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AP1000 RECORD OF CHANGES

Rev Date Revision Description
0 See EDMS | Original Issue
1 See EDMS See Revision 1 Road Map that foliows
2 See EDMS See Revision 2 Road Map that follows
3 See EDMS See Revision 3 Road Map that follows
4 See EDMS | See Revision 4 Road Map. Revised to include Shield Building
design changes and corrections to the model.
5 See EDMS See Revision 5 Road Map. Revised to incorporate RAls.
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ROAD MAP OF CHANGES FROM REV. 0 TO REV. 1 FOR TR03 (APP-GW-S2R-010)

ltem Rev. 0 Section Number Change in Rev. 1 Reason for Change
Replaced “Equivalent Static Acceleration for | Change in analysis method from Equivalent
1 1.0 Introduction Building Design” to “Response spectrum | Static analysis to Response spectrum
analysis for Building Design” analysis.
2 1.1 Acronyms No change
2.0 General Discussion of . Not necessary since it discusses past history
Hard Rock Licensing Removed Sections 2.0,2.2,2.3,2.4,2.5,26 for hard rock certification
2.2 Seismic Input Became Section 2.0 )
In 7" paragraph, 1% sentence to include
“foundation size” as a key dimension.
5 gl?" din De,:iu?:el)a;sc:isﬁgg Describe structural design changes that are ?g%ﬁ%%is(g':‘ \I/-'I;)F)(OB-OM (Rev. 0) and RAI-
g Lesig P reflected in the dynamic models that includes :
the robust shield building.
Modified 2" paragraph to reference FEMA
356: “However, the modulus of elasticity is
reduced to 80% of its value to reduce stiffness
6 4.0 Dynamic Models to reflect the observed behavior of concrete | Addresses RAI-TR03-005 (Rev. 1)
when stresses do not result in significant
cracking as recommended in Table 6.5 of
FEMA 356."
7 4.1 Overview of Models No change
4.2 Nuclear Island Shell | Revised to state that both the NI10 and NI20
8 Models Descriptions and | models are updated to reflect the robust shield | Clarification
Comparison Response building design as described in section 3.0.
4.2.1 NI10 Model
Description, and
9 | 422 NI20Model No change
Description
th . v T 7
10 423 NI10 and NI20 | The 5" paragraph is modified discussing Addresses RAI-TR03-012 (Rev. 0)
Model Nodes response spectra grouping.
Modified table to give new node numbers and | Modified to correspond to updated NI
11 | Tabled.2.3-1104.2.3-4 the FSR name dynamic models
: Tables included to provide FRS groups for
12 4A%d§_d7 Tables 4.2.3-5 to reactor coolant loop, pressurizer, and core | Completeness
o make up tank
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Item Rev. 0 Section Number Change in Rev. 1 Reason for Change
Modified to show new node numbers
13 Figures 4.2.3-1 to Figure | associated with updated models. Added new | Modified to correspond to updated NI
4.2.3-15 figure showing nodes associated with the | dynamic models.
control room floor (El. 116.5")
Modified table to show the use of response
spectra analysis instead of equivalent static
analysis.
Modified to reflect changes per RAls.
fé‘i‘:}%?};gipgg{?anﬂoor in “plant design floor Reflect change in analysis methodology.
Expanded upon the use of the lumped mass Addresses RAI-TR03-003 (Rev. 0), RAI-
14 | Table 4.2.4-1 stick model of NI (i.e., stability evaluation, non- | 1:03-008 (Rev.0), RAI-TR03-010 (Rev. 1),
- linear uplift). "’ ; ’ RAI-TR03-020 (Rev. 1), and RAI-TR03-034
Added polar crane model. S/:I{c?c;/i.ﬁgzi‘ to reflect all of the models used
Added 3D finite element shell model of '
containment vessel that is described in
technical report APP-GW-GLR-005,
“Containment Vessel Design Adjacent to
Large Penetrations”.
4.3 Major Equipment And | Modified Figures 4.3-1 to 4.3-5 to show new or:
15 Structures using  Stick [ node numbers associated with updated ZAOd'ﬂefd to correspond to updated NI
ynamic models.
Models models
441 2D SASSI Analyses
16 and Parameter Studies and | Modified per RAI Addresses RAI-TR03-015 (Rev. 1)
4.4.1.1 AP600 Soil Studies
1 4.4.1_.2 AP1_000 sitg Added strain depe_ndent properties per RAL Addresses RAI-TR03-010 (Rev. 1) and RAI-
7 studies and selection of soil | Expanded on maximum member forces from TR03-016 (Rev. 1)
cases 2D SASSI analyses per RAI e
18 | 4.4.2 3D SASSI Analyses | No change
19 Table 4.4.3-1 Modified Table 4.4.3-1 to show new node | Modified to correspond to updated NI
o numbers and locations of key nodes. dynamic models.
Removed figures giving key node spectra, and
20 Figures 4.4.3-1t0 4.4.3-18 ir:fe;tec)rlsc;eth:\(/ai:ﬁ)spacéraS%go?pg;t d?fpgzg Tied key node spectra to Appendix 3G.
(Appendix E of technical report of Revision1).
21 5.0 Site Requirements for | Modified to reflect RAl and DCD Rev. 16
AP1000 changes.
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Item Rev. 0 Section Number Change in Rev. 1 Reason for Change
Added statement that the comparisons given
6.1 Comparison of are made withoutlthe robust shield building
29 R.esponse Spectra to Hard design since the stick model did not reflect the | Addresses RAI-TR03-020 (Rev. 1) and
Rock Stick Spectra strengthened shield building. The spectra for | provides clarification.
the stick model in Figures 6.1-1 to 6.1-6 are
corrected.
E:Iemoved eguivalent static acc_:elerations.fror.n g:;sg; rir;adﬁo S|Ir;$]<zereq32/:(;entas St?:::
23 Section 6.2 IS se_ctlon a!‘d prowdeq seismic methodology for building structure design.
accelerations obtained from time history
analysis . Addresses RAI-TR03-021 (Rev. 2) and RAI-
TR03-023 (Rev. 1).
6.3 Maximum Seismic Rewrote section addressing drift in the :
24 D.isplacements deflections and its removal. Provided plots of | Addresses RAI-TR03-022 (Rev. 1)
deflections.
| st sy | Addesses RALTRDS.021 (Rew 2). RA-
25 Section 6.4 : . : ; .| TR03-023 (Rev. 1), and RAI-TR03-036 (Rev.
is now being used in place of equivalent static 0)
analysis. ]
Retained to reflect the analysis methodology
Added this section to address the equivalent | as given in APP-GW-GLR-005,
. static analysis that is being used for the | “Containment Vessel Design Adjacent to
26 Added Section 6.5 containment vessel and Nuclear Island | Large Penetrations,” Rev.1, and
basemat. APP-GW-GLR-044, “Nuclear Island
Basemat and Foundation,” Rev. 0.
27 7.1 Hard Rock Site No Change .
Defines H2 in 1% paragraph, Modifies Table ’
28 | 7.2 Soil Sites 7.2-1, and adds Figure 7.2-3 (Modeling of ;\g‘é%e_szzefR':C"J)RO&O% (Rev. 1) and RAI-
Actual Footprint in East-West Model) )
29 8.0 References Removed reference 8 and added references | Section modified based on revisions made in
' . 10to 14 document.
Added statement: “Response Spectra groups
listed below are intended for equipment and
. piping systems whose supports extend over
30 g‘pgg{: d'),il 3 E; Res'r[l)ogse large areas. Smaller groups of spectra can be | Clarification
pectra Node Larouping used for equipment or piping that are
supported in a limited area.”
Modified Table B-1 giving revised node
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Item Rev. 0 Section Number Change in Rev. 1 Reason for Change
number and coordinates, and new groupings.
Rewrote appendix and incorporated latest
spectra obtained using the updated models
that included the enhanced shield building.
Appendix C — Comparison | Response spectra for the NI SASSI Structure ; . .
31 of NI10 and NI20 | Model also included in comparison plots. g\%?jaetlzd to include latest results with revised
Responses Changed key node location for ASB NE corner '
at control room floor and not ceiling. Updated
Table C-1 with the revised node numbers, and
new elevations.
Appendix D - Response
32 Spectra for Six AP1000 soil | No change
cases
Appendix E, comparison of shell model to
23 | Aooendi Replaced Appendix E with the Post 16 DCD | Nard rock stick model results, was removed
ppendix E revisions to Appendix 3G since equivalent static analysis is no longer
’ used for structural design. Addresses RAI-
TR03-033 (Rev. 1)
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ROAD MAP OF CHANGES FROM REV. 1 TO REYV. 2 FOR TR03 (APP-GW-S2R-010)

Item Rev. 1 Section Number Change in Rev. 2 Reason for Change
Changed the last sentence of Section 3.0 to
1 3.0 Nuclear Island Building | read: “The concrete compressive strength for | Addresses NRC pending resolution for RAI-
Design Description the-shield-building, the exposed shield building | TR03-001.
nd
2 | 4.0 Dynamic Models mna of 2 paragraph added FEMA 356 5 | pEMA reference given in RAI-TR03-005
Figure 4.2.1-3 Replace Figure 4.2.1-3 with the “All Nodes” | Address RAI-TR03-020, Rev. 2, commitment
- model. for Technical Report Revision.
Figure 4.2.2-1 Added missing arrows to figure Editorial
Table 4.2.4-1 8" row in table — Replaced SASSI program | Addresses NRC  confirmatory  action
- with ANSYS. associated with RAI-TR03-034.
th . 3 ”
6 | Table4.2.4-1 L o, I table — Changes TANYSYS' 10 | g itoria)

4412 AP1000 site ; . Made consistent with the generic site
7| Studivs and selection of soil | REVised the last paragraph and bullet list to | - =k, “ORSE B0 IR S, SORE S8
include the 5 soil cases and the hard rock site. :

cases shown in RAI-TR03-010.
Changes made under heading “DCD
5.0 Site requirements for Subsection 2.5.2 Vibratory Ground Motion” | Changes made as given in RAI-TR03-010
8 A.P1000 and “DCD Subsection 2.5.2.1 Combined | under DCD changes to reflect APP-GW-
License Seismic and Tectonic Characteristics | GLR-134 up to Rev. 4.
Information,”
5.0 Site requirements for Remove_d lines  in _Table_ under ‘fDCD o
9 AP1000 Subsection 2.5.2.3 Sites with Geoscience | Editorial
Parameters Qutside the Certified Design
Change of plots in figure was made. The
acceleration plots that had been given were
10 Figure 6.2-1 Replaced figure based on relative displacement and
therefore, reflected relative acceleration.
The revised plots give absolute acceleration.
11 6D._3 Maximum Seismic Section revised Revisions made consistent with RAI-TR03-
isplacement 022, Rev 2
_ Editorial change made to define H2
12 7.2 Soil Sites 1% paragraph, 2" sentence changed to “The | component using the same terminology as
) H2 (East-West eempenents direction) ..." given in the Westinghouse response for RAI-
TR03-028.
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Item Rev. 1 Section Number Change in Rev. 2 Reason for Change
. 2" paragraph, 1% line, changed Table number .
13 7.2 Soll sites 7110 7.2-1. Editorial
Changes made per RAI-TR03-026. Also
14 7.2 Soll sites Changes made to 3 paragraph editorial change made in this paragraph for
Table 7.1 as defined in item 13.
15 Table 7.2-1 Changed Table number from “7-2-1" to “7.2-1" | Editorial — See also item 13.
16 8.0 References Added Reference 15 See item 2
Appendix C — Comparison | « o e "
17 |of NMO and Ni20 | > Paragraph changed "Sassi” to "SASSI"and | o
ni10” to “NI10
Responses
18 stzas?gr:xm IZE)ECD; ezzis; Modified section to show only the changes to | Make consistent with future DCD revisions
3G PP future revision to TR 134. either via TR 134 or DCD Rev. 17.
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ROAD MAP OF CHANGES FROM REV. 2 TO REV. 3 FOR TR03 (APP-GW-S2R-010)

Rev. 2 Section,
Item Table or Figure Change in Rev. 3 Reason for Change
Number
1 101 . Added to introduction what each section of the | Added per NRC request in May 19 to 23 technical
.0 Introduction R -
addresses review.
-Replaced safe shutdown earthquake with -Change made per NRC request in May 19 to 23
2 2.0 Seismic Input Certified Seismic Design earthquake technical review.
-change time history duration -
Table of summarizing Models and analysis Revisions made to reflect current analysis methods.
3 Table 4.2.4-1 ; and to address NRC requests made in the May 19 to
methods revised ; .
23 technical review.
4 Figure 4.3-6 Added note numbers to figure Editorial change to make note numbers visible.
4.4.1.2 AP1000 site Inserted two sentences to the end of first
5 studies and selection | paragraph regarding the 2D seismic analyses | Added for clarification.
of soil cases associated with the enhanced shield building.
Revision made to address RAI-SRP 2.5-RGS1-05. The
change made to reflect the strain compatible soil
5 Table 4.4.1-3 Strain Compatible soil properties revised properties used in the SSI analyses, and to be
: consistent with the Figure 4.4.1-1 Strain-lterated Shear
Wave Velocity Profiles
Removed green step curve from the initial
6 Figure 4.4.1-1 properties shear wave velocity figure, and Change made per NRC request in May 19 to 23
o added plot of strain iterated shear wave technical review.
velocity profile
-7 4A:a|2y§.2 SASSI Inserted “ and ACS SASSI” Editorial change made to reflect all programs used.
8 ggqilitr(;ments for Removed DCD Chapter 2 information and Change made to address commitment to NRC during
ASP1000 placed reference to DCD Chapter 2. the May 19 to 23 technical review.
6.3 Seismic
9 Displacement Inserted “baseline corrected”. Editorial Change
Calculation
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Rev. 2 Section,
Item Table or Figure Change inRev. 3 Reason for Change
Number

Removed discussion of Nuclear Island Lift .

10 7:0 Nuclear Island Analyses and directed reader to TR-85 where Change mad_e per NRC requestin May 19 to 23

Liftoff Analyses . S technical review.

this information is transferred.

11 Aopendix C Noted in text that NI20 is more conservative in | Change made per NRC requestin May 19 to 23

PP the higher frequency range technical reviews to avoid any conflict with TR-115.
12 Appendix E Added Appendix E g?/?sv(\j/ per NRC request in May 19 to 23 technical
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ROAD MAP OF CHANGES FROM REV. 3 TO REV. 4 FOR TR03 (APP-GW-S2R-010)

Rev. 3 Section,
Item Table or Figure Change in Rev. 4 Reason for Change
Number
1 1.0 Introduction Added RC and SC acronyms. Acronyms added for clarification.
3.0 Nuclear Island Added Section 3.1 General Description and
2 B.uil ding Design Section 3.2 Redesigned Features. Updated Sections added for clarification. Revisions made to
9 9 information on the Shield Building design. reflect current Shield Building design.
Description
Added Section 4.2.3 Corrections to the N120
SASSI Model and Section 4.2.5 NI05 Model.
Added language on flexible regions and added | Revisions made to reflect current models reflecting the
Table 4.2.4-8 through 4.2.4-10. Updated new shield building design, and the corrections to the
3 4.0 Dvnamic Models Table 4.2.6-1. Added a seventh case for the SASSI model. Tables and figures replaced and
s deep soil site and Table 4.4.1-3 (Sheet 6 of 6). | updated to reflect current models, seventh case for
Replaced Figures 4.2.1-1, 4.2.1-4 through deep soil site, and RAI responses (RAI-TR85-SEB1-04,
4.2.1-6, 4.3-2 through 4.3-4, 4.4.2-1, 4.4.2-3, R2, RAI-TR03-032, R4, RAI-SRP3.7.1-SEB1-11, R3).
and 4.4.2-4.
N Replaced Figures 6.2.1 through 6.2.4 .
4 6.0 Selsmlc Accelerations Plots. Replaced Figure 6.4.1. Figures updated 'to reﬂect cur'rent model and seventh
Accelerations i case for deep soil site and seismic analyses.
Updated Table C-1. Replaced Figures C-1
Appendix C through C-6 FRS Comparisons. . -
5 Comparison of NI10 Z;]gatirzz supdated to reflect current model and seismic
and NI20 Responses yses.
Updated Section 3G.1. Added seventh case
for deep soil site to Section 3G.3 and Section
3G.4.3.4 Bearing Pressure Demand. Updated | Revisions made to reflect Post Revision 17, RAI
6 Appendix E DCD Table 3G.1-1 and added Table 3G.4-2. responses (RAI-TR85-SEB1-04, R2, RAI-TR03-032,
Appendix 3G Replaced Figures 3G.2-6, 3G.2-9 through R4, RAI-SRP3.7.1-SEB1-11, R3), and changes due to
3G.2-12 and 3G.4-3 through Figures 3G.4- APP-GW-S2R-010 Revision 4.
10Z.
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ROAD MAP OF CHANGES FROM REV. 4 TO REV. 5 FOR TR03 (APP-GW-S2R-010)
Rev. 4 Section,
Item Table or Figure Change in Rev. 5 Reason for Change
Number
1 Section 4.0, Tables Added text describing Tables 4.0-1 and 4.0-2. | Incorporates comments from RAI-TR03-001 R2, NRC
4.0-1 and 4.0-2 Added Tables 4.0-1 and 4.0-2. TRO03 action item 3
2 Zlgu:f; 42.3-3and Revised figure titles. Incorporates comments from RAI-TR03-037 R3
. . . Incorporates comments from RAI-TR03-032 R5, NRC
3 424 Text update, editorial clarifications added. TRO3 action items 1, 7, and 9.
Tables 4.2.4-8 Incorporated comments from RAI-TR03-032 R5, NRC
4 | through 4.2.4-10 Tables deleted. Replaced by Table 4.2.6-1. | 1243 3ction items 1. 7, and 9.
5 425 Text updated Incorporates comments from RAI-TR03-022 R5
6 426 Added section for flexible floors Incorporates comments from RAI-TR03-032 R5; NRC
- TRO3 action item 9
7 Table 4.2 6-1 Table created to summarize all flexible floor Incorporates comments from RAI-TR03-032 R5; NRC
- nodes. TRO3 action item 9
8 427 Added section; Description of quadrant model | Incorporates NRC comments provided by
- of shield building roof. Figure 4.2.7-1 added. teleconference on 2/24/2011.
Added section; Content from previous section
| 9 4.2.8 (old section 4.2 .6 has been inserted; Table 4.2.6-1 became | Incorporates comments from RAI-TR03-037 R3; NRC
4.2.6) 4.2 8-1 and was modified per NRC action item | TR03 action item 2
5 A
- - Incorporates comments from RAI-TR03-022 R5 and
| 10 4412 Deleted text for deep soil site condition. RAI-TR03-037 R3
l 11 Table 4.4.1-3 Removed Sheet 6 of 6, deep soil site Incorporates comments from RAI-TR03-022 R5 and
o condition. RAI-TR03-037 R3, NRC TRO03 action item'4
| 12 Figure 4.4.1-1 E(;%Lg;;;?dated; removed deep soil site Incorporates comments from RAI-TR03-15 R4
| 13 4.4.9 Text updated; removed deep soil site Incorporates comments from RAI-TR03-022 R5 and
o condition. RAI-TR03-037 R3
Edited Table 4.4.3-1; editorial change to
| 14 443 referenced figure numbers in Appendix E in Incorporates comments from RAI-TR03-032 R5
Section 4.4.3.
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Rev. 4 Section,
Item Table or Figure Change in Rev. 5 Reason for Change
Number
15 6.2 Ig:;;:i‘;iated; removed deep soil site Incorporates comments from RAI-TR03-037 R3
16 Figures 6.2-1 Flgur'e_s replaced; removed deep soil site Incorporates comments from RAI-TR03-022 R5
through 6.2-4 condition.
) Incorporates comments from RAI-TR03-022 R5 and
17|63 Text updated RAI-TR03-037 R3; NRC TRO3 action item 5
Incorporates comments from RAI-TR03-022 R5 and
18 6.4 Text updated RAI-TR03-037 R3
19 7.0 Text updated. NRC TRO03 action item 6.
20 8 5:;?[;2?083 updated to reflect latest revision Incorporates comments from RAI-TR03-022 R5
21 Appendix B E;Iited; information contained in Section NRC TRO3 action item 7 and 9.
22 Table C-1 Table updated, editorial. Incorporates comments from RAI-TR03-032 R5
. . Incorporates comments from RAI-TR03-022 R5 and
23 Figure D-1 Figure note removed RAI-TR03-037 R3
. . . Incorporates comments from RAI-TR03-37 R3, NRC
Appendix E Figures updated, titles changed. TRO3 action item 8

' INRC TRO3 action items are documented in letter WEC_WEC_000067.
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1.0 Introduction

This report describes the seismic analyses that have been performed to extend applicability of the
AP1000 to soil sites. The AP1000 and the AP600 have the same footprint, but the profile of AP1000
is taller than the AP600. The increased height of the AP1000 changes its seismic response and its
interaction with the soil and also increases the soil bearing demand.

This report describes the seismic methodology, criteria, modeling and analysis for the Nuclear Island

Category | Building Structures. These building structures are the auxiliary building, shield building,
containment building, and foundation with basemat. Described in this seismic summary report are

the following:

Seismic Analysis methodology

Description of the Category | Nuclear Island building structures
Nuclear Island Building Dynamic Models

Requirements for Site Seismic Characteristics

Seismic Response

Response spectrum analysis for Building Design

Effect of Basemat Lift Off

Provided in the different sections of the report are the following:

e Section 2.0 provides a discussion of the Certified Desigh Response Spectra that is used

for the seismic analyses. .

e Section 3.0 provides a description of the Nuclear Island design.

e Section 4.0 describes the dynamic models that are used with a comparison of response.
Also, provided in this section is a description of the soil cases analyzed and the SASSI
analyses, along with the analysis methods.
Section 5.0 refers to the site requirement given in DCD Section 2.5.
Section 6.0 provides the seismic analysis results.
Section 7.0 refers to Nuclear Island liftoff analysis.
Section 8.0 provides the references.
In the appendices are provided Pressurizer Compartment sketches (Appendix A) and
response spectra node grouping (Appendix B). In Appendix C is provided comparisons
between the floor response spectra generated from the coarse (NI120) and fine (NI10)
models. Appendix D provides the response spectra for six AP1000 soil cases. Also
shown in this appendix is a comparison of NI20 ANSYS and NI20 SASSI. Provided in
Appendix E is the post Revision 17 DCD Appendix 3G.

The AP600 Design Certification covers a wide range of soil and rock sites. The current AP1000
Design Certification is limited to hard rock sites. Additional analyses have been performed to permit
application of the AP1000 to the same wide range of soil sites as those certified for the AP600. The
AP1000 seismic analyses for the hard rock Design Certification analyses used two distinct Nuclear
Island hard rock models. A detailed finite element model was used to develop the lumped mass stick
properties of the Nuclear Island stick model. The detailed finite element model was also used to
develop vertical response spectra. The dynamic analyses that are being performed to support the
. licensing activities to extend the AP1000 Design Certification to soil sites as well as the rock sites rely
to a greater extent on shell models and less on stick models. The dynamic modeling that is used is
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discussed in this report. Analyses using these models are also performed for a hard rock site and
results are compared against those using stick models in the current AP1000 Design Certification.

Many of the AP600 parametric soil studies used to determine the critical soil profiles for the AP600
are also applicable to the AP1000. They are used in combination with parametric cases for the
AP1000 to select the generic soil profiles for the AP1000 seismic analyses. Soil structure interaction
analyses are described. These analyses use shell models of the concrete structures.

This document addresses seismic response spectra, soil sites, dynamic models, structural changes
that are significant, seismic results and their impact on seismic design loads for the building
structures. Note that in the modeling X is positive, Y is positive, and Z is positive up.

The site seismic characteristics are discussed in this report, along with interface parameters that the
proposed site should meet to demonstrate acceptability for siting the AP1000. Also presented is a
more extensive set of analyses that the Combined License applicant may perform to show
acceptability if the site geoscience parameters are outside the interface parameters.

A separate report addresses reconciliation of the building and basemat designs for soil sites.
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1.1 Acronyms

ASB = Auxiliary and Shield building

CIS = Containment Internal Structures
CMT = Core Make up Tank

CSDRS= Certified Seismic Design Response Spectra
DCD = Design Control Document '
EL (El.) = Elevation

EQ = Equivalent Static Acceleration Profile
EW = East West

FEM = Finite Element Model

FR = Firm rock

FRS = Floor response spectra (spectrum)
FSER = Final Safety Evaluation report
KSF = Kips per square foot

MAX = Maximum

MDOF = Master Degrees of Freedom

NE = North East

NW = North West

NI = Nuclear Island

NS = North South

PC = Polar Crane

PCS = Passive Containment Cooling System
PSD = Power spectral density

PZR = Pressurizer

RC = Reinforced Concrete

SC = Composite Steel and Concrete

RCL = Reactor Coolant Loop

RG = Regulatory Guide

RLE = Review level earthquake

RPV = reactor pressure vessel

SB = Shield Building
. SE = South East

SG = Steam Generator

SCV = Steel Containment Vessel

SM (SMS) = Soft to medium soil

SS = Soft sail

SSE = Safe shut down earthquake

S8 = Soil structure interaction

SR = Soft rock

SW = South West

UB = Upper bound

UBSM = Upper bound soft to medium soil
US = Upper support

VT = Vertical

ZPA = Zero period acceleration
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2.0 Seismic Input

The peak ground acceleration for the AP1000 certified seismic design response spectra (CSDRS)
earthquake has been established as 0.30g for the AP1000 design. The vertical peak ground
acceleration is conservatively assumed to equal the horizontal value of 0.30g. The AP1000 CSDRS
are specified as shown in DCD Figures 3.7.1-1 and 3.7.1-2 (Reference 1) and reproduced in Figures
2.1-1 and 2.1-2. These response spectra are based on Regulatory Guide (RG) 1.60 (Reference 3)
with an additional control point specified at 25 Hz. The spectral amplitude at 25 Hz is 30 percent
higher than the Regulatory Guide 1.60 spectral amplitude.

A "single" set of three mutually orthogonal, statistically independent, synthetic acceleration time
histories is used as the input in the dynamic analysis of seismic Category | structures. The design
time histories include a total time duration equal to 20.48 seconds and a corresponding stationary
phase, strong motion duration greater than 6 seconds. These time histories envelop the design
response spectra and satisfy power spectral density (PSD) requirements.

This same seismic input is being used for the AP1000 seismic analyses for the different soil sites.
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Horizontal Design Response Spectra
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Figure 2.1-1 — AP1000 Horizontal Design Response Spectra for Safe Shutdown Earthquake
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Figure 2.1-2 — AP1000 Vertical Design Response Spectra Safe Shutdown Earthquake
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3.0 Nuclear Island Building Design Description

3.1 General Description

The AP1000 Nuclear Island (NI) consists of three distinct Seismic Category | structures. The three
building structures that make up the Nuclear Island are the coupled auxiliary and shield building
(ASB), the steel containment vessel (SCV), and the containment internal structures (CIS). Note that
the shield building and the auxiliary building are monolithically constructed and therefore considered
one structure.

The Nuclear Island structures, including the SCV, the CIS, and the ASB are founded on a common
basemat. The Nuclear Island is embedded approximately forty feet with the bottom of basemat at
Elevation 60’-6" and plant grade located at elevation 100°-0".

The steel containment vessel is a freestanding cylindrical steel structure with elliptical upper and
lower heads. It is surrounded by the reinforced concrete and composite steel and concrete shield
building. The inside diameter and height are equal to 130’ and 215’-4”, respectively. The top of
containment is at Elevation 281°-10”. The design pressure of the containment vessel is 59 psig and
the containment cylindrical shell thickness is 1-3/4". The polar crane is supported on the steel
containment vessel with the top of the crane rail at Elevation 226’-6 1/4".

The containment internal structures are designed using reinforced concrete and structural steel. At
the lower elevations conventional concrete and reinforcing steel are used, except that permanent
steel forms are used in some areas in lieu of removable forms based on constructability
considerations. Walls and floors are steel structural modules. These modules are structural
elements built up with welded structural shapes and plates. Concrete is used where required for
shielding, but reinforcing steel in the form of bars is not normally used.

The shield building is a hybrid structure. Both reinforced concrete (RC) structures and composite
steel and concrete (SC) structures are used. A SC structure is a generic term for steel plate
reinforced concrete composite structures in which the surface steel plates act as steel reinforcement
in concrete where the steel plates and concrete are connected by studs attached to the steel plates.
The shield building is a cylindrical structure which includes the open annulus area surrounding the
containment vessel. It has a conical roof structure which supports the containment air cooling diffuser
and the Passive Containment Cooling System (PCS) water storage tank. Its’ outside diameter and
wall thickness is equal to 145 feet and 3 feet, respectively. The shield building is designed to provide
radiation shielding and to protect the containment vessel and reactor coolant system from effects of
tornadoes and tornado generated missiles.

The auxiliary building is a reinforced concrete structure. Structural modules, similar to those used in
the containment internal structures, are used in the southern portion of the auxiliary building. It
essentially wraps approximately 50 percent of the circumference of the shield building. The floor
slabs and the structural walls of the auxiliary building are structurally connected to the cylindrical
section of the shield building. The auxiliary building includes the fuel handling area located south of
the shield building. A 150 ton bridge crane is provided in the fuel handling area for spent fuel cask
handling.

Key dimensions, such as the foundation size and thickness of the basemat, floor slabs, roofs and
walls, of the seismic Category | building structures are shown in DCD Figures 3.7.1-14 and 3.7.2-12.
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3.2 Redesigned Features

-Design changes have been incorporated partly to reduce regions of high seismic response as
described in the pressurizer change technical report (Reference 5). The significant changes are to the
pressurizer compartment and shield slab bracing. A new 2100 ft* pressurizer is used. It has a
smaller length from outside surface of lower head to outside surface of upper head. The change in
length is from 607.11" to 502.88". This change was made to reduce the seismic response of the
pressurizer compartment. The elevation at the top of the pressurizer compartment wall changes from
El. 169-0" to El. 160’-0". Appendix A provides drawings showing the changes to the pressurizer
compartment and the piping elements attached to the top of the pressurizer.

Additional structural changes are reflected in the models used for the soil and hard rock cases along
with modeling improvements. These are summarized below:

+ A design change was made in the spent fuel pool area to permit heavier fuel racks. Masses
reflecting the racks and spent fuel were updated. In addition, the water in the fuel pits was
modeled as lumped masses instead of solid elements.

¢ The dish model was modified to incorporate changes in the annulus configuration included in
existing DCD figures. The annulus tunnel on the west side was deleted and replaced by concrete.
In addition nodes and elements were modified in the lower shield building and upper CIS basemat
to be compatible with the revised Dish model.

¢ The core makeup tanks were added as stick models.

¢ Floors in the CIS model were refined to provide better member force resuits for use in design.

¢ Polar Crane Model — Changes made to the model weight (3% reduction), updated SCV local

' stiffness, and inclusion of polar crane truck stiffness.
¢ The shield building roof was lowered 5'.
¢ The shield building was redesigned to improve its strength and ductility.

The shield building cylindrical wall and roof design is made more robust. Modifications are made to
strengthen the shield building cylindrical wall. The cylindrical wall section that is below the auxiliary
building roof line is a reinforced concrete structure. The section that is not protected by the auxiliary
building is a composite steel and concrete structure (SC), where two 0.75 inch plates act compositely
with 34.5 inches of concrete including shear reinforcement. The overall thickness of the Shield
Building SC wall is 36 inches, which is the same as the reinforced concrete wall below. The concrete
for the SC portion is standard concrete with compressive strength, f, = 6000 psi. The SC plate
material was changed to improve its strength, ductility and resistance to buckling. The SC portion is
constructed with ASTM A572 Grade 50 steel surface plates which act as concrete reinforcement.
The design includes shear reinforcing tie bars every 6 inches at the SC to RC interface. Three-quarter
inch diameter deformed wire (D2L) rebars that tie the two together and are welded to the outside
faces of the steel faceplates to develop composite behavior of the steel faceplates and concrete.

The Passive Cooling System Air Inlet is also designed as CA module-type walls. Two one-inch steel
plates enclose 4.5 feet of concrete. The design was simplified to increase its structural integrity and
to improve the SC to RC connection to the RC roof design. Modifications to improve constructability
and create a more robust design included the removal of stiffening angles where concrete placement
was difficult, increasing steel liner and inlet thickness and a change in the shape of the openings.
“The air inlets also provide a structural function and help tie the steel plates together. The changes
are:
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e The steel liners in the air inlet region have been increased to one inch and extend to the shield
~ building roof connection.

¢ The shape of the inlets has been changed from rectangular to circular, 18 inches in diameter.
s Airinlet steel thickness has increased to 0.5 inches.

The shield building roof is modified to use 32 W36x393 steel beams in place of previous 4’ x 1’ pre-
cast concrete beams. The shield building roof thickness changed from 2 feet to 3 feet at the exposed
locations, remaining 2 feet thick below the PCS tank. A 0.5” steel plate is included on the inside face
of the concrete (between concrete and steel beams) to further strengthen the roof. The overall height
of the shield building and roof is lowered 5 (top of shield building is at 329’). The concrete
compressive strength for the exposed shield building and the shield building roof is increased from
4000 psi to 6000 psi. ~
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4.0 Dynamic Models

Seismic systems are defined, according to SRP 3.7.2 (Reference 6), Section 11.3.a, as the Seismic
Category | structures that are considered in conjunction with their foundation and supporting media to

“form a soil-structure interaction model. Fixed base seismic analyses are performed for the Nuclear
Island at a rock site. The analyses generate a set of in-structure responses (design member forces,
nodal accelerations, nodal displacements, and floor response spectra), which are used in the design
and analysis of Seismic Category | structures, components, and seismic subsystems.

It is noted that Concrete structures are modeled with linear elastic uncracked properties. However,
the modulus of elasticity is reduced to 80% of its value to reduce stiffness to reflect the observed
behavior of concrete when stresses do not result in significant cracking as recommended in Table 6.5
of FEMA 356 (Reference 15). As an example, the representation of the composite behavior of the
steel and concrete shield building wall equivalent stiffness is defined using the 80% reduction value.
The equivalent stiffness in terms of thickness and modulus of elasticity is defined using the formulas
given in Table 4.0-1. The equivalent stiffness calculation is given in Table 4.0-2.

"The lumped mass stick model of the Nuclear Island was used in the analyses on hard rock described
in the DCD. This provided good representation of the important modes of the structure and seismic
interaction between the Nuclear Island structures. The stick models were carefully prepared so that
the responses at lumped mass nodes simulated the structural response as well as possible. The
development of stick model properties was aided by the use of shell and/or solid models. It is now
possible to develop acceleration response spectra for complex structures, such as the AP1000
Nuclear Island, directly from large solid-shell models. Therefore, the AP1000 design analyses are
now using the shell models. This change in modeling methodology does not change the conclusions
“of adequacy on the hard rock site based on review of the analyses and design using stick models.
The comparisons of the stick model against the shell models with two levels of refinement show that
all three models give similar results. Hence, stick and shell models provide results that are
‘comparable and adequate for design. The decision to move away from the use of the combined stick
model is predicated on the use of the shell model for soil-structure-interaction analyses, and to reflect
the improvement in technology where the use of the shell models are reflective of the state of the art.
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Table 4.0-1 — Equivalent Thickness and Modulus of Elasticity of Plate Elements

_[1+30@-1) ”2t
" 1+a(n-1)

-1/2
En =[1+a<n-1>]{lif’—“—(“’—”} c

1+a(n-1)
where:
E. = concrete modulus of elasticity
n = modular ratio of steel to concrete
t = thickness of wall module
ty = thickness of plate on each face of wall module
o = 2t/t
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Table 4.0-2 — Shield Building Wall Equivalent Stiffness Calculation
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80% = 5.341x 10°-ksf
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e L e =350
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4.1 Overview of Models

Two finite element shell models (3D of the entire Nuclear Island concrete structures) are used. The
NI10 model is a fine model and the NI20 model is a coarse model used for soil structure interaction.
Sections 4.2, 4.2.1, and 4.2.2 describe these models.
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4.2 Nuclear Island Shell Models Descriptions and Comparison Response

- Finite element shell models (3-D) of the Nuclear Island concrete structures are used for the time
history seismic analyses. Stick models are coupled to the shell models of the concrete structures for
the containment vessel and the reactor coolant loop. Two models are used. The fine (NI10) model is
used to define the seismic response for the hard rock site. This NI10 and NI20 models are updated
to reflect the robust shield building design as described in Section 3.0. The coarse (NI20) model is
used for the soil structure interaction (SSI) analyses and is set up in both ANSYS and SASSI.

Soil structure interaction analyses use the NI20 coarse finite element model of the Nuclear Island.
This model is similar to the NI10 model with the exception that the mesh size for the ASB and CIS is
approximately 20 feet instead of 10 feet. The NI10 and NI20 models are described in Sections 4.2.1
and 4.2.2. The nodes associated with each model are shown in the figures in Section 4.2.3; node
numbers are the same in both the ANSYS and SASSI NI20 models. Appendix C provides
comparisons between the floor response spectra generated from the coarse (NI20) and fine (NI10)
models. Also shown in this appendix is a comparison of NI20 ANSYS and NI20 SASSI.

4.21 NI10 Model Description

The large solid-shell finite element model of the AP1000 Nuclear Island shown in Figure 4.2.1-1
combines the auxiliary and shield building (ASB) solid-shell model, and the containment internal
structure (CIS) solid-shell model together with the containment vessel and major equipment (Figure
4.2.1-4). The containment vessel and major equipment that are supported by the CIS are represented
by stick models and are connected to the CIS. These stick models are the Steel Containment Vessel
(SCV) and the polar crane models, the reactor coolant loop (RCL) model, core make-up tank (CMT)
models, and the pressurizer (PZR) model. The stick models are described in Section 4.3. This
AP1000 Nuclear Island model is referred to as the NI10 or fine model. The ASB portion of this model
has a mesh size of approximately 10 feet.

The finite element model database is an ANSYS solid model of the ASB below the auxiliary building
roof. It creates a finite element mesh by setting one element for each area of the solid model. A finite
element model of the shield building above the auxiliary building roof is then added. Since the water
in the PCS tank responds at a very low frequency (sloshing) and does not affect building response,
the PCS tank water mass is reduced to exclude the low frequency water sloshing mass. Local
portions of the ASB floors are re-meshed to obtain more precise dynamic analysis results for flexible
areas.

To perform the time history analysis of this large model, the ANSYS superelement (substructuring)
techniques were applied. Substructuring is a procedure that condenses a group of finite elements into
one element represented as a matrix. The reasons for substructuring are to reduce computer time of
subsequent evaluations. Two superelements (ASB & CIS) have been prepared. The superelement
finite models that have been developed as part of the dynamic analysis of the Nuclear Island
structures are shown in Figure 4.2.1-5 and 4.2.1-6.

To obtain the time history response of the ASB, the ASB finite element model is merged with the
superelement of the CIS and its major components. The CIS has superelement 1200 Master
Degrees Of Freedom (MDOF). Figure 4.2.1-5 shows the ASB in conjunction with the CIS
superelement model.
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To obtain the time history response of the CIS, the CIS finite element model is merged with a
superelement of the ASB. The ASB superelement has 1200 MDOFs. Figure 4.2.1-6 shows the CIS
in conjunction with the ASB superelement model.

The SCV was connected to the CIS model using constraint equations. The SCV node 130401 at
elevation 100" was connected to CIS nodes at the same elevation. Figure 4.2.1-2 shows the nodes
where constraint equations are applied and Figure 4.2.1-3 shows the SCV stick model with the
constraint equation nodes. The nodes are defined using a cylindrical coordinate system whose origin
coincides with the location of node 130401. The CIS vertical displacement is tied rigidly (constrained)
to the vertical displacement and RX and RY rotations of node 130401. The CIS tangential
displacement is tied rigidly (constrained) to the horizontal displacement and RZ rotation of node
130401.

AN

APP 30 2007
17:03:24

ELEMENTS
REAL NUM

Nuclear Island (NI10) Model, May,

Figure 4.2.1-1 - AP1000 Nuclear Island Solid-Shell Model
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NODES
MAST

CIS Nodes at
Elevation 100

AN

SEP 25 2003
14:21:42

Figure 4.2.1-2 - SCV Connections to CIS
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CE JAN 7 2008
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Figure 4.2.1-3 - Polar Crane and Steel Containment Vessel Nodes
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ELEMENTS AN

TYPE NUM bi DEC 1 2005
16:45:39

CIS and major equipments

Figure 4.2.1-4 - CIS with the SCV, PC, RCL and PZR
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Nuclear Island (NI10) Model

Figure 4.2.1-5 - NI10-ASB model, ASB FEM with CIS and major equipment as Super-element
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Nuclear Island (NI10) Model

Page 40 of 170

Figure 4.2.1-6 - NI10-CIS model, CIS and major equipment FEM with ASB as Super-element
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4.2.2 NI20 Model Description

The NI20 coarse model has fewer nodes and elements than the NI10 model. It captures the essential
features of the Nuclear Island configuration. The nominal shell and solid element dimension is about
20 feet. It is used in the soil-structure interaction analyses of the Nuclear Island and is performed
using the program SASSI. The stick models are the same as used for the NI10 model except that the
CMT is not included. This model is shown in Figure 4.2.2-1.
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Note:  The adjacent soil elements are part of the structural portion of SASSI and have the same material properties as
the soil. These elements are used to obtain soil lateral and bearing soil pressures.

Figure 4.2.2-1 - Soil Structure Interaction Model — NI20 Looking East
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4.2.3 Corrections to NI20 SASSI Model

Corrections to the NI20 model were made to address a modeling concern with the beam to solid
element connections and to improve the stress distribution in the basemat.

Beam Element Interactions

The NI20 SASSI model uses beam elements attached to solid elements to transfer forces from the
steel containment vessel to the rest of the Nuclear Island. Due to a modeling limitation in the SASSI
software, the 3 degrees of freedom (DOF) to 6 DOF connections were unable to transfer rotational
moments between elements. The beams to solid element interactions require either a fixed
connection or a shell element in order to transfer forces properly between the elements. Fixing
these connections result in a change to the seismic response spectra, and introduce a rocking
motion in the Nuclear Island at lower frequencies.

In order to address this problem, all of the solid elements connected to beam elements were
identified in the ANSYS model, and are shown in Figure 4.2.3-1. Figure 4.2.3-2 shows all solid
elements attached to beam elements.

Two modeling changes were made to fix this element interaction error. The first was to add
massless elements at the top of the solid elements at elevations 100" and 82.5', shown in Figures
4.2.3-3 through 4.2.3-5.

These shell elements will transfer the 6 DOF of the beam elements to the 3 DOF of the solid
elements. The shell elements transfer moments through the beam elements as well as ensure
stresses are passed through the solid elements uniformly. In addition to these elements, all beam
elements that are connected only to solid elements have been changed to fixed connections in the
Ni20 model.

The most significant area of concern with this issue was the connection between the steel
containment vessel (SCV) stick model and the rest of the Nuclear Island. The connection consists
of a series of beam elements in the form of a spoke, with the center piece attached to the SCV stick
model. The other ends of the beam elements are attached to the solid elements in the NI20, and
now attached to both the solid and shell elements. Figure 4.2.3-6 shows the new connection
between the SCV stick model and the shell elements added to the NI20.
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REAL NUM “wt/“‘j:”f ; f"%—-i:“w‘:’ )E‘lz{:}lf)?g?
(w-‘“ """'M‘w‘.:)
R R a

node 0, ns,ew,vert dir(zqg), frs (h=0)

Figure 4.2.3-1 — Solid Elements Connected to Beam Elements

AN

DEC 29 2009
17:19:36

ELEMENTS

REAL NUM

node 0, ns,ew,vert dir(zg), frs (h=0)

Figure 4.2.3-2 — Solid Elements Attached to Beam Elements
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ELEMENTS AN

node 0, ns,ew,vert dir(zg), frs (h=0)

Figure 4.2.3-3 — Massless Shell Elements at or Below Elevation 100’

ELEMENTS
DEC 29 2009
REAL NUM 17:08:34

node 0, ns,ew,vert dir(zg), frs (h=0)

Figure 4.2.3-4 — Massless Shell Elements at Elevation 100’

Revision 5 Page 45 of 170



AP1000 Standard
COLA Technical Report

APP-GW-S2R-010
AN
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DEC 29 2009
REAL NUM 17:09:29
node 0, ns,ew,vert dir(zq), frs (h=0)

Figure 4.2.3-5 — Massless Elements at Elevation 82.5

AN

ELEMENTS
DEC 292009
17:15:29

REAL NUM

(h=0)

node 0, ns,ew,vert dir(zg), frs

Figure 4.2.3-6 — SCV Stick Model Shell Element Connections
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Improved Stresses in Basemat

One of the changes made to the NI20 model was the addition of massless shell elements at the
basemat elevation under the containment internal structures (CIS) portion of the model. These
elements will distribute the stresses between the auxiliary (AUX) building and the CIS connections.
The previous NI20 model used a solid to shell element interaction at the base of the CIS which
caused a maximum stress one element away from the connection, rather than at the connection
elements themselves. This suggested that the way the connection was being modeled was not
transferring the forces properly between elements. Figure 4.2.3-7 shows the new shell elements
located at the basemat elevation of 60.5'.

These additional massless elements added to the base of the CIS model are attached to the
basemat shell elements under the Auxiliary Building as shown in Figure 4.2.3-8. They create a shell
to shell connection spanning the solid elements progressing vertically in elevation up the CIS as
shown in Figures 4.2.3-9 and 4.2.3-10.

ELEMENTS
DEC 29 2009
REAL NUM 17:10:26

node 0, ns,ew,vert dir(zg), frs (h=0)

Figure 4.2.3-7 — Basemat Shell Elements at Elevation 60.5’
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ELEMENTS
REAL NUM

node 0, ns,ew,vert dir(zg), frs

(h=0)

AN

DEC 29 2009
17:13:24

Figure 4.2.3-8 — Massless Elements at Base of CIS Attached to Basemat

ELEMENTS
REAL NUM

node 0, ns,ew,vert dir(zg),

frs

(h=0)

AN

JAN -4 2010
10:31:38

Figure 4.2.3-9 - Shell To Shell Connection Progressing Vertically at Basemat
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Figure 4.2.3-10 - Shell To Solid Connection Progressing Vertically Above Basemat
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4.2.4 NI10 and NI20 Model Nodes

Figures 4.2.4-1 to 4.2.4-12 show the NI20 model of the ASB. Locations and numbers of nodes are
identified on these figures where floor response spectra are calculated. Corresponding node
numbers on the NI10 model are shown in red and those on the NI120 model are shown in black.

Figures 4.2.4-13 to 4.2.4-16 show the nodes associated with the Containment Internal Structures.
Both nodes for the NI10 (shown in red) and NI20 are shown.

Node numbers on the containment vessel and major equipment are discussed in Section 4.3.

Seismic response spectra are developed at the locations of the nodes. These response spectra are
grouped and enveloped to define the seismic design response spectra. The nodes associated with
a specific elevation and building structure (i.e., ASB and CIS) are grouped. For the ASB where the
floor at the elevation of interest is rigid (i.e. frequency > 33 hertz), it is only necessary to envelop the
response spectra at edge points and interior nodes at the shield wall to obtain the largest seismic
response spectra because of rigid motion. The edge nodes reflect the largest rocking and
translational response of the auxiliary building, and the response spectra associated with the nodes
on the shield wall will reflect the shield wall dynamic response. It is not necessary to include any
nodes between the shield wall and auxiliary building edge since the floor is rigid, and the response
cannot be worse than those enveloped. For example, the edge nodes chosen for a particular group
(ASB 99) are shown in Figure 4.2.4-1 where the response spectra at the edges and corners of the
auxiliary building and shield wall nodes are enveloped.

Tables 4.2.4-1 through 4.2.4-7 (excluding flexible nodes — see Section 4.2.6 for a discussion of
flexible nodes) list the individual nodes used to develop the seismic design response spectra for the
auxiliary and shield building (ASB) and the containment internal structure (CIS). The node plant
coordinates are given where X is north, Y is west, and Z is vertical. in each table, the nodes are
separated into sections. For each section of the tables, a “group” is identified and listed in the
column on the left. The “groups” are created such that each node in the group is at the same
elevation and location within the Nuclear Island. The resulting “groups” are then used to provide the
envelope of the in-structure amplified response for a particular area of the Nuclear Island at a
particular elevation. Grouping was made for the ASB and CIS that included the steam generator
(SG) and pressurizer compartments. Each of Figures 4.2.4-1 through 4.2.4-12 show the set of
nodes for each individual group listed in Tables 4.2.4-1 through 4.2.4-2 (ASB groups). Each of
Figures 4.2.4-13 through 4.2.4-16 show the set of nodes for each individual group listed in Tables
4.2.4-3 (CIS groups). Stick models representing the SCV and major equipment inside containment
are shown in Figures 4.3-1 through 4.3-6 and are listed as individual nodes in Tables 4.2.4-4
through 4.2.4-7. The group “CIS99” includes a single node at the base of the steel containment
vessel at elevation 100’ (shown in Figure 4.3-1) as well as 4 nodes at the shield building interface to
CIS at elevation 100’ shown in Figure 4.2.4-1.

Response Spectra groups listed below are intended for the design of equipment and piping systems
whose supports extend over large areas. Smaller groups of spectra can be used for equipment or
piping that is supported in a limited area.

The equivalent static accelerations associated with the nodes that are used in the building design
are discussed in subsection 6.5.
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| Comparison of the NI10 and NI20 response spectra are given in Appendix C.

Table 4.2.4-1 — ASB Nodes (EL. 99’ to 163°)

Hard
Soil Rock
Site Site
FRS name Node Node X Y Z Location
Auxiliary and Shield Building
ASB99 1676 2391 1070.5 992 100 SBC north
1585 2376 1005.2 929.2 100 SBC east
1688 2406 929 1000 100 SBC south
1750 2595 1005.4 1070.8 100 SBC west
1564 4084 862.5 913 100 ASB SE 11
1685 4115 862.5 1000 100 ASB SW IN
1574 4233 1045.8 913 100 ASB 7.31
1579 4380 1116.5 913 100  ASBNE 111
1719 4399 1116.5 1027.5 100  ASBNW 11Q
1567 6614 929 913 100 ASB4I
ASB 116.5 C. ROOM | 2063 4681 1093 930.5 116.5
2055 4632 1072.6 913 116.5
2076 4718 1116.5 913 116.5

2057 4623 1072.6 948.5 116.5
2078 4724 1116.5 948.5 116.5

ASB 34-116 2030 4548 1005.2 9223 116.5 ASB 7I (flexible node)
2034 4556 1018.2 923 116.5 ASB 7I (flexible node)
2038 4570 1034.2 924.5 116.5 ASB 7I (flexible node)

ASB135 2319 5054 1070.5 992 1349 SBC north
2296 4961 1005.2 929.2 1349 SBC east
2274 5744 929 1000 134.9 SBC south

2297 7648 1005.4 1070.9 1349 SBC west
2347 6821 1116.5 1027.5 1349 ASBNW

2247 4764 862.5 913 1349 ASB SE
2253 4795 862.5 1000 1349 ASBSW
2268 4886 929 913 1349 ASB41
2306 4984 1045.8 913 1349 ASB7.31
2341 5109 1116.5 913 1349 ASBNE
ASB34-135 2295 4959 1005.2 922.3 134.9 ASB 7I (flexible node)
2299 4967 1018.2 923 1349 ASB 71 (flexible node)

2303 4981 1034.2 924.5 1349 ASB 7I (flexible node)

ASB4-135 2281 4925 950 931 134.9 ASB 4I (flexible node}
2287 4939 970.4 931 134.9 ASB 41 (flexible node)

Revision 5 Page 51 of 170



: AP1000 Standard
APP-GW-S2R-010 COLA Technical Report

Table 4.2.4-2 — ASB Nodes (EL. 163’ to 333°)

Hard
Soil Rock
Site  Site
FRS Name Node Node X Y Z Location
Aucxiliary and Shield Building
ASB160 2505 5538 1070.5 992 152.6 SBC north
2627 5487 1005.2 929.19 159.9 SBC east
2637 5510 1045.8 913 159.9 ASB 7.31
2640 5515 1045.8 945.71 1599 SBC17.3
2528 5351 1116.5 913 152.6 ASBNE
2534 5370 1116.5 1027.5 152.6 ASBNW
2600 6955 929 913 1599 ASB4I

ASB34-160 2626 5485 1005.2 9223 159.9 ASB 7-7.21 (flexible node)
2630 5494 1018.2 923 159.9 ASB 7-7.21 (flexible node)
2634 5507 1034.2 924.5 159.9 ASB 7-7.21 (flexible node)

ASB180 2722 6153 1070.5 992 180.1 SBC north
2710 6054 1005.2 929.2 180.1 SBC east
2675 5754 929 1000 179.2  SBC south
2711 7719 1005.4 1070.9 180.1 SBC west
2668 5574 862.5 1000 179.2 ASBSW
2662 5543 862.5 913 1792 ASBSE
2669 5703 929 913 179.2 ASB 4l

ASB56-180 2695 5628 895.8 942.8 179.9 ASB 2 (flexible node)
2697 5633 895.8 971.2 179.9 ASB 2 (flexible node)

ASB230 2823 8049 1069.6 986.1 236.3 SBC north
2809 8035 1000 929 236.3 SBC east
2794 8050 929 1000 236.3 SBC south
2810 8066 1000 1071 236.3 SBC west

ASB267 2900 8116 1071 1000 267.8 SBC north
2884 8100 1000 929 267.8 SBC east
2869 8115 929 1000 267.8 SBC south
2885 8131 1000 1071 267.8 SBC west

ASB289 3103 8317 1043.5 1000 289.2 SBR north
3087 8301 1000 956.5 289.2 SBReast
3072 8316 956.5 1000 289.2 SBR south
3088 8332 1000 1043.5 289.2 SBR west
3067 8296 1000 1000 289.1

ASB327 3360 8574 1043.5 1000 327.4 SBR north
3344 8558 1000 956.5 3274 SBR east
3329 8573 956.5 1000 327.4 SBR south
3345 8589 1000 1043.5 327.4 SBR west
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Table 4.2.4-3 — CIS Nodes

Hard
Soil Rock
Site Site
FRS name Node Node X Y Z Location
Containment Internal Structures
CI1S99 1688 2406 929 1000 100 SBC south
1761 130401 1000 1000 100 CV stick
1676 2392 1070.5 992 100 SBC east
1750 2595 1005.4 1070.8 100 SBC west
1585 2376 1005.2 929.2 100 SBC north
CIS134 2217 106962 1022.8 1040.8 134.3 Pressurizer
2216 106958 1022.8 1024.2 134.3  Pressurizer
2184 106805 1002.1 1046.2 1343 SG west
2199 105772 1008 1014 134.3 SG west
2162 105773 978 1014 134.3 SG west
2170 106819 982.9 1046.2 134.3 SG west
2197 105805 1008 - 986 134.3 SG east
2183 107241 1002.1 953.8 134.3 SG east
2169 107252 982.9 953.8 134.3 SG east
2159 105806 978 986 1343 SG east
2244 105852 1057 1024.2 1343 IRWST North
2138 105955 9425 1014 . 1343 RC south
2136 106300 942.5 986 134.3 RC south
2181 111745 994.2 930.1 134.3 East
CIS153 2546 106806 1002.1 1046.2 153  SG west
2552 105868 1007.6 1016.2 153 SG west
2536 105875 978.34 1016.2 153 SG west
2540 106760 982.9 1046.2 153  SG west
2547 106899 1003.1 1040.8 153 PZR
2550 106428 1006 1024.8 153 PZR
2560 106166 1022.8 1024.2 153 PZR
2562 106160 1022.8 1040.8 153 PZR
2551 105975 1007.6 983.8 153  SG east
2545 107235 1002.1 953.8 153  SG east
2539 107256 982.9 953.8 153  SG east
2535 105982 978.3 983.8 153 SG east
CIs160 2646 106216 1003.1 1040.8 160
2652 106163 1022.8 1040.8 160
2650 106174 1022.8 1024.2 160
2647 106204 1006 1024.8 160
IRWST 2154 110671 971.5 1055.8 134.3
2229 110701 1036.7 1050.9 1343
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Hard
Soil Rock
Site Site
FRS name Node Node X Y Z Location
Containment Internal Structures
134cisWEST 2170 106819 982.9 1046.2 134.3 SG west
2184 106805 1002.1 1046.2 1343 SG west
2162 105773 979.3 1014.0 1343 SG west
2199 105772 996.7 1014.0 106.3 SG west
2216 106958 1022.8 1024.2 134.3 Pressurizer
2217 106962 1022.8 1040.8 134.3  Pressurizer
134cisEAST 2169 107252 982.9 953.8 1343 SG east
2159 105806 978 986 1343 SG east
2183 107241 1002.1 953.8 1343 SG east
2197 105805 1008 986 134.3 SG east
153cisWEST 2540 106760 982.9 1046.2 153 SG west
2546 106806 1002.1 1046.2 153 SG west
2536 105875 978.3 1016.2 153 SG west
2552 105868 1007.6 1016.2 153  SG west
2560 106166 1022.8 1024.2 153 PZR
2562 106160 1022.8 1040.8 153 PZR
2547 106899 1003.1 1040.8 153 PZR
2550 106428 1006 1024.8 153 PZR
153cisEAST 2551 105975 1007.6 983.8 153 SG east
2545 107235 1002.1 953.8 153  SG east
2539 107256 982.9 953.8 153 SG east
2535 105982 978.3 983.8 153  SG east
Table 4.2.4-4 — Steel Containment Vessel Nodes
Hard
Rock
FRS Soil Site Site
name Node Node X Y Z Location
Steel Containment Vessel and Polar Crane
SCV132 2134 130406 1000 1000 131.7 Lower stiffener
SCV170 2656 130410 1000 1000 169.93 Mid
SCVv224 2788 130412 1000 1000 224 PC
SCV241 2828 130633 1000 1000 236.5 PC
SCV282 3030 130417 1000 1000 281.9 Top of SCV
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Table 4.2.4-5 — Reactor Coolant Loop FRS Nodes

Hard
Soil Rock
Site Site
FRS name Node Node X Y Z Location
Reactor Coolant Loop
RCL Cold Legs 1774 137047 9823 987.6 102.7
1775 137147 982.3 1012.5 102.7
1809 137036 1002.7 987.6 102.7
1810 137136 1002.7 1012.5 102.7
1805 137038 1000.2 977 102.7
1778 137049 984.8 977 102.7
1806 137138 1000.2 1023 102.7
1779 137149 984.8 1023 102.7
RCL Hot Legs 1772 137187 992.5 1014.9 101.3
1812 137189 992.5 1022.7 103.11
1763 137087 992.5 985.1 101.3
1811 137089 992.5 977.3 103.1
Major Equipment Location
RPV078 1751 137708 992.5 1000 78.3
RPVINTB 1767 137710 992.5 1000 101.3
RPV137 2350 137714 992.5 1000 137.3
RPV 1768 137704 992.5 1000 101.3
1792 137703 992.5 1000 102.7
RCP 1755 137062 988.3 968.1 90.9
RCP 1756 137162 988.3 1031.9 90.9
RCP 1757 137055 996.7 968.1 90.9
RCP 1758 137155 996.7 1031.9 90.9
RCPNOZ 1910 137067 988.3 968.1 106.3
RCPNOZ 1911 137167 988.3 1031.9 106.3
RCPNOZ 1912 137060 996.7 968.1 106.3
RCPNOZ 1913 137160 996.7 1031.9 106.3
SG Bottom 1980 137070 992.5 970 114
SG Bottom 1981 137170 992.5 1030 114
RPV Dome 1982 137701 992.5 1000 1149
SG Feed 2583 137078 992.5 970 156.4
Water 2584 137178 992.5 1030 156.4
SG Main 2657 137079 992.5 970 173.6
Steam 2658 137179 992.5 1030 173.6

Revision 5

Page 55 of 170



APP-GW-S2R-010

AP1000 Standard
COLA Technical Report

Hard
Rock
Soil Site Site
FRS name Node Node X Y Z Location
RCL Support Locations
2568 106767 981.9 1039.5 156.4
SG Top 2573 106901 1003.1 1040.8 156.35
Support 2575 107231 1003.3 960.5 156.35
2566 107338 981.9 960.5 156.35
SG Lower 1933 108940 980.5 970 107.2
Support 1947 109496 1005.1 1030 107.2
SG 2163 109015 979.25 1022.2 134.25
Interm. 2167 109009 981.64 1037.8 134.25
Support 2186 109192 981.64 962.17 134.25
2195 109198 979.25 977.83 134.25
SG
Column 1519 118089 992.5 1030 82.5
1436 118131 992.5 970 825
1559 117529 986 1006.5 100
RPV 1560 117527 999 1006.5 100
Supports 1554 117528 999 993.5 100
1553 117530 986 993.5 100
Table 4.2.4-6 — Pressurizer FRS Nodes
Hard
Rock
FRS Soil Site Site
name Node Node X Y Z Location
Pressurizer
PZR Bot 2085 137201 1014 1032.5 120.5
PZR Top 2556 137207 1014 1032.5 153.0
2653 137210 1014 1032.5 161.9
2655 137220 1014 1032.5 167.3 ADSI123
2659 137230 1014 1032.5 178.0 ADSI123
Table 4.2.4-7 — Core Make-up Tank Nodes
Hard
FRS Soil Site Rock Site
name Node Node X Y Z Location

CMT Not modeled

for

soil

condition.

Core Make-up Tank
147201 954.5 973.17 106.71
147207 954.5 973.17 128.23
147301 1016 968.29 106.71
147307 1016 968.29 128.23
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) ELEMENTS ANSYS

JUN 13 2007
09:57:56

ESYS NUM

1685

1564
4084

Figure 4.2.4-1 — ASB Nodes at or below EIl. 100’
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1
ELEMENT 3

ESYS NUM JUN 12 2007
10:09:07

Control Room Floor
FRS nodes at Elev 116.5' 4724

Figure 4.2.4-2 — ASB Nodes at or below El. 116.5’ Control Room Floor
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Figure 4.2.4-3 - FRS nodes at Elevation 116.5’
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1
ELEMENT 3

E3Y¥3 M JUN 12 2007
10:12: 52

2253

2247
4764
2347
6821

FRS nodes at Elev 135!

Figure 4.2.4-4 - FRS nodes at Elevation 135’
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1
ELEMENT3 AN: ; \ 3 ;

ESY3 WM 2266 JUN 12 2007
7397 10:19:59

"Flexible" nodes at Elev 135'

Figure 4.2.4-5 - “Flexible” nodes at Elevation 135’
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FRS nodes at Elev 160

ANSYS

JUN 12 2007
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Figure 4.2.4-6 - Nodes at Elevation 160’
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1
ELEMENTS

ESYS NUM

2597

"Flexible™ nodes at Elev 160'

ANSYS

JUN 13 Zz007
16:30:51

2515
5314

Figure 4.2.4-7 - “Flexible” nodes at Elevation 160’
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: ELEMENTS 2697 ANSYS

ESYS NUM 5633 JUN 13 2007
2668 (Flexible 14:07:13
2695 3574 v 21711
5628 7719
Flexible
ode)
2662
5543
2722
—

FR3 nodes at Elev 180'

Figure 4.2.4-8 - FRS nodes at Elevation 180’
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| FRS nodes at Elewv 230'

Figure 4.2.4-9 - FRS nodes at Elevation 230’
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1
ELEMENTS
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NI20 Model

ANSYS

JUN 8 2007
2885 13:03:41

FRS Nodes at Elev. 267.8'

Figure 4.2.4-10 - FRS nodes at Elevation 267.8’
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FRS Nodes at Elev. 289.2'
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JUN 8 z007
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Figure 4.2.4-11 - FRS nodes at Elevation 289.2’
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Figure 4.2.4-12 - FRS nodes at Elevation 327.4°
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Critical nodes for elevation 134.25
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Figure 4.2.4-13 — CIS Nodes at Elevation 134.25’
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Figure 4.2.4-14 — CIS Nodes at Elevation 153’
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Figure 4.2.4-15 — CIS Nodes at Elevation 160’
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Critical nodes at isometric view

Figure 4.2.4-16 — CIS Nodes at or near the top of the IRWST Wall
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'4.2.5 NI05 Model

The NIO5 model is a shell mesh refined version of the NI10 model where the auxiliary and shield
building mesh size is reduced from approximately 10 feet by 10 feet tetrahedral mesh to
approximately 5 feet by 5 feet. The model is validated by a comparison of the mass participation by
frequency of the fundamental modes to those of the NI10 model. The NIO5 model is used for the
development of seismic demand loads for the auxiliary building, shield building, and containment
internal structures walls as well as the shield building roof above the air inlets. A response spectrum
analysis is performed using the NIO5 model as described in Section 6.4. For the tension ring, air
inlets, and radial beams of the shield building roof, a supplemental equivalent static analysis is
performed with a qguadrant model of the shield building roof, as described in Section 4.2.7.

The NIO5 model is used for the analysis of the basemat. These analyses are non-linear equivalent
static analyses that consider lift off of the basemat from the soil. The equivalent static loads are
developed from accelerations given by time history analyses of the Nuclear Island on hard rock and
soil sites. No credit is taken in these analyses for the effect of side soils. See Reference 14 for
more discussion of these analyses, and the Nuclear Island basemat design.

The NI05 model is also used to develop the amplified in-structure response for flexible regions not
captured by the mesh of the NI10 and NI20 models. See Section 4.2.6 for a complete discussion of
flexible regions.

Revision 5 . Page 73 of 170



AP1000 Standard
APP-GW-S2R-010 COLA Technical Report

4.2.6 Supplemental Analysis for Building Flexible Walls and Floors

In addition to the design groups discussed in Section 4.2.4, there exists several regions, typically at
the midspan of a floor or wall, where the amplified in-structure response is higher than the envelope
of the edge and corner nodes. These regions are considered flexible areas, and have in-structure
amplified response from both the NI10 and NI20 models (for regions where the mesh in those
models can represent the flexibility) as well as the NI05 model (for regions where the mesh in the
NI10 and NI20 models are not sufficient to capture the out-of-plane amplified response).

Interior nodes representing flexible areas which are captured by the NI10 and NI20 models are
listed in Table 4.2.6-1. '

The NIO5 model has been reviewed for flexible regions which may produce amplified response
spectra. Each of the principal walls and floors in the Auxiliary and Shield Building (ASB) as well as
Containment Internal Structures (CIS) has been reviewed. A modal analysis of the NIO5 mode! for
both ASB and CIS has been reviewed for each of these regions for the existence of out of plane
modes which are considered flexible (less than 33Hz) with significant participating mass. The
survey reveals that some regions, typically in the middle of a floor or wall, exhibit amplified behavior
compared to the critical nodes at the corner and edge building locations. These regions which have
flexible areas are evaluated in one of two ways:

(1) Flexible areas which have been previously identified (see Table 4.2.6-1) have amplified
response spectra developed directly from the time history analyses for the envelope of soil
sites.

(2) Flexible regions which require a detailed analysis to obtain the amplified response spectra
use input directly from a supplemental time history analysis. The NI0O5 finite element model
is used to capture out-of-plane flexibilities that, because of mesh refinement, the NI20 model
could not capture. The resulting nodes (7 of them) have been designated with NI0O5 to

" distinguish that the amplified FRS come from that model (See Table 4.2.6-1).

If equipment or a structure is supported at more than one elevation, then the seismic input as an
envelope of multiple groups based on the support locations will be defined. Therefore, if the
equipment or structure is supported on rigid and flexible fioor areas, the response spectra
(horizontal and vertical directions) used by the analysts will be the envelope of the rigid and flexible
areas that include inside and outside nodes.

If an equipment or structure is supported exclusively by a floor or wall which is identified in Table
4.2.6-1 only that spectra will be used for design.
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Table 4.2.6-1: List of Auxiliary Building Walls and Floors Considered for Flexibility Study

Soil Site Node | Hard Rock Site
Flexible Area (N120) Node (NI10)
Flexible floor area East of Shield Building to Column line | 2030 4548
and between Column lines 7 to 7.3, EL. 116.5' 2034 4556
' 2038 4570
Fuel p'ool Wall L2 between Column Lines 2 to 4, EL. 92.71' 2966 7397
to 135
Wall Q between Column lines 9.1 to 11, EL. 117.5" to 135 2333 6823
Flexible floor East of Shield Building between Column 2281 4925
lines 4 to 5, EL. 135’ 2287 4939
Flexible floor on North of Shield Building between Column 2295 4959
linesltoLand 5to 7.3, EL. 135 2299 4967
2303 4981
Flexible floor on North of Shield Building between Column 2331 5080
lineslItoLand 7.3 to 11, EL. 135
Wall | between column lines 1 & 4,above EL. 160’ 2596 6948
Wall N between Column lines 1 & 4, above EL 160’ 2597 6897
Wall 1 between Column line | & N, above EL.160' 2591 6939
Floor between Column lines 7.3 &11 and I to L, EL. 160’ 2515 5314
Roof East of Shield Building to Column line | and between 2626 5485
Column lines 7 to 7.3, EL. 160" 2630 5494
2634 5507
Roof South side of Aux Bldg between Column lines | & N 2695 5628
and Column lines 1 to 4, EL. 180’ 2697 5633
Center of Shield Building, EL. 289.2' 3067 8296
CSDRS Flexible (Less than 33 Hz) Nodes Building Node (N105)
Wall 4 at midspan near elevation 170’ 12188 (NIO5)
Wall 7.3 at midspan near elevation 145’ ’ 21870 (NI05)
Wall 11 at midspan near elevation 110’ 16996 (NI05)
Wall J-2 at midspan near elevation 120 21285 (NI05)
Wall K-2 at midspan near elevation 113’ 20911 (NI05)
ASB floor between column lines 7.3 & 9.1 at elevation 871’ 6244 (NI05)
SE ASB floor between column lines 2 & 4 at elevation 106’ 12009 (NI05)

Revision 5

Page 75 of 170



AP1000 Standard
APP-GW-S2R-010 COLA Technical Report

4.2.7 Quadrant Model of Shield Building Roof

The one quadrant model of the shield building roof is shown in Figure 4.2.7-1. The model is
constructed with solid elements and contains structures from the exposed shield wall through the
top of the shield building roof. The quadrant model is used for the equivalent static analysis of the
shield building roof. The results from the more detailed analysis are used in the evaluation of the
tension ring, air inlets, and radial beams.

Figure 4.2.7-1 — Quadrant Model of Shield Building Roof
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4.2.8 Types of Models and Analysis Methods

Table 4.2.8-1 summarizes the types of models and analysis methods that are used in the seismic
analyses of the Nuclear Island, as well as the type of results that are obtained and where they are

used in the design.

Table 4.2.8-1- Summary of Models and Analysis Methods

mass stick model of
Nuclear Island

Analysis Type of Dynamic
Model Method Program Response/Purpose
3D (ASB) solid-shell - ANSYS Creates the finite element mesh for the ASB
model finite element model
3D (CIS) solid-shell - ANSYS Creates the finite element mesh for the CIS finite
model element model
3D finite element - ANSYS ASB portion of NI10
model including shield
building roof (ASB10)
3D finite element Response spectrum | ANSYS CIS portion of NI10
model including dish  |analysis To obtain SSE member forces for the
below containment containment internal structures.
vessel
3D finite element shell | Mode superposition |ANSYS Performed for hard rock profile for ASB with
model of Nuclear time history analysis CIS as superelement and for CIS with ASB as
Island [NI10] (coupled superelement.
au%(nl{ary/ shield To develop time histories for generating plant
building shell model, design floor response spectra for Nuclear Island
containment internal strichites.
structures, steel . . .
. To obtain maximum absolute nodal accelerations
containment vessel, 7PA) to b di valent stati I
polar crane, RCL, ( ) to be used in equivalent static analyses.
pressurizer and CMTs) To obtain maximum displacements relative to
basemat.
3D finite element Mode superposition |ANSYS Performed for hard rock profile for comparisons
coarse shell model of  |[time history analysis against more detailed NI10 model
auxiliary and shield
building and
containment internal
structures [NI20]
(including steel
containment vessel ,
polar crane, RCL, and
pressurizer)
Finite element lumped | Time history analysis | SASSI Performed 2D parametric soil studies to help

establish the bounding generic soil conditions
and to develop adjustment factors to reflect all
generic site conditions for seismic stability
evaluation.
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detailed model of the
polar crane

Analysis Type of Dynamic
Model Method Program Response/Purpose

Finite element lumped | Direct Integration ANSYS Performed 2D linear and non-linear seismic

mass stick model of time history analysis analyses to evaluate effect of lift off on Floor

Nuclear Island Response Spectra and bearing.

3D shell model of Time history analysis | SASSI Performed for the five soil profiles of firm rock,

auxiliary and shield soft rock upper bound soft to medium soil, soft to

building and medium soil, and soft soil.

. . Complex frequency

containment internal response analysis To develop time histories for generating plant

structures [NI20] design floor response spectra for Nuclear Island

(including steel structures.

containment vessel, . . . .
To obtain maximum absolute nodal accelerations

polar crane, RCL, and . . .

pressurizer). (ZPA) to be used in equivalent static analyses
To obtain maximum displacements relative to
basemat.
To obtain SSE bearing pressures for all generic
soil cases.
To obtain maximum member forces and moments
in selected elements for comparison to equivalent
static results.

3D shell model of Mode superposition |ANSYS Performed to develop loads for seismic stability

auxiliary and shield time history analysis evaluation.

building and

containment internal

structures [N120]

(including steel

containment vessel)

3D shell of revolution | Modal analysis; ANSYS To obtain dynamic properties.

model of steel Equivalent static To obtain SSE stresses for the containment

containment vessel analysis using vessel.

accelerations from
time history analyses

3D lumped mass stick - ANSYS Used in the NI10 and NI120 models

model of the SCV

3D lumped mass stick - ANSYS Used in the NI10 and NI120 models

model of the RCL

3D lumped mass stick - ANSYS Used in the NI10 and NI20 models

model of the

Pressurizer

3D lumped mass stick - ANSYS Used in the NI10 model

model of the CMT

3D lumped mass Modal analysis ANSYS To obtain dynamic properties. Used with 3D

finite element shell model of the containment
vessel
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Analysis Type of Dynamic
Model Method Program Response/Purpose

3D lumped mass

simplified (single ANSYS Used in the N110 and NI20 models
beam) model of the
polar crane

3D finite element shell |Mode superposition [ANSYS Used with detailed polar crane model to obtain
model of containment |time history analysis; acceleration response of equipment hatch and
vessel airlocks.

To obtain shell stresses in vicinity of the large

Equivalent static . :
penetrations of the containment vessel

analysis.

Equivalent static non-| A ngys
linear analysis using
accelerations from
time history analyses;

To obtain SSE member forces for the Nuclear
Island basemat

3D finite element
refined shell model of
Nuclear Island (NI05)

Mode superposition

. . . To obtain floor and wall flexibility response
time history analysis

characteristics
for the wall and floor i
flexibility using To obtain maximum displacements relative to
synthetic time basemat.

histories developed to
match spectral
envelopes applied at
the base;

To obtain SSE member forces for the auxiliary
and shield building and the containment internal

Response spectrum
analysis with seismic

: N structures.
input enveloping all
soil cases.
3D finite element Mode superposition [ANSYS To obtain total basemat reactions for comparison
coarse shell model of |time history analysis to reactions in equivalent static linear analyses
auxiliary and shield with seismic input using NI0O5 model.
building and enveloping all soil
containment internal cases
structures [NI20]
(including steel
containment vessel,
polar crane, RCL, and
pressurizer)
Quadrant model of the |Equivalent static ANSYS To obtain member forces for the shield building
shield building roof. analysis air inlet section, tension ring, and radial beams.

Note: 1) The 3D finite element shell model of the containment vessel is described in report APP-GW-GLR-
005, “Containment Vessel Design Adjacent to Large Penetrations.”
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4.3 Major Equipment and Structures using Stick Models

The containment vessel and major equipment that are supported by the CIS are represented by
stick models and are connected to the CIS. These stick models are the Steel Containment Vessel
(SCV) and the polar crane (PC) models, the reactor coolant loop (RCL) model, the core make-up
tank (CMT) model and the pressurizer (PZR) model. The core make-up tank is only modeled in the
Nuclear Island fine (NI110) model. These models are shown in Figures 4.3-1 to 4.3-6. NI10 nodes
are shown in red, and NI20 nodes are shown in black.
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Figure 4.3-1 - Critical Nodes for Steel Containment Vessel and Polar Crane
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Figure 4.3-2 - Reactor Coolant Loop Nodes on Loop Piping
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Figure 4.3-3 - Reactor Coolant Loop: Nodes on Major Equipment
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Figure 4.3-4 — Reactor Coolant Loop: Nodes at Support Locations
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Figure 4.3-5 — Pressurizer Nodes
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Figure 4.3-6 — Core Make-Up Tank Nodes
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4.4 Soil Cases and SSI Analyses

441 2D SASSI| Analyses and Parameter Studies

This section describes the parametric analyses performed using 2D modeis in SASSI to select the
design soil cases for the AP1000. The AP1000 footprint, or interface to the soil medium, is identical
to the AP600. The AP1000 containment and shield building are 20’ 6” taller than AP600. Results
and conclusions from the AP600 soil studies are summarized since the behavior of the AP1000 is
expected to be similar and results from AP600 provide guidance in the selection of the generic
cases for the AP1000. Five soil and hard rock cases are selected as follows: hard rock; firm rock;
soft rock; upper bound soft to medium soil; soft to medium soil; and soft soil. These are the same as
the cases analyzed for the AP600 except that the soft soil case is added and the soft rock case (v,
=2500 feet per second) for the AP600 has been replaced by firm rock (vs = 3500 feet per second)
since the 2D SASSI parametric analyses show that the firm rock case is more significant than on
APG600 due to the additional height of the shield building.

4.4.1.1 AP600 Soil Studies

The AP600 studies are summarized below. They are described in Appendices 2A and 2B of the
AP600 DCD (Reference 7).

A survey of 22 commercial nuclear power plants in the United States was conducted to identify the
subsurface soil profiles and the range of soil properties at these plants as part of the AP600 design
certification. The survey included nuclear power plants sites both east and west of the Rocky
Mountains. Based on this survey five generic soil profiles (soft soil, soft to medium soil, soft rock
and step profile in Figure 4.4.1-1, plus hard rock) were established ranging from soft soil to hard
rock. Using these soil profiles, 2D soil-structure interaction analyses were performed to determine
site geotechnical variables which induced the highest nuclear seismic response during an
earthquake.

The series of parametric studies performed -using 2D SASSI models for AP600 certification is
shown in Table 4.4.1-1A. Note that for AP1000, 2D SASSI parametric studies were performed and
they are shown in Table 4.4.1-1B. These SASSI models consisted of 2D lumped mass stick
models coupled with a 2D model of the foundation. The conclusions made based on these
parametric studies for the AP600 configuration are given below.

Soil properties were specified to a depth of 240 feet below grade. Analyses were performed for
various depths to base rock. In each case, the soil properties above the base rock were those of the
soil and the base rock was assumed to have shear wave velocity of 8000 feet per second. The
analyses performed for a depth to base rock of 240 feet are described in Table 4.4.1-1A as a deep
soil site and results would also be representative of deeper soil sites. Soil sites were found to
control the AP600 Nuclear Island response at frequencies below about 4 hertz for horizontal
response and 8 hertz for vertical response while the hard rock site controls the response at higher
frequencies. The studies of depth to base rock showed that the response was not very sensitive to
the depth. The depth-to-base rock of 120 ft generally gave the higher response for each of the soil
profiles and was therefore specified for the 3D SASSI design cases. The shallower depth models
gave a higher building response at high frequencies, but these responses were lower than those for
hard rock. The deeper models had greater radiation damping reducing the overall response. The
dominant AP1000 building mode shapes are similar to the AP600 and the frequencies are lower.
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Since the response of the AP600 was relatively insensitive to depth and the dominant modes of the
AP600 and AP1000 are similar, using a depth-to-base rock of 120 ft is appropriate for the AP1000.

The soil properties associated with the lower and upper bound sandy soils (soft-to-medium soil
profile) bound the range of properties associated with clays with plasticity indices from 10 to 70 as
shown in Figure 2B-13 of the AP600 DCD. SSI analyses were performed for clay profiles and
concluded that the responses for clay profiles were bounded by those for the design soil profiles.

The effect of depth to water table was studied for the soft-to-medium soil case with the depth to
base rock of 120 feet. Cases were analyzed for water table at grade, for water table at the
foundation level (40 foot depth) and for a dry site. For cases where the water table was below
grade, the Poisson’s ratio for soil above the water table was also varied from 0.25 to 0.35. These
studies showed that the change of water table elevations had insignificant effect on the horizontal
results. Comparison of the vertical responses showed that the water table at the grade level
controlled the responses in the frequency range of 2 to 8 hertz. The increase in response was
mainly due to an increase in foundation effective motion, which results from an increase in the P-
wave velocity in conjunction with the SSI frequency for this case. Thus, the water table was
specified at grade for the 3D SASSI design cases. Since the mass of the AP1000 is similar to that
of the AP600, the vertical SSI frequency and response are similar. Thus, the specification of the
water table at grade is appropriate for the AP1000 soil sites.

The change in degradation curves between the 1970 Idriss and Seed and 1990 Seed degradation
curves was not significant. The AP1000 uses the EPRI 93 degradation curves. These degradation
curves have been used in AP1000 2D SASSI parametric analyses and do not significantly affect the
SSI response, and thus should not result in a change in the selection of the generic soil profiles.

Analyses were also performed for a layered soil profile with step-wise change in shear wave
velocity. The step-wise layered soil profile had a layered profile with shear wave velocity of 1000
feet per second to a 40-foot depth, 1800 feet per second between 40-foot and 80-foot depth, and
4300 feet per second for depth greater than 80 feet. The response for this profile is enveloped by
the soft rock, soft-to-medium, and rigid base response. In addition the cases previously described in
the depth to base rock studies showed that the sharp contrast in shear wave velocity (layering) was
enveloped by the design cases with depth to base rock at 120 feet. Based on this study and the
studies of depth to base rock, the step-wise layered soil profile was not included as a design case
for AP600 nor need it be included for AP1000.

Analyses including adjacent buildings showed that the effect of the adjacent buildings on the
Nuclear Island response was small. Based on this, the 3D SASSI analysis of the Nuclear Island
can be performed without adjacent buildings. The Nuclear Island does affect the response of the
adjacent buildings and the results of the 2D SASSI analyses are used for design of the adjacent
buildings for both the AP600 and AP1000.

SASSI analyses for hard rock sites were compared to fixed base results. A fixed base analysis is
adequate for sites in excess of 8000 fps.
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4.4.1.2 AP1000 Site Studies and Selection of Soil Cases

2D SASSI analyses for the AP1000 configuration have been performed using soil profiles
previously evaluated in the AP600 analyses. The analyses used the 2D stick models previously
used and reviewed in the AP1000 hard rock lift off analyses. The 2D seismic analyses reported in
this section are associated with the un-enhanced shield building. Using the enhanced shield
building the same conclusions will be reached since its dynamic response is similar to the NI model
with the un-enhanced shield building.

Analyses were performed with and without adjacent structures for the four soil cases previously
analyzed for the AP600. The soil damping and degradation curves used the EPRI recommended
curves which represent more recent soils data and differ slightly for those used for the AP600. The
Poisson’s ratio is 0.25 for rock sites and 0.35 for soft sites. The four design soil profiles included a
hard rock site (HR), a soft rock site (SR), a soft-to-medium soil site (SMS) and a soft soil site (SS)
as shown in Figure 4.4.1-1.  For all the soil profiles defined, the base rock has been taken to be at
120 feet below grade level. This base rock elevation is based on AP600 parametric studies which
showed it to give the most conservative resuits. Thus, for the AP1000 2D and 3D SSI analyses,
although some of the parabolic soil profiles are defined using a depth of 240 feet, the actual soil
profile defined in SASSI (base rock) goes only to elevation 120 feet. The shear wave velocity
profiles and related governing parameters of the four sites considered are the following:

o For the hard rock site, an upper bound case for rock sites using a shear wave velocity of 8000
feet per second.

e For the soft rock site, a shear wave velocity of 2400 feet per second at the ground surface,
increasing linearly to 3200 feet per second at a depth of 240 feet, and base rock at the depth of
120 feet.

o For the soft-to-medium soil site, a shear wave velocity of 1000 feet per second at ground
surface, increasing parabolically to 2400 feet per second at 240 feet, base rock at the depth of
120 feet, and ground water is assumed at grade level.

o For the soft soil site, a shear wave velocity of 1000 feet per second at ground surface,
increasing linearly to 1200 feet per second at 240 feet, base rock at the depth of 120 feet, and
ground water is assumed at grade level.

The strain-dependent shear modulus curves for the foundation materials, together with the
corresponding damping curves, are taken from References 10 and 11 and are shown in Figures
4.4.1-6 and 4.4.1-7 for rock material and soil material respectively. The different curves for soil in
Figure 4.4.1-7 apply to the range of depth within a soil column below grade. The strain-dependent
soil material damping is limited to 15 percent of critical damping. The strain-dependent properties
used in the SSI analyses for the safe shutdown earthquake are shown in Table 4.4.1-3 and Figure
4.4.1-1 for the firm rock, soft rock, upper bound soft-to-medium soil, soft-to-medium soil, and soft
soil properties.

e For the firm rock site, a shear wave velocity of 3500 feet per second to a depth of 120 feet, and
base rock at the depth of 120 feet.

e For the upper bound soft-to-medium soil site, a shear wave velocity of 1414 feet per second at
ground surface, increasing parabolically to 3394 feet per second at 240 feet, base rock at the
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depth of 120 feet, and ground water at grade level. The initial soil shear modulus profile is twice
that of the soft-to-medium soil site.

The analyses with and without adjacent structures demonstrated that the effect of adjacent
buildings on the Nuclear Island response is small. Based on this, the 3D SASSI analyses of the
AP1000 Nuclear Island can be performed without adjacent buildings.

The maximum acceleration values obtained from the AP1000 analyses without adjacent structurés
are given in Table 4.4.1-2. The soil cases giving the maximum response are highlighted. The
elevation and location of the nodes referenced in Table 4.4.1-2 is given below.

Node Elevation (ft) Location
21 81.5 ASB
41 99.0 ASB
120 179.6 ASB

- 150 242.5 ASB
310 333.2 ASB
535 134.3 CIS
538 169.0 CIS
407 138.6 SCvV
411 200.0 SCV
417 281.9 SCcv

Maximum member forces from the 2D SASSI analyses are shown in Figures 4.4.1-2 to 4.4.1-5.
These figures also show member forces for an equivalent static acceleration profile (Eq) based on
the maximum acceleration values obtained from 2D ANSYS time history modal analyses of the stick
model on hard rock. These 2D ANSYS analyses used the same model as the 2D SASSI analyses.
Floor response spectra from the 2D SASSI analyses associated with nodes 41, 120, 310, 411 and
535 for the six AP1000 soil cases are shown in Appendix D, Figures D-1 to D-10.

Based on review of the above results, five soil conditions were selected for 3D SASSI analyses in
addition to the hard rock condition evaluated in the existing AP1000 Design Certification. Thus, six
soil and hard rock cases are considered as follows: hard rock; firm rock; soft rock; upper bound soft
to medium soil; soft to medium soil; and soft soil. The shear wave velocity profiles and related
governing parameters are the following:

e For the hard rock site, an upper bound case using fixed base seismic analysis. This is
applicable for rock sites with shear wave velocity greater than 8000 feet per second.

e  For the firm rock site, a shear wave velocity of 3500 feet per second to a depth of 120
feet, and base rock at the depth of 120 feet.

e For the soft rock site, a shear wave velocity of 2400 feet per second at the ground
surface, increasing linearly to 3200 feet per second at a depth of 240 feet, and base
rock at the depth of 120 feet.

e  For the soft-to-medium soil site, a shear wave velocity of 1000 feet per second at
ground surface, increasing parabolically to 2400 feet per second at 240 feet, base rock
at the depth of 120 feet, and ground water at grade level.

¢ For the upper bound soft-to-medium soil site, a shear wave velocity of 1414 feet per

Revision 5 Page 90 of 170



. AP1000 Standard
APP-GW-S2R-010 COLA Technical Report

second at ground surface, increasing parabolically to 3394 feet per second at 240 feet,
base rock at the depth of 120 feet, and ground water at grade level. The initial soil
shear modulus profile is twice that of the soft-to-medium soil site.

e  For the soft soil site, a shear wave velocity of 1000 feet per second at ground surface,
increasing linearly to 1200 feet per second at 240 feet, base rock at the depth of 120
feet, and ground water is assumed at grade level.
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Table 4.4.1-1A - AP600 2D SSI Cases

Depth to S8l Case Notes
Shear Wave Depth to Base Water Table . .
Velocity Profile Rock (ft) (ft) (X-shaking)] (Y-shaking)| (Z-shaking)
— - v v v Rigid Base
Hard Rock --- - v - V, =20000
v v V, =8000
Firm Rock 120 deep v V, =3500
v v v
Soft Rock deep deep
120 deep v v v
deep deep v v v
0 v — v
120 40 v — v
deep v v v
40 deep v --- v
120 0 * * ---
120 deep * -—- -—- v =0.35
Soft-to-Medium Soil 120 deep * v=025
120 0 ——— % -
80 0 -- * - Paraboli
arabolic
60 0 * Soil Profile
50 0 - * -
40 0 - * -
Parabolic,
120 0 — * — Lower
Bound
Parabolic,
Upper Bound Soft-to 120 0 - * — Lower
Medium Soil
Bound
deep deep v v v
deep v v v
120 40 v — v
Soft Soil 0 v v
120 0 * * -
50 0 - * --
Lower
120 0 * - - Bound
Step-Wise Layered v v layered site
Soil deep deep Y study
Legend: v Seed and Idris 1970 soil/rock degradation curves
*

Idris 1990 soil degradation curves
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Table 4.4.1-1B — AP1000 2D SSI Cases
Depth to SSI Case Notes
Shear Wave Depth to Base Water Table
Velocity Profile Rock (ft) (ft) (X-shaking)| (Y-shaking)| (Z-shaking)
Hard Rock - - v v -—
Firm Rock 120 deep v v i
Soft Rock 120 deep v v -
Upper Bound Soft-to .
Medium Soil 120 ;
Soft-to-Medium Soil 120 0 s
Soft Soil 120 0 .
L.egend: v Seed and Idris 1970 rock degradation curves
EPRI soil degradation curves
Table 4.4.1-2 — AP1000 ZPA for 2D SASSI Cases
Hard Firm Soft Soft
Narth-Sauth Rock Rock Rock UBISM e soil
Node El.feet | ZPA[g] | ZPA[g] | ZPA[g] | ZPA[g] | ZPA[g] | ZPA [g]

ASB 21 81.5 0.326 0.326 0.345 0.358 0.306 0.249

41 99.0 0.348 0.327 0.347 0.361 0.308 0.227

120 179.6 0.571 0.501 0.469 0.498 0.529 0.247

150 242.5 0.803 0.795 0.816 0.819 0.787 0.290

310 333.1 1.449 1.561 1.567 1.524 1.226 0.453

SCV 407 138.6 0.405 0.424 0.408 0.387 0.407 0.232

411 200.0 0.820 0.916 0.672 0.541 0.484 0.263

417 281.9 1.396 1.465 1.031 0.723 0.598 0.372
CIS 535 134.3 0.548 0.450 0.347 0.368 0.355 0.229
538 169.0 1.517 0.874 0.450 0.441 0.397 0.317

Hard Firm Soft Soft
RSB Rock Rock Rock LBsM SM soil
Node | Elfeet | ZPA[g] | ZPA[g] | ZPA[g] | ZPA[g] | ZPA[g) | ZPA[g]
ASB 21 81.5 0.309 0.318 0.359 0.376 0.311 0.235
41 99.0 0.318 0.336 0.367 0.385 0.317 0.237

120 179.6 0.607 0.561 0.546 0.549 0.605 0.295
150 2425 0.840 0.823 0.854 0.912 0.962 0.557
310 333.1 1.449 1.536 1.624 1.740 1.506 0.891
SCv | 407 138.6 0.528 0.529 0.535 0.513 0.380 0.247
411 200.0 0.817 0.950 0.816 0.741 0.515 0.429
417 281.9 1.251 1.503 1.136 0.985 0.716 0.675
CIS 535 134.3 0.520 0.404 0.391 0.404 0.365 0.259
538 169.0 1.679 1.052 0.755 0.553 0.526 0.441

\
\
\
|
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Table 4.4.1-3 — Strain Compatible Soil Properties

Strain Compatible Soil Properties

(Sheet 1 of 5)

hY

Total
Depth to Unit
Bottom of | Thickness of Layer Weight | Initial Initial Vs Final G Final Vs
Layer (ft) Layer (ft) Number (kef) G (ksf) (fps) (ksf) (fps) Damping
Firm Rock
0.0
5.0 5.0 1 0.15 57422 3500 57032 3499 0.015
10.0 5.0 2 0.15 57422 3500 56600 3486 0.016
15.0 5.0 3 0.15 57422 3500 55943 3465 0.017
20.0 5.0 4 0.15 57422 3500 55511 3452 0.018
25.0 5.0 5 0.15 56442 3500 55933 3465 0.016
30.0 5.0 6 0.15 56442 3500 55436 3450 0.017
335 35 7 0.15 57422 3500 56076 3470 0.015
395 6.0 8 0.15 57422 3500 55898 3464 0.015
45.0 55 9 0.15 57422 3500 55716 3458 0.016
50.0 5.0 10 0.15 57422 3500 55575 3454 0.016
60.0 10.0 11 0.15 56442 3500 55400 3449 0.017
80.0 20.0 12 0.15 56442 3500 54695 3427 0.019
100.0 20.0 13 0.15 56442 3500 53358 3384 0.021
120.0 20.0 14 0.15 56442 3500 52295 3351 0.023
Bedrock 0.15 300000 8000 298137 8000 0.02
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Strain Compatible Soil Properties

(Sheet 2 of 5)

Depth to . TOt.a ! o o . .
Bottom of Thickness of Layer Ul.llt Initial Initial Vs Final G Final Vs Damping
Layer (f) Layer (ft) Number | Weight | G (ksf) (fps) (ksh) (fps)
(kef)
Soft Rock
0.0
5.0 5.0 1 0.15 27660 2429 27425 2426 0.016
10.0 5.0 2 0.15 29180 2495 28318 2466 0.018
15.0 5.0 3 0.15 30262 2541 28819 2487 0.020
20.0 5.0 4 0.15 30620 2556 - 28589 2477 0.023
25.0 5.0 5 0.15 30920 2568 29290 2508 0.019
30.0 5.0 6 0.15 31384 2588 29481 2516 0.021
33.5 35 7 0.15 31932 2610 30768 2570 0.017
39.5 6.0 8 0.15 32464 2632 31144 2586 0.018
45.0 55 9 0.15 33042 2655 31314 2593 0.019
50.0 5.0 10 0.15 33668 2680 31598 2604 0.020
60.0 10.0 11 0.15 34341 2707 31826 2614 0.021
80.0 20.0 12 0.15 35021 2733 31738 2610 0.024
100.0 20.0 13 0.15 35708 2760 31585 2604 0.026
120.0 20.0 14 0.15 36401 2787 31585 2604 0.028
Bedrock 0.15 300000 8000 298137 8000 0.020
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(Sheet 3 of 5)
Strain Compatible Soil Properties
Total
Depth to Unit
Bottom of | Thickness of Layer Weight | Initial Initial Vs Final G | Final Vs
Layer (ft) Layer (ft) Number (kcf) G (ksf) (fps) (ksf) (fps) Damping
Upper Bound Soft to Medium Soil
0.0
5.0 5.0 I 0.11 6873 1414 6664 1397 0.018
10.0 5.0 2 0.11 9844 1692 9202 1641 0.023
15.0 5.0 3 0.11 13917 2012 12880 1942 0.024
20.0 5.0 4 0.11 14971 2087 13629 1997 0.027
25.0 5.0 5 0.11 15645 2133 14574 2065 0.022
30.0 5.0 6 0.11 16419 2186 15045 2099 0.024
335 3.5 7 0.11 17873 2280 16908 2225 0.019
39.5 6.0 8 0.11 19036 2353 17873 2287 0.020
45.0 5.5 9 0.11 20387 2435 18996 2358 0.021
50.0 5.0 10 0.11 21726 2514 20136 2428 0.021
60.0 10.0 11 0.11 23234 2600 21366 2501 0.022
80.0 20.0 12 0.11 24712 2681 22314 2556 0.024
100.0 20.0 13 0.11 26151 2758 23137 2602 0.026
120.0 20.0 14 0.11 27546 2831 24009 2651 0.027
Bedrock 0.15 300000 8000 298137 8000 0.020
Revision 5 - Page 96 of 170




APP-GW-S2R-010

AP1000 Standard
COLA Technical Report

(Sheet 4 of 5)
Strain Compatible Soil Properties
Total
Depth to Unit
Bottom of | Thickness of Layer Weight | Initial Initial Vs Final G Final Vs
Layer (ft) Layer (ft) Number (kef) G (ksf) (fps) (ksf) (fps) Damping
Soft to Medium Soil
0.0
5.0 5.0 1 0.11 3438 1000 3222 971 0.023
10.0 5.0 2 0.11 4923 1197 4355 1129 0.031
15.0 5.0 3 0.11 6960 1423 5987 1324 0.035
20.0 5.0 4 0.11 7487 1476 6161 1343 0.040
25.0 5.0 5 0.11 7824 1509 6699 1400 0.031
30.0 5.0 6 0.11 8211 1546 6891 1420 0.033
33.5 3.5 7 0.11 8938 1613 7872 1518 0.026
395 6.0 8 0.11 9520 1664 8317 1560 0.027
45.0 55 9 0.11 10195 1722 8834 1608 0.028
50.0 5.0 10 0.11 10864 1778 9347 1654 0.029
60.0 10.0 11 0.11 11618 1838 9818 1695 0.031
80.0 20.0 12 0.11 12357 1896 10031 1714 0.036
100.0 20.0 13 0.11 13077 1950 10201 1728 0.040
120.0 20.0 14 0.11 13774 2002 10512 1754 0.043
Bedrock 0.15 300000 8000 298137 8000 0.020
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| (Sheet 5 of 5)
Strain Compatible Soil Properties
Total
Depth to Unit
Bottom of | Thickness of Layer Weight | Initial Initial Vs Final G Final Vs
Layer (ft) Layer (ft) Number (kef) G (ksf) (fps) (ksf) (fps) Damping
Soft Soil
0.0
5.0 5.0 1 0.11 3438 1000 3222 971 0.023
10.0 5.0 2 0.11 3633 1028 3042 944 0.038
15.0 5.0 3 0.11 3865 1060 2974 933 0.047
20.0 5.0 4 0.11 3921 1068 2752 898 0.059
25.0 5.0 5 0.11 3955 1073 2922 925 0.049
30.0 5.0 6 0.11 3994 1078 2762 899 0.056
335 3.5 7 0.11 4065 1088 3022 941 0.046
39.5 6.0 8 0.11 4121 1095 2958 931 0.049
45.0 5.5 9 0.11 4183 1103 2896 921 0.053
50.0 5.0 10 0.11 4244 1111 2851 914 0.056
60.0 10.0 11 0.11 4310 1120 2774 901 0.062
80.0 20.0 12 0.11 4374 1128 2668 884 0.068
100.0 20.0 13 0.11 4434 1136 2691 888 0.069
120.0 20.0 14 0.11 4492 1143 2718 892 0.069
Bedrock 0.15 | 300000 8000 298137 8000 0.020
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Shear Wave Velocity Comparison
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Note: Fixed base analyses were performed for hard rock sites. These analyses
are applicable for shear wave velocity greater than 8000 feet per second.

Figure 4.4.1-1- Generic Soil Profiles
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Figure 4.4.1-2 - 2D SASSI NS Shear Force
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Figure 4.4.1-5 - 2D SASSI NS Bending Moment
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SOIL MODULUS/DAMPING RATIO- STRAIN (RDCK)
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Figure 4.4.1-6 - Strain Dependent Properties of Rock Material
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Modulus Reduction Curves for Generic ENA Soil
Sites
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Figure 4.4.1-7 - Strain Dependent Properties of Soil Material
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4.4.2 3D SASSI Analyses

The SASSI Soil-Structure Interaction analyses are performed based on the Nuclear Island 3D
SASSI-Model for the three soil conditions established from the AP1000 2D SASSI analyses, in
addition to soft rock and soft soil. These soil conditions are firm rock, upper bound soft-to-
medium soil, and soft-to-medium soil. The model includes a surrounding layer of excavated soil
and the existing soil media. Acceleration time histories and floor response spectra are obtained.
Adjacent structures have a negligible effect on the Nuclear Island structures and thus are not
considered in the 3D SASSI analyses.

In these analyses, the three components of ground motions (N-S, E-W and vertical direction)
are input separately. Each design acceleration time history (N-S, E-W, & Vertical) is applied
separately and the time history responses are calculated at the required nodes. The resulting
co-linear time history responses at a node due to the three earthquake components are then
combined algebraically.

The computer program SASSI 2000 and ACS SASSI is used to perform Soil-Structure
Interaction analysis. The SASSI Model of Nuclear Island is based on the NI20 Coarse Finite
Element.

The solid part of the containment internal structures is represented with two rows of solid
elements as shown in Figure 4.4.2-1. The beam elements modeled in the ANSYS NI20 Coarse
Model are transferred to the SASSI model. The NI SASSI model beam elements are shown in
Figure 4.4.2-2.

All slabs and walls of AP1000 are represented by three dimensional shell elements. Spring
elements are used to represent the RCL primary component supports.

See Section 4.2.3 Corrections to the NI20 SASSI Model for modifications made to the NI20
model.

Shown in Figure 4.4.2-3 are the soil elements that represent the excavated soil in the 3D SASSI
model. The excavated soil element geometry represents the volume of the structure below
elevation 100 feet that have been displaced by the Nuclear Island structural elements and the
additional adjacent soil elements used for soil pressure evaluations. Interaction nodes on the
boundary of additional soil elements are used for soil pressure evaluations. These nodes are
shown in Figure 4.4.2-4,
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Figure 4.4.2-1- NI 3-D SASSI Model Solid Elements
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Figure 4.4.2-2 - NI 3-D SASSI Model Beam Elements
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Figure 4.4.2-3 - Excavated Soil
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Figure 4.4.2-4 - Additional Elements for Soil Pressure Calculations
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4.4.3 Interface Seismic Response

If the site-specific spectra exceed the AP1000 design spectra, or if soil conditions are outside
the range evaluated for AP1000 design certification, a site-specific evaluation can be performed
as described in section 5.0.

The site is acceptable for construction of the AP1000 if the floor response spectra from the site-
specific evaluation do not exceed the AP1000 spectra given for the following six key locations:

CIS at Reactor Vessel Support Elevation

CIS at Operating Deck

ASB North East Corner at Control Room Floor
ASB Corner of Fuel Building Roof at Shield Building
ASB Shield Building Roof Area

SCV Near Polar Crane

The node points in the models are given in Table 4.4.3-1 and the AP1000 spectra provided in
Figures 3G.4-5X to 3G.4-10Z (see Appendix E). The spectra are broadened as defined in the
AP1000 DCD subsection 3.7.2.5.

Table 4.4.3-1 — Key Nodes at Location

NI10 NI20 Elevation
Location Node Node General Area
(feet)
CIS at Reactor Vgssel 130401 1761 Center of Containment Internal 100.00
Support Elevation Structures
CIS at Operating Deck 105772 2199 SG West compartment, NE 134.25
ASB NE Corner at 4724 2078 NE Corner 116.50
Control Room Floor
ASB Corner of Fuel
Building Roof at Shield 5754 2675 NW Corner of Fuel Bldg 179.19
Building
ASB Shield Building 8573 3329 South side of Shield Bldg 327.41
Roof Area
SCV Near Polar Crane 130412 2788 SCV Stick Model 224.00
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5.0 Site Requirements for AP1000

The procedure an applicant would follow to show that their site falls under the analyses is
described in the AP1000 DCD. It should be noted that the AP1000 design is fairly robust and if
the applicant does not meet the conditions given, the applicant can still perform site specific
evaluations to show that the site is adequate for the AP1000 design. The seismic parameters
are described in DCD Chapter 2.

6.0 Seismic Results

6.1 Comparison of Response Spectra to Hard Rock Stick Spectra

Shown in Figures 6.1-1 to 6.1-6 are the grouped spectra obtained using the shell model that
contain the key interface nodes associated with the ASB at elevation 135’, 180’ and 333', CIS at
elevation 99’ and 135°, and SCV at elevation 224’. These response spectra are for the hard
rock (HR) site condition. They are compared to those obtained from the stick model for the HR
case. It is noted that this comparison is made without the robust shield building design because
the seismic analyses using the stick model did not have the strengthened shield building.

As seen from these spectra it can be concluded that:

¢ Using the stick model very conservative horizontal (X and Y) seismic response spectra
are obtained.

¢ Using the shell model allows the development of design response spectra that reflect the
seismic response across an elevation (floor) that is more realistic.

¢ Using the shell model more realistic vertical seismic response spectra are developed.

These conclusions represent some of the factors that contributed to moving away from the sﬁck
modeis and using the shell dynamic models.
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Figure 6.1- 1 - Auxiliary Building at Elevation 135 feet
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Figure 6.1- 2 - Auxiliary and Shield Building at Elevation 180 feet
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Figure 6.1- 3 - Shield Building at Elevation 333 feet
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FRS Comparison X Direction - 5% Damping
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Figure 6.1-4 - CIS at Elevation 99 feet
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‘6.2 Seismic Accelerations

~ The seismic acceleration obtained from the time history analyses of the hard rock and soil cases
| (firm rock, soft rock, upper bound soft to medium, soft to medium and soft soil) are given in
Figures 6.2-1 to 6.2-4. The accelerations are given for:

Shield Building

Steel Containment Vessel

NW Corner of Pressurizer Compartment
East SG Compartment SE Corner
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6.3 Seismic Displacement Calculation

Westinghouse has adopted the approach that calculates displacements internally within the ACS
SASSI program based on an analytical complex frequency domain approach that uses inverse
Fast-Fourier Transforms (FFT) to compute relative displacement histories instead of double
numerical integration in the time domain that computes absolute displacement time histories from
absolute acceleration time histories.

ANSYS is used to calculate the maximum relative deflection to the Nuclear Island for the envelop
case that considers all of the soil and hard rock site cases. Synthesized displacement time histories
are developed using the envelope seismic response spectra from the six site conditions (hard rock,
firm rock, soft rock, upper-bound-soft-to-medium, soft-to-medium, and soft soil). Seismic response
spectra at nine locations are used (4 edge locations, 1 center location, and 4 corner locations). It is
not necessary to adjust for drift since relative deflections to the basemat are calculated and the drift
would be subtracted from the results.

6.4 Response Spectrum Analysis

The input spectra are envelopes of the design ground motion spectra (Figures 2.1-1 and 2.1-2)
which are applicable for hard rock, and of the basemat response spectra for 5 soil types (Firm
Rock, Soft Rock, Upper Bound Soft to Medium, Soft to Medium, and Soft Soil) obtained from SASSI
analyses. The soil input spectra is the envelope of the center, edge, and corner nodes of the ASB
basemat at elevation 60.5’. The nodes enveloped are shown in Figure 6.4-1. The input spectra are
applied at the Nuclear Island basemat.

Composite modal damping is calculated for each mode of the building model. The spectra input in
the response spectrum analyses are interpolated from the spectra at variable damping based on
the composite modal damping at each frequency. The design spectrum for the AP1000 Auxiliary
and Shield Building varies between 5% to 7% of critical damping in both horizontal and vertical
directions. The design spectra based on composite modal damping are shown in Figures 6.4-2
through 6.4-4.

The response spectrum methodology used in the AP1000 design employs the Complete Quadratic
Combination (CQC, Section 1.1 of Reference 12) grouping method for closely spaced modes with
the Der Kiureghian Correlation Coefficient (Section 1.1.3 of Reference 12) used for correlation
between modes. The Lindley-Yow (Section 1.3.2, Reference 12) spectra analysis methodology is
employed for modes with both periodic and rigid response components. The modal analysis
performed to develop composite modal participation is used to develop input for the response
spectrum analysis. Modes ranging from 0 to 33 Hz or higher are considered. For modes above the
cutoff frequency, the Lindley-Yow is used. The Static ZPA Method (Section 1.4.2, Reference 12) is
employed for the residual rigid response component for each mode as outlined in NRC Reg. Guide
1.92 (Reference 12). The complete solution is developed via Combination Method B (Section 1.5.2,
Reference 12). The combined effects, considering three spatial components of an earthquake (N-
S, E-W, and Vertical), are combined by square root sum of the squares method (Section 2.1,
Reference 12).
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Figure 6.4-1— Nodes Enveloped for AP1000 Basemat Spectral Input
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Figure 6.4-3 - AP1000 East-West Direction Design Response Spectra
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6.5 Equivalent Static Analyses

Equivalent static accelerations are applied to building mode!s to obtain stresses and member forces
for the design of the containment vessel and the Nuclear Island basemat. The accelerations
applied in these analyses are the maximum accelerations obtained from time history analyses of
the Nuclear Island. These accelerations are from previous iterations of the Nuclear Island seismic
analyses but are consistent with those from the most recent analyses shown in Section 6.2. Use of
the accelerations for the containment vessel is justified in Reference 13 by comparison of the
member forces in the stick model obtained from equivalent static analyses against those obtained
from the Nuclear Island time history seismic analyses. Use of the accelerations for the Nuclear
Island basemat is justified in Reference 14 by comparison of the basemat reactions obtained from
equivalent static analyses against those obtained from the Nuclear Island time history seismic
analyses for hard rock and comparisons of hard rock and soil dynamic results.
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7.0  Nuclear Island Liftoff Analyses

The lift off analysis is described in Reference 14.
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Appendix A — Pressurizer Compartment Sketches

In this appendix are shown the changes to the pressurizer compartment (Reference 5). As shown
the compartment walls are not as high.
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El. 169

El. 160’
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Appendix B - Response Spectra Node Grouping

| Appendix B is no longer used. This information is in Section 4.2.4.
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Appendix C— Comparison of NI10 and NI20 Responses

In this Appendix, the fine (NI10) and coarse (NI120) model seismic responses are compared.
Seismic response spectra were developed for both models using a fixed base (hard rock) case.
Also, in this section the NI10 and NI20 ANSYS models are compared using the SASSI analysis
results.

Figures C-1 to C-6 compare response spectra for ANSYS analyses of the NI10 and NI20 as well
as the SASSI model at the interface seismic response key nodes. These locations are given in
Table C-1. Also shown in this table are the figures where the comparison spectra are given. The
finite element models give comparable results below 10 hertz. However, the resulis from the
coarse model are higher (conservative) at high frequencies (above about 15 hertz). The NI20 is
conservative in the higher frequencies. Therefore, the hard rock FRS were generated from the
fine NI110 model, and the coarse NI20 model was used for the soil site analyses where frequencies
of interest are below 10 hertz.

A time history analysis for the Nuclear Island SASSI Surface Structure Model is carried out with
the seismic input in three orthogonal directions. The acceleration response spectra for 5%
damping are generated at the interface locations identified in Table C-1. The nodes chosen for
“SASSI Surface Model” in Figures C-1 to C-6 compare the Nuclear Island SASSI Surface
Structure Model results with the Nuclear Island ANSYS Coarse Model (NI120) and Fine Model (NI
10) results for hard rock conditions.

As seen from the comparison (see Figures C-1 to C-6), for the horizontal response, the SASSI and
ANSYS results for NI20 are very similar to about 15 Hz horizontal and about 10 Hz vertical. At the
higher frequencies, SASSI calculates higher accelerations. The NI20 model uses solid elements
for the mass of concrete below grade inside the shield building. Other parts of the model use shell
elements. The difference in ANSYS and SASSI results is most noticeable at the three lowest
elevations where the response is most affected by the solid elements below grade. This behavior
was investigated in a study comparing the SASSI and ANSYS responses using a reduced model
with only the solid elements in the NI20 model. One reason for this conservatism in the SASSI
results is the different formulation in the solid elements. Another difference is due to the different
way the two computer programs calculate the dynamic response. ANSYS performs the dynamic
response in the time domain. SASSI converts the time history input (time domain) to the frequency
domain, solves the response in the frequency domain, and then converts the output back to the
time domain.

SASSI also needs to specify key frequencies to perform its transfer function calculations. For such
a large model, resting on a very stiff soil (hard rock), SASSI gives conservative results at high
frequencies. The significant responses for soil cases occur at less than 10 Hz. Therefore, the
SASSI Model is adequate for the AP1000 Soil-Structure Interaction analyses to be performed.

In a few cases it is found that the soil cases analyzed in SASSI using the NI20 model give higher
results than the hard rock case using the NI110 model for frequencies above 10 Hz. The reason for
this is two-fold: mesh size and SASSI approximation. The NI20 SASS! model is a much coarser
model than the NI10, at higher frequencies it cannot capture the local behavior as well as the NI10
and this causes some of the response to be higher. At higher frequencies in shell models, many
modes (or transfer frequencies) are required to obtain the building response. Although these
cases are due to conservatism in the SASSI results at high frequency, the SASSI results are used
in developing the broadened envelope design response spectra.
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Table C-1 - Key Nodes at Location

NI10 Figure Elevation
. NI20
Location Node S . | ANSYS & SASSI General Area
assi
FRS (feet)
Comparaison
CIS at Reactor Center of
Vessel Support 130401 | 1761 C-1 Containment 100.00
Elevation Internal Structures
CIS at Operating ) SG West
Deck 105772 | 2199 C-2 compartment, NE 134.25
ASB NE Corner at
Control Room Floor 4724 2078 C-3 NE Corner 116.5
ASB Corner of Fuel
Building Roofat | 5754 | 2675 ca |[NW C°g‘lgr of Fuel | 479.19
Shield Building 9
ASB Shield Building South side of
Roof Area 8573 | 3329 C-5 Shield Bldg 327.41
scv g‘regepma' 130412 | 2788 C-6 SCV Stick Model | 224.00
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Figure C-1 — FRS Comparison at Base of SCV on CIS at RPV Center
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Figure C-2 — FRS Comparison at NE Corner of SG West Compartment, El. 134’
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Figure C-3 — FRS Comparison at NE Corner of Control Room Floor
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Figure C-4 — FRS Comparison at NW Corner of Fuel Building Roof
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Figure C-5 — FRS Comparison at South Side of Shield Building at El. 327.41°
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Figure C-6 — FRS Comparison on SCV near Polar Crane, El. 224’
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Appendix D - Response Spectra for Six AP1000 Soil Cases
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Figure D-1 - 2D SASSI FRS Comparison Node 41 X (ASB El. 99’)
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Figure D-2 - 2D SASSI FRS Comparison Node 41Y (ASB ElL 99°)
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Figure D-3 - 2D SASSI FRS Comparison Node 120 X (ASB El 179.6%)
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2D SASSIFRS Comparison Node 120 Y
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Figure D-4 - 2D SASSI FRS Comparison Node 120 Y (ASB El. 179.6°)

Revision 5 Page 146 of 170




AP1000 Standard
APP-GW-S2R-010 COLA Technical Report

2D SASSIFRS Comparison Node 310 X
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Figure D-5 - 2D SASSI FRS Comparison Node 310 X (ASB El. 333.2")
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2D SASSIFRS Comparison Node 310 Y
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Figure D-6 - 2D SASSI FRS Comparison Node 310 Y (ASB El. 333.2”)
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2D SASSI FRS Comparison Node 411 X
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Figure D-7- 2D SASSI FRS Comparison Node 411 X (SCV El. 200.0°)
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2D SASSI FRS Comparison Node 411 Y

6.0
5.0
4.0
@ Hard Rock
S — — Soft Rock
T 30
o Soft to
§ medium
< -~ Soft Soil
Firm Rock
204
UB Soft to
Medium
N . Medium
N
1.0 N
0.0
1 10
Frequency (Hz)
Figure D-8 - 2D SASSI FRS Comparison Node 411 Y (SCV EL. 200.0°)
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2D SASSI FRS Comparison Node 535 X
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Figure D-9 - 2D SASSI FRS Comparison Node 535 X (CIS El 134.3)
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2D SASSIFRS Comparison Node 535 Y
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Figure D-10 - 2D SASSI FRS Comparison Node 535 Y (CIS El. 134.3%)
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Appendix E — Floor Response Spectra for Six Key Locations (DCD Appendix
3G)

The AP1000 plant floor response spectra for six key locations are
provided in DCD Figures 3G.4-5X through 3G.4-10Z. |
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Figure 3G.4-5X - X Direction FRS for Node 130401 (NI10) or 1761 (NI120)
CIS at Reactor Vessel Support Elevation of 1001*
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Figure 3G.4-5Y - Y Direction FRS for Node 130401 (NI110) or 1761 (NI120)
CIS at Reactor Vessel Support Elevation of 1001*
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FRS Comparison Z Direction
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Figure 3G.4-57 - Z Direction FRS for Node 130401 (NI110) or 1761 (NI120)
CIS at Reactor Vessel Support Elevation of 1001*
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Figure 3G.4-6X - X Direction FRS for Node 105772 (NI10) or 2199 (NI120)
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FRS Comparison Y Direction
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Figure 3G.4-6Y - Y Direction FRS for Node 105772 (NI10) or 2199 (NI20)
CIS at Operating Deck Elevation 134.251*
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Figure 3G.4-67Z - Z Direction FRS for Node 105772 (NI10) or 2199 (NI20)
CIS at Operating Deck Elevation 134.25*
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FRS Comparison X Direction
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Figure 3G.4-7X - X Direction FRS for Node 4724 (NI110) or 2078 (N120)
ASB Control Room Side Elevation 116.501*
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FRS Comparison Y Direction
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Figure 3G.4-7Y - Y Direction FRS for Node 4724 (NI10) or 2078 (N120)
ASB Control Room Side Elevation 116.50*
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Figure 3G.4-77 - Z Direction FRS for Node 4724 (NI10) or 2078 (N120)
ASB Control Room Side Elevation 116.50*
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FRS Comparison X Direction
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Figure 3G.4-8X - X Direction FRS for Node 5754 (NI10) or 2675 (NI20)
ASB Fuel Building Roof Elevation 179.191*
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FRS Comparison Y Direction
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Figure 3G.4-8Y - Y Direction FRS for Node 5754 (NI10) or 2675 (NI120)
ASB Fuel Building Roof Elevation 179.191*
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FRS Comparison Z Direction
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Figure 3G.4-8Z - Z Direction FRS for Node 5754 (NI10) or 2675 (N120)
ASB Fuel Building Roof Elevation 179.191*
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FRS Comparison X Direction
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Figure 3G.4-9X - X Direction FRS for Node 2862 (NI10) or 3329 (NI20)
ASB Shield Building Roof Elevation 327.411*
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Figure 3G.4-9Y - Y Direction FRS for Node 2862 (NI10) or 3329 (NI20)
ASB Shield Building Roof Elevation 327.411*
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FRS Comparison Z Direction
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Figure 3G.4-9Z - Z Direction FRS for Node 2862 (NI10) or 3329 (NI120)
ASB Shield Building Roof Elevation 327.411*
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Figure 3G.4-10X - X Direction FRS for Node 130412 (NI10) or 2788 (NI120)
SCYV Near Polar Crane Elevation 224.001*
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FRS Comparison Y Direction
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Figure 3G.4-10Y - Y Direction FRS for Node 130412 (NI10) or 2788 (NI120)

SCV Near Polar Crane Elevation 224.001*
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Figure 3G.4-107Z - Z Direction FRS for Node 130412 (NI10) or 2788 (NI120)
SCV Near Polar Crane Elevation 224.00*
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