
Nuclear Operating Company

South Texas Pro/ect Electric Generating Station P.. Box 289 Wadsworth, Texas 77483

June 7, 2010
U7-C-STP-NRC- 100129

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
One White Flint North
11555 Rockville Pike
Rockville, MD 20852-2738

South Texas Project
Units 3 and 4

Docket Nos. 52-012 and 52-013
Response to Request for Additional Information

Reference: Letter, Scott Head to Document Control Desk, "Response to Request for
Additional Information," dated April 29, 2010. U7-C-STP-NRC-100093
(ML101250162)

The attachment provides a revised response to the NRC staff question included in Request for
Additional Information (RAI) letter number 302 related to Combined License Application
(COLA) Part 2, Tier 2, Section 3.7. The reference above provides the previous response to the
following RAI question:

RAI 03.07.01-19

Where there are COLA markups, they will be made at the first routine COLA update following
NRC acceptance of the RAI response.

There are no commitments in this letter.

If you have any questions regarding this response, please contact Scott Head at (361) 972-7136,
or Bill Mookhoek at (361) 972-7274.

STI 32687519
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I declare under penalty of perjury that the foregoing is true and correct.

Executed on_______

Mark McBumett
Vice President, Oversight & Regulatory Affairs
South Texas Project Units 3 & 4

jep

Attachment: RAI 03.07.01-19, Revision 2
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cc: w/o attachment except*
(paper copy)

Director, Office of New Reactors
U. S. Nuclear Regulatory Commission
One White Flint North
11555 Rockville Pike
Rockville, MD 20852-2738

Regional Administrator, Region IV
U. S. Nuclear Regulatory Commission
611 Ryan Plaza Drive, Suite 400
Arlington, Texas 76011-8064

Kathy C. Perkins, RN, MBA
Assistant Commissioner
Division for Regulatory Services
P. 0. Box 149347
Austin, Texas 78714-9347

Alice Hamilton Rogers, P.E.
Inspections Unit Manager
Texas Department of Health Services
P. 0. Box 149347
Austin, Texas 78714-9347

C. M. Canady
City of Austin
Electric Utility Department
721 Barton Springs Road
Austin, TX 78704

*Steven P. Frantz, Esquire
A. H. Gutterman, Esquire
Morgan, Lewis & Bockius LLP
1111 Pennsylvania Ave. NW
Washington D.C. 20004

*Tom Tai

Two White Flint North
11545 Rockville Pike
Rockville, MD 20852

(electronic copy)

*George F. Wunder
*Tom Tai

Loren R. Plisco
U. S. Nuclear Regulatory Commission

Steve Winn
Joseph Kiwak
Eli Smith
Nuclear Innovation North America

Jon C. Wood, Esquire
Cox Smith Matthews

Richard Pefia
Kevin Pollo
L. D. Blaylock
CPS Energy



RAI 03.07.01-19, Revision 2 U7-C-STP-NRC-100129
Attachment

Page 1 of 103

RAI 03.07.01-19, Revision 2

QUESTION:

(Follow-up Question to RAI 03.07.01-6)

In response to RAI 03.07.01-6, the applicant referred to COLA Part 2, Tier 2, Section 3A.17 for
description of the supporting media, dimensions of the structural foundation, and total structural
height for the Reactor Building (RB) and Control Building (CB). However, the referenced
section does not include the requested information for the Diesel Generator Fuel Oil Storage
Vaults (DGFOSV) which is listed as Seismic Category I structure in Revision 3 of the FSAR
Section 2.5S.4.10.2. As such, the applicant was requested to provide information on supporting
media for DGFOSV. Since the shear wave velocity parameter of the subgrade material (soil or
backfill) supporting this structure may be less than 1000 fps, the applicant is also requested to
provide quantitative results of the reconciliatory site specific seismic analysis (with appropriate
consideration of dynamic soil or backfill properties) addressing the potential impact on FIRS,
SSI, settlement calculations, and structural design concerning DGFOSV.

2. In the response to item 3 of RAI 03-07-01-6 it was stated that "The resulting
strain-compatible properties for the three profiles are presented in COLA Part 2, Tier 2 Table
3H.6-l ." A review of Table 3H.6-1 indicates that the S-wave and P-wave damping ratio used
in the SSI analysis for an individual layer is the same. The applicant is requested to provide
the basis for maintaining the S-wave and P-wave damping the same for an individual layer.

3. In response to RAI 03.07.01-6, Item 3, the applicant states that, "The seismic site response
analysis was conducted, as described in Section 2.5S.2.5, using P-SHAKE to develop
Ground Motion Response Spectrum (GMRS). No reference to P-SHAKE programnwas
found in Section 2.5S.2.5 of Revision 3, and no proposed FSAR markup is provided for
future incorporation. As such, the applicant is requested to clarify whether P-SHAKE
program has been used to develop GMRS and strain-compatible soil properties, as described
in Section 2.5S.2.5, and if so, how P-SHAKE program performs site-response analysis (e.g.
deterministic or probabilistic method, etc.). The applicant is further requested to clarify
whether P-SHAKE program was also used to perform deconvolution of the SSE design
motion specified at the freefield ground surface to calculate the foundation motion for the
Seismic Category I structures.
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REVISED RESPONSE:

Revision I of the response to this RAI was submitted with STPNOC letter
U7-C-STP-NRC-100093, dated April 29, 2010. Due to the discovery of discrepancies in
extraction of the reported results in revision 1 of this response, the response is revised. The
revised portions of the response are marked with a revision bar. Table 3H.6-11 and
Figures 3H.6-147, 148, 149, 150, 164, 165, 169, 186, 191, 194, and 196 are revised. Also, the
values for embedment depth to the bottom of the mudmat and the maximum height from the
bottom of the mudmat are revised.

(Paragraph 1)

The Diesel Generator Fuel Oil Storage Vaults (DGFOSV) are reinforced concrete structures,
located below grade with an access room above grade. The DGFOSV house fuel oil tanks
and transfer pumps. The DGFOSV are buried in the structural back-fill. The embedment
depth to the bottom of the 2 ft thick mudmat is approximately 45 ft, the maximum height
from the bottom of the mudmat is approximately 61 ft, and the basemat dimensions are
approximately 81.5 ft by 48 ft. Properties of the backfill are described in COLA Part 2, Tier 2
Section 3H.6.5.2.4. Conservatively, a 3-dimensional SAP2000 response spectrum analysis
was used to obtain the safe-shutdown earthquake (SSE) design forces due to structure inertia.
The seismic induced dynamic soil pressures on DGFOSV walls were computed using the
method of ASCE 4-98, Subsection 3.5.3.2.

Two DGFOSV are located about 50 feet away from the south face of the Reactor Building
(RB), which is a heavy multistory structure. The third DGFOSV is located approximately
38 feet away from the north face of the Reactor Service Water (RSW) Pump House.
Considering the soil profile at the STP Units 3 & 4 site, the induced acceleration at the
foundation level of the DGFOSV during a SSE event may be amplified due to their close
proximity to the RB (for the two) or the RSW Pump House (for the third). To establish the
input motion for the soil-structure interaction (SSI) analysis of the DGFOSV, considering the
impact of the nearby heavy RB (for the two) and RSW Pump House (for the third) structures,
an analysis as described below was performed.

Five interaction nodes at the ground surface and five at the depth corresponding to the
bottom elevation of the DGFOSV foundations are added to the three dimensional SSI
SASS12000 model of the RB for obtaining free field responses for the two DGFOSV close to
the RB. These five nodes correspond to the four comers and the center of the DGFOSV.
This RB SSI model is analyzed for the STP site-specific SSE. For each of these two
DGFOSV, first an average of the spectra at five nodes at the surface and foundation each is
calculated and then envelope of the two average spectra is calculated. A similar SSI analysis
is performed for the third DGFOSV close to the RSW Pump House. Finally, the envelope of
the envelope average spectra for the three DGFOSV and the 0.3g Regulatory Guide 1.60
response spectrum is used as the input response spectrum for the SSI analysis of the
DGFOSV. The DGFOSV and the equipment and components inside the vault are designed
using the results of the SSI analysis.
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The comparison of response spectra (the minimum required 0.1 g Regulatory Guide 1.60
spectra, the FIRS, and the deconvolved SHAKE outcrop spectra) at the foundation level of
the DGFOSV is presented in Figures 3H.6-1 Id through 3H.6-1 IL, included in Enclosure 1.
As can be seen from these figures, the deconvolved SHAKE outcrop spectra envelop the
minimum required spectra and FIRS for the three sets of soil properties.

The applicable codes, standards, and specifications from COLA Part 2, Tier 2 Section 3H.6.4
are used for analysis and design of the DGFOSV.

The DGFOSV are designed to the applicable loads and load combinations specified in COLA
Part 2, Tier 2 Section 3H.6.4.

The settlement information on the DGFOSV is included in COLA Part 2, Tier 2,
Section 2.5 S.4.10.

The forces and moments at critical locations in the DGFOSV along with the provided
longitudinal and transverse reinforcement are included in Table 3H.6-11 in conjunction with
Figures 3H.6-140 through 3H.6-208, provided in Enclosure 2.

The calculated factors of safety against sliding, overturning, and flotation for the DGFOSV
are included in Table 3H.6-12, provided in Enclosure 2.

The tornado missile impact evaluation results for the DGFOSV are included in Table
3H.6-13, provided in Enclosure 2.

2. The P-wave damping ratios are assigned the same values as those calculated for the S-wave
damping ratios. This is based on the recommendations of the upcoming ASCE 4-09
standards (see Reference below). The recommendation is based on the recent observation of
earthquake data and the realization that the waves generated due to SSI effects are mainly
surface and shear waves. It should be noted that the S-wave damping ratios for the best
estimate profile are very low (around 1.5% and not exceeding 2%). Moreover, using the
maximum strains, as shown in FSAR Figure 2.5S.2-47, and applying the effective strain ratio
of 0.65, as described in FSAR Subsection 2.5S.2.5.4, the uniform strains for 1E-4 hazard
level do not exceed 0.02%.

Reference Used for this RAI Response:

American Society of Civil Engineers (ASCE), Seismic Analysis of Safety-Related Nuclear
Structures, ASCE 4-09, to be published in 2010.

3. The P-SHAKE program was used to develop the GMRS in Section 2.5S.2.5. A mark-up of
COLA Part 2, Tier 2, Section 2.5S.2.5, that describes the P-SHAKE program and its use in
site response analysis, is included as part of the response to RAI 02.05.02-23 submitted with
STPNOC Letter U7-C-STP-NRC-090146, dated September 21, 2009.
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The SHAKE program was used to perform deconvolution of the SSE design motion
specified at the free field ground surface to calculate the SHAKE outcrop motion at the
foundation elevation of the Seismic Category I structures.

The COLA mark-up for Section 2.5S.2.5 provided in response to RAI 02.05.02-23 is
reproduced in the following for ready reference:

"The description of the RVT approach in the STP COLA will be modified and expanded to
include a more detailed discussion.
The first and second paragraphs of FSAR Section 2.5S.2.5.4, COLA Revision 3 will be
revised as follows:

The site response analysis performed for the STP 3 & 4 site is conducted using the
program P-SHAKE (refer to Appendix 3C), which uses aprocedure based on Random
Vibration Theory (RVT) (References 2.5S.2-52 and 2.5S.2-53) with the following
assumptions:

* Vertically-propagating shear waves are the dominant contributor to site response

*An equivalent-linear formulation of soil nonlinearity is appropriate for the
characterization of site response

These are the same assumptions that are implemented in the SHAKE program
(Reference 2.5S.2-54). and that conMti-ute standdpractIcc fcrs4PeSPeiiee
a"culafion~ _In thi&S re-ect, RVan jSHAKE solve the san rben.u ~TVG

w ith ground motion p owefr-peora-den sit ie&- or rcSPGRnspetr (~and ts relati-t
pd&ak vakues), while SHAKE works wvith mnd vidual time hit n4erFofe-se
,Vih repectto RVT i 'plerentation ,themio jsteps used in -S HAKE are as follows:
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References:

2.5S.2-52 "Structural Response to Stationary Excitation," Journal of the Engineering
Mechanics Division ASCE, v. 106, No. EM6, December, pp. 1195-1213,
Der Kiureghian, A., 1980.

2.5S.2-53 "Site-Specific Validation of Random Vibration Theory-Based Seismic Site
Response Analysis," Journal of Geotechnical and Geoenvironmental
Engineering, Vo. 132, No. 7, July, pp. 911-922, Rathje, E. and Ozbey,
C.M., 2006.

2.5S.2-54 "SHAKE91: A computer program for conducting equivalent linear seismic
response analyses of horizontally layered soil deposits," Idriss, I. M., and
Sun, J. I., Dept. of Civil and Environmental Engineering, Center for
Geotechnical Modeling, Univ. of California, 1992."

The STP Units 3 and 4 COLA will be revised as follows as a result of this response.

1. Revise Sections 3H.6.1 and 3H.6.3 as follows:

3H.6.1 Objective and Scope

The objective of this appendix is to describe the structural analysis and design of the STP 3
& 4 site-specific seismic Category I structures that are identified below. .and.shown..
Fig ures 1.2 31 through 1.2-34-&

(1) Ultimate Heat Sink (UHS) for each unit consists of a water retaining basin with enclosed
cooling towers situated above the basin and a Reactor Service Water (RSW) pump
house that is integral with the UHS basin.

(2) RSW piping tunnel for each unit.

,(3) Diesel G~enerator Fuel Oil Storage Vault for each unit.

~ n einfrhm 1) and (2) a re provided in~ Sections' 3H6.&3

throu~ h_3H.6- 6. The details for Item (3) are provid ed. inSection, 3H.6.7.

3H.6.3 Structural Descriptions

The site-specific Seismic Category I structures at STP 3 & 4 consist of one set of the
following for each unit: UHS basin, enclosed UHS cooling towers located on top of the basin,
RSW pump house contiguous with and adjacent to the UHS basin, and buried RSW piping
tunnels and access shafts to the tunnels through 1.2-36). Each UHS
basin and RSW pump house has a 10-ft (3.05-m) thick foundation mat and are connected at



RAI 03.07.01-19, Revision 2 U7-C-STP-NRC-100129
Attachment

Page 6 of 103

a common wall; and the RSW piping tunnels extend from the pump house to the Control
Buildings. Each of these structures is described in more detail in the following subsections.

2. Add the following new subsection in Section 3H.6, and revise the subsection number for the
References:

The Diesel Gare reinforcedconcretej structures,
located below grade with an access roomn above grade. The DGF6SV house fuel oil tanks
and transfer pumps. The DGFOSV are bu~ried in the structurial back-fill. The embedment
dempth toethe bttom of the 2 ft thick mud isee maximum heigh from
the bottom of the niudmat is approximnately 61 ft, anjd the basemnat dimensions~ are
approximately 81.5 ft by 48ft Prperties~ of th~e, backfill are describedin, Section 3H .6.5. 2.41
A 3-dimensional SAP2000 response spectrum analysis wasused to obtain the SSE design'
forces due to structure inertia. The seismic induced dynamclcsorln presueson DGF

,alls androofwere computed using the method of ASCE 4-98; Subsection 3.5.3.2.

Two DGFOSV are located abou50 fee away, from the south face of the Reactor Building
(RB), which is aheavy multistory structure. The third DGFOSV is l
38 feetfaway' from the northi face of the Reactor Service Water (RSVV P~ump House.
Considering the soil profile at he STP Units 3 4 site, the induced..celeration at the
foundation level of the DQ FOSV du'ring a SSE event may >be amnplified due totheir close
proximity to"th~e RB for the two) or the~ RSW Pump House (for the third). To establish the

putim for thesoil-structure intergact Iion (SSI) analysisaofthe De FOSV, considering. the
,impact of the nearby heavy RB (for the two) andRS ___0_4ýjfoNtid struqes,an analysis as described below was performed.

Five interaction nodes aftthegroun'd surface and five at th~e depth correspondinig toIithe
bottom elevation of the DGFOSV foundations are added tothe three dimensional SSI
SASSl2OQ0mod•el of the Bfor obtaeresponsesfor thetwo DGFOS coseto
the RB. These five nodes correspond to the four corners and the center of the DGFOSV.
This RB SSI model is analyzed forthe STP site-specificSSE For each of these to
DGFOSV, first an ~aver~age of the spectra at five nodes at the'surface and foundationp each is
,calculated and then envelope of the two average spectra is calculat-•d .A siimilar SSI
; analysis is, performed for the third DGFOSV. close to th~e RSW-,Pum~p House: Finally, the
envelope of the envelopeaveragespectra for the three DGFOSV and the 0.3g Regulatory
Giide 1.60 response spectrum is used asithe input esnse the SSI analysis,
of the DGFOSV. The DGFOSV adthe equipment an components inside the vault are
designeid using the resultjs o he SSI analsi's.

The comparison of responsespectra(the a minim Ium required o.1g ReguatoyGuide1.60
spectra, theFIRS,and the deconvolved SHAKE outcop spectra) atthe foundation levIelof
the DGOEqSV is presentedn igur s3H6-1 hg3H6-11 L.As can be seen from
these figures, the deecenvolved SHAKE outcrop spectra enveiopth minimum reaure
spectra and,,FIRS for the three sets of soil prope3tie
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The, ýapplicable codes. standards, an ,p rmSeto 3H6. ar tdOrt
ý@~sisand design of the D-GFOSV.,

,The DGFOSV are designed to the applcbeoads and lobad co* bihations sptcified in
Section 3H:6.4.

The ettlemnent information on~ the~ DGFOSV is included in Section 2.5&4.71O:.

Theforces and moments at critical locations in the DGFOS anlotg with the provided
,longitudin~al ~and transverse r~einforcement are,,in~cluded, in Tale 3H.6-11 in, cojunction with
Fi ures 3H.6- 3H.6-140 through 3H.6-208.

ad -calculated factors of safety3againsts goeuing, aare included, in Table 3H.6-12.

~IT~eto~rnado missile imnpa&evalainrslso h DGOS areincked~i-n
,Tajble ~3H.6-1 3.

4144; 3WI. R eferences

3. Add enclosed Figures 3H.6-1 Id through 3H.6-1 IL, and 3H.6-140 through 3H.6-208. Also,
add Tables 3H.6-11 through 3H.6-13.
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Enclosure 1 to Response to RAI 03.07.01-19

New COLA Figures 3H.6-11d through 3H.6-11L
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Comparison for 5% Damping
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Comparison for 5% Damping
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Comparison for 5% Damping
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Comparison for 5% Damping
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Comparison for 5% Damping
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Comparison for 5% Damping
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Comparison for 5% Damping
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Comparison for 5% Damping
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Enclosure 2 to Response to RAI 03.07.01-19

New COLA Tables 311.6-11 through 311.6-13 and
Figures 3H.6-140 through 311.6-208
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isble 3H (,I : Resu Its of L)GFOS VYauit C(ncre~e Designq
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i'-T ib" e 3H.6-11ý Resultsof ODGFOS Vault Coucrete Design (Conhinu1d)

'I- N * F L6 I.M S*. L t L

- a.ld~n t P+d --

o. o.,~.w.r . - .

* .... . .... . . .. ...... . . ...
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ITable,3H•-6,11: Resultsof oDGFOS Vault Concrete Des] gn (Continued)
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------------------------------ ~.----~--~---------4--.-~------, -ulisof OGFOSVault Concrete Design (Continued)
'Table 3H,6-11: Res -~-we~,, .. . . . .
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I able 3H.6, 1 ROSLUS of DGF!O Vault ConcretHe De.Ign (Cantlinuýd)
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I Tab I3H 6-i1 Resu ts of DGFOS Vau It oncYetE Design (Cont InLed)
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ITable 3H61:RL-ults of OIGFOS:ýault Cocrt,!Dvoiq onItue)
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ITable 316:11: ResLjftfa of LDGFOS Vault Concrote 0"igri (C-ontlhuueId)
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Table 3H.6-1i1: Resul- ts of DGFOS Vault Concrete Design (Continued)
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Table 3H.6-1 :•:Results of OGFOS Vault Concrete Design (Continued)
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Table 3H.6-11: Results of DGFOS Vault Concrete Design (Continued)
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Table 3H.6-11! Results of DGFOS Vault Concrete Design (Continued).
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Load Combination Calculated Safety Factor Notes
Overturning Sliding Flotation

D + F' - --- 1.28

D+H+W 73.3 63.1 --- 2,3

D + H +Wt 32.5 27.3

D+H+E' 1.1 .1 3,4

Notes:

1) Loads D, H, W, VWt, and E' are defined in Subsection 3H:6.4.3.4. 1. F' is the buoyant.force

corresponding to the design basis flood.

2) Reported safety factors are conservatively based on considering empty Weight of the fuel oil tank.

3) Coefficients of friction for sliding resistance are 0.58 for static conditions and 0.39 for dynamic
conditions for the Diesel Generator Fuel Oil Storage Vault.

4) The calculated safety factors consider less than half of the full passive pressure. The calculated
saftey factors increase if full passive pressure (Kp = 3.0) is considered.
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•4. TW Table 3H.6-13: Tornado Missile Impact Evaluation for Diesel Generator Fuel Oil Storage Vault.-

Minimum requiredthickness to prevent pentration, perforation, and scabbing = 13.6"Local Check DGFOS Vault
Minimum provided thickness = 18"

Flexure controls.

Roof Maximum impact load including Dynamic Load Factor (DLF) = 432 kips

Ductility demand = 0.5 < Ductility limit = 10

Flexure controls.

Protection Hood Maximum impact load including Dynamic Load Factor (DLF) = 432 kips

Ductility demand = 5 < Ductility limit = 10

Overall Check-of Flexure controls.

Impacted Element Walls Maximum impact load including Dynamic Load Factor (DLF) = 938 kips

Ductility demand = 0.7 < Ductility limit = 10

Shear controls.

Maximum impact load including Dynamic Load Factor (DLF) = 617 kips

Entry Way Wall Minimum capacity = 929 kips

Shear ties are required locally to withstand a missile strike near the top and bottom panel
supports. See Table 3H.6-11 and Figure 3H.6-208 for reinforcement size and location.

Equivalent static impact forces are applied to the FEM analysis of the DGFOS Vault. The
Global Check analysis results presented in Table 3H.6-11 provide a summary of the results for all load

combinations including those affected by the tornado missile impact.
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Room

R=

FIGURE 3H.6-140: DGFOSV SAP2000 Model
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FIGURE 3H.6-141: DGFOSV Wall and Slab Labeling Convention
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