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RAI No. 315

Question 03.07.02-64

Follow-Up Question to 03.07.02-49

A. In its response addressing whether or not uplift occurs for the EPGB or ESWB, the applicant
states that the seismic spring forces in each zone are less than the tributary weight for that
zone. In order for the staff to complete its evaluation the applicant should describe how the
tributary weight has been calculated for each of the zones and the computer code and
assumptions used in this calculation. In revised FSAR Section 3.7.2.14.2 (Enclosure 3 of
Letter UN#11-107) it states that responses include the effects of seismic forces, and
dynamic lateral earth pressures. Yet in its evaluation of lateral earth pressures provided with
its response to RAI 253, Question 03.07.02-49, the applicant states that the sliding and
overturning evaluation that is documented in the SSI calculation considered demand and
capacity from the basemat only, while effects from the side wall and side soil were
neglected. Since the response contains possible conflicting information and Revision 7 of
the FSAR does not provide a clear description of the stability calculation for the EPGB or
ESWB, the applicant should provide the additional information as follows:

1. Provide the methodology, seismic input and seismic models used in the stability
determination. The seismic models should reflect the changes made to the EPGB and
ESWB certified designs recently made by AREVA for the U.S.EPR design;

2. Identify the coefficients of friction used in the sliding calculations and provide their basis;
3. Specify if adhesion was used and if so describe how it was applied in the stability

calculations;
4. If adhesion was used provide a description of how the value of adhesion was determined

and why its use is justified in the stability calculations;
5. Provide the details as to how the seismic demands and resisting capacity are

determined in the overturning stability calculation;
6. Provide the details as to how the seismic demands and resisting capacity are

determined in the sliding stability calculation;
7. Identify if lateral soil resistance was included in the EPGB and ESWB stability

calculations and if so where it was used and how this resistance was determined;
8. Describe how the bearing pressures were determined and compare these to the

allowable values.

B. Section 3.7.2.14.1 of the CCNPP3 FSAR states that 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. However, the soil directly under the CCNPP NI
consists of structural backfill whose strain-dependent properties are significantly lower than
the properties of the soil under the EPR NI. As such, the results of the EPR NI stability
analysis are not directly applicable to the CCNPP site. Therefore, the applicant is requested
to provide the details of a site-specific stability analysis for the CCNPP NI including in its
response a description of items 1 through 8 requested in Part A above for the EPGB and
ESWB.

C. In RAI 304, Question 03.07.02-61, the staff has asked for information regarding the stability
of the Common Basemat Intake Structure (CBIS). Based on the response to RAI 253,
Question 03.07.02-49 the staff requires additional information as follows: In the portion of its
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response that addresses static and dynamic lateral earth pressures, the applicant states that
the static and dynamic earth pressures along the embedment depth were not considered in
the sliding and overturning factor of safety and the seismic stability evaluation was
performed using only the dynamic and static stresses at the interface between the
foundation mat and the soil. However, based on note 1 in FSAR Table 3.8-2 providing the
stability results for the CBIS, it appears that friction between the side walls and backfill is
used in the stability load combinations which include earthquake. FSAR Table 3.8-1
provides a static coefficient of friction of 0.52 between the CBIS sidewall and structural fill.
Since it is not clear how the sliding factor of safety was determined the staff requests the
applicant provide for the CBIS, information similar to what is requested in Part A above for
the EPGB and ESWB.

Response to Part C:

I. The seismic sliding of the CBIS is evaluated using results from two software
applications: SASSI and PLAXIS 3D. STAAD is not used in the revised seismic stability
analysis.

SASSI provides the vertical seismic pressures, and seismic driving shear stresses at the
basemat of the CBIS. PLAXIS 3D provides the restoring static bearing pressures
underneath the CBIS basemat. Both software applications model the soil elements
under the structure, and around the structure. The sliding analysis is conducted at every
time step (0.005 s) of the analyzed time history. The restoring static bearing pressures
are considered as constant throughout the time history, but the seismic pressures
obtained from SASSI vary with time.

The seismic vertical and shear stresses are obtained based on the algebraic sum of the
resultants from the SSI models in X-direction input motion, Y-direction input motion, and
Z-direction input motion.

Drivinq Stresses for Seismic Sliding Analysis:

At each time step, nodal shear force is obtained in X and Y directions, by multiplying the
shear stress in X and Y directions by the tributary area of the node. Shear forces from
all nodes are summed to get the total shear force in X direction and total shear force in Y
direction. The total resultant shear force is then obtained as the square root of the sum
of the squares (SRSS) of total shear forces in X and Y directions.

Seismic active earth pressures are considered as additional driving stresses for the
sliding and overturning analyses, and they are determined based on the Mononobe-
Okabe method (Kramer 1996), which includes the static active earth pressure
component. Considering only active earth pressures but not the passive earth pressures
incorporates conservatism into the sliding analysis.

For the sliding analysis of the maintenance condition, the forebay is considered
completely dry. This is conservative, since even during maintenance conditions, there
will be water in some portions of the CBIS that contributes to the weight and the overall
sliding stability. A minor fraction of the side friction is introduced into the stability
analysis for the maintenance condition. To calculate the side friction, the following steps
are implemented:
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a) Only static active earth pressures are considered as the normal force to the
sliding plane.

b) The total force corresponding to the active earth pressure is calculated as
follows:

1
Pa KaYH 2 B

Where,

Pa = static active earth pressure,

y = total unit weight of backfill,

H = height of the embedded wall, 35 ft,

B = short dimension of the CBIS foundation

c) Calculated active earth pressure force is then multiplied by the friction coefficient
between the wall and the backfill (0.58), to obtain the total side friction on the short edge
of the CBIS.
d) Only 5 percent of the side friction contribution is considered from the short edge
of the CBIS.

Resisting Stresses for Seismic Sliding Analysis:

The resisting shear stress T at each node at each time step is obtained by calculating the
net restoring vertical stress cyv (total vertical stress including water weight inside the
structure and buoyancy under the CBIS) at each node at each time step and using
Equation 1, where ( = friction angle, and c=adhesion component.

= v tanI + c (Equation 1)

Two cases are considered for sliding coefficients, the sliding coefficient of 0.6 at the
mudmat-basemat interface, and the combination of sliding coefficient of 0.21 and
adhesion (c) of 1.2 ksf at the mudmat-Stratum lIc interface.

The resisting shear stress at each node is multiplied with the nodal tributary area to get
the resisting nodal shear force. Finally, resisting shear forces from all nodes are
summed across the CBIS basemat. If the vertical stress at a given node is tensile, no
contribution is considered to the resisting shear force from that node. The factor of
safety against sliding is calculated as the ratio of resisting shear force divided by the
total driving seismic shear force. The manner in which the seismic sliding analysis is
performed is conservative since it does not consider any soil side resistance (except for
a minor fraction used for the maintenance condition) or lateral passive earth pressures.



Enclosure 1
UN#13-056
Page 5 of 7

2. Two sets of friction coefficients are checked during the stability analysis.

Basemat-Mudmat Interface: tan) = 0.6 and adhesion = 0;

Mudmat-Chesapeake Clay/Silt Layer Interface: tanI = 0.21 and adhesion = 1.2 ksf

Unlike the structures in the Powerblock area, the CBIS rests on Stratum lic Chesapeake
Clay/Silt layer. Triaxial test results for the intake area indicate total stress friction
parameters of cF=12° and c=4.1 ksf. The friction angle used for the sliding coefficient for
the mudmat-Stratum 1Ic interface is *=120. The friction angle used for the friction
interface is the same as the internal friction angle of Stratum lIc without any reduction,
since the concrete is poured directly onto the subgrade soil surface, providing a good
contact between the mudmat and Stratum 1Ic.

The friction coefficient between the mudmat and basemat is obtained from Section
11.7.4.3 of ACI 349M-06.

3. Adhesion is multiplied with the tributary area of the nodes that do not experience uplift.
The resultant force is added to the overall shear resistance for sliding.

4. The adhesion for the soil-structure is conservatively considered as 30 percent of the
cohesion of the Stratum lIc clay layer. Bowles (1996) recommends 60 percent to 80
percent of the soil cohesion as the adhesion at the soil-structure interface. Furthermore,
NAVFAC (1982) recommendation on the reduction of cohesion to get interface adhesion
varies between no reduction (very soft cohesive soils) to about 30 percent reduction
(very stiff cohesive soils). Therefore, the 30 percent reduction used is on the
conservative end of the recommended range.

The CBIS is placed on a clayey layer with a high cohesion. The adhesion for this
interface is considered as 30 percent of the Stratum IIC cohesion. Compacting the
Stratum Ilc with a sheep's foot roller and pouring the concrete directly on the roughened
Stratum lIc layer is considered to improve adhesion on the Stratum lIc-foundation
interface. The bond between the Stratum Ilc and the foundation is expected to be
improved further with the application of large structural loads. Therefore, the use of
reduced adhesion as described above is considered reasonable.

5. For the overturning analysis, the static restoring vertical stresses and seismic driving
vertical stresses are considered. Conservatively, the effect of lateral passive earth
pressures is not accounted for in the overturning analysis. Seismic active earth
pressures are considered as additional driving stresses for the sliding and overturning
analyses, and they are determined based on Mononobe-Okabe method (Kramer 1996).

Overturning moments are calculated at Axes 1 and 2 as shown in Figure 1. Overturning
is more likely to occur around Axis 1. However, for the completeness of the analysis, a
factor of safety is also calculated for Axis 2.

6. Seismic demand (driving forces) and resisting forces are described in Part C, Item 1 of
the response.

7. Lateral passive earth pressure resistance is not accounted for in the seismic sliding or
overturning analyses.
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8. The seismic bearing pressures are obtained by summing the seismic vertical pressures
obtained from the SASSI model and the static vertical pressures obtained from the
PLAXIS 3D model. A detailed discussion regarding the seismic bearing pressures and
comparison to the seismic bearing capacity is provided in Response to RAI 339
Question 03.08.04-341.

I Ax is 1
I I

FIGURE 1
AXES CONSIDERED FOR OVERTURNING ANALYSIS

References used in this response:

ACI 349M-06, Code Requirements for Nuclear Safety-Related Concrete Structures (ACI 349M-
06) and Commentary.

Bowles, J.E., 1996, "Foundation Analysis and Design," Fifth Edition, The McGraw-Hill
Companies.

Kramer, S.L., 1996, "Geotechnical Earthquake Engineering," Prentice Hall, Upper Saddle River,
New Jersey

1UniStar Nuclear Energy Letter UN#13-057, from Mark T. Finley to Document Control Desk, U.S. NRC, Response to
Request for Additional Information for the Calvert Cliffs Nuclear Power Plant, Unit 3: RAI 339, Other Seismic
Category I Structures, dated April 30, 2013
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COLA Impact

Enclosure 2 provides the COLA impact of the response to RAI 315, Question 03.07.02-64
(Part C).
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FINAL SAFETY ANALYSIS REPORT

CHAPTER 3

DESIGN OF STRUCTURES,
COMPONENTS, EQUIPMENT AND

SYSTEMS
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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. ]RAI 339

3.7.1.3.3 03.08.04-33 Basemat Intake Structures

The supporting media for the seis analysis of the CBIS in the Intake area are presented in
Figure 3.7-22 for the upper 6-56- 1 0_ ft (200m304.8m . 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.

3.7.1.4 References

CFR, 2008. Domestic Licensing of Production and Utilization Facilities, 10 CFR Part 50, U.S.
Nuclear Regulatory Commission, February 2008.

McGuire, R.K., W.J. Silva, and C.J. Constantino, 2001. Technical Basis for Revision of
Regulatory Guidance on Design Ground Motions: Hazard and Risk-Consistent Ground Motion
Spectra Guidelines, NUREG CR-6728, October, 2001.

Nuclear Energy Institute INEI], 2009. Consistent Site-Response/Soil Structure Interaction
Analysis and Evaluation. NEI White Paper, June 12, 2009 (ADAMS Accession No.
ML091680715).

NRC, 1973. Design Response Spectra for Seismic Design of Nuclear Power Plants, Regulatory
Guide 1.60, Revision 1, U.S. Nuclear Regulatory Commission, December 1973.

NRC, 2007a. A Performance-Based Approach to Define the Site Specific Earthquake Ground
Motion, Regulatory Guide 1.208, Revision 0, U.S. Nuclear Regulatory Commission, March 2007.

NRC, 2007b. Standard Review Plan (SRP) for the Review of Safety Analysis Reports for
Nuclear Power Plants, NUREG-0800, Revision 3, U.S. Nuclear Regulatory Commission, March
2007.

NRC, 2007c. Damping Values for Seismic Design of Nuclear Power Plants, Regulatory Guide
1.61, Revision 1, U.S. Nuclear Regulatory Commission, March 2007.

NRC, 2009. Interim Staff Guidance on Ensuring Hazard-Consistent Seismic Input for Site
Response and Soil Structure Interaction Analyses, DC/COL-ISG-0 17 Draft Issued for
Comments. }

3.7.2 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) analyses of Nuclear Island (NI) Common

CCNPP Unit 3 41 Revision 9

C 2007-2013 UniStar Nuclear Services, LLC. All rights reserved. Supplement 1

COPYRIGHT PROTECTED April 2013
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addressed in Section 3.7.2.4.

Site-specific Seismic Category I structures at CCNPP Unit 3 include:

4 Ultimate Heat Sink (UHS) Makeup Water Intake Structure (MWIS)

* Forebay

The Seismic Category I UHS Makeup Water Intake Structure and Seismic Category I 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 I1 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 in). 9.2-4, 9.2-5, and 9.2-6 provide plan views of the
Seismic Category I structures, along with associated sections and details. 10.4-4 and 10.4-5
provide the plan and section views of the Seismic Category II 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. RAI 343

3.7.2.1.2 Response Spectrum Method 03.07.02-72

No departures or supplements.

3.7.2.1.3 Complex Frequency Resp se 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 SSI 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 RPZZO cemputer eedeACS SASSI, Version
-. 4-A2.3.0. 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

CCNPP Unit 3 42 Revision 9
C 2007-2013 UniStar Nuclear Services, LLC. All rights reserved. Supplement 1

COPYRIGHT PROTECTED April 2013
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Structures for site-specific strain-compatible soil properties and Site SSE.

3.7.2.2.2 EPGB and 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 analysi pp 343

03.07.02-72

3.7.2.2.3 \ "."627 Common Basemat Intake Structures

RAI 343 The SSI analysis of site-s ecific Seismic Category I structures is performed using the complex
00 2 iuency response analys s method described in Section 3.7.2.1.3, where the equation of motion

so ed in the frequency omain. The natural frequencies and associated modal analysis results
are not btained from this a alysis. However, fixed base undamped eigenvalue analyses have
been per med separately the Common Basemat Intake Structures. The analysis results are
tabulated in able 3.7-5 and Tablc.437 & for reference purposes only.

Section 3.7.2.5. rovides the ISRS at the locations of safety-related UHS Makeup Water pumps
and facilities in th HS Makeup Water Intake Structure at El. 11.5 ft and El. -22.5 f--at-4h
.. .. . .. .. . . .... v Of e Ml ated t.'av:el.ng, s reens at EL . 2 1.0 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.

3.7.2.3 Procedures Used for Analytical Modeling

No departures or supplements.

3.7.2.3.1 Seismic Category I Structures - Nuclear
Island Common Basemat

No departures or supplements.

3.7.2.3.2 Seismic Category I Structures - Not on
Nuclear Island Common Basemat

As described in Section 3.7.2.4.2.2, the confirmatory SSI analysis of EPGB and ESWB is
performed using finite element models.

The UHS Makeup Water Intake Structure and Forebay are the site-specific Seismic Category I
structures situated away from the NI 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 on a 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.

CCNPP Unit 3 43 Revision 9
0 2007-2013 UniStar Nuclear Services, LLC. All rights reserved. Supplement 1
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RAI 343 analysis using RIZZO computer eodeACS SASSI, Version 44a2,3.0, and to erform statiL
03.07.02-72 analysis for non-seismic loads. W7 RAI 343

" \ --- 03.07.02-72I
•kThe 03I8 &re Symflffetr~6 A-0-01 th~e M'-Ah South mis, as depitewd in Figo.•"s 2 4 uh e.2

and_ 10.4 4 and 10.1 S. A sensitivity analysis was per-formed_ to consider the effettS of the
NEW symmfetr*icA ftrsSUch atS doar openings and equipmfent Masses. Based on the Sensitivity
analysis, only one half (westefm half) of-the CHRIS is Modeled forf the SSI analySis. Figure 3.7 23
depictis the finite clement mesh for. the halfmoide.

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

RAI 343 and to capture both in-plane and out-of-plane effects from applied loads. The finite element mesh
103.07.02-74 is sufficiently refined to accurately represent the global and local modes of vibration in all three

directions of motion except for one local mode of vibration of the slabs in the UHS along the

vertical direction, with a frequency of around 30 Hz (secondary peak). The maximum difference
observed, when comparing the response to a very refined model, is limited to 15 percent around
the peak. This small difference is accounted for by increasing the peaks around 30 Hz of the
vertical ISRS at the center of slabs of the UHS, by a factor of 1.2 after performing the smoothing
and broadening per RG. 1.122.

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 is accurately reproduced by

RAI 343 the finite element mesh, while out-of-plane shear deformations are considered negligible due-io
03.07.02-72 tihe law tJhickna.ess/height ratie afthese A'alls. in the X (north-south) and Z (vertical) directions. In

the Y (east-west) direction, a small shift in the main frequencies (less than I Hz, or 6%), is
observed when comparing the fixed base SASSI model with a fixed base STAAD model that
includes a thick shell element formulation. There is also a maximum difference of 10% for the
amplitudes of the main and secondary peaks. These differences are accounted for by increasing
the peaks of ISRS in the Y (east-west) direction by a factor of 1. 15 after performing the
smoothing and broadening. Per RG 1.122, ISRS main frequencies are broadened by a factor of
15%, which covers the differences on the frequency shift observed in Y (E-W) direction.

RAI 343 The reinforced concrete basemat, floor slabs, and walls of the CBIS are modeled using thin shell
03.07.02-74 elements in RIZZO computer eedeACS SASSI, Version 4--.3a2.3.•0 to accurately represent the

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 -. 6.99 ft (04Q.6 in), based on one-fifth of the wave length at the highest frequency
of the SASSI analysis. The average mesh size in the plan direction is approximately $-5.3 ft
(4-41.6 in), abased on an aspect ratio of approximately -3.42.8.

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

RAI 339 approximately 10 degrees with the vertical. However, these walls are modeled vertically for
03.08.04-34 simplification of the finite element model. This simplification has an insignificant effect on the

I '\,global mass and stiffness distribution, and on the local responses of the structural panels.

%[wo sets of modells of lthe CRIS. arec onusidre to represent the effect of cracking inethe concete:e

Poe fully uncracked with OBE dagnog (1R 91N) and he ot9her one fHly Pr~cked with SSE
dampiag. The eracked model co_ s _•ie that tlhe out-of-plane bending gfthe walls and flgors as 50

CCNPP Unit 3 44 Revision 9
0 2007-2013 UniStar Nuclear Services, LLC. All rights reserved. Supplement 1
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Page 7 of 105 of both models is used for the calculation of stresses in the soil for stability analysis, ISRS and

RAI 343
03.07.02-72

accelerations on the structure,

The east and wsct bottom walls Of the Fcreba', t@ the tp por4tion of the forebay Wall 61crneS, and
the basemat below .th bakfill inside the UH S4 MWIS arc !he only st.u.tumI panels that will
.... k during any of the appicable loading conditiens. These walls crack since they retain

% approximately 3:7.5 f (11.5 m) of soil and exhibit l antileVer behavior. The out of plane bending
stiffne-ss of these walls is rOedced by' One halfto smimulIAt crackd behavior in acort~dance with
ASCE 43 05 (ASCE, 2005). FOr the Walls- loc9-atd- 4n the planle o55fiymmetry, the mc~dUln at
elasticity and dcnsi~i' are r-educed by one half to accurately rcprcSent maSS and- stiffness in the

RAI 343 As shown in Figures 10.4-4 and 10.4-5, the pump house enclosure and the electrical room for the
03.07.02-72 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-Therefore, the
stiffness and 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 ACI
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 for normal water level, corresponding to MSL, at El. 0.64 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 beth-in the CWW Forebay, and basement of the UHS Makeup Water

RAI 343 Intake Structure.
03.07.02-71

The maximum sloshing heights in both directions for the UHS Makeup Water Intake Structure
the Forebay are approximately 0.82 ft (0.25 m) and 0.95 ft (0.29 in), respectively. The

minimum available freeboard for the UHS Makeup Water Intake Structure and the minimum
RAI 343 clearance for the Forebay are significantly higher than the maximum sloshing heights.
03.07.02-72 mg

anti symmfetri loading on the sftruture. The seismic S1 1 analysis is pef-Fomed by applying
appFropiate Symm.etri and anti ... et boundar-y "enditie in the plane of symmetry of the
half-miedel cshA;n in Fiousrq 3.:7 23. as indicated in; TAble 3.7 7.

3.7.2.3.3 Seismic Category ii Structures

CCNPP Unit 3 45
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described in Section 3.7.2.3.2. Other site-specific Seismic Category II structures are designed

rmation 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 SSI 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 SSI 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 ????, Table 3.7-3 and Table 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 EPGB and 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. Table 3F-3, Table 3F-4,
and Table 3F-5 show the properties for the top fifty layers of each soil profile (approximately 300
ft), while Figure 3F-29, Figure 3F-30 and Figure 3F-3 1, 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. Table 3F-6, Table 3F-7 and Table 3F-8 show the
properties for the top fifty layers of each soil profile (approximately 380 ft), while Figure 3F-32,
Figure 3F-33 and Figure 3F-34, 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
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Page 9 of 105 Confirmatory SSI analyses of the Nuclear Island Common Basemat Structures uses 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 applied.

3.7.2.4.2.2 EPGB and ESWB

Confirmatory SSI analyses for the EPGB and ESWB use finite element models. 4% structural
damping 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. The4Thin plate elements are used in

RAI 339 SASSI ifeto model all of the structural panels.

03.08.04-34 The Common Basemat Intake Structures are primarily reinforced concrete structures with steel

structures in the Steel Enclosure building and in the Forebay area. Structural damping
corresponding to the ODE case (4 percent for concrete and 3 percent for steel) is used for the fully

RAI 339 / uncracked concrete model; and SSE damping (7 percent for concrete and 4 percent for steel) is
03.08.04-34 used for the fully tmcracked concrete model.

The Cormmon Basemat Intake StructureS are reinforced concrete StructureS. A structurl damping
of 4 percent is used in the SSI analysis to obtain the !SRS, while 5 percent is used to obtain
inttarnal forces for- the designi efthe CBIS using ST-IAAD Pro).

3.7.2.4.3 Step 3 - Development of Soil Model

3.7.2.4.3.1 Nuclear Island Common Basemat Structures

SSI 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 (SSI) 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.

3.7.2.4.3.2 EPGB and ESWB

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.

The effect of ground water table on the seismic soil-structure-interaction (SSI) analysis of the
structure is considered through modification of the P-Wave velocity profiles as discussed in
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
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03.08.04-33 136 space is introduced beneath the lowest sub-layer, which is located at a depth of 350-365_ft. The

10o 105material 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.

3.7.2.4.4 Step 4 - Development of SSI Analysis Soil

Model

3.7.2.4.4.1 Nuclear Island Common Basemat Structures

A surface founded stick model is used for the Nuclear Island Common Basemat Structures
confirmatory SSI analyses. The analysis uses the following inputs:

* Site-specific soil profiles strain-compatible with the Site SSE are used, as described in
Section 3.7.2.4.1. 1.

* The free-field control input motion to the SSI analysis of the NI 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 Figure 3.7-10, Figure 3.7-11 and
Figure 3.7-12 are used for the SSI analysis.

* Four percent structural damping is applied.

3.7.2.4.4.2 EPGB and ESWB

An SSI model and methodology of the EPGB and ESWB is used for the confirmatory SSI
analyses. The analysis uses the following 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 Figure 3.7-10, Figure 3.7-
11 and Figure 3.7-12 are used, while for the ESWB the within soil-column motions
(acceleration time histories) shown in Figure 3.7-13, Figure 3.7-14 and Figure 3.7-15 are
used.

Interaction forces are obtained at the basemat nodes at the soil-structure interface, and
RAI 339 subsequently used in the stability analyses described in Section 3.7.2.14.2.
03.08.04-34

3.7.2.4.4.3 Common Basemat Intake Structures

The SSI model includes the CBIS, the Steel Enclosure Building. -the surrounding layers of
structural fill and the existing soil media as shown in Figure 3.7-24. Three-dimensional brick
elements are used for the entire basemat area in order to obtain seismic stresses for 4ntefassion
for-zez_ arcA ;banda h aea oz ttzzi tmwtur.0narae and Subsequently Used in
the stability analyses described in Section 3.7.2.14.23.

The control input motion for the SSI analysis of the CBIS is the within soil-column motion
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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).

3.7.2.4.5 Step 5 - 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 previously described methodology.

3.7.2.4.5.2 EPGB and ESWB

Confirmatory SSI analyses for the EPGB and ESWB are performed following the previously
described methodology.

RAI 339 3.7.2.4.5.3 Common Basemat Intake Structures

03.08.04-34 The SSI analysis of the model for the CBIS is performed using RIZZO ccmputcr eodeACS
SASSI version 2.3.0. 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 and
for two set of properties for the concrete: one considering all the elements uncracked with OBE
damping (4 percent for concrete and 3 percent for steel) and the other with all the elements
cracked with SSE damping (7 percent for concrete and 4 percent for steel).

3.7.2.4.6 Step 6 - Extracting Seismic SSI Responses

3.7.2.4.6.1 Nuclear Island Common Basemat Structures

SSI 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.

3.7.2.4.6.2 EPGB and ESWB

SSI 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.

Table 3.7-8 and Table 3.7-9 provide the combined average maximum nodal accelerations at
various elevations of EPGB and ESWB, respectively. Comparison of the structural accelerations
provided in Table 3.7-8 and Table 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 and
overturning moments, which are used to evaluate the overall stability of each structure as
described in Section 3.7.2.14.2.
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Page 12 of 105detailed in Section 3.7.2.5.2.

RAI 339 3.7.2.4.6.3 Common Basemat Intake Structures03.08.04-34 I
SSI analysis outputs are generated for each soil profile (i.e., LB, BE, and UB) and direction of the
nput motion. Accelerations, soil stresses, relative iplaF!,ccentc.cement ferees, in-structure
esponse spectra, resultant sliding force and total overturning moments are calculated using the

CBIS model in ACS SASSI.

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

RAI 339 outlined in U.S. EPR FSAR Section 3.7.2.4.6.
03.08.04-34

Absolute peak element forces and moments (i.e., membrane and out-of-plane bending and shear
e esultants) are calculated for each soil profile and direction of the input motion using the CBIS
odel in STAAD Pro. 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 NI 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 SASS12000, 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-i-1994.

RIZZO cmFputer codeACS SASSI, Version 4--4a2.3.0, is used to perform the seismic
confirmatory SSI analysis of the CBIS. This program is developed and ma.it.ained.verified and
validated in accordance with RIZZOs e7- gi•ce.. in. g depa......nt and QA prceedurez. Validation

RAI 339
03.08.04-34

V *1 •1

.,'ith the requirementc efASME NQA l199lthe RIZZO 10 CFR 50 ADnendix B OA Drouram.

Development of Floor Response Spectra3.7.2.5

A structural damping of 4 percent is used for the development of ISRS for the site-specific
reconciliation of NI 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.

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

information 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

only ISRS used to design the piping, cable trays and commodity supports for the NI 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:

* Reactor Building Internal Structure at Elev. 16.9 ft (5.15 m) and 64.0 ft (19.5 in).

+ Safeguard Building I at Elev. 27 ft (8.1 in) and 69.9 ft (21.0 m).

* 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 in).

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

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 (Figure 3.7-25 through Figure 3.7-
51). Therefore, the CCNPP Unit 3 site-specific seismic responses are bounded by the U.S. EPR
FSAR results. The Seismic Category I1 vent stack structure is part of the NI 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
(Figure 3.7-52 through Figure 3.7-54) at the basemat for NAB to the corresponding U.S. EPR
standard design ISRS (Figure 3.7-55 through Figure 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 (Figure 3.7-58 through Figure 3.7-60) at the basemat for RWPB to the
corresponding U.S. EPR standard design ISRS (Figure 3.7-61 through Figure 3.7-63).

3.7.2.5.2 EPGB and ESWB

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.

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, Figure 3.7-64 to Figure 3.7-72 show the comparison of 5
percent damped ISRS, which are representative of the response at all damping values, with the
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Page 14 of 10 5enveloped by the corresponding design certification ISRS by a large margin, except for

frequencies less than approximately 0.3 Hz. Reconciliation of the accelerations at these low
frequencies is discussed in Section 2.5.2.6.

RAI 339 3.7.2.5.3 Common Basemat Intake Structures
03.08.04-34- ISRS at the location of safety-related equipment within the UHS Makeup Water Intake Structure

are generated using the SSI model described in Section 3.7.2.4. The ISRS are calculated from
"00.01 to 50 Hz, which meets the guidelines provided in RG 1. 122, Revision I (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 Figure 3.7-73 through Figure 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 Figure 3.7-79 through Figure 3.7-8 1. ISRS will be generated at the support locations of
additional safety-related equipment, as required.

3.7.2.6 Three Components of Earthquake Motion

RAI 339 As indicated in Section 3.7.2.4, the SSI analysis of the site-specific Seismic Category I structures
03.08.04-3 is gperformed using the integrated finite element model, with the input ground motion applied

S\separately in the three directions. The ISRS in the UHS Makeup Water Intake Structure are

etermined using the time history equal to the algebraic summation of the by- uing the Squarfe

earthquake motion in the three directions.

The maximum member forces and moments due to the three earthquake motion components are
combined using the Square Root of the Sum of the Squares (SRSS) combination rule to obtain the
maximum total member forces and moments. The SRSS method 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.}

3.7.2.8 Interaction of Non-Seismic Category I
Structures with Seismic Category I Structures

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:
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For No departures or supplements.
information
only 3.7.2.14 Determination of Dynamic Stability of

Seismic Category I 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.

3.7.2.14.2 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, 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 SSI 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 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
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Page 16 of 105The 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 Load 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

L-34 stresses from the self weight of the structure.

The seismic reaction stresses at the CBIS foundation-soil interface are computed a-seleeted
V eeatiefw-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 lecation•s. These responses include the effects
of seismic forces, dynamic lateral earth pressures, and hydrodynamic forces.RAI 315

UO.LJI.U4_U't
nr' n~'i'1er'~d fl-nm the "elf "'ei"ht "hf the intr&e '-tincture 'in'l

1

static earth pressure. The resultant stabilizing stresses are obtained from PLAXIS 3D analysis of
the CBIS. PLAXIS 3D analysis eeMsidefed-considers the self weight of the intake structure, static
eaqthpf:eee-esbackfill loads within the structure, 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 SSI analysis. Three reaction stresses are obtained for
each earthquake direction; therefore nine response time histories of reaction
stresses are reported per soil profile.

RAI 315
03.07.02-64

RAI 315
03.07.02-64

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 additioe-summation of the
stresses in that direction due to earthquake in each direction.

iii. The response time history of total sliding shear stress is calculated at all
nodes for each soil profile for both horizontal (X and Y) directions. The
sliding shear stress in each horizontal direction is multiplied by the nodal
tributary area to pet the nodal slidino chear force. The slidino shear fhrceq

from all nodes are summed to get the total sliding shear in the X and Y
directions. The total sliding shear force is then obtained as the square root of
the sum of the squares of the sliding shear forces in the X and Y directions.

iv. Evaluation of the seismic stability for sliding and Uifpling overturning of the
CBIS is performed for each soil profile (BE, LB and UB) at each point in

RAI 315 time by computing the factors of safety as the ratio of the restoring st-esses
03.07.02-64 forces/moments of the CBIS to the corresponding seismically induced

str-essesf0rses/moments.

F 0ra soil infig. aeiamic stabilityv aisagssed forfor tWE sw t o9f properlies
for IN QLoBgrete: gne cqnsidering all The &el~iets ungracked withi OBE
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damping (4 Percent for concrete and 3 Percent for steel) and the other with all
the elements cracked with SSU danmvin& (7 pecrcent for concrete and 4

vi, Two sets of friction coefficients are checked during the stability analysis.

Basemat-Mudmat Interface: tame = 0.6 and adhesion = 0

Mudmat-Chesapeake Clay/Silt Layer Interface: tan p = 0.21 and adhesion = 1.2 ksf

RAI 315
R 3.vii. The resisting shear stress r at each node at each time step is obtained03.07.02-64 by calculating the net restoring vertical stress o, (total vertical stress

including water weight inside the structure and buoyancy under the CBIS) at
each node at each time step and using T = ojtanmv + c, where (P = friction
angle, and c=adhesion component. The resisting shear stress at each node is
multiplied with the nodal tributary area to get the resisting nodal shear force.
Finally, all resisting shear forces from all nodes are summed across the CBIS
basemat. If the vertical stress at a given node is tensile, no contribution is
considered to the resisting shear force from that node.

Only seismic active earth pressures are considered in the seismic stability analysis. Seismic active
earth pressures are calculated according to the Mononobe-Okabe method (Kramer 1996). Not
considering the passive earth pressures is conservative in the seismic stability analysis. Also not
considered is the side friction for all cases except for the maintenance condition stability check.
The stability analysis of the maintenance condition is conducted assuming no water within the
CBIS. This is somehow conservative, since even during such maintenance condition, there will be
water in some portions of the CBIS that still contribute to the weight and the overall sliding
stability. To avoid the incorporation of excessive conservatism, a minor fraction of the side
friction is introduced into the stability analysis for the maintenance condition. Static active earth
pressures are considered as the normal forces and the friction coefficient is considered as 0.58 to
calculate the side friction. Only 5% of the overall side friction is considered in the seismic sliding

Alysis of the CBIS for maintenance condition.

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 I foundations) loading combination is 1.1. As a result the CBIS
are evaluated to be safe against sliding and overturning due to seismic loads. Results of dynamic
stability are reported in Appendix 3E.

3.7.2.15 Analysis Procedure for Damping

The structure and soil damping used in SSI analyses of site-specific Seismic Category I structures
are described in Sections 3.7.2.4.2.3 and 3.7.2.4.3.3.

3.7.2.16 References

{ACI, 2006. Seismic Design of Liquid-Containing Concrete Structures, ACI 350.3-06, American
Concrete Institute, 2006.

ACI, 2001. Code Requirements for Nuclear Safety-Related Concrete Structures and Commentary
on Code Requirements for Nuclear Safety-Related Concrete Structures, ACI 349-01/349-RO I,
American Concrete Institute, 2001.
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ASCE, 2000. Seismic Analysis of Safety-Related Nuclear Structures and Commentary, ASCE
Standard 4-98, American Society of Civil Engineers, 2000.

RAI 315 ASCE, 2005. Seismic Design Criteria for Structures, Systems, and Components in Nuclear
03.07.02-64 Facilities, ASCE 43-05, American Society of Civil Engineers, January 2005.

Kramer. S.L. (1996). Geotechnical Earthquake Engineering. Prentice Hall, Upper Saddle River,

New Jersey

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. }

3.7.3.4 Basis for Selection of Frequencies

{No departures or supplements. }

3.7.3.5 Analysis Procedure for Damping
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RAI 343 Iclosure 2RA033.07.02-72 e 23.7.5,iFreauencies and MaswPurtfidation Factosfor Common Basewat Intaks• Structuro!!
03.07.02 2 ge 0105 Fixed lase Analvalsl.(Coordinates based on LCNPP Unit 3)

kuency Mass Participation Factors (%) Freauencn Mass Participation Factors 1%)

Mode# fUzi N-S I ertical E-W Model# dz) N-S Vertical E-W
1 1.69 0,1 0.00 0.82 51 31,68 72.61 25.85 86.96

2 2.23. am 9Q 1.15 R2 22A Mb 87.00E

3. 22i 10Q J_0 . 320 72.65 267 87.89

4 24 1q2 09042 L4 54 32.22 73.42 28 8790

5 3.10 1.5_9 0.02 1.46 55 32.94 73.98 27,00 88.50

6 7.60 1.63 0.27 14.14 56 33.40) 74.53 278 88.58

7 10.79 1.68 0.53 55.99 57 33.47 74.64 28.25 88.58

8 11.79 1,71 1.02 56.00 58 33.77 74.88 28.88 88.59

9 13.83 46.21 15.51 56.01 59 34.01 74.89 29.67 88.59

10 14.19 46.22 1.51 56.51 61) 34.26 74.94 30.20 88.60

I/ 14A46 46.24 1.51 60.18 61 34.38 74.94 30.20 88.92

12 15.12 46.25 1.51 61.56 62 34.55 74.96 31.56 88.92

13 15.87 46.48 1.52 70.26 63 34.72 75.01 32.56 88.94

14 16.41 46.48 1.52 73.10 64 35.06 75.04 34.54 88.95

15 16.80 46.54 1.52 76.80 65 35.42 75.10 35.53 89.04

16 17,78 46.54 1.54 77.09 66 35.44 75.10 36.00 89.04

17 18.22 46.57 1.60 77.43 67 35.45 75.13 37.20 89.04

18 18.85 46.77 2.82 77.43 68 35.64 75.14 37.84 89.05

19 19.52 47.91 2.82 77.44 69 36.02 75.71 38.38 89.07

20 20.09 48.42 2.96 77.55 70 36.20 76.82 38.47 89.08

21 20.57 48.42 2.96 77.86 71 36.33 77.47 38.50 89.12

22 21.10 48.42 2.98 78.51 72 36.94 78.25 38.99 89.17

23 21.34 48.42 3.04 79.23 73 37.04 78.25 39.34 89.17

24 21.47 49,62 15.51 79.24 74 37.22 78.34 40.86 89.19

25 22.56 49.79 15.60 79.73 75 37.40 78.36 41.55 89.21

26 23.23 49.79 15.66 81.35 76 37.50 78.43 42.74 89.21

27 23,24 49,79 15.71 83.35 77 37.76 78.51 43,66 89.22

28 23.96 49.82 15.71 84.05 78 38.34 78,86 45.42 89.27

29 24.55 51,15 16.17 84,26 79 38.47 78,90 45.84 89.27

.30 24.59 51,17 16.18 84,89 80 38.62 7. 46.13 89.28

31 24.78 51.20 6ý.73 84.89 81 70 7 4664 89.29

R. Z.243 .21 .2Q &L&) M-0 3.i2 naJ 79018 46.90 89.29

u 2 1• 84V 83 39.85 793_4 4809 B9__

N 2L3 "A 11M2 &N 8 44j) Alli2 i 9.7
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38 26.38

39 26,51

40 26.57

A1 2twe
42 26.71

43 26.84

44 27.31

45 27.33

46 28.15

47 28.50

48 28,56

49 28.78

50 31.22

52.10

52.12

52.13

55.02

55.03

60,36
60.72

68.33

68.60

70.33

70.66

71.88

72.48

19.79 85.74

21.06 85.87

21.41 85.87

21.42 85.96

21.76 85,96

21277 86.20

21.77 86,21

21.87 86.21

21.98 KA

22.65 86.59

23.50 86.70

24.25 86.71

25.38 86.92

86

87

88

89

90

91

92

94

96

97

98

99

100

45.1

46.05

46.17

46.22

55.48

60,05

60.22

_6()43

60.91

65.77

66.55

70.75

82.37 51.71

83.59 51.88

84.43 51.89

84.98 51,95

88.08 53.74

89E,2 57.47

89.3-6 58,31

89.37 58.80
8.0 59.16

89,42 60.07

89.51 61.46

90.43 65.06

90.66 66.60

91.14 68.56

90.25

90.65

90.66

90V70

91,58

92.13

92.13

92.1392-13

92.14

92.16

92.37

92.45

92.90
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Page 21 05 Table 3.7-5- (Frequencles and Mass Participation Factors for Common Bastmat lutak

Structures with Symmetric Boundary Conditions - FIxed Base Analysis)
- (Cootdinates bawd on C•'NPP Unit 3)

•-72

Mass Partildpatdon Factors Mass P Ion Factors
Mode # (%) Mod #

N-S Vertca E-W liz) N-S )Atk E-W

1 8. 6.16 0 51 46.48 0 0.24 0.36

2 11.7 21.29 0.07 1.30 52 47.31 0.01 0.01 0.81

3 11.97 • .30 0.02 7.85 53 47.94 0. 0.43 0.11

4 13.30 1.34 0.01 0.08 54 49.39 .11 0.14 0.50

5 13.62 4.0 0.01 4.06 55 49.64 1.55 0 0.02

6 13.70 4. 0.74 0.25 56 49.68 2.11 0 0.06

7 13.95 1.38 7.63 0.03 57 50.2 0.25 0.07 0.28

8 15.56 2.94 0 0.02 58 50 0.46 0.15 0.66

9 15.83 6.10 0.06 59 .34 0.28 0.64 0.11

10 16.09 6.87 0.07 60 53.49 0 0.49 0

11 17.59 1.11 0.02 0.25 61 53.63 0.01 0.69 0

12 17.83 0.23 0 1.68 62 56.38 0.04 0.65 0.06

13 17.99 0 0.06 0.33 6 56.60 0.02 0.64 1.00

14 18.22 1.33 1.17 8 56.75 0.01 0.03 0.55

15 18.40 0.59 2.33 0. 65 57.03 0.03 0.04 1.31

16 18.69 0.21 0.04 0.18 66 57.11 0.06 0 1.36

17 19.24 0 0.69 0 67 57.13 0.01 0 1.36

18 25.12 0.59 1.79 68 57.31 0.00 0.08 0.46

19 27.23 13.33 0.07 57.75 0.18 1.21 0.42

20 29.26 0.60 0 1.53 70 58.87 0.10 0.27 0.19

21 29.31 0.12 0 0.28 71 58.94 0.01 0.69 0.67

22 29.35 0.51 0 0.79 72 58.99 0.09 0.20 0.56

23 29.42 0.23 0.29 73 9.32 0.03 1.09 0.89

24 29.92 0.06 0 0,69 74 56 0 0.52 0

25 30.06 0.02 0 0.47 75 60. 0 0.37 0.16

26 30.12 0 0 0.39 76 61.40 0.03 0.16 0.29

27 31.13 0. 0 1.13 77 61.65 0.39 0 0.50

28 32.85 0.02 0.38 78 64.02 01 0.65 0.02

29 33.00 0.02 0 0.70 79 67.40 0. 0 0.72

30 33.08 0.16 0 0.41 s0 68.03 0.09 0 0.30

31 33.9 0 3.41 0.03 81 68.49 0 0.32 0.15

32 34 0,03 0.02 0,40 82 68.68 0.21 .06 0.25

33 .40 0,07 0,02 0.66 83 69.07 0.54 0.05

34 34.44 0,02 0 0,67 84 70,75 0.03 0.3 0.04

35 34.82 0.06 0.01 0,43 85 71.90 0.18 0 0.57
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Structures with Symnmetric Boundary, Conditions - Fixed Base Analysis)
(Coordivates bated on CCNPP Unit 3)

RAI 343
03.07.02-72

Me& \Mass Partidpatdo Factors

Mode[# ) N-S (%)
%f) -SVert"a E-W

Mass Pank~mFte
Mode N Frteaq•ue

(Ha) N-S Vkal E-W

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

3 0.03 0.02 0.40

35.7 1.27 0 0

36.64 0 2.05 0

36.84 0.05 4.11 0.01

37.86 74 0.97 0

39.27 0. 0.40 0

42.89 0.53 1.68 0.09

42.93 0.25 0.69 0.01

44.11 0.77 11 0.06

44.36 0.01 1. 0.30

44.61 0 0.13 0.30

44.95 0.01 0.26 0.95

45.32 0.01 0.04 0.45

45.62 0.20 0.02 8

45.72 0 0.05 0.

86 71.98 0.03 0.02

87 73.69 0,01 0.29

a8 75.11 0. 0.58

89 75.50 0.25

90 76.64 0.01 0.02

91 76. 0 0.26

92 77.9 0.09 0.33

93 78 0.05 0.59

94 .46 0.20 0.08

95 80.21 0.12 0.75

96 80.44 0.02 1.52

97 81.36 0.03 0.50

9 84.48 0.01 0.14

84.95 0.04 0

100 87.70 0.07 0.26

0.35

0.15

0.67

0.14

3.80

0.41

6.55

0.53

0.15

0.02

0.03

0.20

0.36

0.48

0.18
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Table 3.74- (Frequencies and Mass Participation Factors for Common Basemat Intake
Structures with Anti-Symmetric Boundary Conditions - Fixed Base Analysis)

(Coordinates bawed on CCNPP Unit 3)

RAI 343
03.07.02-72

Mass Patidpatom Factors
Frequency (%) Moe (k)

N-S Vertical E-W

8.27 0.01 9.83 0

9.61 0.02 33.28 0.12

ý.31 0,58 12.13 2.20

1% 1ý47 4.12 4.01

12.4 6.38 1.27

14.13 0.17 7.14

14.26 .06 4.54

14.33 1 1.18

14.49 2.2 0.02

15.03 0.29 0.88

15.53 0.55 .07

15.70 0.07 0

15.80 2.53 004

16.63 1.62 0.16

17.21 1.59 0.07

17.28 0.28 0.11

17.80 0.93 0.61

18.16 0.05 0.02

18.21 0.42 0.10

19.08 0.60 0.07

19.37 0.43 0.02

19.38 0 0

19.67 0.99 0.03

19.83 0 0.01

22.78 0.32 0
22.79 0.36 27

22.82 0.24 0.18

22.94 0.3 0.19

23.02 0 0.17

23.11 .32 0.18

24.44 0.35 0.16

0.29

0.26

1.66

0.85

0.02

0.11

0

1.07

0.05

L 0.09

51

52

53

54

55

56

57

58

59

60

61

62

63

64

36.89 1,34

36.90 0.47

36.93 0.49

37.13 0.40

37.50 0.81

37.71 0. 0.04

37.73 3 0.08

38.79 0.03 0.00

38.87 0.93 0.05

39.1 0 .01 0

3 0.22 0.01

.43 0.03 0

41.00 0.07 0

42.68 1.14 0

42.71 0.43 0.01

42.73 0.75 0.01

43.96 0.61 0

46.69 0.34 0.01

46.72 1.60 0.02

46.74 2.55 0.02

46.79 0.40 0

47.76 0.29 0.04

0.32 0.64 0.01

4 0.01 0.33

51.3 0.43 0.01

52.44 1.81 0.19

5343 0.72 0.04

53.87 6 0.01

54.72 0.4 0.05

54.87 0.24 0.06

0.20

0

0.27

0.01

0

0.35

0.03

0.39

0.16

0.39

0.30

0.81

0.46

0.27

0.08

0.15

0.10

0.04

0.03

0.04

0.02

0.33

0.09

0.19

0.95

0.02

0.15

0.47

0.14

0A3.

0.95

0,76

0.23

•' 0.01

0.77

0

0.01

00

0.01

0.01

0.01

0

0.13

0.03

0.07

73

74

75

76

77

78

79

80

81

82

83

84

0.28

0.02

0.32

55.20

56.80

60.46

85
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RAI 343
03.07.02-72 Table 3.7-6-- (Frequencies and Mass Participation Factors for Common Rasemat Intake

Structures with Ant-Symmetric Boundary Conditions - Fixed Base Analysis)
(Coordintes bawd on CCNPP Unit 3)

Fu Mass Parldpatlon Faetoe
SFrequency (%) Mode#

\ # z) N-S Vertecal E-W
FreuetyMass Padlation Fa"/*FreqNcacy

O) N-S Vertical V

35 28.81 0.13 0.16 0.13

36 29.15 0.89 0.19 0.10

37 .24 0.14 0.17 0.29

38 2 0.28 0.11 0.13

39 31. 0.12 0.19 0.11

40 31.63 0.37 0.48 0

41 31,66 .30 0.22 0.13

42 34.07 0.02 0.02

43 34.09 0.3 0.02 0

44 34.33 0.55 0.03 0

45 35.17 0.6 .01 0.05

46 35.48 1.80 0. 0.17

47 36.43 0.44 0.04 0

48 36.51 0.64 0.13 0

49 36.66 0 0.63 .02

50 36.67 0.01 0.91

85 61.85 0.19 0.12 1.87

86 62,91 0.02 0 0.38

87 64.85 0.06 0.0 0.40

88 65.73 0.11 0 0.29

89 66.02 0.04 .01 0.97

90 66.63 0.04 0.08 1.05

91 67.86 0. 0.22 0.27

92 68.46 3 0 0.32

93 70.72 0.01 0.01 0.41

94 72.15 0 0.03 1.12

95 72.3 0.03 0.01 0.47

96 7 3 0 0.01 0.40

97 5.15 0.06 0.14 3.74

98 76.09 0.03 0.01 0.74

99 76.69 0.27 0.03 1.94

1 77.32 0.03 0 0.65
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RAI 343 25 of 105 oundary Conditions for Nodes in Plane of Symmetry of BIS Finite

03.07.02-72 EeetMdl

Direction of Condition of UDegree of Freedoj nodes on symmetric plane
Seismic Plane of >U
Loading symmetry U, U4bý'",,• 4), 4b.•

North-South Symmetric Free Fix

East-West Anti-Symmetric Fix Free

Vertical S ic Free Fix

Notes:
U,, U are the displacements, and (p,, p, and p, are the rotal

Free Fix Free Fix

Fix Free Fix Free

Free Fix r Fix

tions.
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RAI 339 e2
03.08.04-33 of Table 3.7-10-- (Worst Case Accelerations in Common Basemat Intake Structures}

UHS Makeup Water Intake Structure

Floor Elevation X (N-S) Direction Y (E-W) Direction Z (Vert) Direction

-22.5;244 0. 79g42.5g O. 16g4.g 4 -7-g 0. 19 6g-.---
1154-•_0,22g 0,201.gO-9ft 20 .- 34

2645--- 0.247g&4 4 2 t 02250-246g 0,21 IgO-.24g

Forebay

Floor Elevation X (N-S) Direction Y (E-W) Direction Z (Vert) Direction

-22.5--24 0. 199go--2g 0. ! 73g043g 0.249g04I-g

Note:
Elevations and plant coordinate system refer to U.S EPR FSAR.
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Paqj~li•j - {SSI "Within" Acceleration Time Histories for Input at CRIS Foundation (LB Soil

Case)- Intake Area (37.5 ft Depth))

4.1

40.15
28

U.l)

~0.1
0.05
S0

-0.05

-0.1
-0.15

AlLiA 11
IR

0 10 20 30 40 50

Time . see.

a) Horizontal Direction S I
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Pa Vlf%*1357-]• ISSI "Within" Acceleration Time Histories for Input at CRIS Foundation (LB Soil

JI 339 JCase)- Intake Area (37.5 ft Depth))

03.08.04-33 5
0.15

0 o-0.05

I 0

-0.15

0 5 10 15 20 25 30 35 40 45

Time - see.

b) Horizontal Direction S2

0.15

,0.1

o 0.05is 0
-0.05

-0.1

-0.15

0 5 10 15 20 25 30 35 40 45
Time - sec.

c) Vertical Direction S3
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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 (SSI) model for the Common Basemat Intake Structures (Elevations and plant coordinate system
refer to CCNPP Unit 3)}
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Figure 3.7-73- (ISRS for VHS Makeup Water Intake Structure at location at Elev. -22.5 ft (-6.86 in), North-South Direction. Elevations aiI
plant coordinate system refer to CCNPP Unit 3)
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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 and
plant coordinate system refer to CCNPP Unit 3}
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Figure 3.7-74- {ISRS for UHS Makeup Water Intake Structure at Elev. -22.5 ft (-6.86 m), East-West Direction. Elevations and plant coordirni'
system refer to CCNPP Unit 3.) . 0 c c
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Figure 3.7-74- {ISRS for UHS Makeup Water Intake Structure at Elev. -22.5 ft (-6.86 m), East-West Direction. Elevations and plant coordinate
7system refer to CCNPP Unit 3.}
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Figure 3.7-75- {ISRS for UHS Makeup Water Intake Structure at Elev. -22.5 ft (-6.86 m), Vertical Direction. Elevations and plant coordinaiE ,'
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Figure 3.7-75-- {ISRS for UHS Makeup Water Intake Structure at Elev. -22.5 ft (-6.86 m), Vertical Direction. Elevations and plant coordinate
system refer to CCNPP Unit 3)
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Figure 3.7-76- {ISRS for UHS Makeup Water Intake Structure at Elev. 11.5 ft (3.5 m), North-South Direction. Elevations and plant
-•ý system refer to CCNPP Unit 3.}
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Figure 3.7-76- {ISRS for UHS Makeup Water Intake Structure at Elev. 11.5 ft (3.5 m), North-South Direction. Elevations and 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
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
refer to CCNPP Unit 3}
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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
refer to CCNPP Unit 3)
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Figure 3.7-78- {ISRS for Makeup W:ater Intake Structure at Elev. 11.5 ft (3.5 m), Vertical Direction. Elevations and plant coordinate system
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 coordinaico _T
system refer to CCNPP Unit 3} C 0
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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 coordinate
system refer to CCNPP Unit 3}
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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 coordinati • T
system refer to CCNPP Unit 3}
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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 coordinate system
refer to CCNPP Unit 3}
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Figure 3.7-81 - (ISRS for Makeup Water Intake Structure at Elev. 26.5 ft (8.08 m), Vertical Direction. Elevations and plant coordinate systfim T
refer to CCNPP Unit 3)
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Figure 3.7-81- {ISRS for Makeup Water Intake Structure at Elev. 26.5 ft (8.08 m), Vertical Direction. Elevations and plant coordinate system
_refer to CCNPP Unit 3}
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Enclosure 2
UN#13-056 slope from manhole to manhole. The low point manholes have a sump with a pump for collecting
Page 57 of 105and disposing water.

Included for Waterproofing membrane, as described in Section 3.8.4.6.1, is used, as necessary, to protect

Information buried electrical duct banks from the corrosive effects of low-pH groundwater from the Surficial

only aquifer in the powerblock area.}

3.8.4.1.9 Buried Pipe and Pipe Ducts

The U.S. EPR FSAR includes the following COL Item in Section 3.8.4.1.9:

A COL applicant that references the U.S. EPR design certification will provide a
description of Seismic Category I buried pipe and pipe ducts.

This COL Item is addressed as follows:

{Figure 3.8-3 provides an overall site plan of Seismic Category I buried pipe. Pipes run beneath
the final site grade. Buried pipe ducts are not used for CCNPP Unit 3. Two buried Unit 3 Intake
Pipes run from the CCNPP Unit 3 Inlet Area to the CCNPP Unit 3 Forebay (See Figure 2.4-56).
Four UHS Makeup Water pipes emanate from the UHS Makeup Water Intake Structure and
terminate at the ESWBs. These pipes run within the utility corridor, shown in Figure 3.8-3, and
pass under the main Haul Road which runs in the East-West direction adjacent to the North side
of the CCNPP Unit 3 powerblock.

Figure 3.8-4 provides a detail plan of Seismic Category I buried ESW pipe in the vicinity of the
NI. As illustrated in the figure, the Seismic Category I buried ESW piping consists of:

* Large diameter supply and return pipes between the Safeguards Buildings and the
ESWBs.

* Large diameter supply and return pipes from the EPGBs which tie in directly to the
aforementioned pipes.

Fire Protection pipe traverses from the UHS Makeup Water Intake Structure to the vicinity of the
NI, where a loop is provided to all buildings. In accordance with Section 3.2.1, Fire Protection
piping to Seismic Category I structures that is classified as: 1) Seismic Category II is designed to
maintain its pressure boundary after an SSE event; and 2) is designed to remain functional during
and following an SSE event.

The buried piping is directly buried in the soil (i.e., without concrete encasement) unless detailed
analysis indicates that additional protection is required. The depth of the soil cover is generally
sufficient to provide protection against frost (top surface of the pipe is below the site-specific
frost depth), surcharge effects, and tornado missiles. Structural fill is used as bedding material
underneath the pipe. As an alternate, lean concrete may be used. Additionally, soil surrounding
the pipe is compacted structural fill.}

3.8.4.1.10 Masonry Walls

{No departures or supplements.}

3.8.4.1.11 (Forebay and UHS Makeup Water Intake
Structure}

{This section is added as a supplement to U.S. EPR FSAR Section 3.8.4.1.
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