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Record of Revisions

Rev Date Revision Description(1 )

0 See EDMS Original Issue

1 3/20/08 Comments addressed from Southern Company, Bechtel, and Shaw.

2 3/24/08 Changed note on Figure 3-3 from "Note: DRS = GM•SR to "Note: DRS = FIRS".

3 8/12/08 Revised section 2.0, 3.0, 6.0, 7.0, Table 5..l-1ai igure•5.1-1 to 5.1-36.
Add Section 5.3 and Appendix A.

4 10/2/08 Eliminated reference to DCD and repla6edReference 2

ONN

Note (1) igid ificant changes arelbriefly described in this table. In the rest of the report, each row that has
ched is marked usine"ja revision bar in the margin of the page. This approach satisfies the
chang 6 intification requirements in WP 4.5 Section 7.4.
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1.0 Introduction

This report describes the site-specific analyses that have been performed to show the
acceptability of the APIO00 plant at the Vogtle site. The site specific seismic analyses were
performed to address the following:

* Parametric analyses to identify the importance of the different geotechnical variations
at the site that could affect the nuclear island dynamic response and settlement.

* Analyses of nuclear island, turbine building, and annex building (structure to structure
interaction) to confirm surface input against design basis ofrannex building (Seismic
Category II).

* Seismic analyses of the AP1000 nuclear island (NIusing-Vogtle site specific soil and
site specific SSE seismic input to confirm that the AP1O000 NI seismic response is less
severe than the design basis seismic response.,,

* Demonstration that the NI site-specific stabllityf factors of safety arewithin the limits
established by the NRC using a sliding -ftion coefficient of 0.45.

* Provision of dynamic bearing pressureloads.
* Settlement analyses of the nuclear islandi i~ show thatthe differential settlement at

Vogtle is less than those used for the API 000-desin wand to establish the parameters
for the settlement monitoring, program to be,-d. uiring construction.

1.1 Acronyms

ASB = Auxiliary and Shield Building
BE = Best Estimate k
CIS = Containment InternaeStructur•s
CSDRS = Certified Smisrlic Design'Response Spectra
DCD = Design ContrOl Document
DRS = Design Response Spectra,
EL (El.) = Elevation (unless otherwise notId1a[ll EL re generic AP1000 EL where grade is at EL

100') ~
ESP = Early Ste Permit
EW Est West -

FIRS .-Foundation Input Eýesponse rSectra
GMRS' Ground Motion Response Spectra
LB =Lower Bon
NI =Nuclear~ilsad

NS = North Soojh' ,
SEN = Sensitivity
SSI = Soil Structure intdraction
SCV = Steel Containment Vessel
UB = Upper Bound
ZPA = Zero Period Acceleration

7
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2.0 Vogtle Site Characteristics

The Vogtle GMRS, geotechnical conditions, and ground material have differences from the design
analyses performed for the AP1000 seismic analyses (Reference 2) that site specific analyses
must be performed for the Vogtle site. The differences between the Vogtle GMRS and the
AP1000 CSDRS, that in part require these site-specific seismic analyses, are presented in section
3.0. The results of the Vogtle ESP soil investigation and the resultingfsite response calculations
are used to determine the AP1000 Nuclear Island site-specific responses presented in this report
unless otherwise noted.

The plant specific evaluations are based on 2D SASSI a yses a,",sdiscussed in section 4.
Comparisons of the site specific response spectra to theAPI00 velop response spectra
at six key locations are provided in section 5. These 2D-SS site-specfi results were used to
calculate inertia loads for stability, section 6, and beari • ction 7.

The results of these response spectra comparidns and the rulting stabilit evaluations and
bearing pressures demonstrate that the AP1000 plant desigi or the CSDRS is ýicceptable for
the Vogtle site.

The Vogtle Electric Generating Plant (VFGP) site is locate6d4 qar Waynesboro, Georgia in Eastern
Burke County. Two units already exist'and tW Minore will bet ded. The results of the ESP site
investigations are the baseline for this repr. Subs•ifce matenafs~at the VEGP site were placed
into generalized groups, which included:

a. Upper Sand S•traum Bnwiel Group)wl

* Very,'16ose to very dense sands
Average•hthcknessC91f bout 90 ft
* Vogtle ground weteroelat io@ft. M6f '(55-60 ft below grade)

b'.Blue B luff.Marl (LisbcnFormation)
0 Very harantly dy, cemented, calcareous silt/clay

Me Average thickness of 76,ft
c. Lowe&ASand Stratur(coastal plain deposits)

Dense'.sanA
SThic'of 900 ft

d. Dunbarton Basin Bedrock

* Triassic sandstone
* 1,049 ft below grade at B-1003

e. Paleozoic Crystalline Rock

* High shear-wave velocity

8
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* The Pen Branch fault is the boundary of the Triassic Basin and Paleozoic
basement rocks.

The Upper Sand Stratum was removed before construction of Units 1 and 2 and will be removed
for Units 3 and 4 because it has highly variable density along the depth and from borehole to
borehole. Also, a porous material was encountered at the bottom of the Barnwell Group/top of
Blue Bluff Marl that caused drilling fluid losses.

This soil was removed and replaced with compacted granular fill for the construction of the
existing units. The materials above the Blue Bluff Marl in the areao fthe Units 3 and 4 nuclear
islands are assumed for the purposes of these analyses to contcompacted granular fill as
specified in Revision 3 of the ESP SSAR.

3.0 Vogtle Site Seismic Input

The AP1000 Certified Seismic Design Respons Spectra (CSDRS) h'ftpeak ground
accelerations for the safe shutdown earthqual equal to 0.30'EYfor the AP10°0 design. Thet lualh r'. na v le o
vertical peak ground acceleration is conservativl tassu o equal the horiz value of
0.30g. These seismic response spectra are shownlir F!ghi 3-1 and 3-2. These response I
spectra are based on Regulatory Guide.(RG) 1.60 (RefeMeOOe 1) with an additional control point
specified at 25 Hz. The spectral ampihtod at 25 Hz is A3 percent higher than the Regulatory
Guide 1.60 spectral amplitude. The AR-•0 " •DRS are applied at the foundation level in the
free field at hard rock sites, and at the finished gad lfr,, the othe.soil generic conditions.

For the Vogtle site, found.ion input respoln, sspn e 4E '.)- and the associated response
spectra compatible isons're gene the depthf 40 ft below plant level (Vogtle
plant level elfevation 22t) consi1t5nt with th .sam e site response calculation of the full soil
profile that was used generate th 'Ground Moibn Response Spectra (GMRS) at grade. Using
the FIRS motion, tho inzumn," time ,Iries corresponding to the upper, mean, and
lower bound soil propeie~ werede§I'an useO d in the respective upper, mean, and lower
bound SSIl~aa!iss Comp.utation of FIRS •nd[i"column" time histories are fully consistent with
its applic•tibvfor SSI ýl' a

The oil properties and .soil aplification analysis used to develop the design motion at the
ground•s•b6face were used tot btainV gtle FIRS at the depth of 40 ft as a full soil profile outcrop
motion.

Three time histbi!es two i wrizontal direction (H1, H2) and one in vertical direction (Vt), were
generated to matet elS at 40 ft. The strain-compatible soil properties from the full soil
column analyses wereextracted and compared with the velocity profiles that correspond to the
variation of shear moA' u's with a factor of 1.5. The wider range of the two sets was shown to be
for the variation of G with a factor of 1.5. The three profiles were subsequently used in the soil
column analyses using the input motion time histories (H1, H2, Vt) to obtain "within" time histories
at the depth of 40 ft for SSI analyses. The "within" time histories are applied as control motions in
the SSI analysis and were input at the depth of 40 ft in the free-field site model.

Figure 3-3 shows the seismic response spectra associated with the three outcrop time histories
components compared to the outcrop FIRS at 40 ft depth.

9
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Each of the two horizontal input motions (H1 and H2) was used for site response analyses of the
three strain compatible S-wave soil profiles: lower bound (LB), best estimate (BE) and upper
bound (UB). These analyses provided six sets of acceleration time histories of the "within" soil-
column motion at depth of 40 ft that are to be used as input for the SSI analysis. Similarly, for
vertical motion, three "within" time histories were obtained at the depth of 40 ft using the outcrop
vertical time history at the depth of 40 ft and each of three soil profiles (LB, BE, UB).
Development of vertical "within" time histories is fully consistent with its application for SSI
analysis.

The Vogtle GMRS which is the site-specific safe shutdown earthquak ' e>(SSE) is defined at the
ground surface. The Vogtle foundation input response spectra ar' a an outcrop located at the
40' depth. These Vogtle response spectra are compared to the 1 000 SSE design response
spectra that are also referred to as the AP1000 certified seisni Ang response spectra. The
CSDRS also represents the AP1000 FIRS. This is becaus•1 the' SRS at a hard rock site is
essentially the same at the grade level and at the foundati~n level; and"(2,)the CSDRS envelopes
the in-column motions of the other generic soil conditi0 .. The comparisonsae shown in Figures
3-4 and 3-5. As seen from this comparison there a 4 geceedances above the•CSDRS; therefore,
a plant specific seismic evaluation is performedfto' monstrate that the AP10 lant designed

for the CSDRS is acceptable for the Vogtle site.

The surface response motion using the FIRS input motikonatthe depth of 40 ft for the LB, BE, and
UB profiles are compared with the GMRS'at the ground sulace level in Figures 3-6 through 3-8.

Tae d c l uted in the samezcalculation that provided outcrop
motion at 40' depth and includes use oflully randomized soil~ofiles and soil properties. The

comparison shows that the free-field motion within t, b edmrdepth of 40 ft and based on
three soil profiles is adequatelygeaptured. 4

The site specific SSIOalysis at ogtle is a on the site specific soil profile and the site
specific FIRS develop'd for the siteThe de\l&pment of the FIRS is fully consistent with its
application for SSI analysis. The comparison presented in Figures 3-6 through 3-8 is to illustrate
that use of FIRS alongWiththe UP OBEJ'id LB prdrfHes results in a surface motion in the SSI free-field"t mode I''' '* '¢' W•>V
field model that envelopse %QMRS. This §t'Gi &nfirms that the foundation motion as well asthIfe tha, .envelo57p,. co
the free ongthe embedment dpth of the NI is adequately and conservatively
modeled Iod in he S S I , s i s.

These'- 4pectra and tim 65i'stories pr'esented in this section are all based on the ESP soilpropertiesNhe site response was cm pletely recalculated assuming a different higher shear
wave velo~'ifprofile of the L"kfill. This resulted in a new set of FIRS; time histories; and lower
bound, best egtirnate, and upper bound strain compatible soil profiles. These were developed for
a sensitivity analis -to dete1rmine the sensitivity of the Vogtle AP1000 NI seismic response to a
very wide range ofZlea' wave velocity profiles of the backfill. This was done in part since the
final backfill is not in p1ac. The results of this sensitivity study (SEN) are provided in Sections
5.0, 6.0, and 7.0.

10
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Figure 3-2 - AP1000 Vertical Design Response Spectra Safe Shutdown Earthquake
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SN Vogtle - Input Motion for SSI Analysis
5% Damping Acceleration Response Spectra of Input Motion at 40 ft Depth
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Figure 3-3 -,Acceleration Response Spectra - Input Outcrop Motion at 40 ft Depth
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Comparisons of VEGP Horizontal Seismic Response Spectra to AP1000 CSDRS
5% Damping
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Figure 3-4 - Comparison of AP1000 Horizontal CSDRS to Vogtle 40' Outcrop FIRS and
GMRS

Comparisons of VEGP Vertical Seismic Response Spectra to API1000 CSDRS
5% Damping
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Figure 3-5 - Comparison of AP1000 Vertical CSDRS to Vogtle 40' Outcrop FIRS and
GMRS
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SN Vogtle - Input Motion for SSI Analysis - H1 Motion
' Damping Acceleration Response Spectra at Ground Surface
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Figure 3-6 - Acceleration Response Spectra - Horizontal HI Motions at Ground Surface

15



SVO-1 000-S2R-802 AP1 000 Site Specific Seismic Evaluation Report

SN Vogtle - Input Motion for SSI Analysis - H2 Motion
5% Damping Acceleration Response Spectra at Ground Surface
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Figure 3-7 - Acceleration Response Spectra - Horizontal H2 Motions at Ground Surface
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SN Vogtle - Input Motion for SSI Analysis - Vert. Motion
5% Damping Acceleration Response Spectra at Ground Surface
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Figure 3-8 - Acceleration Response Spectra - Vertical Motions at Ground Surface

17



SV0-1 000-$2R-802 AP1 000 Site Specific Seismic Evaluation Report

4.0 Seismic Models

The AP1000 nuclear island (NI) consists of three distinct Seismic Category I 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).

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 below an assumed
plant grade (for modeling purposes) located at Elevation 100'-0".A'Thus, the bottom of the
basemat is located at Elevation 60'-0". See Figure 5-2 for Vogtle sitelevations.

The steel containment vessel is a freestanding cylindrical steestrucjture with elliptical upper andlower heads. It is surrounded by the reinforced concrete shtebuildiie inside diameter and

height are equal to 130' and 215'-4", respectively. Thgt.,1p of containmntis at Elevation 281'-
10".

The containment internal structures are designes'using reinforced concrete an'd&fructural steel.
At the lower elevations conventional concrete and•. reinforcig,, steel are usedexcept that
permanent steel forms are used in some are removable forms based on

constructability considerations. The,,emodules are structural elements built up with welded
structural shapes and plates. Concret;AsNCised where requirved for shielding, but reinforcing steel
in the form of bars is not normally used!'

The shield building is an enhanced cylindrical rein Dre.,concretestructur which includes the
open annulus area surroundi•gthe containmerntessel. 'Ithas. a conical roof structure which
supports the containmentla coohndiffuser and tle Passive ontainment Cooling System (PCS)
water storage tank.

The auxiliary buildingia reinforcedconcrete strut re. Structural modules, similar to those used
in the containment internal.structus are used in te southern portion of the auxiliary building. It
essentiallywvraps~approxirf fitel50 percen o t~t..ircumference of the shield building. The floor
slabs and th& dtu ?'a I walls of the auxiliarybuilding are structurally connected to the cylindrical
section;oT the shield b'il•iding Te auxiliary building includes the fuel handling area located south
of th42held building. ¾.

The AP1F)OOINl structural models use to analyze the Vogtle site were modified from the models
used duriAe hard rockelinsing (Design Control Document, Revision 15). The seismic

analyses performed for th6Vogtle site includes site-specific soil properties and embedment
effects and use the current seismic models that represent the latest AP1000 NI structural
configuration (Refre;ece,-The shield building design has been enhanced to mitigate the effects
of aircraft impact. S •wn in Table 4.0-1 is a comparison of the base seismic reactions at
Elevation 60.5' (AP1000 generic elevation of the bottom of the NI foundation) for the 2D hard rock
case with the enhanced shield building to the DCD Rev. 15 configuration. The vertical seismic
reactions are combined (+/-) with the dead weight (DW). As seen from this comparison, larger
seismic reactions are obtained using the current NI structural configuration (the enhanced shield
building) to those associated with the NI structural configuration for the AP1000 design during the
hard rock licensing (DCD Rev. 15). Therefore, it is concluded that using NI structural models that
includes the enhanced shield building for the Vogtle site-specific seismic assessments would
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bound the foundations loads from the same Vogtle site-specific seismic assessment using the
DCD Rev. 15 NI structural configuration.

Table 4.0-1 - Seismic Reactions at the Bottom of the Basemat (Elevation 60.5')

Seismic Reaction 2D Hard Rock
Enhanced Shield Building 2D Hard Rock (DCD 15)

Shear NS 123.75 99.81
Shear EW 112.31 93.52
DW + Vertical 385.1 382.2
DW - Vertical 187.6 A M 179.2
Moment about Line I 13,011 AR K I 12,639
Moment about SBW side 14,034 `% &13,644
Moment about Line 11 17,506 .'. i4,791
Moment about Line 1 17,607 -i4ý.9Q3

The Vogtle site-specific seismic analyses are performled using the same 2D stickmodels of the
Nuclear Island used to obtain the 2D Certified DesigriAP1OO broaden envelop response spectra
at the key locations (Reference 2).

4.1 2D Models

The 2D models of the NudleaTrlsland are stick models of the,,,,iliary Shield Building (ASB), the
Seleand the C"Itainment Internal Structure (CIS). The concrete

structures are mod~eleVl with linear•lastic uncracked properties. However, the modulus of
elasticity is reduced tc 80% of its, to redu stiffness to reflect the observed behavior of
concrete when stress Vnot n.. esDlItin significa 'cracking as recommended in Table 6.5 ofFEMA 356. •,:, ••@•

The 20m els of~mNulu Island are considered in conjunction with their foundation and
suppoftin media to form, a sil~structure interaction model. The 20 models provide good
representation of the imrh'eant modes of the structure and seismic interaction between the
nuclearisland structures. Ie SASSI model with adjacent soil layers to the Nuclear Island
basemat isvshown in FigureT4i.-1. It is noted that in this figure the different sticks for the ASB,
SCV, and CI•agre collocateand therefore, appear as one stick even if there are three sticks
present. The seil adjacent, tlfthe foundation is modeled by eight layers as shown. The horizontal
soil element spacinig ximately 5 feet. Spring elements are used to connect the foundation
to these adjacent s6illay.rs. The springs transfer the compression between the structure and the
soil. The soil benea'tthe foundation is modeled using 81 elements to a depth of 1050 feet.
Three ESP soil profiles are used as shown in Figure 4.1-2. Two lines show in each figure; one is
the ESP soil profile and the other is SASSI input soil profile data. The maximum sizes of the soil
layers for the different depths are shown. The three soil profiles are lower bound, best estimate,
and upper bound. The ESP profiles are discussed in Section 3.0.
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Spring Elemenk,

Z

daacent Soil Layer

Layer 1: 5ft

Layer 2: 5ft

Layer 3: 5ft

Layer 4: 5ft

Layer 5: 5ft

Layer 6: 5ft
Layer 7: 3.6ft

Layer 8: 6ft

Layer 9 5.5ft

- Horizontal spacing: -5ft

Figure 4.1-1- 21) Soil Structure Interaction Model
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Lower Bound Best Estimate

0 low =

Upper Bound

0 1• 4

Maximum Soil
Layer Thickness

in SASSI

-12 ft

-18 ft

-23 ft

Note: The blue line indicates the data provided by Bechtel and the red line indicates the data used by Westinghouse.
The difference is due to layer thicknesses which is minor.

Figure 4.1-2 - ESP Shear Wave Velocity Profiles for 2D Site Soil Layers
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4.2 Adjacent Buildings (Annex, Turbine, and Radwaste Buildings)

Since the Vogtle site is a deep soil site with a shallow inversion as shown in Figure 4.1-2,
adjacent buildings (Annex, Radwaste, and Turbine buildings) dynamic models are included in the
SASSI analyses. By including these buildings into the SASSI model, the adjacent building
seismic demands can be obtained. The SASSI models with these building models are shown in
Figures 4.2-1 and 4.2-2. It is noted that the Radwaste and Turbine buildings are represented as a
lump mass at grade, whereas the Annex buildings are represented as sticks.

9

--- ---
-U

Figure 4.2-1 - Turbine and Radwaste Adjacent Buildings
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I t *t$'#.*A.S4.SW4WtUfl

East-West Model (y-dir)

Figure 4.2-2 - Annex Adjacent Building

5.0 Soil Cases and SSI Analyses

The SSI analyses are performed for the Early Site Permit (ESP) and Sensitivity (SEN) soil cases.
The ESP and SEN each have three soil cases: lower bound, best estimate, and upper bound.
Figure 5-1 is the shear wave velocity profiles to a depth of 160' for each of the soil cases
evaluated. Figure 5-2 shows the FIRS and GMRS locations used in the Vogtle site specific
SASSI AP1000 NI Analyses.

Note that the SEN soil cases are based on a complete recalculation of site response assuming a
higher shear wave velocity profile of the backfill than used for the ESP soil profiles. This resulted
in a new set of FIRS, time histories, and strain compatible lower bound, best estimate, and upper
bound soil profiles. The purpose of this study is to determine the sensitivity of the Vogtle AP1000
NI seismic response to a much wider range of backfill shear wave velocity profiles.
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Figure 5.0-1 - Shear Wave Velocities for the ESP and SEN Soil Cases
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Figure 5.0-2 - FIRS and GMRS Locations in Vogtle Site Specific SASSI AP1000 NI Analyses
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5.1 2D SASSI Analyses and Parameter Studies

This section describes the SASSI and parametric analyses performed using the 2D models that
include the adjacent structures described in Section 4.2. The Vogtle site-specific soil cases are
analyzed.

Figures 5.1-1 to 5.1-18 are the response spectra with 5% damping compared to the AP1 000 SSI
Envelope for the ESP soil cases. Figures 5.1-19 to 5.1-36 are the coiiparisons for the SEN soil
cases. These spectra are also at 5% damping. The floor response spectra are given at the six
key locations as defined in Table 5.1-1.

As seen from these spectra, there is a slight exceedancejn t e rangefrom 0.5 hertz to 0.6 hertz
in the NS direction and 0.45 hertz to 0.65 hertz in the E-,.direction. Th•/only dynamic response
in this region is due to tank sloshing. As seen from4 Table 5.1-2, the sloshing frequencies are
away from this region of exceedance. Sloshing. itnIihthe tanks will not affect# J~eAP100O plant
design. U
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Table 5.1-1 - Critical Nodes Selected

AP 1000
Nodes Generic Plant Description

Elevation (ft)

4041 99.00 NI at Reactor Vessel Support Elevation

4061 116.5 Auxiliary Shield Building at Control Room Floor

4120 179.56 ASB Auxiliary BuildingRo•of Area

4310 327.41 ASB Shield Building Roof Area

4412 224 Steel ContainmentVassel neari olar Crane

4535 Containment Intern•AStructur6WftOperating45 134.25 A. Deck

Table 5.1-2 - Slos0iig Frequencies
- l•Freuni

Tank and Seis~mic Response ji0 Frequency
Diroebiit Vh,, Hertz

Fuel Area

Fuel Pool, EW 0.68

LE e561Transfera3nal, EW *06

EueI Transfer( nal, NS VIOL 0.26

Cask Loadi E.W pp 0.39

Mmoal Cas¶jDing Pit, N QR 0.37

Cask Vvasnhown Pit, EWAFý rjrA 0.39

CasZ.vasnao it, NS 0.36

IRWM•ank

Steel W1 , EW 0.41
Steel WlNS02
st(ýpjjVfill, NS 0.25

'NWa 'I, EW . 0.36

-North Wall Pressurizer, NS 0.29

West Wall, EW 0.29

South Wall, NS 0.29

Shielding Building

PCCS Tank 0.136
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Figure 5.1-1 - Comparison of Node 4041 ESP Response to API000 SSI Envelope, NS Dir.
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FRS Comparison Y Direction
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Figure 5.1-2 - Comparison of Node 4041 ESP Response to AP1000 SSI Envelope, EW Dir.
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FRS Comparison Z Direction
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Figure 5.1-3 - Comparison of Node 4041 ESP to AP1000 SSI Envelope, Vertical Dir.
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FRS Comparison X Direction
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Figure 5.1-4 - Comparison of Node 4061 ESP to AP1000 SSI Envelope, NS Dir.
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FRS Comparison Y Direction
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Figure 5.1-5 - Comparison of Node 4061 ESP to API000 SSI Envelope, EW Dir
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FRS Comparison Z Direction
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Figure 5.1-6 - Comparison of Node 4061 ESP to AP1000 SSI Envelope, Vertical Dir
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Figure 5.1-7 - Comparison of Node 4120 ESP to AP1000 SSI Envelope, NS Dir
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FRS Comparison Y Direction
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Figure 5.1-8 - Comparison of Node 4120 ESP to API000 SSI Envelope, EW Dir

35



SVO-1 000-S2R-802 AP1000 Site Specific Seismic Evaluation Report

FRS Comparison Z Direction
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Figure 5.1-9 - Comparison of Node 4120 ESP to AP1000 SSI Envelope, Vertical Dir

36



SVO-1 000-$2R-802 AP1 000 Site Specific Seismic Evaluation Report

FRS Comparison X Direction
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Figure 5.1-10 - Comparison of Node 4310 ESP to APIOOO SSI Envelope, NS Dir
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Figure 5.1-11 - Comparison of Node 4310 ESP to AP1000 SSI Envelope, EW Dir
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Figure 5.1-12 - Comparison of Node 4310 ESP to AP1000 SSI Envelope, Vertical Dir
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Figure 5.1-13 - Comparison of Node 4412 ESP to AP1000 SSI Envelope, NS Dir
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Figure 5.1-14 - Comparison of Node 4412 ESP to AP1000 SSI Envelope, EW Dir
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Figure 5.1-15 - Comparison of Node 4412 ESP to AP1000 SSI Envelope, Vertical Dir
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Figure 5.1-16 - Comparison of Node 4535 ESP to AP1000 SSI Envelope, NS Dir
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Figure 5.1-17 - Comparison of Node 4535 ESP to AP1000 SSI Envelope, EW Dir
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Figure 5.1-18 - Comparison of Node 4535 ESP to AP1000 SSI Envelope, Vertical Dir
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Figure 5.1-19 - Comparison of Node 4041 SEN to AP1000 SSI Envelope, NS Dir
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Figure 5.1-20 - Comparison of Node 4041 SEN to AP1000 SSI Envelope, EW Dir
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Figure 5.1-21 - Comparison of Node 4041 SEN to AP1000 SSI Envelope, Vertical Dir
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Figure 5.1-22 - Comparison of Node 4061 SEN to AP1000 SSI Envelope, NS Dir
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Figure 5.1-23 - Comparison of Node 4061 SEN to AP1000 SSI Envelope, EW Dir
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Figure 5.1-24 - Comparison of Node 4061 SEN to AP1000 SSI Envelope, Vertical Dir
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Figure 5.1-25 - Comparison of Node 4120 SEN to AP1000 SSI Envelope, NS Dir

52



SVO-1 000-$2R-802 AP1000 Site Specific Seismic Evaluation Report

FRS Comparison Y Direction

3I

3.

2.

2.£

._1.

5-

05-

5- 
.- - -- __ _&- 

-

-

05 - - .

I H_

- broad ap2d-d5 4120
- vg2d-BE SEN-d5 4120

- - - vg2d-LB SEN-d5 4120

- - - - vg2d-UB SEN-d5 4120

1.

0.

0.

0.1 10 100

Frequency (Hz)

Figure 5.1-26 - Comparison of Node 4120 SEN to AP1000 SSI Envelope, EW Dir
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Figure 5.1-27 - Comparison of Node 4120 SEN to AP1000 SSI Envelope, Vertical Dir
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Figure 5.1-28 - Comparison of Node 4310 SEN to AP1000 SSI Envelope, NS Dir
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Figure 5.1-29 - Comparison of Node 4310 SEN to AP1000 SSI Envelope, EW Dir
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FRS Comparison Z Direction
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Figure 5.1-30 - Comparison of Node 4310 SEN to AP1000 SSI Envelope, Vertical Dir
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FRS Comparison X Direction
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Figure 5.1-31 - Comparison of Node 4412 SEN to AP1000 SSI Envelope, NS Dir
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FRS Comparison Y Direction
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Figure 5.1-32 - Comparison of Node 4412 SEN to AP1000 SSI Envelope, EW Dir
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FRS Comparison Z Direction
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Figure 5.1-33 - Comparison of Node 4412 SEN to AP1000 SSI Envelope, Vertical Dir
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FRS Comparison X Direction
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Figure 5.1-34 -Comparison of Node 4535 SEN to AP1000 SSI Envelope, NS Dir
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FRS Comparison Y Direction
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Figure 5.1-35 - Comparison of Node 4535 SEN to AP1000 SSI Envelope, EW Dir
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FRS Comparison Z Direction
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Figure 5.1-36 - Comparison of Node 4535 SEN to AP1000 SSI Envelope, Vertical Dir
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5.2 Adjacent Building Seismic Demand

The 2D SASSI east-west model, nuclear island and Annex building (Seismic Category II building),
was used to obtain the relative displacement between nuclear island and at top of the annex
building at NI elevation 179'-7" and annex building elevation 182'-8". The maximum relative
displacement between nuclear island and at top of the Annex building for the ESP Best Estimate
soil case is 2", which is less than the 4 inch gap between nuclear island and annex building. The
response spectra at the location of the Seismic Category II Annex building are given in Figures
5.2-1 and 5.2-2 for the horizontal and vertical directions. The respoe spectra is compared to
the AP1000 SSI Envelope (identified as ap2d) for the ESP best esti•ate soil case (identified as
vg2d) at 5% damping.

The seismic accelerations at the base of the seismic Catego Ol Tur i' ,and Radwaste buildings
are given in Table 5.2-1 for-the soil cases associate ith ESP and EN soil cases. For the
AP1 000 generic analysis, the seismic maximum seismic 'accelerationi ei building is greater
than 0.5g.

The Vogtle specific maximum bearing. pressures forO.te Radwa~te, Annex, and Turbinie buildings
are given in Section 7.0.

Table 5.2-1 - Turbine andR1'itdwaste Bas . Seismnic Accelerations

MaxBE ESP, -E LB ESI_ ESPI'g'M BESEN UB SEN LB SEN SEN

_ft • Turbirnuilding
South Side 1'•8, 0.20 ) ,0.19 TO.02 0.17 0.15 0.15 0.17
Center 0:2ft,- 0.274 f..03i.1 Fr 0.22 0.22 0.22 0.22
North Side 0-32T& ý.wV•jl -. _% JýQ,.1T 0.25 0.25 0.25 0.25I'm Mob, -'_.___ Radi'iW{Build ing
South5 RiW•' ý ... VQ 0.20 0.20 0.18 0.16 ,0.16 0.18
Center. 0.29TYR 0. SN 0.37 0.37 0.21 0.22 0.22 0.22
Nortif.de 0.21 "%O.22 [NO.%0, 23 0.23 0.18 0.18 0.18 0.18
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FRS Comparison Y Direction
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Figure 5.2-1 - Horizontal Seismic Response Spectra at Base of Annex Building
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Figure 5.2-2 - Vertical Seismic Response Spectra at Base of Annex Building
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5.3 Sensitivity Study of Backfill Behind MSE Wall

A sensitivity study of the Vogtle site-specific NI SSI seismic responses was performed to evaluate
the effect of reduced backfill shear wave velocity (V,,) directly behind the MSE wall due to the use
of different backfill compaction methods adjacent to the MSE wall. This sensitivity analysis was
performed using two-dimensional (2D) seismic soil structure interaction SASSI models. The first
model assumes the V, of the backfill is the same throughout, and is the ESP best estimate (BE)
backfill Vs (515-909 fps). The second model utilizes the same BE backfill Vs, except for an area
extending from the face of the wall five feet into the backfill for the full height of the wall. Figure
5.3-1 shows the MSE wall configuration. For this area of fill, the ESP LB Vs (421-755 fps) is used.
For the sensitivity analysis the ESP BE input time histories are used,

Figure 5.3-2 through 5.3-19 show the FRS comparisons between the Vogtle 2D model with the
reduced shear wave velocity directly behind the MSE wall (VG2dMSE-BE ESP-d5) and the Vogtle
ESP BE 2D SASSI (vg2d-BE ESP-d5) model at Nodes as shown in Table 5.1-1. These figures
also show the AP1 000 SASSI 2D SSI FRS envelope.

The FRS for the model that included the LB backfill V. directly behind the MSE wall were almost
identical to the FRS of the same model without any reduction in V, directly behind the MSE wall.
Therefore, the potentially reduced shear wave velocity of the backfill directly behind the MSE wall
does not affect the Nuclear Island building responses.

5 ft.

--- -- --- -- --- -- ------

40 ft
BEV, . .LB. - V..

MSE Wall Schematic

Figure 5.3-1 -2D SASSI Model with MSE Wall

Figure Not To Scale
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Figure 5.3-2 - FRS Comparison at Node 4041 (X Direction)
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Figure 5.3-3 - FRS Comparison at Node 4041 (Y Direction)
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FRS Comparison Z Direction
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Figure 5.3-4 - FRS Comparison at Node 4041 (Z Direction)
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Figure 5.3-5 - FRS Comparison at Node 4061 (X Direction)
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Figure 5.3-6 - FRS Comparison at Node 4061 (Y Direction)
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Figure 5.3-7 - FRS Comparison at Node 4061 (Z Direction)
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Figure 5.3-8 - FRS Comparison at Node 4120 (X Direction)
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Figure 5.3-9 - FRS Comparison at Node 4120 (Y Direction)
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FRS Comparison Z Direction

2.5

2.0

1.5

( 1.0

0.5

---- broad ap2d-d5 4120

- vg2d-BE ESP-d5 4120
---- VG2dMSE-BE ESP-d5 41201

0,0 !R
0.1 10 100

Frequency (Hz)

Figure 5.3-10 - FRS Comparison at Node 4120 (Z Direction)
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Figure 5.3-11 - FRS Comparison at Node 4310 (X Direction)
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Figure 5.3-12 - FRS Comparison at Node 4310 (Y Direction)

FRS Comparison Z Direction

8.0

7.0

6.0

5.0

0
S4.0

3.0

2.0

1.0

0.0

-0--- broad ap2d-d5 4310
-- vg2d-BE ESP-d5 4310
- - - VG2dMSE-BE ESP-d5 4310

0.1 10 100

Frequency (Hz)

Figure 5.3-13 - FRS Comparison at Node 4310 (Z Direction)
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Figure 5.3-14 - FRS Comparison at Node 4412 (X Direction)
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Figure 5.3-15 - FRS Comparison at Node 4412 (Y Direction)
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Figure 5.3-16 - FRS Comparison at Node 4412 (Z Direction)
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Figure 5.3-17 - FRS Comparison at Node 4535 (X Direction)
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Figure 5.3-18 - FRS Comparison at Node 4535 (Y Direction)
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Figure 5.3-19 - FRS Comparison at Node 4535 (Z Direction)
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6.0 Stability Analyses

A stability analysis of the Nuclear Island (NI) has been performed with factors of safety
determined for:

* Flotation for ground water and maximum flood effect
* Overturning and sliding during tornado/wind/hurricane conditions
* Overturning and sliding during the SSE

These "generic" analyses have been performed for six site profiles: ock, firm rock, soft rock,
upper bound soft-to-medium soil, soft to medium soil, and soft soil.fThe stability factors of safety
for non-seismic loading for the AP1 000 NI are given in Table 6.1;41ie~sliding analyses have been
performed using a coefficient of friction of 0.7. For the Vogtl2si dgoteiadin
of 0.45 is used. Since all of the sliding factors of sarety a' larger than1,•l it is not necessary to
calculate new sliding factors of safety for these cases,&i,,g a coefficientqoftfriction of 0.45 since
there is a lot of margin between the factors of safet 'the limit. The minirium sliding factor of
safety will be above 7 for the Vogtle site if a slidingcehfficient of friction of 0.45 4 -onsidered.

The water table at the Vogtle site is below the Nk basemat,,e water table isa Vogtle site
elevation 165', and the lowest point of the basemat is Vc6tlia site elevation 180'. The Vogtle
seismic stability analyses reflect this and, therefore, th weight is not reduced by the
buoyancy force. he eat

seismic stability analysis has been re si efollowing soil cases using

results from the 2D SASS I analysis:

Early Site Permit Soil Cases, (ES

* Lower Boun.d
* Best Estimate
* Upper Bound

Sensitivt!'i CasesqSEN)

* Lo0w er Bound
* Best Estimate

* UpperBound

The aCCeptabiityfi sin_•n•ssm_ c response from the 2D SASSI model has been documented by

Westinghouse ge 'i It has been shown that the shear and overturning moments compare
closely between the 3 120) shell model and 2D analyses. In addition it has been shown that
there are very little changes in the seismic factors of safety associated with overturning and
sliding when using the 2D SASSI model or N120 3D shell model.
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Table 6-1 - Stability Factors of Safety for Non-Seismic Loading for AP1000 NI

Sliding Overturning Flotation
Load Factor Factor Factor

Combination of Limit of Limit of Limit
Safety Safety Safety

D + H + B + W Design Wind A&

North-South 23.2 1.5 51.5 1.5,1'- -

East -West 17.4 1.5 27.9 - -

D + H + B + Wt Tornado COaition R

North-South 12.8 1.1 17~ ~1:7 ~
East -West 10.6 1.1 49.Y6V 1.11 -I

D + H + B + Wh H~u9ncane Condition

North-South 18.1 I.1 1 31 J9, -

East -West 14.2 1.1 1h,116.7 .,&1' -

D + F 3.51 1.1
D +B _3.7 1.5

-7.

6.1 Seismic Stabilityf las

The calculation of theseismic stabilitykfactors o f ifety are based on the following formulations for

overturning and slidindý, given below.&,,

Overturning,, ,Aeismic Staibilit9•ofrul

FS: (Ml~-M) / (M@A,,•- *1 A A )I (6.1)

F s= Factor of n/tsaf i•n verturning from a safe shutdown earthquake
N Nuclear lsnds resisting moment against overturning (due to the force of

e •d4adweight - buoyancy)
MO=Maximum SSE§'Kauced overturning moment acting on the nuclear island
MP esistan moment associated with passive pressure
MAO = Momnept duito lateral forces caused by active and overburden pressures

Maximum SSE overturning moments are calculated about column line I, west side of shield
building, and column lines 1 and 11. Column line I is located along the east side of the auxiliary
building. Shield Building West (SB West) is located on the west side of the shield building.
Column line 11 is the north side of the auxiliary building and column line 1 is the south side.

Sliding Seismic Stability Formula

FS = [Ff + Fp] / [FSSE + FAO] (6.2)
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FS = Factor of safety against Sliding
Ff = Sliding resistance based coefficient of friction factor of 0.45
Fp = Passive soil pressure resistance
FAO = Active soil pressure + Overburden
FSSE = Seismic Shear

6.2 Vogtle Site-Specific Stability Evaluation

The site-specific evaluation is performed using the seismic res~po4se of the NI from the lower
bound, best estimate, and upper bound soil cases as describedgin Section 3.0. The site specific
stability factors of safety for the Vogtle site are summarized i I •bl .2-1 and 6.2-2 for the soil
profiles associated with the Early Site Permit and Sensitivity cas. n from this table, all of
the factors of safety are well above the limit, and refle6'much ore margin than the AP1000
generic all soil analysis.

Increasing the Vogtle site-specific seismic resppnsý spectra ati,the 40' outcr ' bcation to be
equal to 0.3g (ZPA), new stability factors of safetyar,e'-calculated"OT he increase in seismic level is
1.2 in the horizontal directions, and 1.36 in the vertica=direction. The summary of stability factors
of safety are given in Tables 6.2-3 and 6-2-4, and they 5r lCabove the limits.

The sliding factors of safety are base assive pre. The sensitivity of the sliding
factor of safety versus passive pressure h •F'gure 2!Nusing the upper bound ESP

estimate that has the lowest sliding factoof safe •. is otedtat at the limit of the sliding
factor of safety (1.1) the pass•ye•pressure is Iset e AtI9 Pressure(15% Passive Pressure
vs. At Rest Pressure whi- r1 the Pasie \ ressure).'V,

It can be concludedf-rcioi the stability evaluation THthe Vogtle site that:

Seismic stabilitl fa1'-os ofsite have significant margin.
tlesite seism ic stability fadto~''f safety have significant margin above the

ABP1:000"'gý idesin' considering a 0.3g (ZPA) level. The reduction of seismic load at
Vogtle is dti "e X,/ ectsthat do not exist in the hard rock case.
•The seismic stabilitý factors- f safety for sliding have significant margin using a sliding

NMlc~fficient of friction of,0.45. Even though the Vogtle coefficient of friction is less than that
stgdard AP1000 ce•tified design value, the standard design capacity would not be
redMucfrthe Vogtl s ite.
When thoeseismic st"bility factor of safety for sliding is equal to the factor of safety limit of
1.1, the passive pressure is close to the At Rest Pressure. Therefore, the NI at the Vogtle
site will notid eand consideration of a dynamic coefficient of friction in the stability
calculation for iding is not required.
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Table 6.2-1 -Comparison of Seismic Stability Factors of Safety - ESP

Vogtle Site Vogtle Site Vogtle Site
AP1000 Specific Specific Specific Upper
Generic Lower Bound Best Bound

Stability Factors of Safety Analyses Estimate Estimate Estimate Limit

Sliding NS earthquake 1.28 2.07 1.97 • 1.83 1.1
Sliding EW earthquake 1.33 2.10 2.08 AQ ,• 1.96 1.1
Overturning NS earthquake 1.35 3.74 3.52•ZK 3.37 1.1
Overturning EW earthquake 1.12 2.77 2(6:i f 2.45 1.1

Table 6.2-2 -Comparison of Seismic Stability Factors of Saf SEN

Vog•I Site Vogt&ISite
AP1000 Speci* Specific Vogtle Site
Generic,. Lower Bound B.st Specific Upper

Stability Factors of Safety Analyses, Estimate E Lstimate Bound Estimate Limit

Sliding NS earthquake 1.28 N, 2 2 0k. 2.02 1.1
Sliding EW earthquake 1.33 2 2'24s . 2. 1W 2.10 1.1
Overturning NS earthquake ... 1.35 NIP 3.97 W 3.80W1 3.68 1.1
Overturning EW earthquake, • ,]' .12 3"* 3P' 2 2.81 1.1

Table 6-2, -Comparison of SeismiclStability Factors of Safety - ESP

fiereased to 0.3g att Outcrop

Vogiie Site Vogtle Site Vogtle Site

2~f AP.] 00 Specific Specific Specific Upper
"enieric Lower Bound Best Bound

NStabihty Factors of Sat Anays Estimate Estimate Estimate Limit

Sliding NSri.hquake X 1.28 1.89 1.78 1.64 1.1
Sliding EW •7iitquake .68A 1.33 1.92 1.89 1.77 1.1
Overturning NS rthquake4l V 1.35 2.85 2.69 2.58 1.1
Overturning EWTr~thqua'e• 1.12 2.23 2.15 1.98 1.1
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Table 6.2-4 -Comparison of Seismic Stability Factors of Safety - SEN
Increased to 0.3g at 40' Outcrop

Vogtle Site Vogtle Site Vogtle Site
API000 Specific Specific Specific Upper
Generic Lower Bound Best Bound

Stability Factors of Safety Analyses Estimate Estimate Estimate Limit

Sliding NS earthquake 1.28 1.99 1.86 1.84 1.1
Sliding EW earthquake 1.33 2.06 2.00 1.91 1.1
Overturning NS earthquake 1.35 2.99 2.89 2.80 1.1
Overturning EW earthquake 1.12 2.38 2.32 2.25 1.1

2.00 .. .. . " -
1.80_- I _

1.60 I 1 ! K-1

1.40 2 7 _ ' _ _ I

1.20 ___ -- " -
i I -- - ' -- ' -- - • - - -- FS(NS)"6 1.00 -FSEW

0.80 - ...... • - - i i

0.60 0 07 0 0

0.40n l Prssr
0.20 '-

0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

Fraction of Full Passive Pressure

Figure 6.2-1 - Sliding Factor of Safety versus Passive Pressure
ESP- Increased to 0.3g at 40 ft Outcrop - UB
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7.0 Foundation Bearing Pressures

The foundation bearing pressures from the Vogtle site specific evaluation are the maximum pressures
associated with the dead load plus seismic load cases. To account for 3D seismic effects, the maximum
bearing pressures were calculated using the square root sum of squares of the seismic responses in the NS,
EW, and vertical directions. The maximum bearing pressure given in Table 7-1 includes the bearing
pressure due to seismic excitation plus the building dead load pressure.

Table 7-1 - Vogtle Specific Maximum Pressures Ude Basemat (ksf)

Nuclear Island Radwastel An n 6C Turbine
Best Estimate ESP 16.53 14 3,. 3.73 Li •2.48

Best Estimate SEN 15.44 T 1• 4.92 ' 2.,2
Lower Bound ESP 15.71 i.50 377 20_ ._

Lower Bound SEN 14.77 _1,•26 .f2 0 2.4_f__

Upper Bound ESP 17.95 •3. • 6.92 2.49

Upper Bound SEN 1,Q9.• 1•689 _ 5.35 2.41

8.0 Settlement of Founl~tions •.

The details of the foui.ation settlement anal'yýs for the Vogtle site are reported in Reference 3.
The foundation matfsPlacements fd(rjthe AP1000 nbuildings due to potential elastic settlements of
the subgrade soils attheVogtle si.. are. document d in this reference. The evaluation examines
the construction conditiohNsincludiitg ~the -uctural loading sequences and calculates the resulting
settlements, ghthe foundation mat displacem'et time histories. Based on the evaluation, it
estimated raxnium foundation mat displacements rotations and the maximum differential
displacerments betweenh)Uild n•h

The settlement analysis and the suibsequent structural evaluation estimates foundation mat
vertical acements, tilti and differential displacements between buildings. The analysis is
based on thiproposed const' ution schedule and sequence.

The predicted max•mum settlements are less than 3 inches total and 1/2 inch in 50 feet tilt across
the basemat (Reference,3. The settlements calculated for the Vogtle site are given in
Table 8-1 below.
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Table 8-1 - The maximum settlements for the Vogtle site

Differential Settlement
Settlement Summary (center-to-center)

Building Max. Min. Tilt (inch per 50') Nuclear Turbine Radwast Annex

Settlement Settlement NS EW Island Bldg. Bldg. Bldg.

Nuclear Island 2.66 1.39 0.06 0.39 --- 00.4 6.12 0.32

Turbine Bldg. 1.85 1.51 0.05 0.01 0.44 -' 0.32 0.75

Radwaste Bldg. 2.00 1.98 0.00 0.00 0. v0.32 -- 0.44

[Annex Bldg. 2.47 2.37 0.01 0.05 1,.f,9 0'2 75 0.44 ---

Note: All values in inches unless noted otherwise. elvao
Settlement calculation assumes non-NI buildin s are constructed at levation relative to
the settled NI.

The maximum foundation tilt is 0.39" in 50' and oic. uirs in theiast-west direction"'. h6 e Nuclear
Island(less than ½" in 50' tilt across basemat in Refer~ce' )The most significant differential
settlement between the Nuclear Island and adjacent buildi is 0.44 inch, between the Nuclear
Island and the Turbine Building.

9.0 Settlement Monitoring Program.,

The proposed settlement",monitonrinplan ad,' ss the expected heave or rebound during the
excavation and dewatering phaseas well as'.fie settlements due to the building construction
loads. Compared to-tbe predicted settlements for the generic profiles considered in the standard
design, the calculatedesettlements fdorthe Vogtl oditions are relatively small and all within the
limiting settlement parameters li ' 'd th N an ' "esign.•eesulze i 'm ,e"t•#Lts .- e~n

The propbsed nettlerEt4r't monitring program will include:

t*_Piezometers to measure Iore.,,ater pressures in the Blue Bluff Marl and the Lower Sand
ayer. Vibrating wire• iezometerg are preferred for this purpose, as they are adequately

seteand responsive and easily record positive and negative changes on a real-time
basis.

Settlemedntonumeni, placed directly on concrete, preferably on the mud mat and on the
corners of tA~t ctures at grade that are accessible with conventional surveying
equipment. .

Settlements will be monitored continuously during all construction stages to verify structural
displacements due to construction loads. Figure 9-1 presents a distribution of the suggested
monitoring points located at the building's foundation mats.

Monitoring will be performed continuously for all the structures during and after construction,
particularly when large loads are applied early in the NI construction (CV Head, M20, M21).
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Particular emphasis will be placed on the rotation about the north-south axis of the Nuclear Island,
as this study estimates that a noticeable tilt may occur in this direction.
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Appendix A: Vogtle
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Due to the large volume of excavation and the lateral extent of the backfill at the Vogtle
site, the backfill layers were modeled as free-field soil layers in the characterization of the
soil profile for both the site amplification for development of ground motion (GMRS and
FIRS) and the site-specific seismic SSI analysis of the AP1000. A sensitivity analysis was
performed to assess the sensitivity of this modeling assumption to the explicit modeling of
the geometry of the excavation and backfill on site response and seismic SSI response.
The results provided here pertain to the SSI portion of the sensitivity analysis for the
Vogtle site-specific seismic SSI analysis of the AP1000.

A 2D SASSI bathtub model (Bathtub Model-d5) was develbp'ed to represent the E-W cross
section of the Vogtle excavation and backfill soil condition-a shown in Figure A-i. The
bathtub model is constructed with the nuclear island •'aadj. nt~annex building with the
backfill soil modeled as part of the structural model. For this modekthe strain-compatible
soil properties for the in-situ upper sand laye el Us• d as part the free-field SASSI
model. The seismic response of the bathtub m(del is compared to tne eismic response
obtained using the standard Vogtle site"s peific 2D SASSI model (2A 5). The input
time histories and the compatible soil profillewere providQd for both modelsftom the site
response portion of this sensitivity analysis. For eachl-Of"the two 2D SASSI models, the
SSI response was limited to using the mean soil profile and one time history from the site
response portion of the sensitiViI$r analysis. The'input motions for the two SSI analyses
were from the respective 1 DV 'HAKE4•analysis fromlthe site response portion of the
sensitivity analysis and consistewti'w ;he free-field'•o~ll charac a used in eachS A S S I~it -, m o d el •r z a io u s e d t h e b a h u b na c'h .. ' •

SASSI model. For the bathtub model the sigletime hity is called the "in-situ time
history" since it is deyeloped from a i1D soil.,co616n tht inlbded the 86 foot in-situ upper
sand layer. For thestand•4'rd,,Vogtle sitets•,ific model the single time history is
called "backfill ti~ history" ince it i~s ~i~ eloped from a 1D soil column where the top 86
feet is backflik

Figures A-2 anrA 7are thT! fioiz'6taI.floo gsponse spectra 5% damping comparisons of
the V'ogtl%2D SAS!),qatltL moI BathtubModel-d5) using in-situ time history and the

20 i S" AP modeiF2D-AP-d5) using the backfill time history. The
1Ri!000 2Ds ta~fdard design enveloped floor response spectra are shown to provide an

Averall assessmn"t of the'{ncvailable margin. The floor response spectra are compared at
'gix critical locations.N.s-lt sh6uldhbe noted that the single time histories that were used
represent time histdie from 1D soil columns analyses with a high frequency rock input
tim62(istory which re d in input motion that had relatively low frequency content. This
does 'tminvalidate ,the one to one comparison needed for a sensitivity analysis. The
backfill model, Bathtub Model-d5, used an in-situ time history. The AP model, 2D-AP-d5,
used a time risto.0 , t was developed assuming the backfill was of infinite extent.

Figures A-8 to 5-13 compare the Vogtle 2D AP model and the Vogtle bathtub model
transfer functions at the same six key locations. Bath-tub represents the Bathtub Model
and Backfill represents the AP model. Transfer functions represent the harmonic
amplification of the input motion at base rock to the response motion at the selected
locations in the SSI model. This result is documented in Bechtel National, Inc.
"Calculation of Transfer Functions Using WEC Response Time History", SNC Calculation
Number SV0-SSAR-XSC-2018 (Reference 4).
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Although the bathtub model shows slightly higher transfer function peaks, the transfer
function comparisons are very close and indicated no significant differences. The
response spectra obtained from the 2D bathtub and 2D AP model are similar. There are
some variations between the 2D bathtub model and the 2D AP model due to the modeling
of the backfill but these differences are small. There is significant margin between the
AP1000 2D and the Vogtle 2D results compared to the AP1000 generic spectra. From the
analyses performed using the 2D AP model and the backfill model, it can be concluded
that the AP1000 plant design is acceptable for the Vogtle plant site. The difference
between the AP model and the bathtub model are negligible.

ELEMENTS

MAT NUM JAS 19 2008
11;20:34

I
[

Vogtle Extent of Backfill Model (1-08)

Figure A-1: 2D SASSI Backfill Model
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Figure A-2: FRS Comparison at Node 4041
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Figure A-3: FRS Comparison at Node 4061
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Figure A-4: FRS Comparison at Node 4120
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Figure A-5: FRS Comparison at Node 4310
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Figure A-6: FRS Comparison at Node 4412
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Figure A-7: FRS Comparison at Node 4535
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SNC - Backfill to Bath-tub Comparison of Transfer Functions - Node 4041
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Figure A-8: Vogtle AP vs. BT Transfer Function from Bed Rock to Node 4041
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Figure A-9: Vogtle AP vs. BT Transfer Function from Bed Rock to Node 4061
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SNC - Backfill to Bath-tub Comparison of Transfer Functions - Node 4120
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0: Vogtle AP vs. BT Transfer Function from Bed Rock to Node 4120.

SNC - Backfill to Bath-tub Comparison of Transfer Functions - Node 4310
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Figure A-11: Vogtle AP vs. BT Transfer Function from Bed Rock to Node 4310
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SNC - Backfill to Bath-tub Comparison of Transfer Functions - Node 4412
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Figure A-12: Vogtle AP vs. BT Transfer Function from Bed Rock to Node 4412
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Figure A-13: Vogtle AP vs. BT Transfer Function from Bed Rock to Node 4535

93


