjacent Category | structures. The separation gaps between the Access Building and SBs
3 and 4 are 0.98 ft and 1.31 ft, respectively (see Figure 3B-1).]]

For COL applicants that incorporate the conceptual design for the Access Building
presented in the U.S. EPR FSAR (i.e ., [[the Access Building is analyzed to site-specific SSE
load conditions and designed to the codes and standards associated with Seismic
Category | structures so that the margin of safety is equivalent to that of a Category |
structure with the exception of sliding and overturning criterial]), this COL item is
addressed by demonstrating that the gap between the Access Building and adjacent
Category | structures is sufficient to prevent interaction. The effects of sliding,
overturning, and any other calculated building displacements (e.g., building deflections,
settlement) must be considered when demonstrating the gap adequacy between the
Access Building and adjacent Category | structures.

This COL Item is addressed as follows:

{The Access Building is classified as Seismic Category Il structure and will be designed to satisfy
SRP 3.7.2 Acceptance Criterion 8.C.}

The U. S. EPR FSAR includes the following COL Item and conceptual design information in
Section 3.7.2.8 - Turbine Building:
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A COL applicant that references the U.S. EPR design certification will demonstrate that the
response of the TB (including Switchgear Building on the common basemat) to an SSE
event will not impair the ability of Seismic Category | systems, structures, or components
to perform their design basis safety functions.

[[The TB is analyzed to site-specific SSE load conditions and designed to the codes and
standards associated with Seismic Category | structures so that the margin of safety is
equiv alent to that of a Category | structure with the exception of sliding and overturning
criteria. Because the TB does not have a safety function, it may slide or uplift provided
that the gap between the TB and any Category | structure is adequate to prevent
interaction. The effects of sliding, overturning, and any other calculated building
displacements (e.g., building deflections, settlement) must be considered when
demonstrating the gap adequacy between the TB and adjacent Category | structures. The
separation between the TB and N | Common Basemat Structures is approximately 30 ft
(see Figure 3B-1).]]

For COL applicants that incorporate the conceptual design for the TB presented in the
U.S. EPRFSAR (i .e, [[the TB is analyzed to site-specific SSE load conditions and designed
to the codes and standards associated with Seismic Category | structures so that the
margin of safety is equivalent to that of a Category | structure with the exception of
sliding and overturning criterial]), this COL item is addressed by demonstrating that the
gap between the TB and adjacent Category | structures is sufficient to prevent interaction.
The effects of sliding, overturning, and any other calculated building displacements (e.g.,
building deflections, settlement) must be considered when demonstrating the gap
adequacy between the TB and adjacent Category | structures,

This COL Item is addressed as follows:

{The Turbine Building and Switchgear Building (also referred to as the Turbine Island (T1)
structure) are classified as Seismic Category Il structures. These structures were analyzed and
designed to the same requirements as other Seismic Category | structures for site-specific SSE
loads. This design methodology meets the NUREG 0800 SRP 3.7.2 Acceptance Criterion 8.C.}

The U.S. EPR FSAR includes the following COL Item in Section 3.7.2.8:

A COL applicant that references the U.S. EPR design certification will provide the seismic
design basis for the sources of fire protection water supply for safe plant shutdown in the
event of a SSE.

The COL Item is addressed as follows:

The U.S EPR FSAR Section 3.7.2.8 states that the Fire Protection Storage Tanks and Buildings
are classified as Conventional Seismic Structures and that RG 1.189 (NRC, 2007) requires that a
water supply be provided for manual firefighting in areas containing equipment for safe plant
shutdown in the event of a SSE. The U.S. EPR FSAR Section 3.7.2.8 also states the fire protection

storage tanks and building are designed to provide system pressure integrity under SSE
loading conditions.

In addition to the Seismic Classifications defined in U.S. EPR FSAR Section 3.2.1, a seismic
classification of Seismic Category H-SSE is utilized. This designation is utilized to ensure the
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Refer to Section 3.2.1 and U.S. EPR FSAR Section 3.2.1 for further discussion of seismic
classifications. In addition, Section 3.2.1 categorizes Fire Protection SSC into two categories:
1. SSC that must remain functional during and after an SSE (i.e., Seismic Category lI-SSE);
and
2. SSCthat must remain intact after an SSE without deleterious interaction with Seismic
Category | or Seismic Category II-SSE (i.e., Seismic Category Il).
Fire Protection SSC required to remain functional during and following a safe shutdown
earthquake to support safe shutdown of the plant following a design basis seismic event are
designated as Seismic Category lI-SSE. The following Fire Protection structures, systems, and
components are required to remain functional during and after a seismic event:
1. Fire Water Storage Tanks;
2. Fire Protection Building;
3. Diesel driven fire pumps and their associated sub systems and components, including
the diesel fuel oil system;
4. (Critical support systems for the Fire Protection Building, i.e., ventilation; and
5. The portions of the fire water piping system and components (including isolation
valves) which supply water to the stand pipes in buildings that house the equipment
required for safe shutdown of the plant following an SSE.
Manual actions may be required to isolate the portion of the Fire Protection piping system
that is not qualified as Seismic Category II-SSE.
U.S. EPR FSAR Section 3.7.2.8 addresses the interaction of the following Non-Seismic Category
I structures with Seismic Category | structures:
¢ Vent Stack
¢ Nuclear Auxiliary Building
¢ Access Building
¢ Turbine Building
¢ Radioactive Waste Processing Building
{The following CCNPP Unit 3 Non-Seismic Category | structures identified in Table 3.2-1 could
also potentially interact with Seismic Category 1 SSC:
4 Buried and above ground Seismic Category Il and Seismic Category II-SSE Fire
Protection SSC, including Fire Water Storage Tanks and Fire Protection Building.
¢ Seismic Category Il Turbine Building (U.S. EPR FSAR Section 3.7.2.8 also provides
conceptual information to address seismic interaction of Turbine Building with the
Seismic Category | SSCs)
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¢ Seismic Category |l Switchgear Building

¢ Conventional Seismic Grid Systems Control Building

¢ Seismic Category Il Circulating Water Makeup Intake Structure
4 Conventional Seismic Sheet Pile Wall.

¢ Existing Baffle Wall.

The buried Seismic Category !I-SSE Fire Protection SSC identified in Table 3.2-1 are seismically
analyzed using the design response spectra identified in Section 3.7.1.1.1.4 for use in the
analysis of the Seismic Category | site-specific buried utilities. The analysis of the buried
Seismic Category 1I-5SE fire protection SSC will confirm they remain functional during and
following an SSE in accordance with NRC Regulatory Guide 1.189 (NRC, 2007). Section 3.7.3.12
further defines the methodology for the analysis of buried Fire Protection piping. Seismic
Category II-SSE buried piping is an embedded commodity that by its nature does not
significantly interact with above ground Seismic Category | SSC. The buried Seismic Category
1I-SSE Fire Protection SSCs are designed to the same requirements as the buried Seismic
Category 1 SSCs.

The above ground Seismic Category Il and Seismic Category lI-SSE Fire Protection SSC,
including Fire Water Storage Tanks and Fire Protection Building, identified in Table 3.2-1 are
seismically analyzed utilizing the appropriate design response spectra. Seismic load
combinations are developed in accordance with the requirements of ASCE 43-05 (ASCE, 2005)
using a limiting acceptance condition for the structure characterized as essentially elastic
behavior with no damage (i.e., Limit State D) as specified in the Standard. The analysis of the
above ground Seismic Category II-SSE fire protection SSC will confirm they remain functional
during and following an SSE in accordance with NRC Regulatory Guide 1.189 (NRC, 2007). The
analysis of the above ground Seismic Category |l fire protection SSCs will confirm they
maintain a pressure boundary after an SSE event.

Table 3.7-11 provides the criteria used to prevent seismic interaction of Turbine Building,
Switchgear Building, Circulating Water Makeup Intake Structure and Grid Systems Control
Building with other Seismic Category | structures, systems and components (SSCs).

The Seismic Category |l Turbine Building and Seismic Category I Switchgear Building together
comprise a common Turbine Island (Tl) structure and are situated approximately 30 ft (9.1 m)
from the NI Common Basemat structures. The Switchgear Building is a steel framed structure.
The Turbine Building and Switchgear Building are designed using conventional seismic codes
and standards presented in Table 3.7-11, but are also analyzed and designed using Site SSE to
prevent seismic interaction with the Seismic Category | SSCs. An evaluation of the site-specific
SSE responses will confirm that the separation distance between the Tl structure and the
Seismic Category | SSCs exceeds the sum of the maximum relative seismic displacement
between the structures, construction tolerances and settlement effects by an appropriate
factor of safety.

The Conventional Seismic Grid Systems Control Building is located in the Switchyard area, and
has a minimum separation distance of approximately 700 ft (213.4 m) from the nearest Seismic
Category 1 55Cs (see Figure 2.1-5). Therefore, potential collapse of this building has no adverse
impact on the function of Seismic Category | SSCs. This meets NUREG-0800 Section 3.7.2,
Acceptance Criterion 8.A (NRC, 2007a).
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The Seismic Category Il Circulating Water Makeup Intake Structure is situated between the
Seismic Category | Buried Intake Pipes and is comprised of a reinforced concrete embedded
structure and an above ground steel structure. The reinforced concrete embedded structure is
integrally connected to the Seismic Category | Forebay and is designed to the same
requirements as a Seismic Category | structure. The Seismic Category | Buried Intake Pipes are
approximately 15 ft (4.6 m) away from the embedded walls of the Circulating Water Makeup
Intake Structure. Therefore, there is no possibility of any seismic interaction between the
Buried Intake Pipes and the Circulating Water Makeup Intake Structure, Therefore, the design
methodology for the reinforced concrete embedded structure meets NUREG-0800 Section
3.7.2, Acceptance Criterion 8.C (NRC, 2007a).

The above ground steel structure is located such that it cannot directly strike any Seismic
Category | SSCs. Since the reinforced concrete embedded structure supporting the steel
structure is integrally connected to the Seismic Category | Forebay, the reinforced concrete
embedded structure is analyzed to demonstrate that the collapse of the steel superstructure
does not impair the integrity of Seismic Category | SSCs, nor result in incapacitating injury to
control room occupants.

The Conventional Seismic Unit 3 Sheet Pile Wall is located approximately 30 ft (9.1 m) from the
north end of the Seismic Category | Buried Intake Pipes. The Sheet Pile Wall will be analyzed
and designed using conventional seismic codes and standards but will also be analyzed using
Site SSE to prevent any adverse interaction with the Seismic Category | Buried Intake Pipes.
The existing Baffle Wall is approximately 46 ft (14.0 m) above the bed of the intake area and is
located approximately 50 ft (15.2 m) from the north end of the Seismic Category 1 Buried
Intake Pipes. Therefore, the interaction of the Baffle Wall with the Buried Intake Pipes is not
possible.

3.7.2.9 Effects of Parameter Variations on Floor Response Spectra

In-structure response spectra are smoothed and the peaks associated with each of the
structural frequencies are broadened according to procedure described in RG 1.122 (NRC,
1978). This accounts for uncertainties in the structural frequencies owing to uncertainties in
the material properties of the structure and soil, approximation in the modeling techniques
used in the seismic analysis and the effect of potential concrete cracking.

3.7.2.10 Use of Constant Vertical Static Factors

No departures or supplements.

3.7.2.11 Method Used to Account for Torsional Effects

For the CBIS, both inherent and accidental torsional effects are accounted for in the seismic
design. The inherent torsion effects are built into the 3D finite element model used for the SSI
analysis.

The seismic inertia force at each story level is calculated using the maximum absolute
structural accelerations in each horizontal direction, provided in Table 3.7-10, and the
horizontal mass at that fevel. The accidental torsional moment is determined as the story
inertia force times a moment arm equal to £5 percent of the building plan dimension in the
perpendicular direction, in accordance with NUREG-0800 Section 3.7.2, Acceptance Criterion
11 (NRC, 2007a). These moments are then used to calculate the in-plane shear forces in the
walls, which are used for structural design. The responses from earthquakes in three
orthogonal directions are combined in accordance with the co-directional response
combination provisions of FSAR Section 3.7.2.6.
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3.7.2.12 Comparison of Responses

As multiple seismic analysis methods are not employed for the site-specific Seismic Category |
structures, a comparison of responses is not applicable.

3.7.2.13 Methods for Seismic Analysis of Category | Dams

No departures or supplements.

3.7.2.14 Determination of Dynamic Stability of Seismic Category | Structures
3.7.2.14.1 Nuclear Island Common Basemat Structures

The methodology to perform dynamic stability evaluation of the Nuclear Island Common
Basemat Structures is incorporated by reference to U.S. EPR Section 3.7.2,14.

3.7.2.142 EPGB and ESWB

The stability of the EPGB and ESWB for seismic loading is determined using the stability load
combinations provided in NUREG-0800 Section 3.8.5, Acceptance Criteria 3 (NRC, 2007a).

For determination of seismic stability, the overturning moments about each of the four edges
of the basemat and sliding forces at the bottom of the basemat are computed by using the
response time histories of reactions at the basemat nodes. These responses include the effects
of seismic forces, static and dynamic lateral earth pressures, and hydrostatic and
hydrodynamic forces. The following steps are used to assess the seismic stability:

i. The response time histories of reaction forces for each basemat node are obtained for
each Site SSE direction and soil profile (i.e., BE, LB and UB as described in section
3.7.2.4.3). Three reaction forces are obtained for each earthquake direction; therefore
nine response time histories of reaction forces are reported per soil profile at each
basemat node.

ii. The response time histories of total force are calculated in the vertical and two
horizontal directions for each soil profile. The total force in a particular direction is
calculated by algebraic addition of nodal reactions in that direction due to earthquake
in each direction.

iii. The response time history of total sliding force is calculated for each soil profile. The
sliding force is calculated as the magnitude of the vector sum of the total forces in the
two horizontal directions.

iv. The response time histories of seismic overturning moment are calculated about each
of the four edges of the basemat for each soil profile. The overturning moment about
a particular edge is calculated by algebraic sum of the overturning moments about
that edge from each nodal reaction due to earthquake in each direction.

v. Evaluation of the sliding, overturning and bearing seismic stability of each structure is
performed for each soil profile and each point in time.

The loads considered in the calculation of structural mass in the seismic SSt analysis, which
includes the self weight of the structure, weight of the permanent equipment and contained
water during normal operation, 25% of the design live load and 75% of the design snow load
are consistently used to determine the restoring moments. The vertical force calculated in
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Step ii is accounted for during the calculation of sliding resistance. Results of dynamic stability
are reported in Appendix 3E.

3.7.2.14.3 Seismic Stability of Common Basemat intake Structures (CBIS)

The stability of the CBIS Building for seismic loading is determined using the stability load
combinations provided in NUREG-0800 Section 3.8.5, Acceptance Criteria 3 (NRC, 2007a), listed
as L.oad Combination 7 in FSAR Table 3E-1.

For determination of seismic stability of the CBIS, the seismically induced normal and shear
stresses at the base of the CBIS foundation are computed and compared with the restoring
stresses from the self weight of the structure.

The seismic reaction stresses at the CBIS foundation-soil interface are computed at selected
locations using 3D brick elements modeled at the base of the CBIS foundation. The seismic
normal and shear stresses at the bottom of the basemat are computed by using the response
time histories of reaction stresses at the selected basemat locations. These responses include
the effects of seismic forces, dynamic lateral earth pressures, and hydrodynamic forces.

The stabilizing forces for the CBIS are considered from the self weight of the intake structure
and static earth pressure. The resultant stabilizing stresses are obtained from PLAXIS 3D
analysis of the CBIS. PLAXIS 3D analysis considered the self weight of the intake structure,
static earth pressures, and the uplift effect of the ground water at the base of the basemat. The
effective shear resistance of the soil is computed using PLAXIS 3D output and the vertical
seismic load on the CBIS basemat.

The following steps are used to assess the seismic stability of the CBIS:

i. The response time histories of stresses at selected locations of the basemat
are obtained for each site SSE direction and soil profile (i.e., BE, LB and UB)
from the seismic SSl analysis. Three reaction stresses are obtained for each
earthquake direction; therefore nine response time histories of reaction
stresses are reported per soil profile.

ii. The response time histories of normal and shear stresses are calculated in
the vertical and two horizontal directions for each soil profile. The total
stress in a particular direction is calculated by algebraic addition of the
stresses in that direction due to earthquake in each direction.

iii. The response time history of total sliding shear stress is calculated for each
soil profile. The sliding shear stress is calculated as the magnitude of the
vector sum of the shear stresses in the two horizontal directions.

iv. Evaluation of the seismic stability for sliding and uplifting/overturning of
the CBIS is performed for each soil profile (BE, LB and UB) at each point in
time by computing the factors of safety as the ratio of the restoring
stresses of the CBIS to the corresponding seismically induced stresses.

The factors of safety evaluated for the seismic stability are compared with the minimum
required factors of safety specified in U.S. EPR FSAR Table 3.8-11. According to this reference,
the minimum required factors of safety for sliding and overturning associated with Safe
Shutdown Earthquake (E’, Seismic Category | foundations) loading combinationis 1.1. As a
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Page 27 of 130 Results of dynamic stability are reported in Appendix 3E.
3.7.2,15 Analysis Procedure for Damping
The structure and soil damping used in 5SSl analyses of site-specific Seismic Category |
structures are described in Sections 3.7.2.4.2.3 and 3.7.2.4.3.3.
3.7.2.16 References
{ACl, 2006. Seismic Design of Liquid-Containing Concrete Structures, ACl 350.3-06, American
Concrete Institute, 2006.
ASCE, 2000. Seismic Analysis of Safety-Related Nuclear Structures and Commentary, ASCE
Standard 4-98, American Society of Civil Engineers, 2000.
ASCE, 2005. Seismic Design Criteria for Structures, Systems, and Components in Nuclear
Facilities, ASCE 43-05, American Society of Civil Engineers, January 2005.
NRC, 1973. Design Response Spectra for Seismic Design of Nuclear Power Plants, Regulatory
Guide 1.60, U.S. Nuclear Regulatory Commission, December 1973.
NRC, 1978. Development of Floor Design Response Spectra for Seismic Design of
Floor-Supported equipment or Components, Regulatory Guide 1.122, U.S. Nuclear Regulatory
commission, February, 1978.
NRC, 2006. Combining Modal Responses and Spatial Components in Seismic Response
Analysis, Regulatory Guide 1.92 Revision 2, U.S. Nuclear Regulatory Commission, July 2006.
NRC, 2007. Fire Protection for Nuclear Power Plants, Regulatory Guide 1.189, Revision 1, U.S.
Nuclear Regulatory Commission, March 2007.
NRC, 2007a. Standard Review Plan (SRP) for the Review of Safety Analysis Reports for Nuclear
Power Plants, NUREG-0800, U.S. Nuclear Regulatory Commission, March 2007,
NRC, 2008. Earthquake Engineering Criteria for Nuclear Power Plants, Title 10, Code of Federal
Regulations, Part 50, Appendix S, U. S. Nuclear Regulatory Commission, February 2008}

3.7.3 Seismic Subsystem Analysis
No departures or supplements.
3.7.3.1 Seismic Analysis Methods
No departures or supplements.
3.7.3.2 Determination of Number of Earthquake Cycles
No departures or supplements.
3.7.3.3 Procedures Used for Analytical Modeling
{No departures or supplements.}
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{No departures or supplements.}
3.7.3.5 Analysis Procedure for Damping
{No departures or supplements.}
3.7.3.6 Three Components of Earthquake Motion
No departures or supplements.
'3.7.3.7 Combination of Modal Responses
No departures or supplements.
3.7.3.8 Interaction of Non-Seismic Category | Subsystems
No departures or supplements.
3.7.3.9 Multiply-Supported Equipment and Components with Distinct Inputs
No departures or supplements.
3.7.3.10 Use of Equivalent Vertical Static Factors
No departures or supplements.
3.7.3.11 Torsional Effects of Eccentric Masses
No departures or supplements.
3.7.3.12 Buried Seismic Category | Piping and Conduits
{For CCNPP Unit 3, a buried duct bank refers to multiple PVC electrical conduits encased in
reinforced concrete.
The seismic analysis and design of Seismic Category | buried reinforced concrete electrical
duct banks is in accordance with IEEE 628-2001 (R2006) (IEEE, 2001), ASCE 4-98 (ASCE, 2000)
and ACI 349-01(ACl, 2001), including supplemental guidance of Regulatory Guide 1.142 (NRC,
2001).
Side walls of electrical manholes are analyzed for seismic waves traveling through the
surrounding soil in accordance with the requirements of ASCE 4-98 (ASCE, 2000), including
dynamic soil pressures.
Seismic Category | buried Essential Service Water Pipes, Seismic Category | buried Intake Pipes
and Seismic Category Il and Seismic Category |I-SSE buried Fire Protection pipe are analyzed
for the effects of seismic waves traveling through the surrounding soil in accordance with the
specific requirements of ASCE 4-98 (ASCE, 2000):
¢ long, straight buried pipe sections, remote from bends or anchor points, are designed
assuming no relative motion between the flexible structure and the ground (i.e. the
structure conforms to the ground motion).
¢ The effects of bends and differential displacement at connections to buildings are
evaluated using equations for beams on elastic foundations, and subsequently
combined with the buried pipe axial stress.
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For long straight sections of buried pipe, maximum axial strain and curvature are calculated
per equations contained in ASCE 4-98 (ASCE, 2000). These equations reflect seismic wave
propagation and incorporate the material's modulus of elasticity to determine the
corresponding maximum axial and bending stresses. The procedure combines stresses from
compression, shear and surface waves by the square root of the sum of the squares (SRSS)
method. Maximum stresses for each wave type are then combined using the SRSS method.
Subsequently, seismic stresses are combined with stresses from other loading conditions, e.g.,
long-term surcharge loading.

For straight sections of buried pipe, the transfer of axial strain from the soil to the buried
structure is limited by the frictional resistance developed. Consequently, axial stresses may be
reduced by consideration of such slippage effects, as appropriate.

The seismic analysis of bends of buried pipe is based on the equations developed for beams
on elastic foundations. Specifically, the transverse leg is assumed to deform as a beam on an
elastic foundation due to the axial force in the longitudinal leg. The spring constant at the
bend depends on the stiffness of the longitudinal and transverse legs as well as the degree of
fixity at the bend and ends of the legs.

Seismic analysis of restrained segments of buried pipe utilizes guidance provided in Appendix
VII, Procedures for the Design of Restrained Underground Piping, of ASME B31.1-2004 (ASME,
2004).}

3.7.3.13  Methods for Seismic Analysis of Category | Concrete Dams
The U.S. EPR FSAR includes the following COL Item in Section 3.7.3.13:

A COL applicant that references the U.S. EPR design certification will provide a
description of methods for seismic analysis of site-specific Category | concrete
dams, if applicable.

This COL Item is addressed as follows:

{No Seismic Category | dams will be used at CCNPP Unit 3.}

3.7.3.14 Methods for Seismic Analysis of Aboveground Tanks

No departures or supplements.

3.7.3.15 References

{ACl, 2001. Code Requirements for Nuclear Safety-Related Concrete Structures and
Commentary on Code Requirements for Nuclear Safety-Related Concrete Structures, ACI
349-01/349-R01, American Concrete Institute, 2001.

ASCE, 2000. Seismic Analysis of Safety-Related Nuclear Structures and Commentary, ASCE
4-98, American Society of Civil Engineers, 2000.

ASME, 2004, Procedures for the Design of Restrained Underground Piping, Appendix VI,
Power Piping, ASME B31.1-2004, American Society of Mechanical Engineers, 2004.

IEEE, 2001. IEEE Standard Criteria for the Design, Installation, and Qualification of Raceway
Systems for Class 1E Circuits for Nuclear Power Generating Stations, IEEE 628-2001, |EEE, 2001.
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3.74

NRC, 2001. Safety-Related Concrete Structures for Nuclear Power Plants (Other Than Reactor
Vessels and Containments), Regulatory Guide 1.142, U.S. Nuclear Regulatory Commission,
November 2001.}

Seismic Instrumentation

No departures or supplements.

3.7.4.1 Comparison with NRC Regulatory Guide 1.12

No departures or supplements.

3.7.4.2 Location and Description of Instrumentation
The U.S. EPR FSAR includes the following COL Item in Section 3.7.4.2:

A COL applicant that references the U.S. EPR design certification will determine
whether essentially the same seismic response from a given earthquake is
expected at each of the units in a multi-unit site or instrument each unit. In the
event that only one unit is instrumented, annunciation shall be provided to each
control room.

This COL Item is addressed as follows:

{CCNPP Unit 3 is a single unit, U.S. EPR facility. Annunciation of the seismic instrumentation for
CCNPP Unit 3 will be provided in the CCNPP Unit 3 main control room.}

3.7.4.2.1 Field Mounted Sensors
The U.S. EPR FSAR includes the following COL Item in Section 3.7.4.2.1:

A COL applicant that references the U.S. EPR design certification will determine a
location for the free-field acceleration sensor such that the effects associated with
surface features, buildings, and components on the recordings of ground motion
are insignificant. The acceleration sensor must be based on material
representative of that upon which the Nuclear Island (NI) and other Seismic
Category | structures are founded.

This COL Item is addressed as follows:

{Calvert Cliffs 3 Nuclear Project, LLC and UniStar Nuclear Operating Services, LLC} shall
determine the location for the free-field acceleration sensor in accordance with the guidance
provided in Regulatory Guide 1.12 prior to fuel load. The location will be sufficiently distant
from nearby structures that may have significant influence on the recorded free-field seismic
motion. The free-field acceleration sensor will be located on a base mat that is founded on
material that is representative of that upon which the Nl and other Seismic Category |
structures are founded. The sensor will be protected from accidental impact, and will be
readily accessible for surveillance, maintenance, and repair activities. The sensor will be rigidly
mounted in alignment with the orthogonal axes assumed for seismic analysis. To maintain
occupational radiation exposures ALARA, the free-field acceleration sensor location will be
sufficiently distant from radiation sources such that there is minimal occupational exposure
expected during normal operating modes.
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3.7.4.2.2 System Equipment Cabinet

No departures or supplements.

3.7.4.2.3 Seismic Recorder(s)

No departures or supplements.

3.7.4.2.4 Central Controller

No departures or supplements.

3.7.4.2.5 Power Supplies

No departures of supplements.

3.7.4.3 Control Room Operator Notification

No departures or supplements.

3.7.44 Comparison with Regulatory Guide 1.166

Post-earthquake actions and an assessment of the damage potential of the event using the
EPRI-developed OBE Exceedance Criteria follow the guidance of EPRI reports NP-5930 (EPRI,
1988) and NP-6695 (EPRI, 1989), as endorsed by the U.S. Nuclear Regulatory Commission in
Regulatory Guide 1.166 (NRC, 1997a) and Regulatory Guide 1.167 (NRC, 1997b). OBE
Exceedance Criteria is based on a threshold response spectrum ordinate check and a CAV
check using recorded motions from the free-field acceleration sensor. If the respective OBE
ground motion is exceeded in a potentially damaging frequency range or significant plant
damage occurs, the plant must be shutdown following plant procedures. The shutdown OBE
for CCNPP Unit 3, which is described in Section 3.7.1.1, is the composite earthquake which
consists of one-third site-specific SSE (anchored at 0.05g) and EUR Soft Soil spectrum
anchored at 0.10g in the low frequency (approximately 0.36Hz and below).

3.7.4.5 Instrument Surveillance

No departures or supplements.

3.7.4.6 Program Implementation

No departures or supplements.

3.7.4.7 Réferences

{ASCE, 2005. Seismic Design Criteria for Structures, Systems, and Components in Nuclear
Facilities, ASCE 43-05, American Society of Civil Engineers, January 2005.

EPRI, 1988. A Criterion for Determining Exceedance of the Operating Basis Earthquake,
NP-5930, Electric Power Research Institute, July 1988.

EPRI, 1989. Guidelines for Nuclear Plant Response to an Earthquake, NP-6695, Electric Power
Research Institute, December 1989.

NRC, 1997a. Pre-Earthquake Planning and Immediate Nuclear Power Plant Operator
Post-Earthquake Actions, Regulatory Guide 1.166, Revision 0, U. S. Nuclear Regulatory
Commission, March 1997,
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Table 3.7-1— {Site SSE (Horizontal and Vertical) Spectral Accelerations at 5% Damping}
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Table 3.7-2— {CCNPP Unit 3 Best Estimate Soi! for SSI Analysis of Nl Common Basemat

Layer

g Layer

{ Thickness

Weight | s-Wave

Density 4

. P-Wave
i Velocity

P-Damp i

Passing

; i | Velocity } . ! Frequency
No. £ (m) g kN/m?) | (m/s) ; (mis) | Ratio Ratio ; (H) (m)
38 152 ¢ 1728 | 3709 | 15591 | 00119 | 00119 . 49 5456

39

40

370 9
370.8

1728

1728

| 1559 1
R SN

0.01 19

49

15585

17.28 370.8

i 0.0119

49

1558.5

0.0119

17.28 370.6

1557.8

00119

370 6

370 6
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17.28
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15578

17.28 3703
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00119
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17.28 370.0

T s
2
45 1 152
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T s
T 1.52
a1 152
— 5
s 152

! 17.28 3700

17.28
17.28

; 1885

18.85

18.85

57
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18.85

18.85

18 85 622 4

622 2

621 9

i

1885

1753.4 0.0150
1 776 1 0.0152
1775 6 0.0152

17747

00157
00150
00152

00152

i

0.01 53

70
43
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i
i
i
H

i

41
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18.85
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6.01 53

4
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e
i
-
1
i
i
t
{
|
i
i
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1
!
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S} 274 | 1ess | 603 | 1957 | 00153 | 00183 | 46 | 10394
(i 274 | 1ess | 09 | 191 | 00153 | 001s3 | 46 | 10668

65 i 27 | s | ,?39‘?-‘..,3_ 1927 : 00153 | 00153 | 46 | 10942
“’M§W6W P 305 18.85 i 6738 | 20584 | 00151 o.o1§u1w_j§' 44 11247
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G T s e s | Cw
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] T E— ] -
LaYer | srichnss | Denslty | Velodty | Velodty | SO | P-Damp | [CETR | Depth
T (m) (kN/m3) | (m/s) : (m/s) i (H2)

1 2 1885 | 3430 | 15240 | 00211 | 00211 | 56 | 122
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T3 s | ses | 3416 i 15240 | 00214 oo | e | e
| e s | oo ok T e
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| N
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(
b e o st sl e e e o e b st e
r

i
00240 ; 00240 i 56 19.05
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i
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R
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;
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i
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27 1.52 17.28 306.0 15240 o.o174 | 00174 40
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T L Lo SRR .

g i
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Layer Weight | S-Wave | P-Wave Passing
Thickness | Density : Velocity i Velocity Frequency

(m) (kN/m3 | (m/s) | (mJs) {(Hz)

Layer %
|
§
‘ 17.28 303.1 1524.0 % 0.0175 0.0175 40
{
l
i
N

S-Damp | P-Damp
Ratio Ratio

1728 3031 15240 0‘0175 i 00175 ¢ 40

1728 | 3030 | 1524 o o 01 75 00175 P40
a1 | 152 1728 | 303 o | 1524.0 0. o1 75 © 00175 |
42 1 152 17.28 302 9 i 1524 0 ;001 75

15240 | 00175 | 0,

44 s2 | 1728 | 3027 | 15240 | 00175
45 152 1728 3027 | 15240 | 00175

1728 3026 (15240 ’ 0.0175

i

| 17.28 3026 15240 00175
1728 | 3026 | 15240 0.0175

1728 | 3026 | 15240 | 00175 | o. |
3024 i 15240 00176

o
b 3
3024 | 15240 | 00176 | 0. ;

s e @ e e o e s sn SRR, SRR

L 3021 i 1524.0
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. o021 | o 1 Lo78:
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i
t
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e s | s | sz | s | oom2 | ooz | &

Cos2 18.85 5082 | "””6“6'2*1'{ i o.gzdﬁww 67 | 8ese
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e | 152 18.85 507.8 1532{"0 HE_OZI-’,’M_., o013 | 67

H
l

67 1.52 . 1885 507.8 15240 i 0.0213 ¢ 0.0213 67
i
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70 1 274 jwwss 5149 | 15731 00213 . 00213 38

T T s Tass | Tsias s 1 eoas | ooeis 3w

;
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Table 3.7-3— {CCNPP Unit 3 Lower Bound Soil for SSI Analysis of Nl Common Basemat

Layer ;

| Thickness

S-Wave
. Velocity
(m/s)

P-Wave
Velocity
(m/s)

Weight
Density
(kN/m3)

m) |

Layer

Passing

Frequency

(Hz)

[ 305

i
4
| 1885

550.1

1
1
}
¢
i
i
|
|

1680.6

305 | 1885 . 16806

I N

305 | 1885 |

1524.0

5507 | 15240
i 5505 | 15240
|

{
i

5505 | 15240 |
5504 | 15240 |

18.85

36
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36

18.85 550.1 !

36

36 | 12466

i 12162

36 1 1277

i
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PO, SN
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550.0

18.07
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Layer ; Weight S-Wave | P-Wave |
Thicknessi Density ; Velocity | Velocity !
m | GN/mY) | (mis) (mis) |

1 {122 ’ 1885 5953 16987

2 | s 1885 B 5951 16981

i Passing

P-Damp ¢ Frequency
Ratio 1 . (H2)

S-Damp

Layer No. | Ratio

X
§
b
|
§

00103 0.0103 ! 98

00104 ; 0.0104 78

00105 | 00105 | 78
‘ 61

l

3 !

4 { 229 | 1885 695 o 3 2305 0 3} 00104 | 00104

5 229 é 1885 | 6947 I 23042 ; 00105 | 0.0105 61

!
{
!
|
i
i
(
v
i
t
L.
i

¥
booo152 18.85 5945 : 16965

[T S . ;_M, B R e NGOV - Lo
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1.14 1885 | 4537 23136 | 00123 | 00123 79
1885 | 4537 | 23136 | 00123 ! 00123 79

l
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i
]

§
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s

0 | 1885 6148 20390 ‘ 00106 al 0.0106 54
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1728 T 4468
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1
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I
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19 o107 1728 ; 4440 . 18664 1 00125 | 00125 L 83
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21 107 | 1728 | 4433 | 18632 | 00126 | 00126 | 83 | 286!
| 1728 | 4500 | 19291 | 00080

17.28 455 2

o s o e

17.28 : 4551

19127 . 00080 | 00080 60

q % R
1728 | 4551 | 19127 | 00080 | 00080 60
32 152 | 1728 | 4s49 | 19119 | 00080 | 00080 | 60
33 152 ¢ 17 28 | 454 9 19119 e o. ooso 0.0080 60 I 6.

34 152 | 1728 | 4547
35 0 152 | 1728 | 4547

19111 10,0080 :0.0080 60
1911 ? 0.0080 ; 0.0080 60

“'F""" GRRRNN SESUSNEN: FRp—
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Table 3.7-4— {CCNPP Unit 3 Upper Bound Soil for SSI Analysis of Nl Common Basemat

1728

0.0081

19048 | 00081 | 00081 | 59

* i % :
Layer No. Thll.:l‘(,:;ss, l‘l)t:gil:; % 3;‘:::::( i \I;;‘I’:’:;,ti é S-Damp | P-Damp . F;aqs:::g:y Depth
m | kN/m®) | (mis) | (mis) | oo Ratio (Hz) (m)
3 | 182 1728 | 4543 | 19095 | 00081 | 00081 ' 60 54.56
391 152 | 17;2%; R 4543 1 19095 'ﬁ 00081 | 6'.mooe1w cé}seos
40 152 1728 | 4541 | 1908, 7 | 00081 | 00081 60 | 5761
Mmoo | oss j doon7 00081 | ooost | 60 | 5913
42 152 1 1728 | 4539 19080 | 00081 | 00081 , 60 | €066
© 43 | 15 | 1728 | 4539 | 19080 . 00081 | 00081 60 ! 6218
4 | 1S | 1728 | 4539 | 19080 | 00081 | 00081 | €0 | 6370
45 | 152 | 1728 | 4539 | 19080 | 00081 00081 | 60 | 6523
% | 152 | 178 4536 | 19064 | 00081 | 00081 60 | 6675
47 | 152 | 1728 | 4536 | 19064 | 00081 | 00081 60 | 6828
48 | 152 | 1708 | 4532 | 19048 | 00081 | 00081 : 59 ! 6080
a9 | Mi"f'i‘g” 1 as32 M1§olsM | o001 | 00081 *w 59 E 7132
L
L. !
L

19048 § 0.0081

59

18.85

21747 -
e ad
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2359 6
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21736 3 00109 { 00109
| 21725 ' o010 | 00110
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2358.4 0 01'IO -

|

| 1885 i
i
z

18.85

23607 | 00110

92.66
95.71
98.45

18.85

2360.2 0.0110

66 305 | 1885 8252 | 25210 | 00107 | 00107 : 54 11247
&7 | 305 | ess | ss2 | 2210 ¢ 0007 | oowor | s4 1152
i} Mfi_m.gm 305 | 1885 | 8250 3,32_3‘.‘,. i 00107 | 00107 | 54 | 11857
8 | 305 | sss | w61 | 235 | oowr | oow7 | 54 |16

70 | 305 | 1885 . 8257 ‘39?2.67. 4..00107 _§,~,9919,7,.§_, 54 12as6
7 305 | 1885 8257 | 20226 '2 0.0107 00107 | Tsa "§~1'27'."71
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Table 3.7-5— {Frequencies and Mass Participation Factors for Common Basemat Intake

Structures with Symmetric Boundary Conditions - Fixed Base Analysis}

{Coordinates based on CCNPP Unit 3)
(Page 1 of 2)

[ Mass Participation Factors } % Mass Participation Factors
Mode # | Frequency (%) Mode # ' Frequency ! (%)
(Hz) N-S | Vertical | E-W g (Hz) | NS | Vertical | E-W
1 832 0 6.16 o | 51 | 4648 | 0 | 024 036
2 n72 | 2129 | 007 130 52 i 4731 | 001 i 0.01 081
3 i Mme7 {130 | 002 ; 785 | 53 | 4794 | 001 | 043 | o011
A L .?.,..’ ?‘f._}m, oor .08 A L. m f o4 ;.0%0
5 1362 | 050 | 001 | 406 55 | 4964 155 |0 002
e um e em | w | e a0 o
I B 138 4763 | 003 | 57 i 5024 |} 025 | 007 ;| 028
8 1556 | 294 | 0 | 002 58 | 5035 | 046 | 015 066
9 | 1583 | e10 | 0 J‘”oos 59 | 5234 | 028 | o064 | om
o em e | o e e s 0w o
1 17.59 111 | 002 | 025 61 | 5363 001 | 069 0
12 17838 | 023 { 0 | 168 62 5638 | 004 | 065 0.06
1 1799 | o | 006 | 033 | 63 S660 | 002 | 064 1.00
e Tea e aw [Tow e | 575 | oo am | oss
15 1840 | 059 | 2.33 | 002 | 65 | 5703 L 003 | 004 | 131
e a] ?;??.ML,?E[,} ,-9,9‘} Jmo_‘sw 56 5.7,:,.1_.1 e °06,.._},..,“_,."9“._ L3
17 1924 L 0o | o069 | o0 67 | s7.3 {001 o 136
s 1 2s12 jose | 179 | o | e | sta | '0"66”'_.?” 008 | o046
"% rm T e T e e Te T em {om o
e : B } - ; e ? R
o 2931 {012 0 | 028 | 71 94 | 001 | 069 | 067
2 2935 % 051 | o | o079 | 72 | 5899 020 056
2942 | 02 0 1.09
24 29.92 | 00 0
25 3006 | 00 0
m IQL »

27 1 3133

=
0 03 Z
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Table 3.7-5— {Frequencies and Mass Participation Factors for Common Basemat Intake
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Structures with Symmetric Boundary Conditions - Fixed Base Analysis}

(Page 2 of 2)

(Coordinates based on CCNPP Unit 3)

Mode # E Frequency

t

(Hz)

Mass Participation Factors

(%)

Vertical |

E-W

%

i

Frequency ;

Mass Participation Factors

(%)

(Hz)

N-S

|

Vertical { E-W

35.72

36.84

36.64

{
i
?
§

37.86

i

029 | 0.15

0.67

39.27

42.89

0.53

; ‘

P

1 0.09

026 |

45.32

0.01

45.62

0.20

84.95

8448 |

0.01

s e ] s os

Y4436 1 001 :,

M [0} o | e ooz | s [ oo
495|001 o E3e | oos | o0s0 |

0.14 .

45.72

I o

87.70
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(Coordinates based on CCNPP Unit 3)

{Page 1

of 2}

Table 3.7-6— {Frequencies and Mass Participation Factors for Common Basemat Intake
Structures with Anti-Symmetric Boundary Conditions - Fixed Base Analysis}

Mode #

Frequency
(Hz)

! Mass Participation Factors

(%)

4

N-S | Vertical

Mode #

! Mass Participation Factors

Frequency

(%)

i
Hz) | 7
| N-S |

Vertical : E-W

8.27

0.01 9 83

961
‘l'l 31
12.17

I
i

002
058
147

3328
1213

412

o
R

1243

638 127

i 53

]
4
C
!
f
i
T
|
i

51

134

0.20
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36.89
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e e

040 |
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h
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S

0.17 714
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o i et
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e
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H
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P
SR T SO N
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Page 44 of 130 Structures with Anti-Symmetric Boundary Conditions - Fixed Base Analysis}

(Coordinates based on CCNPP Unit 3)
(Page 2 of 2)

Mass Participation Factors

i Frequency %
Mode # (Hz) (%)

{
i N-S Verticalft Ew !
i f

! ¥ Mass Participation Factors
Mode # | Frequency i (%)
; (Hz) : ] —
{ N-§ | Vertical | E-W

014 | 017
{028 | o
1 3160 | 012 | 019
i 3163 | 037 | 048 | o0
3166 | 030 . 022 | 013
3407 | 050 | 002 002 |
3400 | 038 | 002 o
" 3433 | 055 | 003 | 0
3507 | 046 | 001 |

T e S

0.29
013 |

| ! 0.01 097
e ol
0 1 & 022 | o027
‘92 | es4s | 013 0 0.32
93 | 7072 001! o001 041
s o 003 | 112
7234 003 001 | 047
7513 | o | ool | o040
ijo.qs 0.14 ;i:”w

; ;
j |

98 | 7609 | 003 001 0.74
| 3

0

—_

[}

~ HES
O\ 7
[=]

o

B

lo
CQ
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35.48
36.43 0.44 0.04 0

3651 | 064 | 013 0

49 36.66 0 063 |

:
50 ¢ 3667 | 001 | 091

1
i
1
¢ }
: i !
S N —
¥
;
i

, | 027 | 003 194
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i

o
O

o
L O
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Enclosure 3 Table 3.7-7— {Boundary Conditions for Nodes in Plane of Symmetry of the CBIS Finite
Page 45 of 130 Element Model}
Direction of § Condition of ! Degree of Freedom of nodes on symmetric plane
Seismic | Plane of ] } ]
Loading @  symmetry U, | Uy N | M
North-South 5 Symmetric Free f Fix g Free |
East-West E Anti-Symmetric Fix § Free | Fix i
Vertical '  Symmetric | Free |  Fix . Free |
Notes:
U,, U, and U, are the displacements, and ¢,, ¢y and ¢, are the rotations.
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UN#11-107
Enclosure 3 Table 3.7-8— {Worst Case Accelerations in Emergency Power Generating Building}
Page 46 of 130
Slab Elevation : X (E-W) Direction ‘ Y (N-S) Direction Z (Vert) Direction
0.30g 0.29g

Note:
Elevations and plant coordinate system refer to U.S EPR FSAR
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UN#11-107
Enclosure 3 Table 3.7-9— {Worst Case Accelerations in Essential Services Water Building}

Page 47 of 130

Slab Elevation 1 X (N-S) Direction Y (E-W) Direction ; Z (Vert) Direction
0.28g !

0.28¢g

Note:
Elevations and plant coordinate system refer to U.S EPR FSAR.
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UN#11-107
Enclosure 3 Table 3.7-10— {Worst Case Accelerations in Common Basemat Intake Structures}

Page 48 of 130

UHS Makeup Water Intake Structure
Floor Elevation i X(N-S)Direction |  Y(E-W)Direction |  Z(Vert) Direction

0.225¢g

¢ 0.342g |
Forebay

X (N-S) Direction Y (E-W) Direction

: Z (Vert) Direction
225 ‘ 0.2279 ; 0.153g

0.215g

Floor Elevation

Note:
Elevations and plant coordinate system refer to U.S EPR FSAR.
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UN#11-107
Enclosure 3 Table 3.7-11— {Criteria for Seismic Interaction of Site-Specific Non-Seismic Category |
Page 49 of 130 Structures with Seismic Category | Structures}

Basis: Control Interaction through Prevention of Structure-to-Structure Impact’

: | Seismic Seismic Interaction
Structure { Seismic Category Design Code Interaction | luati
! : Criteria Evaluation
: | IBC ’
Turbine Building | I Steel — AISC 341, AISC 360
and Switchgear | SC-li2b : & AISC N6903 SSE No Interaction
Building i g Concrete - ACI 318 & ACI
{ ;‘ 3493
! IBC
cf;:fj‘::;::: § Cs D' Steel-AISC 360 None No Interaction
9 ! ! ~ Concrete - ACI 318
Circulating Water f I IBC
Intake Stl?l.l cture | SC-I12b i Steel - AISC 341 & ACI 360 SSE . Nolnteraction
' i Concrete - ACI 349 /
Notes:

1. This table is not applicable to equipment and subsystems qualification criteria.

2. Seismic Classification
a. Conventional Seismic
b. Seismic Category il

3. AISCN690 and ACI 349, as applicable, will be used for SSE and tornado load combinations in the design of
the Lateral Force Resisting System (LFRS).
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Figure 3.7-1— {CCNPP Unit 3 Site SSE Spectrum (0.15g PGA), 5% damping}
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Figure 3.7-2— {CCNPP Unit 3 GMRS (Horizontal) and CCNPP Unit 3 Site SSE Spectrum, 5% damping}
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Enclosure 3
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Figure 3.7-3— {CCNPP Unit 3 GMRS (Vertical) and CCNPP Unit 3 Site SSE Spectrum, 5% damping}
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Figure 3.7-4— {CCNPP Unit 3 GMRS and EUR (Horizontal) for the Nuclear Island Common Basemat Structures}
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Figure 3.7-6— {CCNPP Unit 3 Site SSE, Site OBE and EUR CSDRS}
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py Figure 3.7-7— {Comparison of CSDRS, Site SSE and Horizontal RG 1.60 scaled to 0.10 g to Adjusted FIRS for ESWB and EPGB} E
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Figure 3.7-8— {Comparison of Site SSE and Horizontal RG 1.60 scaled to 0.10 g to Adjusted FIRS for ESWB and EPGB}
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Figure 3.7-9— {Comparison of Site SSE and Horizontal RG 1.60 scaled to 0.10 g to Adjusted FIRS for CBIS}
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FSAR: Chapter 3.0 Seismic Design

UN#11-107

Encosure 3 Figure 3.7-10— {Site SSE Spectrum Compatible Acceleration, Velocity, and Displacement Time
Page 59 of 130 Histories for Horizontal Component S$1}
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Enclosure 3 Figure 3.7-11— {Site SSE Spectrum Compatible Acceleration, Velocity, and Displacement Time
Page 60 of 130 Histories for Horizontal Component 52}
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UN#11-107
Enclosure 3 Figure 3.7-12— {Site SSE Spectrum Compatible Acceleration, Velocity, and Displacement Time
Page 61 of 130 Histories for Vertical Component S3}
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UN#11-107 .
Enclosure 3 Figure 3.7-13— {SSI "Within" Acceleration Time Histories for Input at ESWB Foundation (LB Soil
Page 62 of 130 Case) NI Area (22 ft Depth)}
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Enclosure 3 Figure 3.7-14— {SSI "Within" Acceleration Time Histories for Input at ESWB Foundation (BE Soil

Page 63 of 130 Case)- Nl Area (22 ft Depth)}
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UN#11-107
Enclosure 3 Figure 3.7-15— {SSI "Within" Acceleration Time Histories for Input at ESWB Foundation (UB Soil
Page 64 of 130 Case)- Nl Area (22 ft Depth)}
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Encosure 3 Figure 3.7-16— {SSI "Within" Acceleration Time Histories for Input at CBIS Foundation (LB Soil
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Enclosure 3 Figure 3.7-17— {SSI "Within" Acceleration Time Histories for Input at CBIS Foundation (BE Soil
Page 66 of 130 Case)- Intake Area (37.5 ft Depth)}
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Encosure 3 Figure 3.7-18— {SSI "Within" Acceleration Time Histories for Input at CBIS Foundation (UB Soil

Page 67 of 130 Case)- Intake Area (37.5 ft Depth)}
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Seismic Design

UN#11-107
Enclosure 3 Figure 3.7-21— {CCNPP Unit 3 Strain-Compatible profiles at the NI Area for EPGB and ESWB}
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UN#11-107
Enclosure 3 Figure 3.7-22— {CCNPP Unit 3 Strain-Compatible profiles at the Intake Area for CBIS}
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Figure 3.7-23— {Isometric View of the Common Basemat Intake Structures}
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Figure 3.7-24— {Soil-Structure Interaction (SS1) model for the Common Basemat Intake Structures (Elevations and plant coordinate systgm
refer to CCNPP Unit 3)}
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Figure 3.7-25— {Reactor Bldg Internal Structure, Elev. 5.15m, X(E-W) Direction, 5% Damping}
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Figure 3.7-26— {Reactor Bldg Internal Structure, Elev. 5.15m, Y(N-S) Direction, 5% Damping}
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Figure 3.7-28— {Reactor Bldg Internal Structure, Elev. 19.5m, X(E-W) Direction, 5% Damping}
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Figure 3.7-29— {Reactor Bldg Internal Structure, Elev. 19.5 m, Y(N-S) Direction, 5% Damping}
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Figure 3.7-30— {Reactor Bldg Internal Structure, Elev. 19.5 m, Z(Vert) Direction, 5% Damping}
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Q Figure 3.7-31— {Safeguard Building 1, Elev. 8.1m, X(E-W) Direction, 5% Damping}
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Figure 3.7-32— {Safeguard Building 1, Elev. 8.1m, Y(N-S) Direction, 5% Damping}
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Figure 3.7-33— {Safeguard Building 1, Elev. 8.1m, Z(Vert) Direction, 5% Damping}
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i Figure 3.7-34— {Safeguard Building 1, Elev. 21.0 m, X(E-W) Direction, 5% Damping} ) g
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Figure 3.7-35— {Safeguard Building 1, Elev. 21.0 m, Y(N-S) Direction, 5% Damping}
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Figure 3.7-36— {Safeguard Building 1, Elev. 21.0 m, Z(Vert) Direction, 5% Damping}
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Figure 3.7-37— {Safeguard Building 2/3, Elev. 8.1m, X(E-W) Direction, 5% Damping}
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Figure 3.7-38— {Safegurd Building 2/3, Elev. 8.1m, Y(N-S) Direction, 5% Damping}
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Figure 3.7-39— {Safeguard Building 2/3, Elev. 8.1m, Z(Vert) Direction, 5% Damping}
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Figure 3.7-40— {Safeguard Building 2/3, Elev. 15.4 m, X(E-W) Direction, 5% Damping}
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Figure 3.7-41— {Safeguard Building 2/3, Elev. 15.4 m, Y(N-S) Direction, 5% Damping}
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Figure 3.7-42— {Safeguard Building 2/3, Elev. 15.4 m, Z(Vert) Direction, 5% Damping}
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Q Figure 3.7-43— {Safeguard Building 4, Elev. 21.0 m, X(E-W) Direction, 5% Damping} §
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a Figure 3.7-44— {Safeguard Building 4, Elev. 21.0m, Y(N-S) Direction, 5% Damping} g
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Q Figure 3.7-45— {Safeguard Building 4, Elev. 21.0m, Z(Vert) Direction, 5% Damping} g
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a Figure 3.7-46— {Containment Building, Elev. 37.6 m, X(E-W) Direction, 5% Damping} 8 §
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Figure 3.7-47— {Containment Building, Elev. 37.6m, Y(N-S) Direction, 5% Damping}
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Figure 3.7-48— {Containment Building, Elev. 37.6 m, Z(Vert) Direction, 5% Damping}
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Figure 3.7-49— {Containment Building, Elev. 58.0 m, X(E-W) Direction, 5% Damping}
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Figure 3.7-50— {Containment Building, Elev. 58.0 m, Y(N-S) Direction, 5% Damping}
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Seismic Design
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Page 101 of 130

Figure 3.7-52— {CCNPP Unit 3 NAB Basemat X(E-W) Direction Spectra (5% Damping)}
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Figure 3.7-64— {Emergency Power Generating Building (EPGB), Elev. 0.0 ft (0.0 m), X (E-W) Direction ISRS, 5% Damping. Elevations and

Spectral Acceleration (g)
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Figure 3.7-65— {Emergency Power Generating Building (EPGB), Elev. 0.0 ft (0.0 m), Y (N-S) Direction ISRS, 5% Damping. Elevations and p
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Figure 3.7-66— {Emergency Power Generating Building (EPGB), Elev. 0.0 ft (0.0 m), Z (Vert) Direction Spectra, 5% Damping. Elevations
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Figure 3.7-68— {Essential Service Water Building (ESWB), Elev. 63.0 ft (19.2 m), Y (E-W) Direction Spectra, 5% Damping. Elevations and p
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Figure 3.7-69— {Essential Service Water Building (ESWB), Elev. 63.0 ft (19.2 m), Z (Vert) Direction Spectra, 5% Damping. Elevations and p

Spectral Acceleration (g)

coordinate system refer to U.S EPR FSAR.}
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Figure 3.7-70— {Essential Service Water Building (ESWB), Elev. 14.0 ft (4.3 m), X (N-S) Direction Spectra, 5% Damping. Elevations and pl
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Figure 3.7-71— {Essential Service Water Building (ESWB), Elev. 14.0 ft (4.3 m), Y (E-W) Direction Spectra, 5% Damping. Elevations and p

coordinate system refer to U.S EPR FSAR.}
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Figure 3.7-72— {Essential Service Water Building (ESWB), Elev. 14.0 ft (4.3 m), Z (Vert) Direction Spectra, 5% Damping. Elevations and p

Spectral Acceleration (g)

coordinate system refer to U.S EPR FSAR.}
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Figure 3.7-73— {ISRS for UHS Makeup Water Intake Structure at location at Elev. -22.5 ft (-6.86 m), North-South Direction. Elevations a

Acceleration (G)

plant coordinate system refer to CCNPP Unit 3}
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Figure 3.7-77— {ISRS for Makeup Water Intake Structure at Elev. 11.5 ft (3.5 m), East-West Direction. Elevations and plant coordinate system
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Figure 3.7-78— {ISRS for Makeup Water Intake Structure at Elev. 11.5 ft (3.5 m), Vertical Direction. Elevations and plant coordinate syst

refer to CCNPP Unit 3}
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Figure 3.7-79— {ISRS for Makeup Water Intake Structure at Elev. 26.5 ft (8.08 m), North-South Direction. Elevations and plant coordina
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Figure 3.7-80— {ISRS for Makeup Water Intake Structure at Elev. 26.5 ft (8.08 m), East-West Direction. Elevations and plant coordinat

Acceleration (G)
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1.1.1

DEPARTURES

This Departure Report includes deviations in the CCNPP Unit 3 COL application FSAR from the
information in the U.S. EPR FSAR, pursuant to 10 CFR Part 52. The U.S. EPR Design Certification
Application is currently under review with the NRC. However, for the purposes of evaluating
these deviations from the information in the U.S. EPR FSAR, the guidance provided in
Regulatory Guide 1.206, Section C.IV.3.3, has been utilized.

The following Departures are described and evaluated in detail in this report:
1. Maximum Differential Settlement (across the basemat)
2. Maximum Annual Average Atmospheric Dispersion Factor (limiting sector),
3. Accident Atmospheric Dispersion Factor (0-2 hour, Low Population Zone)
4. Toxic Gas Detection and Isolatién
5. Shear Wave Velocity
6. Coefficient of Static Friction
7. Maximum Non-Coincident Wet Bulb Temperature Value at 0% Exceedance (85°F)

8. In-Structure-Respense-SpeetraSoil Column Beneath the Nuclear Island, ESWB and EPGB |

9. Generic Technical Specifications and Bases - Setpoint Control Program

MAXIMUM DIFFERENTIAL SETTLEMENT (ACROSS THE BASEMAT)
Affected U.S. EPR FSAR Sections: Tier 1 Table 5.0-1, Tier 2 Table 2.1-1, Tier 2 Section 2.5.4.10.2

Summary of Departure:

The U.S. EPR FSAR identifies a maximum differential settlement of 1/2 inch in 50 feet (i.e.,
1/1200) in any direction across the basemat. The estimated settlement values for the Nuclear
Island common basemat, Emergency Generating Building foundations, and Essential Service
Water System Cooling Tower foundations exceed the U.S. EPR FSAR value.

Extent/Scope of Departure:
This Departure is identified in CCNPP Unit 3 FSAR Table 2.0-1 and Section 2.5.4.10.2.

Departure Justification:

The estimated site-specific values for settlement of the CCNPP Unit 3 Nuclear Island common
basemat foundation are in the range of 1/600 (1 inch in 50 feet) to 1/1200 (1/2 inch in 50 feet)
as stated in FSAR Section 2.5.4.10.2.

As described in FSAR Section 3.8.5.5.1, to account for the Calvert Cliffs site-specific expected
differential settlement values, an evaluation of differential settlements up to 1/600 (1 inch in
50 feet) was performed. The evaluation consisted of a static finite element analysis of the
foundation structures which considered the effects of the higher expected displacement (tilt)
on the foundation bearing pressures and basemat stress due to structural eccentricities
resulting from a uniform rotation of the foundation mat along the axis of the nuclear island
common basemat. The evaluation assumed no changes in the soil stiffness or increased
flexure due to differential settlement consistent with the design analysis for the standard U.S.
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Eg;f%u(;?g 8. Resultin a departure from a method of evaluation described in the plantspecific FSAR
used in establishing the design bases or in the safety analyses.
This Departure does not affect resolution of a severe accident issue identified in the
plant-specific FSAR.
Therefore, this Departure has no safety significance.
18
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|
1.1.9 Soil Column Beneath the Nuclear Island, ESWB and EPGB |
Affected U.S. EPR FSAR Sections: Tier 2 Section 2.5.2.6,3.7.1,and 3.7.2 |
Summary of Departure: |
The soil column for the NI discussed in section 2.5.2.6 and presented in Table 2.5 - 76 and 2.5-77
and Figures 2.5-242 and 2.5-243 have a minimum strain compatible shear wave velocity, less
than the 700 fps specified in U.S. EPR FSAR Tables 3.7.1-6 and 3.7.2-9. In addition the soil weight
density is greater than the value specified in Table 3.7.2-9.
Scope/Extent of Departure: |
This Departure is identified in Part 2 FSAR, Section 2.5.2.6. |
Departure Justification: |
This departure is justified in two parts as follows: |
a. The soil column for the NI discussed in section 2.5.2.6 and presented in
Table 2.5 - 76 and 2.5-77 and Figures 2.5-243 and 2.5-244 have a minimum
strain compatible shear wave velocity, less than the 700 fps specified in
U.S. EPR FSAR Tables 3.7.1-6 and 3.7.2-9.
This portion of the departure has been identified because the NI Best
Estimate SWV profile consists of weighted average backfill SWV’s of 620
fps and 688 fps for the backfill layer. This departure can be justified for the
following reasons.
The departure addresses a SWV that is on average less than 12% lower
than the minimum used in the U.S. EPR FSAR (700 fps).
The average backfill SWV's of 620 fps and 688 fps is associated with the
site-specific SSE which is used in the confirmatory analyses. Considering
the CCNPP3 site-specific FIRS rather than the SSE, the strain-compatible
SWV values would be equal to or larger than the minimum SWV value
CCNPP Unit 3 1-14 ’ Rev.7d
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analyzed in the U.S. EPR FSAR. This means that the departure is a result of
the use of a conservative SSE input to the confirmatory analyses.

For the EPGB and ESWB, the CCNPP3 Best Estimate, Lower Bound, Upper
Bound SWV profiles are included in Tables 3F-3, 3F-4, and 3F-5. Similar to
the NI, these tables show a departure from the U.S. EPR FSAR minimum

SWV of 700 fps. :

In order to quantify the impact of these departures, two approaches are
taken.

For the EPGB and ESWB, the confirmatory analysis was performed with the
CCNPP3 values reflecting the backfill. As discussed in Section 2.5.2.6.2,
Reconciliation Step 8, the comparison shows that the CCNPP3 ISRS are well
bounded.

For the, NI because the backfill was introduced after the completion of the
confirmatory analysis, a different approach is used. This approach
compares the FIRS with and without backfill. The effect of the backfill is to
increase the ZPA and peak accelerations of the FIRS by 11% and 16%
respectively. The NI FIRS with backfill remain_ bounded by the site SSE
which is the basis for the confirmatory analysis.

Another reason which makes the departure acceptable is that the
departure is associated with low, not high SWV's. This is not critical
because hard rock SWV profiles, not low SWV profiles, generally control
the design of the U.S. EPR. Based on the logic that the high SWV's generally
control the generic design, the low values that are the basis for the
departure do not impact the conclusion that the U.S. EPR FSAR seismic
response bounds the CCNPP3 site-specific response. This conclusion has
been confirmed by the results of the CCNPP3 confirmatory analysis which
are discussed in Reconciliation Step 8.

The overall conclusion is that the CCNPP3 SWV's profile is similar to and
bounded by the 10 generic soil profiles used for the U.S. EPR. The CCNPP3
SWV profile is bounded by the U.S. EPR FSAR range of profiles because
high rather than low SWV profiles generally control the generic design of
the U. S. EPR.

(o3

In addition the soil weight density is greater than the value specified in
Table 3.7.2-9,

This portion of the departure has been written to address the fact that the
U.S. EPR FSAR seismic analyses are based on a soft soil unit weight of 110
pcf. The CCNPP3 unit weight for the in-situ soil in the NI, EPGB, and ESWB
area ranges from 105 pcf to 125 pcf. The unit weight of the backfill is 145
pcf partially a result of the high compaction requirements. The ,
confirmatory analysis for the EPGB and ESWB and the development of the
FIRS for the Nl used the site-specific unit weights. Therefore, the influence
of this departure has been taken into account in the supporting analyses.

Departure Evaluation:

CCNPP Unit 3 1-15 Rev.7d
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This Departure, associated with strain compatible shear wave velocities beneath the NI, EPGB,

and ESWB has been evaluated in accordance with the U.S. EPR FSAR Section 2.5.2.6 seismic

reconciliation guidelines and determined to not affect the conclusion that the Ni, EPGB, and

ESWB safety-related structures may be used at the CCNPP Unit 3 as designed in the U.S. EPR

FSAR.

Accordingly, this Departure does not:

1

N

|

|+

[bn

o

7.

Result in more than a minimal increase in the frequency of occurrence of an accident
previously evaluated in the plant-specific FSAR;

Result in more than a minimal increase in the likelihood of occurrence of malfunction
of a structure, system, or component (SSC) important to safety and previously
evaluated in the plant-specific FSAR;

Result in more than a minimal increase in the consequences of an accident previously
Result in more than a minimal increase in the consequences of a malfunction of an SSC
important to safety previously evaluated in the plant-specific FSAR;

Create a possibility for an accident of a different type than any evaluated previously in
the plant-specific FSAR;

Create a possibility for a malfunction of an SSC important to safety with a different

result than any evaluated previously in the plant-specific FSAR;

Result in a design basis limit for a fission product barrier as described in the

plant-specific FSAR being exceeded or altered; or

Result in a departure from a method of evaluation described in the plant-specific FSAR

used in establishing the design bases or in the safety analyses.

This Departure does not affect resolution of a severe accident issue identified in the

plant-specific FSAR.

Therefore, this Departure has no safety significance.

1.1.10 GENERIC TECHNICAL SPECIFICATIONS AND BASES - SETPOINT CONTROL PROGRAM

Affected U.S. EPR FSAR Sections: Tier 2, Section 16 - Technical Specifications (TS) 3.3.1 and 5.5,
and Bases 3.3.1

Summary of Departure:

A Setpoint Control Program is adopted in the CCNPP Unit 3 Technical Specifications (TS). TS
3.3.1isrevised to delete the associated Reviewer’s Notes and bracketed information.

Applicable Surveillance Requirements and footnotes are revised to reference the Setpoint
Control Program. Numerical setpoints are removed and replaced with a reference to the
Setpoint Control Program. TS 5.5 is revised to add a Setpoint Control Program description to
the Administrative Controls - Programs and Manuals Section (5.5). The Setpoint Control
Program description references the NRC approved setpoint methodology documents that
shall be used for the development of required numerical setpoints. The TS Bases 3.3.1 are
revised to incorporate additional background information and clarify the applicability of the
program to specific functions.
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SEISMIC AND DYNAMIC QUALIFICATION OF MECHANICAL AND ELECTRICAL EQUIPMENT

{This section of the U.S. EPR FSAR is incorporated by reference with the supplements and
departures as described in the following sections.

For CCNPP Unit 3, seismic and dynamic qualification of mechanical and electrical equipment
(identified in Table 3.10-1) includes equipment associated with the:

¢ UHS Makeup Water System, including the UHS Makeup Water Intake Structure; and

¢ Fire Protection System components that are required to protect equipment required
to achieve safe shutdown following an earthquake, including the Fire Protection
Building and Fire Water Storage Tanks.

Results of seismic and dynamic qualification of equipment by testing and/or analysis were not
available at the time of submittal of the original COL application. Thus, in conformance with
NRC Regulatory Guide 1.206 (NRC, 2007), a seismic qualification implementation program is
provided. As depicted in Table 3.10-2, the qualification program will be implemented in five
major phases.

Phase | (Seismic Qualification Methodology) involves the development of a summary table for
equipment. This summary table shall:

4 List equipment, along with the associated equipment identification number.

4 Define the building in which each equipment is located, along with the equipment
mounting elevation.

¢ Clarify whether the equipment is wall mounted, floor mounted, or line mounted.
¢ For mechanical equipment, identify if the equipment is active or passive.

¢ Provide a description of the intended mounting (e.g., skid mounted versus mounted
directly on the floor, welded versus bolted, etc.).

¢ List the applicable In-Structure Response Spectra or, for line mounted equipment, the
required input motion.

¢ Define operability and functionality requirements.

¢ Identify the acceptable qualification methods (i.e., analysis, testing, and/or a
combination of both).

4 Provide a requirement for environmental testing prior to seismic testing, when
applicable.

The basis and criteria established in Phase | shall be used as technical input to the Phase li
(Specification Development) technical requirements that will be provided to bidders. In
addition, the specification will include the applicable seismic qualification requirements of the
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