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3.8.6.1 Foundation Waterproofing

The coefficient of friction of the waterproofing material will be determined with a
qualification program prior to procurement of the membrane material. The qualification
program will be developed to demonstrate that the selected material will meet the
waterproofing and friction requirements. The qualification program will include testing to
demonstrate that the waterproofing requirements and the coefficient of friction required
to transfer seismic loads for STP 3 & 4 have been met. Testing methods will simulate
field conditions to demonstrate that the minimum required coefficient of friction is
achieved by the structural concrete fill - waterproof membrane structural interface. The
material will meet thu factoRMihiirn required.coeffibienthictio
'deermined based onsliding stabiiit fg_

Ynton of the structure gonsideringjLe ýie-peci qc*SE

3.8.6.4 Identification of Seismic Category I Structures

The following site-specific supplement addresses COL License Information Item 3.26.

A complete list of Seismic Category I Structures, Systems, and Components can be
found in Table 3.2-1, which includes the following site-specific Seismic Category I
Structures:

" Ultimate Heat Sink

" Rector Service Water Piping Tunnel

p,`OJ6ý01 Ge er toýýF 1 0ý11t."'Di_ i Ue fufqgýý_Yýuff

A description of these structures can be found in section 3H.6.
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3H.6.7 Diesel Generator Fuel Oil Storage Vaults (DGFOSV)

The settlement information on the DGFOSV is included in Section 2.5S.4.10.

I he calculated tactors ot satety against ,
DGFOSV are included in Table 3H.6-12.

3H.6.7.2 Structurat, Design
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3H.6.7., Fo
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3M.6.7-3.1 Uplift Analysis
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dietional earthcliake loa'ding r~eq4&i-i&I--df-or.7th--ý-il7ýa n-IYi--h-ýCýQ5'rz
loading, ~saf& shutdown, earthcquai&, (SSIE) .frorn theý suth-west in~omnbinatiioiwith
'Static active and-passive loads for~ SSE. is, donidered.3
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Table 3H.6-12: Factors of Safety Against Sliding, Overturning, and Flotation
for Diesel Generator Fuel Oil Storage Vaults

Calculated Safety Factor
Load Combination Notes

Overturning Sliding Flotation

D + F' -- -- 1.28

D+H+W --- 5.8• ---

D + H + Wt 34 i -9. 7 -- 2,-j

D+H+E' 1.1 1.1 -- 3,4

Notes:

1) Loads D, H, W, Wt, 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 the full passive pressure. The calculated safety
factors increase if full passive pressure (Kp = 3.0) is considered.
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4-HI-L

2-H-L

1-H-L

4'-0"

9-6"

48'-0"

3-H-L

9-0"

4'-0"5-H-L

81'-6"

Figure 3H.6-142 Slab 1 Looking Down Horizontal Reinforcement Zones

Near Side Face
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2-V-L I 4-V-L 1-V-L 5-V--L 3-V-L 48'-0"

6'-0" L. - ý 6-4" 6'-0-

Figure 3H.6-143 Slab 1 Looking Down Vertical Reinforcement Zones

Near Side Face
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2-V-L 4-V-L I-V-L I 5-V-L 13-V-L 48*-0"

, 61-0" 6-4' 11--0" -I-1 4*-0"

8 1'-6"

Figure 3H.6-145 Slab 1 Looking Down Vertical Reinforcement Zones

Far Side Face
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Figure 3H.6-146 Figure 311.6-146 SIi 1Lo~jki!i~ Down ~ -Np t -I TsKd
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32'-0"1-H-L

51-6"

Figure 3H.6-147 Roof 2 Looking Down Horizontal Reinforcement Zones

Near Side Face
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W'-7" " i

2-V-L 2'-9"'

-7

1-V-L
32'-0"

I
3-V-L 18

1._8,_7, _..

51'-6" - I

Figure 3H.6-148 Roof 2 Looking Down Vertical Reinforcement Zones

Near Side Face
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I-H-L 32'-0"

51'-6"

Figure 3H.6-149 Roof 2 Looking Down Horizontal Reinforcement Zones

Far Side Face
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8'-0" 3-H-L

1.35'-1"

o 1 -H-LL 4 32'-0"

8'-7" - --- ] 4'-8' -,
65'-6"

Figure 3H.6-163 Wall 7 Looking From Outside Horizontal Reinforcement Zones

Near Side Face
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3-V-T,
3-M-T

32'-0"

Figure 311.6-167 Wall 7 Looking From Outside Transverse Reinforcement Zones
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1 -H-L
32'-0"

65'-6"

Figure 3H.6-170 Wall 8 Looking From Outside Horizontal Reinforcement Zones

Far Side Face
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I-V-T,
3-H-T -

1-V-T

1-V-T,
1-H-T-

2-H-T-

2-V-T, 3-V-T,
3-H-T 3-H-T 3-H-T

2-V-T 3-V-T

2-V-T, 1-H-T 3-V-T,
1-H-T 1-H-T

2-V-T, 2-H-T 3-V-T,
-H-T 212-H-T

4*-0"

32'-0"

4'-.0"

2'-4"
-- i 4 -3" 1

65'-6"

Figure 3H.6-172 Wall 8 Looking From Outside

Transverse Reinforcement Zones



RAI 03.08.04-30, Revision 1 U7-C-NINA-NRC- 110043
Attachment 6

Page 48 of 118

1-H-L

20-4-

I
2-H-L]

-" 14'-0"

Figure 3H.6-173 Wall 9 Looking From Outside Horizontal Reinforcement Zones

Near Side Face
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I

1-V-L

2L 29-6t

20'-O-"

"-- -4"

-a - 14-O"

Figure 3H.6-174 Wall 9 Looking From Outside Vertical Reinforcement Zones

Near Side Face
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1-H-L

20'-0"

I",- 14'-0" -" - I

Figure 3H.6-175 Wall 9 Looking From Outside Horizontal Reinforcement Zones

Far Side Face
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1--V-L

20,-G"

•- ~14'-0" .

Figure 3H.6-176 Wall 9 Looking From Outside Vertical Reinforcement Zones

Far Side Face
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1-H-L

20'-O"

14'-0"

Figure 3H.6-177 Wall 10 Looking From Outside Horizontal Reinforcement Zones

Near Side Face
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1-V-L 20'-0"

F-V--L

2-

-'-I2-"414'-0"

Figure 3H.6-178 Wall 10 Looking From Outside Vertical Reinforcement Zones

Near Side Face
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1-H-L
20'-0"

14'-0" -

Figure 3H.6-179 Wall 10 Looking From Outside Horizontal Reinforcement Zones

Far Side Face
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1-V-L

20'-0"

-14'-0"

Figure 3H.6-180 Wall 10 Looking From Outside Vertical Reinforcement Zones

Far Side Face
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1 -V-L

2-V-L

3-V-L4'

IF

11
"---" 8*-3" -' 1'-1"I 32'-0"

I, - 1 -- 6'-8 • " I

Figure 311.6-186 Wall 12 Looking From Outside Vertical Reinforcement Zones

Near Side Face
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28'-0"

1-V-T 2-v-r 32-0"

1-V-T. I2-V-T, 4'-0"

t
51 -' 19-10" 6--"

Figure 311.6-189 Wall 12 Looking From Outside Transverse Reinforcement Zones
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2-H-L I 1-H-L 3-H-LI 32-0"

25'-1

32*-0"

2'--9"

Figure 3H.6-190 Wall 13 Looking From Outside Horizontal Reinforcement Zones

Near Side Face
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32'-G"

-- T-0- - 2V-6-I 5.

-I -32--D"

Figure 3H.6-191 Wall 13 Looking From Outside Vertical Reinforcement Zones

Near Side Face
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1-V-T 1 I 2-V-T 3-V-T 14-V-i

32-4

1-v-T,
1-H-T 2-V-T, 3[-V-T14-+-T 14-H-T 1 -w-r4-0 4-V-Tý

1 -H-T

1!--8- ~ ~~~37-0- 5-- 1- -f 79

Figure 3H.6-194 Wall 13 Looking From Outside

Transverse Reinforcement Zones
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1-V-L

32*-0"

Figure 3H.6-196 Wall 14 Looking From Outside Vertical Reinforcement Zones

Near Side Face
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1-V-L 20!0-

32'-0" I

Figure 311.6-198 Wall 14 Looking From Outside Vertical Reinforcement Zones

Far Side Face
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Figure 3H.6-199 -an- L i mnf nct-f Zotiif
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t-V-L 20'-0O

32'-0"

Figure 3H.6-201 Wall 15 Looking From Outside Vertical Reinforcement Zones

Near Side Face
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3H!.-7Diese : GDie ne aou OilrTunnel

41H.7:1' ObjectiVe and so

flTe scope of thFs sectioni-1 tdou11cument,the structurala desidn .and - Iee,
benerator Fuel Oil Tunnels (DGFQTS)_IorFSTP Units3 i&4

3Hr H.7;2Summar

th ne sothe requirreents

0fthe design c denstandards listed in Section 3H1,17.41•--

_` ;The 'fators..f sa6fjetFgacVfloation, sliding and overtdrning of th tutueu
ýaiu'bdn cobiatosasshowv~n irThble 3H 27-2 are, high "rtha~n't~~p
mrii~nium- actors ofisafetjyJ

The thickness of th' .texd F&walls and roof slabs are moretl~n~the mi•imum
7required to preclude .. netration, perforation, orspalling due to Jimp.cffdesign
basis tornadomiss is

3H.7.3.Structural•Desr~pisio

1The layout of the Diesel. GeneratrFuel Oil, Tunnels (,DGFOTs) Iis ~as own in Figure
'3H.6-221. There are three (3)reinforcedconcrete DGFOTs apprxima tety50ft 2
anid 220 ft long fors conneceh ui "'o

Building (RB)'and at. the other e-d ta Diesel Generator Fuel;.Oill Storade'Vablt
nerGFOSVw. There aiB g orthe DGFOT andAhadjoining RB
ande DGFO~s V mabenane,7 anprovi des the oagnitde ooveequrau a provided
eisric gapt interface of DGFOTs andmthe atgrade hedDGEOS'

,Ea ch'- IJGFfTha's-_wo aces regions"wýbhýjteýýovra-de-; o-n--c~c-sr~eg~ionj!
located where the tunnel interfaswith'the DGFOSV a
interfac~s with the RB. The acc~e~s,"iolis provide' access to th'e.belo grde portions
bfitherDGtFbTs during "mainitenance ad.inspectionm The, overall above'gradd 'dimensioniý

kthe acdss rgion apre p 6xi~atbt 7.5 ftwide by7.5 ft tong andl 15 f~ih

~The top of thiei DGFkOT is llocate &approxiaiately_ at'grade. The DGFT oI1'hihs
hesotttnnlrunning~approximate~ly 50 ft bebtween the.RB~and DGFOSV. No. 18,1

has'a- Wali tihickness of 2130 on both sides.: The interior below grade dimisnstons 6f this
tunnet are aýpproximately'7 ft high by 3:5ft wide. T~he other two longer'DGFOTs§
(aplprboxifnte~ty 20 tad 2f og have a,_\att thickness of 2'-0" on on~esid&eand
I'16" dn the other side to allowforplacement of embedded conduits. The interior below
g ade dimrmensions of!these t nntI re fpiroxiat ately 7. ft, high b" 3 ft " w id' e Anoy•f•e

lafrom th ulollnsb ae infiltration within the. uhnne swill 'be colleteed in a
pumladreoye b pmp.,The tunel4-lp away 'ftomnthe DGFOSV, and the~fý

,towardsý',the smpLo fg_.tthe .,,ifof thet tnne I~run's
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g:ý7.4 ftr~uc'iqraVDesign Criteria

ý3H-.7.4.11 DesignCoes andStandards

~The DGFOTs are designedi to m~eet th~e deig requ.iremen~ts of standard plant
structures. Th folwn cdsstnadadr loydcuesaeapicable for,
,the d~esign of the DGFOT.

* ASCE 4-98, 'Seismiic Anlsso aeyRltdNcerSrcue n
C~or~nmentary"

ACI 349-97, "Code Requiremhents for Nucea ~Safety:-R Iated Cncrueto Structuresý
and Commhentary"~

*" -ASCE 7,8_8, "Mi~niMum.mDesign Load~s for B~ilding§_aind Other Structures"

0 NURhEG-10800 SRP 3.3:2, "Torn~ad o Loadings,"Rev. 2, uy18

" NRC RG 1 .142, "Safety-Related Concrete Structures for Nu~clear Power Plantis
(Oth~er ThnRatrVsesand Containments)," Rev 2, November 2001,

" NRCRG 1.6, "D~esign-Basis To6rnado andTornadLMissiles forNula oer
Pla~nts," Rev 0, Api 1974w ~ro~

" UREG 0800 SRP 3.5.3 "Barrier DeinPoeueRvso 1,Jl 9_j

-3Hj..4.2 Site ,Design Parameters,

3H.7.4.r2.1 Soil Paramieters

* Poisson's ratio (below grounfdwate)....................... ........... 0.47k

Uni Weg t,( os) .4..... ... 20 pgcf

Cýonsistent withth~e DCD Tier , able 5. 0, -DdesignfrgroundwaterIleve'l is at elevation T2
ýfeqt MSL. iThis vgu onstest rudae lvtosdsusdi eto 2.4S.12.'
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besig-n- -foodl-e-ve is -33 -f eet MKýS L a s s h ow n- i n -D- CD- -T ie1<Thab Ke-5- .0-. -,h -exte- -a1f

,Lvel dueto tbMCR brbc6h is shownH743:.FTee~tra lo

3.7.4.2'4 Maxmui Snow Load

RKo-o-f-s-n---ýv--oa--is-0ps's,ýhowý,-- in- D1 h ITal 5-.0-.Th-is's-w I O'ad--s 'a-b-ov-if

,value dieriv'ed fron~iASOCE'7-88,for the STe,3&,4,rite-. This l6d is not combinied with

normal roo ~ivenfl

,Dsg aifl s 19 ' i/hr-(5Q03'cinh r) as, shown6in ihDC ~iei 1 -TabI&,5. 0.- his load~isrin

-H4.3 Y in toadr and, Load 6hiaon

iLThe DGFOT. is no-si oc-.hrtem S ela nc

N~~~rmAEý ubd re~ 0hs F __ ____

f3.!43i~ D adELoads,

Daddfliddal w5O.:h o te trctr and other pderanentstatic toasAn

,ad lod~ iti66 l-0 Df uniorm odi consid~h erIed oacutfrda loads dn' Li o p

fl~ooWrlie lo ado 00ofiscni~dg the~ floor of tLie DGO.Anrallv ýc of

lFoa d t h e c o p u ai ondu of g e s i o a s h i e l a is lim ite d~ to t h e& e x p e t ed liv e ,

.b~ased on'6nsiderationff ilu.in1mie I' a

oA e~thearg s a:efoe500 f is, ateasd tesrea atPS _9fagrea e ground
on-either side ofJ~unlfr aea sbili p irgs~ure ulation.
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5ýQAý` ,Lateral rgoiiýjds (fr

nt~fl ernaI .flction an le ........ ........... .................. 30

Ldteal oilressure values ar~e shown in Figue3H72trtjL

Trhe DGFQT pima~ilybe low. qade. The ton toehOF~T'.iI#'
~ ~ii1 thotm-peraturo of-h __1____________________

L4.dýond44)on~ic not apjir~qblpto) the p O'

rThe D.GO otissm up o e t rmfodn.Teitra
pq oqn~odt snt plcbefrtestrucural desicn of the DGFO TýF'

,qH.T4.:2, Severe Envirnental[Load

ýehqrýfoIwn m~Tentaloas coss o d oefa the wiind ioa

KBa sic wid.bt

0ý ho':ni .0*I~2:j asthe,, ;V'RsfI.~~~3iit ihPrmtr

W id oasu re c lc laýd ............ Ij :~ p p i ............. ...... ... .... ..... ..7
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Extrhie~ rnoe w ansioi- 6fd~~e

irn nienal loa t~

kgt~resh'W,,nd fo~wi I ~ l

Di..................e:1................

;'> M is le Im p a c t ... .. .. .. .. .. .. .. ... .. .. .. .. .. ..0 -..

fi:h'f iOj~ Ibraryeý ue intecluain ftrnd -od r s r

ý__Jý armo T Urn winds _300 "

p e d : ... ..... .. ....

P r s u e d f e e t a : ................................
'Rai7js~f-nie urn roat PUa speed-dht~ri 15 0n fAccs

~~~~ ................................ beio'
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-Lidstdýrizontally and 70% ~of hoiotlipc elct et~ly

Kd) Brrieir desi gnis evalu~ated assuminbg a n~ormal im ct~ h sra r thd
1&cheduld6,40,,pipe~~rian(Jatiitoobile >missiles$;'

YThe autom~otbile m~issile is consid~ered. toioc al tiu'Sj j

L ~(4) Table 3H.- ot ýh results of thetornado miissile imrnpactton

~Tr ado odlffects ar~e cobhd W SNR St d-I dG

WLt =EWD

dir~ection.' twohorizonital directions and the vertical, direction.,The-totalýýtrL~tUr.aI
fesponsb ~iýpredictecd by cotibiningjle ap licablfý q~rxn~u m odrici qa e os

~water unikweigh considerin max~imrum sediment cnetai, s6.5pof per S ectin
2S-4.2.2,.4.3.1The design requjirements for this flood, incIdudnhydrostfi F'-e o

t~q' iadfotn erslainar nlddi eto`842

ýThere ar~e no .accident~ __________forthe _____-whichwould __________isig_ _n__
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DK= Dead lo~ad

L =.L-trive- iplo'ad rbnd~'ti~

'H Ltrlsolpesr j-dg_[Qynd ater effp-6t§

LW -Wj-nd l(,ad

ý=- Th-fwtaI tbn-ado. lod n~uigrisieeEýt

LEý'7= SS-Eseis-nic l-oa-d

pxrneevironThntal.flood

LA.7-4.3.2$ kenfr ePaq~ pdC6mbi- nti ni

1U.I.4 ~~L + 1~7H.+i7

Q5C? +1K3L +1.3HI3W

For~the{Qomp~.tation of gloa seisnwic loads, the live loa~d is liiifedto th'xp~~
lodpeetdrn ona plant operation which< is defined~s 25%/u of the norm-aI flobr
aridiFrbofl vi lo6 ads. However, design~ of local e~lenments~such as bean~n 'sab i
lýa_,edibi ohr(;side ration of,2full .nor~rnal live load

h~tu'ctural ma~btd6rls used- in tden of DGOT"l 1"6S.
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nc~rmsotehef6rns- requi ~rementeof sofMA61I-, Ittdsgnpoeisarj

1c Y ed te g . .. . ............... 8 ( =4G~a

___________... ............. .... k. 62 tM a

U Yield strength ...................... ..... ..... ... 60' A 5 ksi (4 4 M ý )

&~ Tensi e.,. ~ ff~ ....... ................. Y 1 i5s (4ý 4

H hflowf~ 7n~i~ 4.4' Stutua Steel 1f r agi~ViU~ sj~n j

Loa Fg bh tiit :n2f~Oritrnig in ore50ý
,i'h~ so 4wiefag etos.Teseldsgnpoete r:

Y iel th _ _ __ _ _ 1.... ... ......... ... ... ... ...... 50ý sr( L =___ ___ ___

D ± Fsl~ t rengthF ....... ..... .................. ....65 _ 8

d§abtyD'' .~H a UIfee
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_1
y sis & ý,tu_ m -'-- -a---ry

3H51Analytl ical M odel•,Analysis, and Desigp

,The ýDOFOf2h atrSeismic CatwgoryI sucusyTe~structur4Fanalysis andegn
,the DGO is pefrdusing a three-dimnensional (ý)SP200fnt elemfent
analysis (FEA) with shell elemerntsre prese9 ntirig the walls, slabs and nlat.h Tf6brndatidU
p'oil isreIpresentedby veritcal and~ hoiotlsrnsjeFE iieee' oe
,(E~ssonihiget7j

Te eSafe SIutEarthquake (SSE4)'design forces (E46re econservatively deteý ,inedenSa6.8uiv bwl'nt athqun eod~r b"~
using equialert stat seismic loads. The mass of the structure, equipment wei, tsf
and seismic live:Ioads 6re;excited in the• X, •and Z directions using the enveloei9g
maximum nodalaccelerati srint a d t e from the soielstructure

jntracio,(SI)ahayi. comparison bet~ween the a ~xim~um aceeain rmt'
&SS analysis andthe (design: accelerations for'the DGFOT shows the desig n I
accelerations envelope the SSI analysss accelerations. Theresulting elemenf6rs.ýand
m6ments' due;tt Xj Y and Z excitations are combined using-th¶eSRSS method!h

FIgurbs3H.7-5 through 3H'7-8 s aowacomparison of the SSI'seil pressures-,-the SSSI
I6il pressures; theASCE 4-98soil pressures and the tota Ielop ngso I
]ýdesign~on the wal fh,-6

ffhe ýforc~es a-tt---'-nel----sd de to S-S E, wave propagatioh ar eemnd e qf~
~H.7.,5.2i4 an~are included 'as additional lads in the SAP20a0 odesf

MLiltiplee SAP2000FEA m. odls wereicreated.to rFepresrd ent conditibns aTniad
combi nationis-for the,6 DGFO .Ts;, ~The fqljoyyingjýD is aLhdfee FE

odels)

fhe purpdl 6 hese models is'td~on- rt the effsofoperating load con&t6n s
(e.e, de'adiloads, minimum live:loads;,'etc.), the heavy load condition (when hav
vehicles na icargo are moved- across the top of the tunne0l), and, thejl6od load

onton (te ~tremne floodl load's due to aMCR brqach)Tý

2L~aSgý oad 1th&S5EjvePropdA Lion)ý

[T~he pýs~f ~~the te
effets: of the S'SE wave.,E. pýoqagLj_, -hichare, consideredin a se ae d[The
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---d lpF [o-a~ds -thý

1_ýe~dvnloads (semetticiod in.

d it SE -Wave ý:r mga ln

I----,purp- s-fth---eým-6-d6Ilý-is-to-i-n~si-der the- eff-ect-s-of SS-E.J6~dq ~iht~
of the SSE waepoaainadadd itional forces and mom~ents~ d u' to bends inthe'
tunnel~pe ASC 4-8 h eýlas ielodsi odacdna e~ccentriqity,
,loads, ' SSE waepoaainlasadadtinlfre n ~n~~sd- to,
bends in the tu~nnel r applied o',e stati (on-,seismic')rnodeI4 -Tlhe$'SE Ipads-arb
_combiriedusing the SRSS method in thfe dynamic (ýseisLijq)_qqelf

'4TrnadojMissile-

eP qps~eý:fthese models' s~to 9ponsiderl hefet ofvria.tra
~The fu~lltornado l~oad comnbinations, outlined in Sectin 3H.7.4'34.2, are apidt
the. miodel co nsidernng ayerticaI tond islýTerslso-hsSP00mdl
'arecombned with tho6se fronv ma~nuail caclto w~ hich conI &s tfi-eJuPi tpfjiado,

iy up'W smd s ocnie h~fet of uplift on th bas~emit during> a
s;eismic event! AllIlads a're siulaeosl~ pojiid tbo& single~ static ~modelF

.The. models de~crib~d~aboveare developed todeterminer thrifreen eurd
'theirspecifi6c loa Idi I coriditi ns. Th 6, resuItsa r6tr~~ ase dd1bdir~vStb

'The required reinforcemeintrM(longitudinal, in-p~qa 6qshear and transv~ers)r6 di

,TabIl, 3'1-174s based onthe: enelop of te requ~ird renocren',dtrie fromall

th6 io for !h ofthe rorsultlgincotrUiturn

H.f6T.eiic.r1y, ar&mcAnlll usea' S

in-Istr~uctue 6srponse pectra'for the ertn bn'nd~heiraccess regi6ofsý

sewo-tiens ona t ,(2D F soistructure-iteractron(nSS nalysis alcross
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2T~hr~eedije~nsioial '(3D)Ifixed-b~asesemi nl 's f
_ seae s rn Lqdshatngthet of tLB

abov tw sesi ___ __
SS en code.Zis usi sd~fr theSTanalysiasCsssectioniigftDGFQ,

~Figure 3H.7-20:s ýthe-struc~tu ral prt ofthe.2D 'l~ane- I train mo~del of the D
w,6on 2 et tiak •ud mat under gtasemas. T o tnae gtt~tonseade
616vation'.ýhe specifics of the 2D SSI mo6derý,are as'f~loilbv~s-

The pgsructural 'properties (o rmrass andtiffeaess) ] f
puriqit~debth_(1_ft dimensonut,,

Fe§YLa~ye_ red-s_6il ýis mr~ndel1ed-u-pi67 t d6t ioe tbavbAotimes'J th~hri~zontal
pross section dimensi.n.of the tunnýus. its embedment depih• with ks

'itecaes of staindeene nto p ss ilgpoperesq ateleasenigthe33ihzst,•!•bw~ter

bouand, seasanaepd up•erbound-, low-bfeqnd buackfiy3ove.rzn-sisdkf Iterabnfurd;
mnean bIackfil overis m n u 'bot I iandcuppir dciiv&,er t
bound; ciracked~ cocrt walwt nst' pe~on~~lsi~eerto i
in-,sit , up r boun~d s' il; .ABWIVVDCIDFVier 2ge'eri' -l pr-lsU11" PD

LKP4q,VP5D,_VP7D Rf R wth soil sep rion andR wvith~ crac'ked wa~ll~

. Concret&and mud -mat damping are assigned 4%~ for all cases (conservatively,
t41/o~da~mpiingjs also u'sed for cracked concrete cases)f

jjroundwater is cbnsideredat 8 et~Tst-pcfc oladbcfl ae
'and 22ft'depth dr DCD cases. In site-spect ic anid backfihllcaseQ tegdriudwatf
effect is incl~udedflby using a minimumfrP-wavev veoc~t fQ04~
explained in:Secff6'n 3A.15, except th"atF~oissdn 1sratio is cappd~at.0'49
,inste'ad of 0,48.,,nDI ae~h gu weeffect is~sm ari*ldd
except that, consistent with DCID Section 3A.33, ay miiu . ýae~6ýlct'6f

~ ~assing frepencies up to at least 33. Hz;,i6 ~both the
e~r~tical andj hor~izqntql ~drections.F

Fo~Er~ el SS I 6:u t-off ~frequnVf3 Hzisedfci rhf
frmnction..'alutetio.9s)

rAelerat tne.hoe ipr~ies g roiu nt a Regulatory Guide n.6•us ra rsponse

sdpeteaýanchore rud atO3~pýk acceleratior'V~are.sda h the tj
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In-struuiu'r response •spectra are generated at th•e•ltop of floor slab (iddle of
span), at the,top :of the roof slab (mriddl1eof spa n)Ln at the mrid-eight, of fow
~Walls of the tubnnel, os~s-eti onl

-'The resposes from thehohrizontal anrid verti6ca directions6are comrbined usgingj
sauare-roo-týof-sum-of-sauare (SRSS) rrethedf

The resDenses'from aall "han • arenetrive'lored!

&:The i utrrsos pcr at ihe top 6f the- fl~or slab ý(rniddleý6f span),,at
mthe roof, of. •lab (middle of span),n d at•the mid-hei f f Fowalls.f the. u'nn
cross-section are envelepdedto conservatively provide thein-structure~respon
s6ectratfor the ,entire 2b crooss-section'ofthe tunnel.

B. ':,..3D'Fixed Base A"nalyii s of DGFOT ;, lB Incjluing4its, TwoV Access
7Regions. .

isetN prformed. The followitg p bvidesthl
details of thi~s fixed. base anaivsi§'

l is- used ,tb, erfdrr the seimi 'y'l ýis1
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, Modalmst o_.t of analysisis used)

'Shell •elemehts are us~edi f& ddelioeng the reinforce.d 6cncretutinnel[secti idthe ,atcesIs=giorns the q endf-the tunnel.

,4%~danmpihg use~d'fojtfe shel[el-eemelntse

F Accelerati on-ime shis e(two ho rizontal, directions land aý ve rt icdi o)
consisten~t with: Reg ulatoiy Guide 1.60 response-speoIfcra ,anchored at 0 g~pi~ak
g round accelerationareused, as inp, utmot!insf

a--elrtontm it respnses oaaie frmneA20 aalysi
are processed using the RSG3 ~computer code to calculate in-structure re~sponse
1spectra, at selected ode The nodes e st response
spectra generation a•er f6u•r odes'onitop of each access regions ( doffor
WAls)_and three nodes at.thejopof tunnel (middle of the tunnel)i

''ýTh6.:týim'umrn; dre~ctio'nblres-po-nses fr7o'm ýea6h ofthetih~ree dir,6tioris'of
excitations ' a0 e bined, usini g thei SRSS methodJ

iLThe inl-s iuctu- res•onse•spectra at the4selected nodes t
onservativel provide the in-structu re respons'e spectra' from -fixkedbase

aaysse tunnel and the access regions.

The codrrespondin in-'structurt response spectra obtainred fromthe 2 SSlaal yisa
in~structUre response sectraobtained 7from ther-3D fixed base analysis:described in'
parftsjkA andrB above areenveloped anid peak widened by + 30%. Ther30%peak
ý.vi ening is used to covier any freqlbency shift duie to the fonainSi lxblt, c
~is-ot included in the. fixed baseseismic analysis. The final '
1 reso'nsesecf~o th oi~nand, vertical directions of the DGFOTs an~dth~eir
acesrgosaeprvddi'Fgrs 3H. 7-31 arnd 3117ý;rsetvl. Thesifa
ýinh Figures3H.7-31 ad~ 3~H.7-3 prov~ide- the insrc , epne pgrjrteetr

laGFQTs '•nhir access towersat,. the rei' ds it-secfise51aalse; neE~~ect6

cut throughtDGwoTNo nGo A tsFS.V~. AnIa
a oýnEast1Weistisectin -cut throughithe uRB,.r D.GFT N nd4tti.Soi

fheseS[ ea s tla seismic soil prressures on essG e
considering pi

pones tigod cts arhiaf a etailsacfor•-•s sctoncu•t throug h...c.. .. on

NDGFOSVo No: 1.A, andheV!eo. : arg provided .inSectioi 3H. 6,7VW
)',rufuand ar ofe Est-W moelt I oh section cut th rog'h hBe DGF FIRJ

nrd,,the CF:shW nFgu~3 -1 methodologyfo h SS f • iode1
idcldiuag sridpeensolpoets;ol ases :analyze'dl aned.me~the',of ~analy•
.a re :same' as those~for~the sectior;ut ihrough DGFOT No. I , GFOSNo. . 1GA~S' ,a the

sSia 6finf model y sg ec-
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,up to at least 33,Hz in-b oth t e efiýaland1 nzntal `dredidstraodim a' "e

put-off -frequency 33, Hzfr calcultion: of, transfe rfurcti6ns~l
Eigures .3H .7-.5 thgl~i 3 •, l~o6w a comparison -ofthe S I1. SSSlASCE-498fses

ISoil ýpressures~ and Ithe envelopiesnc soil ~peesgures used' fote -de~ign~ othe
DGOT walKs. 

ot

T1he design ofth~e D6FQOT alsa acouiitStfbr the 'axialfle, eSr-in a

reduced forc~es :at the, tune _bns.deto SS Ewave p oa~to n S6 as
inaduce f•orps~tte ~a Leoeg p agatiose eas •e ýadscited in secti

!5teTorsionalf ea

aetecidientintrsinis comptd in:,rdande o ithlASC E 4ý8 b"idsing an.-,-,,-
additional. eccentricity of +~/-5% f the rnaxitn'bm building dimensionrfor both. horizontal
di ueti s. thede •tt d merrbenr s•eforces due tto this smul'teos i on

.analsis of the structure and are added o the inducedsforcestoicabl
loads w~h ether the anal i pr~ojqts' positive or, nega~tive results Oe bsolute 6.sdn

43H..5.,.4SSe• Wave• P agtion Effects

usedt desirg n. th ea oxia•ltensile strain and d d tet
tompess b edstdue tb ;wa• e'propagatdn. The axal strain on then DGFOT dueotp SSE
,wave- propagation is t detrmineda based on the equations and conmenta y-"otliried i
,Sectio'n -3.5.2.1 of ASCE4 P98. The maximum curvature is computed bas~ed o 6r~ i-
3'.5-3 fri Section 3. 5o2e3aof -ASCE 498. The induced forces atthe tunnel bendt s f e

determained in accdordean-e a with Section 3.5.2.2 ofeASCE 4-98sobyi co n,
structure as as'bear on elastic foundatioe:, To determine the f rdemn eringethe•e
I'nduced forces at the tuinn~el !bends are'considere~d: to act simultaneously Wih all ohef,
plepjiaobleotaadsa(includin•,fo ameic sil' esw•tes)n the seisn i n loadcombinations•e

-hre-stdnt0,:a;-ablupptegn'ef•i 
bye g fRi wasf~hestregthde~sign c~riteri 'defin~edjiC39 ssiplmetdbR 4~~

used' to design th&rifcd cocrt elements making. up th GO.Cnceewt
I co m Ipre ,ssive strengthf1~ 4.041 ksi and, Ireinforcing steel with r a yi eld st Iren tgih o___6 srrf
considered, in the design.:l.las-n load- comnbinations& listed -in:,§ 60on'H.7iare
6onsi'deried in the desioii

[The'design fdrdes~n~d provi~d~ilng~itidhh'4al nd, trnses enfr~ f the
DGFOT ~nid accqe§s ;Yeeio' walls and slabs are ishown 'in~Table,3H.71j

rT~he s-,h'el~l ,ro~esf6 -r-o-m-eeyellemiie-nht f-or ery.load c:ombnbion dinthe~inte elemen
brialy~i e&eat~e tdtermine th~r eq',re rif&6emnent. Th ~follir6tof
p lne m ime nt arid axial force coulejd~with the corresponding load 6?onbin'atio.n arCl---,--
e r ported in Tabl&e3H~.7-1 ~wh~htLhe ga rjn re,,oe!i nd, ii e i ru

tie _6SA P 2000_mo qe ls_ 2
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fke maxtnimume nsion axa fr6ýitftelors gflýrg~taci_6'g
~rnuta~~u~y_ rbM the sam.1oad combing ion;

< The -maximum flpe s'~n-xilfrewihte orsp~dn mn

~The maximumn~i rrnmert that has, co rrespbhdirig, xial cot i e s s~jati
'smlthe eusý iitesamee load Qmbmflatkhif

fo~r each suF c etefloigipen n.tases-ha~ ihtec~rsodn

,la cobnto r eotdi'al H71we~h overning forces,,moments an

coThes th~pae shyiidia reinbrce&h t zonepje'i

,!nV rs inifo thati

Trhe providedf I itiuiin I renjocnf eac fac an Weach~direction is determinO~

'Sim-ultafleously fo'qE&jyegoadqcombiriatign

Tý-he provded'transv&ers6hear rbnfrig:a eurd is'dteihrmined'ba~sýEd-6ii-t
'fbse eser n xa ocIe.s (Iipid lrt thshear , la I e odgufting'-

H.simultaneously for vDbe llqd~soban

T46 c ndation o~r the, DG oT nsi~t~6 -a~ c~d 'conrt

mud, mat. The basenatdceflections du otefeiiiyo~hbs at, and suppori~n~g-
lsoil ~'ere accounted forthtrough the useof foundati~on soilsprings in the SAP20~00fi~nitW
elmn~nlssmdl.Bt tfhe Winler andthePe uorCo~u pled Meth~odswere,
used to model the foun~dation soil _sprni he 1 rsLiltsof the tw nlsswr

fylpýdor desig fplirposesf.

Tw ifeertsugace recini sping onstanjts) are usd, o~ne-for seIisic load, 9
arid one ~ f~llo n ýoil' spring cnst Lin&d ithe FEý

mod~els~b tfhe DGOS-

~F ia prin s7§(with static -loads);..ý ................ 26K Q k

,§-~ii pj §ýJ(ith~sai ar6d se I a-od-.>

East-wets ~(with sttic an ....s. ..o.318)»kips



RAI 03.08.04-30, Revision I U7-C-NINA-NRC- 110043
Attachment 6

Page 81 ofl118

Th~e e~ffect of uplift on Che basemat dur~ing a seismic event~wa cosd~JaFhohte
uiseb af SAP2000 design modJel wh~ic6h simulfated the uplift conidition. The seismic des~ignrh,
aceeain~ple toteSP00-einulf model.'a're~ adusted by a caefat
Wh~ich scalesofhe s~eismic forcst hemaiu levelpossible during an Upliftcodtii
I f he DGFO'T. The scaled seismic- accelertions along with applicable loads described
in 'Secion-3H.7.4 artenbe combined. The reut th-qý4mdlgdtedsg
mo'dels were&nele fo einDr

,The DGIO stblt vlain re peb-fgrhedAor theý7 vaiýsibRiu~nt-ion sited ini
Section 3,H,7.4.5. The DGFQOT factors ofsafety:against siding, overurning, and flotation
,are providedin Table,3H .7~-2.For slidiing~and ovrunn evlutins te10 21hF0 /ol
40% rule wa§: sed~for;66hbi nation f the.X; Y, ~and Z seismic excitation.

qvtý(n jtýqnO [orke-straiýts -are lp'rov-i6e-j-aroýý e-A --'ke-gi tatiQn dueccess - ons to limi-t[n- ,pr -- --
io a tor ado. missilej
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a~e!3H7-2 :, Fa ctors of S afetyag ainst Sidingi eturni ngb d o FFtatioritor o n; F

Calculated Safety FactorLoad Notes

Combination Overturning Sliding Flotation

D + Fb -- -- 1.70

D + H + W 1.58 3.47 -- 2, 3 (Sliding Only)

D + H + Wt 1.10 1.10 -- 2,4

D + H'+ E' 1.30 1.28 - 2,3

Notes:

1) Loads D, H, H', W, Wt, and E' are defined in Section 3H.7.4.3.4. Fb is the buoyant
force corresponding to the design basis flood.

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

3) The calculated safety factors consider the full passive pressure.
4) The minimum calculated safety factor against sliding and overturning for tornado wind is 2.32.

For tornado wind in conjunction with tornado missile, subsequent detailed design of the restraints
for the Access Regions will provide sliding and overturning safety factors greater than 1.10.
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[able -3H.7-3 T6orado.Misie, Imlpact Evaluation forDisel Generator ue. ilTunne!

Minimum required thickness to prevent penetration, perforation, and scabbing = 15.14"Local Check DGFOT and
Access Regions Minimum provided thickness = 24"

Flexure controls.

Overall Check of Maximum impact load including Dynamic Load Factor (DLF) = 899 kips for Access
Impacted Element Walls and Slabs of Regions and 862 kips for DGFOT

DGFOT and Access
Regions Ductility demand = 1.4 for shell missile and 1.0 for automobile missile < Ductility limit = 10

Equivalent static impact forces due to missile impact are considered in the local and
Global Check global design of the DGFOT. The analysis results presented in Table 3H.7-1 provide a

summary of the results for all load combinations including those affected by the tornado
missile impact.



RAI 03.08.04-30, Revision 1

South Access
Region

U7-C-NINA-NRC- 110043
Attachment 6

Page 89 of 118

North Access
I Region

Tunnel
Region

~yAX

Figure 3H.7-1: SAP2000 Finite tlement Analysis Model for DtFOT
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Lateral Pressure (psf)
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Figure 3H.7ý2: At-Rest Lateral Earth Pressure, (psf) on the Walls of the, Fuel Oil Tunnel
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Lateral Pressure (psi)
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3H.7-3: Drivingiý Lateral Earth Pressure (psf) on the Walls of the Fuel OJOrunnel
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Lateral Pressure (psf)
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Figure 3H.7-4- Resisting Lateral Earth Press'ure'(pA on'the Walls of the fuel Oil Tunnel
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1-H-L

N

23'-2" LONG WALLS

14'-2" SHORT WALLS

.5'6I
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HORIZONTAL DIRECTION RESPONSE SPECTRA
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Figure 3H.7-31: Enveloped, Broadened Horizontal Response Spectra for DGFOTs
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VERTICAL DIRECTION RESPONSE SPECTRA
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Enclosure 5
Revision to COLA Section 3.2
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Table 3.2-1 Classification Summary (Continued)

Quality
Quality Assur-
Group. ance

Safety Classi- Require- Seismic
Principal Componenta Classb Locationc ficationd mente Categoryf Notes

Y2 Diesel Generator Fuel Oil 3 O,RZ - B
Storage and Transfer System

Y3 Site Security N ALL -E

Notes and footnotes are listed on pages 3.2-54 through 3.2-61
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RAI 03.08.04-30, Supplement 1

QUESTION:

Follow-up to Question 03.08.04-23

In response to staff question requesting additional information (Letter
U7-C-STP-NRC- 100036, dated February 10, 2010) about how various steel and concrete
elements of site-specific structures are designed, and the design results, the applicant provided
some analysis and design information. The applicant also referred to the Supplement 2
response to Question 03.07.01-13 (Letter U7-C-STP-NRC-090230, dated 12/30/09) for
pertinent design summary information. In order for the staff to conclude that the design of
site-specific structures meet the requirements of GDC 2 by meeting the guidance provided in
SRP 3.8.4 and 3.8.5, or otherwise, the applicant is requested to provide the following
additional information:

1. The applicant states in the response that a three dimensional finite element analysis
(FEA) is used for structural analysis and design of the UHS/RSW Pump House. FSAR
Section 311.6.6.1 states that analysis for the seismic loads was performed using
equivalent static loads and the induced forces due to X, Y, and Z seismic excitations
were combined using the SRSS method of combination. However, the applicant did
not describe how the equivalent static loads due to seismic excitation were determined
and applied to the static FEA model from the results of soil structure interaction (SSI)
analysis used for determination of seismic response. Therefore, the applicant is
requested to provide details of how seismic response analysis results from
dynamic SSI analysis were transferred to the static FEA model, including how the
effects of accidental torsion were included in the analysis and design of UHS/RSW
Pump house. Please also update FSAR with the information, as appropriate.

2. The applicant stated in its response that the modulus of subgrade reaction for static
loading was calculated as the average of the local values at nine locations under the
foundation. The applicant is requested to provide these nine values, and explain why it
is considered appropriate to use the average value. Please also explain how the
foundation subgrade modulus was used for calculating nodal springs for the FEA
model, and how the effect due to coupling of soil springs was considered in the
analysis.

3. For seismic loading, the applicant has outlined a hand-calculated procedure that
utilizes published formulas and charts to estimate the foundation spring constants.
According to this procedure, the equivalent modulus and Poisson's ratio of a layered
soil system are first estimated using the cumulative strain energy method. The
resulting values are then used in the equations for computation of the spring constants
for a rigid foundation of an arbitrary shape embedded in a uniform half-space. The
shear moduli used for individual layers are strain compatible values, and include the
mean, upper bound, and lower bound soil cases. The approximate procedure outlined
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above for developing the foundation spring constants does not take into account the
pressure distribution under the base slab. Furthermore, this procedure does not account
for the frequency dependence of these springs. As such, the applicant is requested to
provide a justification for not considering the effects of pressure distribution
and system frequency in developing the foundation dynamic springs including
describing the impact on the calculated results.

4. The applicant's response does not provide details as to how the soil springs calculated
under static and seismic loadings are inputted to the 3-D static FEA model to calculate
the design stresses. Therefore, the applicant is requested to describe in detail how the
static and seismic soil springs are inputted into the FEA model, and how the results are
obtained for stress evaluations. Specifically, the applicant is requested to explain if the
two sets of springs were used in a single model, and how the two sets were combined
to a single set of springs. Otherwise, if the two sets of springs were applied to separate
FEA models, describe how the load combinations were performed. The applicant is
also requested to provide sufficient detail to assist staff in understanding how static
and seismic soil springs are used in the FEA model and results combined for stress
evaluations.

5. In the FSAR mark-up of Sections 3H.6.6.3.1 and 3H.6.6.3.2 provided with the
response, the applicant identifies the method used by the applicant for combining
forces and moments. In this method, for each reinforcing zone, the maximum force or
moment is coupled with the corresponding moment or force for design for the same
load combination. It is not clear if this method of combining forces and moments for
design will envelop the worst combination of forces and moments for all elements in a
reinforcing zone. Therefore, the applicant is requested to describe the method of
combining forces and moments used by the applicant with a typical example of a
reinforcing zone, and demonstrate that this method of combination will yield the worst
combination of forces and moments that should be considered for design.

6. The staff notes that in the FSAR mark-up of Section 3H.6.6.3.1 provided with the
response, the reported values of soil springs for the RSW Pump House are
significantly larger than those for the UHS basin. The applicant is requested to confirm
these values, and explain the reason for the large difference.

7. The response did not include any information about the maximum static and dynamic
bearing pressures under the foundations of UHS/RSW Pump House. The applicant is
requested to provide the maximum static and dynamic bearing pressure under the
foundations of UHS/RSW Pump House, compare these values with the maximum
allowable static and dynamic bearing pressures, and include this information in the
FSAR.

8. In its response to Question 03.07.01-19 (letter U7-C-STP-NRC-100129, dated June 7,
2010), the applicant provided analysis and design information for the seismic category
I Diesel Generator Fuel Oil Storage Vault (DGFOSV) a which was not previously
included in the FSAR. The information included in the response does not describe how
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structural analysis and design of the structure was performed. Also, reference is made
to FSAR Section 3H.6.4 for design loads. FSAR Section 3H.6.4 has been updated
several times in various responses, and it is not clear where this information can be
found. Therefore, the applicant is requested to provide complete structural analysis
and design information for the DGFOSV to ensure it meets acceptance criteria 1
through 7 of SRP 3.8.4 and 3.8.5. The staff needs this information to conclude that the
DGFOSV is designed to withstand seismic loads and meet GDC 2. Include in the
response an updated version of Appendix 3H where structural analysis and
design information for all seismic category I structures can be found.

9. 'While reviewing this response, and other responses referenced in this response, the
staff noted that the applicant has used different values of coefficient of friction for
sliding stability evaluation; e.g., the value 0.3 was used for the RSW Pump House, 0.4
was used for UHS basin, 0.58 was used DGFOSV, and for the Reactor Building (RB)
and the Control Building (CB), it was stated to be more than 0.47. It is not clear if
these values are the required coefficient of friction, or the minimum coefficient of
friction available. The applicant is requested to clearly specify the minimum
coefficient of friction at various locations of the site, if they are different, and
explain how these values were determined. Please also clarify this information in the
FSAR.

10. The staff noted references to Diesel Generator Fuel Oil Tunnel (DGFOT) in several
RAI responses. Please confirm that DGFOT is not a seismic category I structure, and
if it is seismic category I, include the analysis and design information to show how the
design of the DGFOT meets the acceptance criteria 1 through 7 in the SRP 3.8.4 and
3.8.5 in the FSAR.

SUPPLEMENTAL RESPONSE:

Revision 1 of the response to Parts 8 through 10 of this RAI is being submitted concurrently with
this response.

This supplemental response provides the response to Parts 1 through 7. In addition, this response
also provides information about the design for extreme winds and tornado as a result of a
question raised during the NRC Audit performed during the week of October 18, 2010.

In follow-up to Action Item 3.8-9 from the NRC Audit of South Texas Project Units 3 & 4 on
October 18-22, 2010, the structure-soil-structure interaction (SSSI) soil pressures are provided
for the Reactor Building (RB).

In order to assess the structure-soil-structure interaction (SSSI) effects on the lateral pressures on
the walls of the Reactor Building, a two dimensional (2D) soil-structure interaction analysis was
performed to determine the SSSI soil pressures. Figures 3H.1-1 through 3H.1-6, included in
Enclosure 2 of this response, show a comparison of the lateral seismic soil pressures provided in
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the DCD, those calculated for site-specific conditions including the SSSI soil pressures. As
shown in these figures, site-specific seismic soil pressures are enveloped by the DCD lateral
seismic soil pressures for all walls except for portions of the RB West wall when considering
SSSI effects with the Radwaste Building and Reactor Service Water Tunnel. However, when
comparing the total force applied to any segment of the wall from slab to slab, the DCD seismic
soil loads are greater than the Site-Specific soil loads. Therefore, the seismic lateral soil
pressures calculated for site-specific soil conditions present at STP 3&4 are enveloped by those
presented in the DCD.

1) In order to obtain the equivalent static seismic loads, the nodal zero period accelerations
from the soil-structure interaction (SSI) analysis were separated into nine panel
acceleration groups as shown in Figure 03.08.04-30.1. These nine panel acceleration
groups are further separated into 208 panel sections. The nodal accelerations in the global
X, Y, and Z directions are averaged for each panel section. The acceleration value
assigned in each direction represents the mean value of all the nodal ZPAs within a given
panel section. The mass of the structure, equipment weights, seismic live loads, and
hydrodynamic forces are normalized by a factor of 1 g. Depending on their location in the
structure, these loads are factored by the panel section acceleration and combined with
other seismic loads by first adding the seismic loads in the same direction and then
combining the X, Y, and Z components by the square root sum of squares (SRSS)
method.
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Figure 03.08.04-30.1: UHS basin, RSW pump house, and cooling tower
equivalent static seismic model panel section acceleration groups
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Two seismic load cases were considered in the SAP2000 three-dimensional (3D) finite
element analysis (FEA) models used in design: a full basin case and an empty basin case.
The enveloping SSI nodal accelerations in the global X, Y, and Z directions for each load
case (full basin or empty basin) were averaged by group. The same averaging procedure
was employed to determine full basin and empty basin group accelerations for the refined
mesh upper bound (UB) soil case. The refined mesh analysis is described in response to
RAI 03.07.02-24, Supplement 2, submitted with Letter U7-C-STP-NRC-100268, dated
December 14, 2010. The final group accelerations used in the full basin seismic load
case and the empty basin seismic load case represent the envelope of the original mesh
accelerations modified by an adjustment factor. Specifically, the ratio of the refined mesh
UB acceleration divided by the original mesh UB acceleration is calculated. When the
ratio is greater than 1, the corresponding enveloping original mesh acceleration is
multiplied by the ratio. Otherwise, the adjustment factor is 1.

The following example is for Full Basin Group 2 Pump House West Wall Panel 1,
Average X acceleration. Since the refined mesh UB acceleration of 0.11 9g is greater than
the original mesh UB acceleration of 0.1 18g, the ratio 0.119/.118 = 1.008 becomes the
adjustment factor. The enveloping Full Basin Group 2 Pump House West Wall Panel 1
acceleration is multiplied by this adjustment factor. However, when the ratio is less than
one, as is the case between the refined mesh and original mesh UJB average Y
acceleration for the Full Basin Group 2 Pump House West Wall Panel 1, the adjustment
factor is simply 1.00 and the fimal full basin design acceleration for the group is the
enveloping original mesh Full Basin Group 2 Pump House West Wall Panel 1 Y
acceleration multiplied by 1.00.

Table 03.08.04-30.1 shows the group accelerations from the original and refined mesh
SSI models for the full basin seismic UB condition and the corresponding adjustment
factors used in design. Table 03.08.04-30.2 shows group accelerations from the original
and refined mesh SSI models for the empty basin seismic UB condition and the
corresponding adjustment factors used in design.
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Table 03.08.04-30.1 - Group accelerations from original and refined mesh SSI models for full basin seismic
UB condition and corresponding adjustment factors

~~k~rou .: Aveiag1X~ KA'aeY4 ,eae!~AeaeXl'AeaeY:AVerage:: A~eragb6X A'rg Avderag Z;.;-
G2-PH West Wall Panel 1 0.118 0.124 0.127 0.119 0.123 0.131 1.008 1.000 1.029
G2-PH West Wall Panel 2 0.121 0.123 0.126 0.121 0.123 0.132 1.005 1.000 1.052
G2-PH West Wall Panel 3 0.118 0.121 0.127 0.116 0.123 0.132 1.000 1.016 1.033
G2-PH South Wall Panel 1 0.115 0.125 0.122 0.115 0.127 0.126 1.004 1.016 1.026
G2-PH South Wall Panel 2 0.114 0.127 0.118 0.114 0.131 0.121 1.004 1.027 1.020
G2-PH South Wall Panel 3 0.112 0.133 0.123 0.113 0.131 0.126 1.008 1.000 1.027
G2-PH North Wall Panel 1 0.113 0.125 0.126 0.112 0.128 0.126 1.000 1.023 1.000
G2-PH North Wall Panel 2 0.112 0.133 0.125 0.111 0.131 0.124 1.000 1.000 1.000
G2-PH North Wall Panel 3 0.116 0.130 0.130 0.112 0.131 0.129 1.000 1.003 1,000
G2-PH East Wall Panel 1 0.115 0.132 0.125 0.117 0.128 0.131 1.017 1.000 1.051
G2-PH East Wall Panel 2 0.119 0.130 0.127 0.122 0.126 0.135 1.024 1.000 1.056
G2-PH East Wall Panel 3 0.118 0.129 0.133 0.119 0.126 0.135 1.007 1.000 1.017
G2-PH Op Fl Panel 1 0.116 0.127 0.174 0.116 0.129 0.200 1.003 1.016 1.145
G2-PH Op FI Panel 2 0.113 0.132 0.184 0.113 0.133 0.196 1.000 1.007 1.067
G2-PH Op FI Panel 3 0.116 0.134 0.182 0.116 0.133 0.202 1.002 1.000 1.108
G3-PH West Wall Panel 1 0.125 0.130 0.129 0.126 0.130 0.131 1.006 1.000 1.021
G3-PH West Wall Panel 2 0.134 0.130 0.128 0.133 0.131 0.133 1.000 1.001 1.045
G3-PH West Wall Panel 3 0.122 0.127 0.130 0.123 0.131 0.133 1.004 1.030 1.020
G3-PH South Wall Panel 1 0.115 0.134 0.123 0.116 0.137 0.125 1.011 1.018 1.014
G3-PH South Wall Panel 2 0.114 0.137 0.120 0.116 0.138 0.122 1.012 1.008 1.015
G3-PH South Wall Panel 3 0.114 0.142 0.126 0.115 0.139 0.128 1.011 1.000 1.016
G3-PH North Wall Panel 1 0.115 0.136 0.129 0.116 0.142 0.128 1.007 1.045 1.000
G3-PH North Wall Panel 2 0.114 0.143 0.127 0.114 0.147 0.127 1.000 1.025 1.002
G3-PH North Wall Panel 3 0.115 0.145 0.132 0.114 0.144 0.130 1.000 1.000 1.000
G3-PH East Wall Panel 1 0.123 0.142 0.127 0.125 0.138 0.133 1.016 1.000 1.042
G3-PH East Wall Panel 2 0.131 0.142 0.130 0.131 0.137 0.137 1.000 1.000 1.051
G3-PH East Wall Panel 3 0.124 0.142 0.135 0.123 0.137 0.136 1.000 1.000 1.011
G3-PH Roof Panel 1 0.117 0.135 0.156 0.118 0.139 0.175 1.009 1.025 1.124
G3-PH Roof Panel 2 0.115 0.139 0.153 0.116 0.139 0.168 1.004 1.005 1.096
G3-PH Roof Panel 3 0.115 0.146 0.155 0.118 0.139 0.174 1.022 1.000 1.125
G5-Basin South Wall Panel 1 0.124 0.142 0.127 0.123 0.145 0.138 1.000 1.021 1.089
G5-Basin South Wall Panel 2 0.120 0.149 0.133 0.119 0.148 0,134 1.000 1.000 1.008
G5-Basin South Wall Panel 3 0.118 0.152 0.139 0.118 0.148 0.141 1.000 1.000 1.012
G5-Basin South Wall Panel 4 0.118 0.154 0.141 0.117 0.152 0,141 1.000 1.000 1.003
G5-Basin South Wall Panel 5 0.119 0.161 0.133 0.118 0.152 0.132 1.000 1.000 1.000
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Table 03.08.04-30.1 - Group accelerations from original and refined mesh SSI models for full basin seismic
UB condition and corresponding adjustment factors (continued)

Gru.ýý Avrg Xý Wdvrdqe,,Y:, Avrg Z Average X?[ Avrg Y: Ave Z.-& N'rgX~ vr~! AVerageZ:
G5-Basin South Wall Panel 6 0.120 0.150 0.132 0.119 0.150 0.130 1.000 1.003 1.000
G5-Basin North Wall Panel 1 0.114 0.132 0.123 0.116 0.135 0.125 1.014 1.019 1.014
G5-Basin North Wall Panel 2 0.114 0.136 0.120 0.116 0.137 0.122 1.013 1.005 1.013
G5-Basin North Wall Panel 3 0.113 0.141 0.125 0.115 0.138 0.127 1.014 1.000 1.019
G5-Basin North Wall Panel 4 0.114 0.147 0.129 0.116 0.148 0.130 1.020 1.004 1.013
G5-Basin North Wall Panel 5 0.116 0.161 0.127 0.116 0.155 0.130 1.008 1.000 1.025
G5-Basin North Wall Panel 6 0.118 0.149 0.130 0.117 0.151 0.130 1.000 1.012 1.000
G5-Basin S Buttress 1 Panel 1 0.128 0.143 0.132 0.128 0.142 0.143 1.000 1.000 1.081
G5-Basin S Buttress 2 Panel 1 0.125 0.147 0.141 0.128 0.142 0.141 1.021 1.000 1.000
G5-Basin S Buttress 3 Panel 1 0.122 0.154 0.146 0.123 0.147 0.149 1.004 1.000 1.020
G5-Basin S Buttress 4 Panel 1 0.124 0.152 0.141 0.126 0.147 0.138 1.017 1.000 1.000
G5-Basln S Buttress 5 Panel 1 0.127 0.155 0.129 0.122 0.152 0.130 1.000 1.000 1.004
G5-Basin N Buttress 1 Panel 1 0.121 0.130 0.122 0.119 0.134 0.124 1.000 1.032 1.016
G5-Basin N Buttress 2 Panel 1 0.124 0.135 0.126 0.124 0.136 0.132 1.003 1.002 1.049
G5-Basin N Buttress 3 Panel 1 0.118 0.141 0.134 0.118 0.138 0.134 1.006 1.000 1.000
G5-Basin N Buttress 4 Panel 1 0.129 0.148 0.132 0.125 0.149 0.136 1.000 1.008 1.029
G5-Basin N Buttress 5 Panel 1 0.125 0.154 0.131 0.122 0.151 0.131 1.000 1.000 1.000
G5-Basin E Buttress 1 Panel 1 0.145 0.149 0.131 0.140 0.149 0.134 1.000 1.000 1.023
G5-Basin E Buttress 2 Panel 1 0.139 0.151 0.128 0.137 0.148 0.131 1.000 1.000 1.030
G5-Basin W Buttress 1 Panel 1 0.142 0.139 0.131 0.137 0.140 0.134 1.000 1.009 1.020
G5-Basin W Buttress 2 Panel 1 0.135 0.146 0.132 0.138 0.140 0.131 1.020 1.000 1.000
G5-Basin West Wall Panel 1 0.142 0.129 0.125 0.136 0.133 0.131 1.000 1.037 1.047
G5-Basin West Wall Panel 2 0.153 0.129 0.127 0.149 0.132 0.130 1.000 1.019 1.025
G5-Basin West Wall Panel 3 0.130 0.130 0.129 0.132 0.130 0.130 1.021 1.004 1.011
G5-Basin East Wall Panel 1 0.140 0.141 0.130 0.134 0.140 0.129 1.000 1.000 1.000
G5-Basin East Wall Panel 2 0.159 0.141 0.126 0.154 0.140 0.129 1.000 1.000 1.021
G5-Basin East Wall Panel 3 0.129 0.140 0.130 0.134 0.141 0.128 1.040 1.005 1.000
G6-Basin South Wall Panel 1 0.126 0.164 0.129 0.124 0.165 0.136 1.000 1.007 1.053
G6-Basin South Wall Panel 2 0.123 0.194 0.133 0.121 0.194 0.133 1.000 1.001 1.002
G6-Basin South Wall Panel 3 0.122 0.192 0.139 0.119 0.192 0.140 1.000 1.000 1.006
G6-Basin South Wall Panel 4 0.122 0.213 0.142 0.118 0.220 0.141 1.000 1.034 1.000
G6-Basin South Wall Panel 5 0.122 0.210 0.136 0.119 0.217 0.135 1.000 1.033 1.000
G6-Basin South Wall Panel 6 0.124 0.175 0.132 0.120 0.177 0.131 1.000 1.006 1.000
G6-Basin North Wall Panel 1 0.119 0.148 0.124 0.118 0.152 0.126 1.000 1.023 1.018
G6-Basin North Wall Panel 2 0.117 0.153 0.122 0.118 0.154 0.124 1.006 1.006 1.017
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Table 03.08.04-30.1 - Group accelerations from original and refined mesh SSI models for full basin seismic
UB condition and corresponding adjustment factors (continued)

ý, 04ihblj2.c!61On il__M _fe! , •_ _ _ r .i-ibdModel- ,actor' ullBasih,.

G6-Basin North Wall Panel 3 0.118 0.162 0.128 0.118 0.157 0.129 1.005 1.000 1.004
G6-Basin North Wall Panel 4 0.119 0.189 0.132 0.120 0.196 0.132 1.013 1.036 1.003
G6-Basin North Wall Panel 5 0.118 0.208 0.130 0.120 0.213 0.132 1.019 1.025 1.011
G6-Basin North Wall Panel 6 0.119 0.173 0.131 0.122 0.178 0.130 1.026 1.029 1.000
G6-Basin S Buttress 1 Panel 1 0.150 0.177 0.133 0.149 0.174 0.142 1.000 1.000 1.064
G6-Basin S Buttress 2 Panel 1 0.144 0.191 0.141 0.143 0.188 0.141 1.000 1.000 1.002
G6-Basin S Buttress 3 Panel 1 0.140 0.194 0.146 0.134 0.200 0.147 1.000 1.030 1.005
G6-Basin S Buttress 4 Panel 1 0.138 0.216 0.139 0.142 0.220 0.138 1.027 1.019 1.000
G6-Basin S Buttress 5 Panel 1 0.155 0.194 0.129 0.135 0.197 0.132 1.000 1.015 1.020
G6-Basin S Buttress 1 Panel 2 0.230 0.177 0.144 0.264 0.173 0.158 1.150 1.000 1.094
G6-Basin S Buttress 2 Panel 2 0.206 0.190 0.155 0.235 0.188 0.166 1.140 1.000 1.070
G6-Basin S Buttress 3 Panel 2 0.197 0.193 0.164 0.197 0.200 0.167 1.000 1.035 1.018
G6-Basin S Buttress 4 Panel 2 0.191 0.218 0.146 0.226 0.221 0.151 1.185 1.014 1.029
G6-Basin S Buttress 5 Panel 2 0.238 0.194 0.135 0.211 0.197 0.149 1.000 1.013 1.106
G6-Basin N Buttress 1 Panel 1 0.183 0.148 0.129 0.190 0.150 0.136 1.037 1.015 1.050
G6-Basin N Buttress 2 Panel 1 0.191 0.159 0.133 0.179 0.157 0.145 1.000 1.000 1.089
G6-Basin N Buttress 3 Panel 1 0.184 0.155 0.138 0.219 0.161 0.143 1.190 1.039 1.037
G6-Basin N Buttress 4 Panel 1 0.208 0.206 0.142 0.219 0.216 0.153 1.050 1.050 1.082
G6-Basin N Buttress 5 Panel 1 0.218 0.192 0.140 0.214 0.198 0.146 1.000 1.028 1.044
G6-Basin N Buttress 1 Panel 2 0.132 0.147 0.122 0.129 0.150 0.124 1.000 1.025 1.019
G6-Basin N Buttress 2 Panel 2 0.139 0.159 0.126 0.132 0.156 0.131 1.000 1.000 1.039
G6-Basin N Buttress 3 Panel 2 0.133 0.155 0.133 0.129 0.161 0.133 1.000 1.038 1.001
G6-Basin N Buttress 4 Panel 2 0.146 0.206 0.133 0.145 0.216 0.136 1.000 1.050 1.022
G6-Basin N Buttress 5 Panel 2 0.147 0.194 0.130 0.138 0.198 0.131 1.000 1.023 1.007
G6-Basin E Buttress 1 Panel 1 0.196 0.296 0.143 0.189 0.306 0.146 1.000 1.033 1.020
G6-Basin E Buttress 2 Panel 1 0.192 0.259 0.139 0.188 0.288 0.144 1.000 1.113 1.031
G6-Basin E Buttress 1 Panel 2 0.198 0.184 0.133 0.190 0.174 0.131 1.000 1.000 1.000
G6-Basin E Buttress 2 Panel 2 0.194 0.174 0.130 0.189 0.169 0.130 1.000 1.000 1.001
G6-Basin W Buttress 1 Panel 1 0.194 0.163 0.131 0.190 0.164 0.135 1.000 1.010 1.028
G6-Basin W Buttress 2 Panel 1 0.181 0.177 0.132 0.188 0.160 0.133 1.040 1.000 1.011
G6-Basin W Buttress 1 Panel 2 0.194 0.238 0.145 0.189 0.284 0.153 1.000 1.195 1.049
G6-Basin W Buttress 2 Panel 2 0.180 0.263 0.145 0.187 0.274 0.146 1.040 1.042 1.007
G6-Basin West Wall Panel 1 0.163 0.134 0.127 0.160 0.136 0.133 1.000 1.014 1.044
G6-Basin West Wall Panel 2 0.217 0.135 0.129 0.211 0.135 0.132 1.000 1.000 1.027
G6-Basin West Wall Panel 3 0.178 0.135 0.130 0.157 0.134 0.131 1.000 1.000 1.009
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Table 03.08.04-30.1 - Group accelerations from original and refined mesh SSI models for full basin seismic

UB condition and corresponding adjustment factors (continued)
~ ~,>j ,13M7Oiial, Model 6< ~ F . a

'GbwL~~JVera bt&Y 2w06ge X: ~ ~ AvefageZ:~ d.:YoA -:AveratidX;4 fAige: t; VerageW: vea~Xi, Av-eirageXY Aveiraý6Z:.
G6-Basin East Wall Panel 1 0.168 0.144 0.132 0.162 0.143 0.130 1.000 1.000 1.000
G6-Basin East Wall Panel 2 0.225 0.143 0.130 0.217 0.143 0.130 1.000 1.000 1.004
G6-Basin East Wall Panel 3 0.162 0.142 0.132 0.163 0.143 0.129 1.002 1.001 1.000
G7-Basin South Wall Panel 1 0.130 0.188 0.129 0.125 0.205 0.135 1.000 1.089 1.050
G7-Basin South Wall Panel 2 0.129 0.280 0.133 0.123 0.281 0.134 1.000 1.002 1.004
G7-Basin South Wall Panel 3 0.123 0.264 0.139 0.121 0.272 0.141 1.000 1.032 1.011
G7-Basin South Wall Panel 4 0.123 0.313 0.142 0.119 0.324 0.142 1.000 1.035 1.000
G7-Basin South Wall Panel 5 0.125 0.319 0.138 0.123 0.321 0.136 1.000 1.005 1.000
G7-Basin South Wall Panel 6 0.130 0.228 0.133 0.126 0.243 0.132 1.000 1.062 1.000
G7-Basin North Wall Panel 1 0.130 0.179 0.125 0.121 0.188 0.128 1.000 1.053 1.024
G7-Basin North Wall Panel 2 0.125 0.214 0.123 0.122 0.212 0.125 1.000 1.000 1.013
G7-Basin North Wall Panel 3 0.122 0.249 0.131 0.122 0.229 0.129 1.003 1.000 1.000
G7-Basin North Wall Panel 4 0.120 0.273 0.133 0.124 0.295 0.133 1.031 1.079 1.000
G7-Basin North Wall Panel 5 0.122 0.314 0.132 0.126 0.318 0.133 1.033 1.013 1.003
G7-Basin North Wall Panel 6 0.124 0.220 0.133 0.129 0.237 0.132 1.044 1.078 1.000
G7-Basin S Buttress 1 Panel 1 0.195 0.243 0.135 0.177 0.257 0.142 1.000 1.061 1.056
G7-Basin S Buttress 2 Panel 1 0.169 0.267 0.142 0.152 0.278 0.143 1.000 1.040 1.007
G7-Basin S Buttress 3 Panel 1 0.156 0.272 0.147 0.149 0.287 0.148 1.000 1.054 1.008
G7-Basin S Buttress 4 Panel 1 0.165 0.333 0.141 0.160 0.330 0.139 1.000 1.000 1.000
G7-Basin S Buttress 5 Panel 1 0.175 0.290 0.131 0.154 0.303 0.136 1.000 1.046 1.044
G7-Basin S Buttress 1 Panel 2 0.317 0.240 0.147 0.351 0.259 0.162 1.107 1.080 1.106
G7-Basin S Buttress 2 Panel 2 0.266 0.265 0.157 0.283 0.276 0.161 1.065 1.042 1.030
G7-Basin S Buttress 3 Panel 2 0.236 0.271 0.157 0.260 0.287 0.170 1.102 1.056 1.086
G7-Basin S Buttress 4 Panel 2 0.256 0.362 0.151 0.303 0.330 0.159 1.186 1.000 1.052
G7-Basin S Buttress 5 Panel 2 0.282 0.294 0.135 0.283 0.306 0.159 1.004 1.041 1.174
G7-Basin N Buttress 1 Panel 1 0.241 0.206 0.135 0.249 0.201 0.145 1.033 1.000 1.075
G7-Basin N Buttress 2 Panel 1 0.279 0.230 0.143 0.228 0.218 0.147 1.000 1.000 1.030
G7-Basin N Buttress 3 Panel 1 0.279 0.211 0.141 0.296 0.235 0.146 1.062 1.112 1.033
G7-Basin N Buttress 4 Panel 1 0.261 0.311 0.145 0.291 0.328 0.160 1.118 1.056 1.105
G7-Basin N Buttress 5 Panel 1 0.283 0.281 0.144 0.268 0.302 0.159 1.000 1.077 1.106
G7-Basin N Buttress 1 Panel 2 0.157 0.207 0.123 0.145 0.200 0.128 1.000 1.000 1.035
G7-Basin N Buttress 2 Panel 2 0.157 0.228 0.130 0.149 0.217 0.133 1.000 1.000 1.028
G7-Basin N Buttress 3 Panel 2 0.172 0.213 0.132 0.153 0.234 0.133 1.000 1.102 1.008
G7-Basin N Buttress 4 Panel 2 0.163 0.306 0.135 0.164 0.325 0.138 1.007 1.065 1.017
G7-Basin N Buttress 5 Panel 2 0.175 0.280 0.132 0.165 0.302 0.134 1.000 1.078 1.013
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Table 03.08.04-30.1 - Group accelerations from original and refined mesh SSI models for full basin seismic

UB condition and corresponding adjustment factors (continued)
-Qi Origial~dodeFW ~ Ž~ aRefined~Mbdel7K, J foriFUlkBasi nii

~ ~Gr~up.~ verageX:~ :verage' -Y Aeae~: Mr~X:,. Averbd6&YY:A ~Average'Z:, AV0;eXra~.',. AVera0j, Y: rgeZ
G7-Basin E Buttress 1 Panel 1 0.254 0.368 0.145 0.251 0.406 0.149 1.000 1.104 1.026
G7-Basin E Buttress 2 Panel 1 0.243 0.333 0.143 0.249 0.389 0.145 1.024 1.170 1.021
G7-Basin E Buttress 1 Panel 2 0.252 0.213 0.135 0.252 0.196 0.130 1.000 1.000 1.000
G7-Basin E Buttress 2 Panel 2 0.246 0.204 0.132 0.252 0.195 0.133 1.023 1.000 1.003
G7-Basin W Buttress 1 Panel 1 0.265 0.189 0.133 0.262 0.189 0.136 1.000 1.000 1.022
G7-Basin W Buttress 2 Panel 1 0.238 0.201 0.135 0.258 0.183 0.135 1.082 1.000 1.004
G7-Basin W Buttress 1 Panel 2 0.263 0.312 0.149 0.261 0.396 0.158 1.000 1.272 1.057
G7-Basin W Buttress 2 Panel 2 0.233 0.336 0.149 0.256 0.360 0.151 1.095 1.073 1.017
G7-Basin West Wall Panel 1 0.213 0.139 0.130 0.216 0.142 0.134 1.012 1.024 1.026
G7-Basin West Wall Panel 2 0.304 0.140 0.133 0.303 0.143 0.137 1.000 1.020 1.030
G7-Basin West Wall Panel 3 0.205 0.139 0.132 0.211 0.142 0.133 1.029 1.022 1.008
G7-Basin East Wall Panel 1 0.206 0.152 0.134 0.209 0.147 0.133 1.017 1.000 1.000
G7-Basin East Wall Panel 2 0.298 0.151 0.136 0.306 0.147 0.137 1.027 1.000 1.007
G7-Basin East Wall Panel 3 0.210 0.151 0.134 0.216 0.148 0.132 1.026 1.000 1.000
G8-Cooling Tower South Panel 1 0.384 0.234 0.165 0.391 0.240 0.182 1.019 1.026 1.099
G8-Cooling Tower South Panel 2 0.400 0.361 0.216 0.404 0.370 0.242 1.011 1.025 1.121
G8-Cooling Tower South Panel 3 0.408 0.322 0.226 0.410 0.330 0.252 1.005 1.025 1.114
G8-Cooling Tower South Panel 4 0.408 0.404 0.222 0.409 0.411 0.241 1.002 1.018 1:087
G8-Cooling Tower South Panel 5 0.403 0.455 0.203 0.399 0.471 0.220 1.000 1.034 1.079
G8-Cooling Tower South Panel 6 0.383 0.290 0.161 0.380 0.299 0.169 1.000 1.031 1.048
G8-Cooling Tower North Panel 1 0.366 0.230 0.172 0.379 0.222 0.183 1.034 1.000 1.062
GB-Cooling Tower North Panel 2 0.384 0.353 0.215 0.393 0.356 0.238 1,025 1.007 1.104
G8-Cooling Tower North Panel 3 0.391 0.323 0.233 0.399 0.314 0.251 1.023 1.000 1.080
G8-Cooling Tower North Panel 4 0.394 0.393 0.237 0.403 0.402 0.247 1.022 1.023 1.041
G8-Cooling Tower North Panel 5 0.388 0.442 0.203 0.398 0.469 0.224 1.026 1.060 1.104
G8-Cooling Tower North Panel 6 0.371 0.307 0.155 0.379 0.308 0.165 1.023 1.002 1.067
G8-Cooling Tower NS Panel 1 0.379 0.149 0.138 0.383 0.153 0.143 1.011 1.024 1.040
G8-Cooling Tower NS Panel 2 0.461 0.251 0.197 0.473 0.248 0.213 1.025 1.000 1.083
G8-Cooling Tower NS Panel 3 0.547 0.286 0.228 0.483 0.267 0.256 1.000 1.000 1.123
G8-Cooling Tower NS Panel 4 0.470 0.273 0.214 0.488 0.289 0.235 1.039 1.062 1.095
G8-Cooling Tower NS Panel 5 0.544 0.422 0.223 0.482 0.422 0.232 1.000 1.000 1.039
G8-Cooling Tower NS Panel 6 0.458 0.353 0.173 0.469 0.363 0.187 1.024 1.028 1.079
G8-Cooling Tower NS Panel 7 0.379 0.163 0.139 0.380 0.157 0.142 1.003 1.000 1.020
G9-Cooling Tower South Panel 1 0.415 0.258 0.169 0.420 0.267 0.187 1.013 1.033 1.103
G9-Cooling Tower South Panel 2 0.405 0.386 0.227 0.409 0.388 0.252 1 010 1.006 1.111
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Table 03.08.04-30.1 - Group accelerations from original and refined mesh SSI models for full basin seismic

UB condition and corresponding adjustment factors (continued)

~ ~ :<.~$Original Model ~ , ,. . Refined: Model~ Calculated: actor. for Full Basin~
~Grouo5 Average X:~ AverageY:JAverage Z 'Average X: Average Y: ~AVrageZ: AverageKX A'Verage-Y AverageyZ:

G9-Cooling Tower South Panel 3 0.403 0.355 0.237 0.403 0.363 0.265 1.000 1.023 1.115
G9-Cooling Tower South Panel 4 0.406 0.429 0.231 0.403 0.441 0.252 1.000 1.029 1.088
G9-Cooling Tower South Panel 5 0.410 0492 0.212 0.406 0.495 0.228 1.000. 1.005 1.075
G9-Cooling Tower South Panel 6 0.416 0.331 0.164 0.415 0.330 0.172 1.000 1.000 1.050
G9-Cooling Tower North Panel 1 0.393 0.262 0.176 0.401 0.268 0.186 1.021 1,022 1.061
G9-Cooling Tower North Panel 2 0,390 0.399 0.224 0.397 0.398 0.248 1.017. 1.000 1.103
G9-Cooling Tower North Panel 3 0.391 0.366 0.243 0.398 0.373 0.264 1.019 1.019 1.086
G9-Cooling Tower North Panel 4 0.391 0.424 0.247 0,401 0.440 0.258 1.025 1.037 1.046
G9-Cooling Tower North Panel 5 0.392 0.482 0.210 0.403 0.493 0.229 1.029 1.023 1.091
G9-Cooling Tower North Panel 6 0.406 0.342 0.156 0.416 0.338 0.168 1.023 1.000 1.076
G9-Cooling Tower NS Panel 1 0.451 0.175 0.142 0.449 0.175 0.149 1.000 1.000 1.051
G9-Cooling Tower NS Panel 2 0.455 0.288 0.207 0,467 0.287 0.223 1.028 1.000 1.075
G9-Cooling Tower NS Panel 3 0.465 • 0.321 0.238 0.472 0.313 0.266 1.016 .1,000 1.118
G9-Cooling Tower NS Panel 4 0.470 0.306 0.226 0.492 0.316 0.248 1.048 1.030 1.096
G9-Cooling Tower NS Panel 5 0.463 0.444 0.230 0.474 0.449 0.242 1.024 1.012 1.048
G9-Cooling Tower NS Panel 6 0.456 0.389 0.180 0.466 0.407 0.196 1.023 1.046 .1.092
G9-Cooling Tower NS Panel 7 0.455 0.189 0.142 0.463 0.179 0.145 1.018 1.000 1.026
Basin Mat Panel 1 0.118 0.129 0.128 0.119 0.131 0.132 1.003 1.014 1.033
Basin Mat Panel 2 0.116 0.135 0.134 0.117 0.135 0.137 1.009 1.000 1.021
Basin Mat Panel 3 0.116 0.144 0.135 0.116 0.140 0.136 1.004 1.000 1.006
PH Mat 0.114 0.117 0.122 0.113 0.116 0.123 1.000 1.000 1.008
G2-PH W Buttress 1 0.120 0.124 0.127 0.123 0.123 0.133 1.019 1.000 1.043
G2-PH W Buttress 2 0.120 0.122 0.125 0.118 0.122 0.132 1.000 1.002 1.052
G2-PH E Buttress 1 0.117 0.131 0.124 0.121 0.127 0.134 1.031 1.000 1.077
G2-PH E Buttress 2 0.118 0.129 0.129 0.121 0.125 0.134 1.026 1.000 1.037
G3-PH W Buttress 1 0.137 0.132 0.127 0.138 0.128 0.133 1.007 1.000 1.041
G3-PH W Buttress 2 0.136 0.129 0.127 0.127 0.130 0.133 1.000 1.008 1.048
G3-PH E Buttress 1 0.131, 0.141 0.127 0.137 0.136 0.136 1.041 1.000 1.067
G3-PH E Buttress 2 0.136 0.141 0.133 0.131 0.136 0.137 1.000 1.000 1.026
G2-PH Int Wall 1 Panel 1 0.114 0.123 0.121 0.115 0.123 0.118 1.005 1.005 1.000
G2-PH Int Wall 2 Panel 1 0.113 0.126 0.119 0.114 0.126 0.120 1.005 1.001 1.006
G3-PH Int Wall 1 Panel 1 0.119 0.133 0.122 0.121 -0.135 0.120 1.019 1.016 1.000
G3-PH Int Wall 2 Panel 1 0.118 - 0,137 0.121 0.120 0.135 0.123 1.017 1.000 1.010
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Table 03.08.04-30.2 - Group accelerations from original and refined mesh SSI models for empty basin seismic

UB condition and corresponding adjustment factors
-", :':- ..•% •"•'-•: : c;Original•ModeI.• ••• & ;.•.•, ••-,• :!2;:X.•h2Re~fine&Md Mel :£•••i..<!:;' i:.?Calculated~acto~for'Em •Basin<

-.&Uberage X:, ~A~ratge Y: Av&4 kýAverage X: ~Avera e,,Y-:. -,Averaq &Z:. vea X:' . A~e~gl verade- ý: Averad62.:
G2-PH West Wall Panel 1 0.117 0.125 0.132 0.120 0.128 0.131 1.022 1.026 1.000
G2-PH West Wall Panel 2 0.121 0.124 0.129 0.122 0.127 0.130 1.010 1.022 1.007
G2-PH West Wall Panel 3 0.116 0.123 0.130 0.116 0.128 0.132 1.000 1.046 1.017
G2-PH South Wall Panel 1 0.111 0.128 0.127 0.114 0.128 0.128 1.026 1.007 1.009
G2-PH South Wall Panel 2 0.111 0.130 0.124 0.112 0.128 0.124 1.011 1.000 1.002
G2-PH South Wall Panel 3 0.110 0.130 0.122 0.110 0.129 0.124 1.002 1.000 1.019
G2-PH North Wall Panel 1 0.112 0.129 0.130 0.111 0.134 0.133 1.000 1.036 1.026
G2-PH North Wall Panel 2 0.111 0.135 0.125 0.111 0.134 0.128 1.005 1.000 1.023
G2-PH North Wall Panel 3 0.112 0.132 0.128 0.114 0.132 0.135 1.020 1.000 1.052
G2-PH East Wall Panel 1 0.112 0.128 0.124 0.116 0.124 0.127 1.034 1.000 1.024
G2-PH East Wall Panel 2 0.118 0.126 0.125 0.125 0.122 0.128 1.056 1.000 1.023
G2-PH East Wall Panel 3 0.118 0.126 0.127 0.123 0.122 0.137 1.043 1.000 1.072
G2-PH Op Fl Panel 1 0.115 0.133 0.185 0.114 0.132 0.208 1.000 1.000 1.124
G2-PH Op Fl Panel 2 0.113 0.134 0.199 0.112 0.132 0.216 1.000 1.000 1.084
G2-PH Op Fl Panel 3 0.116 0.133 0.197 0.117 0.129 0.229 1.005 1.000 1.166
G3-PH West Wall Panel 1 0.122 0.133 0.135 0.130 0.139 0.137 1.059 1.050 1.012
G3-PH West Wall Panel 2 0.130 0.132 0.131 0.136 0.138 0.130 1.047 1.045 1.000
G3-PH West Wall Panel 3 0.120 0.133 0.135 0.122 0.139 0.136 1.012 1.049 1.005
G3-PH South Wall Panel 1 0.113 0.136 0.132 0.120 0.137 0.136 1.060 1.006 1.027
G3-PH South Wall Panel 2 0.115 0.136 0.127 0.116 0.136 0.128 1.013 1.002 1.010
G3-PH South Wall Panel 3 0.114 0.135 0.124 0.114 0.134 0.127 1.000 1.000 1.026
G3-PH North Wall Panel 1 0.115 0.145 0.134 0.115 0.146 0.135 1.000 1.002 1.004
G3-PH North Wall Panel 2 0.116 0.146 0.127 0.115 0.149 0.127 1.000 1.020 1.000
G3-PH North Wall Panel 3 0.118 0.145 0.132 0.119 0.139 0.134 1.009 1.000 1.015
G3-PH East Wall Panel 1 0.121 0.135 0.125 0.122 0.131 0.131 1.007 1.000 1.049
G3-PH East Wall Panel 2 0.135 0.135 0.126 0.138 0.132 0.133 1.022 1.000 1.061
G3-PH East Wall Panel 3 0.128 0.136 0.130 0.133 0.133 0.138 1.039 1.000 1.057
G3-PH Roof Panel 1 0.117 0.138 0.161 0.119 0.140 0.187 1.016 1.017 1.164
G3-PH Roof Panel 2 0.118 0.140 0.158 0.117 0.141 0.176 1.000 1.012 1.114
G3-PH Roof Panel 3 0.120 0.140 0.164 0.120 0.138 0.189 1.000 1.000 1.150
G5-Basin South Wall Panel 1 0.120 0.152 0.132 0.121 0.145 0.132 1.003 1.000 1.000
G5-Basin South Wall Panel 2 0.118 0.145 0.128 0.117 0.150 0.130 1.000 1.030 1.015
G5-Basin South Wall Panel 3 0.116 0.145 0.129 0.115 0.153 0.137 1.000 1.058 1.064
G5-Basin South Wall Panel 4 0.116 0.145 0.130 0.114 0.143 0.139 1.000 1.000 1.069
G5-Basin South Wall Panel 5 0.118 0.156 0.129 0.116 0.148 0.134 1.000 1.000 1.044
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Table 03.08.04-30.2 - Group accelerations from original and refined mesh SSI models for empty basin seismic

UB condition and corresponding adjustment factors (continued)
•x:• 75U',•'* ,••:••ori, iral Modelf , ;.2<U .... U- .... ;•.': •Refined:lMpdel•,,U :•i%,•½:• •!Calculated',actor:forAEmptyBasin•;:•

G5-Basin South Wall Panel 6 0.121 0.143 0.132 0.120 0.147 0.132 1.000 1.030 1.000
G5-Basin North Wall Panel 1 0.112 0.134 0.132 0.120 0.135 0.135 1.067 1.007 1.018
G5-Basin North Wall Panel 2 0.114 0.134 0.126 0.116 0.135 0.127 1.019 1.003 1.003
G5-Basin North WallPanel 3 0.113 0.134 0.123 0.113 0.133 0.126 1.001 1.000 1.025
G5-Basin North Wall Panel 4 0.112 0.147 0.128 0.115 0.136 0.137 1.030 1.000 1.069
G5-Basin North Wall Panel 5 0.112 0.159 0.134 0.118 0.148 0.139 1.049 1.000 1.038
G5-Basin North Wall Panel 6 0.117 0.149 0.137 0.123 0.148 0.134 1.047 1.000 1.000
G5-Basin S Buttress 1 Panel 1 0.136 0.154 0.130 0.130 0.142 0.130 1.000 1.000 1.000
G5-Basin S Buttress 2 Panel 1 0.128 0.138 0.132 0.128 0.149 0.132 1.000 1.078 1.000
G5-Basin S Buttress 3 Panel 1 0.125 0.138 0.130 0.125 0.144 0.144 1.000 1.048 1.106
G5-Basin S Buttress 4 Panel 1 0.130 0.149 0.133 0.127 0.139 0.137 1.000 1.000 1.036
G5-Basin S Buttress 5 Panel 1 0.129 0.141 0.127 0.126 0.142 0.128 1.000 1.002 1.005
G5-Basin N Buttress 1 Panel 1 0.117 0.134 0.132 0.125 0.134 0.131 1.067 1.000 1.000
G5-Basin N Buttress 2 Panel 1 0.116 0.133 0.127 0.123 0.133 0.125 1.066 1.000 1.000
G5-Basin N Buttress 3 Panel 1 0:122 0.136 0,126 0.124 0.130 0.137 1.014 1.000 1.083
G5-Basin N Buttress 4 Panel 1 0.129 0.148 0.132 0.128 0.138 0.139 1.000 1.000 1.048
G5-Basin N Buttress 5 Panel 1 0.128 0.155 0.132 0.129 0.144 0.132 1.002 1.000 1.000
G5-Basin E Buttress 1 Panel 1 0.139 0.147 0.131 0.137 0.146 0.135 1.000 1.000 1.028
G5-Basin E Buttress 2 Panel 1 0.137 0.157 0.136 0.134 0.148 0.132 1.000 1.000 1.000
G5-Basin W Buttress 1 Panel 1 0.138 0.150 0.133 0.137 0.146 0.133 1.000 1.000 1.001
G5-Basin W Buttress 2 Panel 1 0.137 0.146 0.136 .0.132 0.144 0.147 1.000 1,000 1.077
G5-Basin West Wall Panel 1 0.137 0.140 0.134 0.135 0.141 0.135 1.000 1.003 1.001
G5-Basin West Wall Panel 2 0.151 0.137 0.134 0.140 0.139 0.138 1.000 1.017 1.032
G5-Basin West Wall Panel 3 0.132 0.135. 0.138 0.137 0.135 0.142 1.040 1.005 1.029
G5-Basin East Wall Panel 1 0.132 0.138 0.135 0.135 0,134 0.135 1.025 1.000 1.002
G5-Basin East Wall Panel. 2 0.146 0.138 0.134 0.143 0.132 0.134 1.000 1.000 1.000
G5-Basin East Wall Panel 3 0.133 0.139 0.136 0.131 0.136 0,134 1.000 1.000 1.000
G6-Basin South Wall Panel 1 0.124 0.180 0.133 0.123 0.167 0.134 1.000 1.000 1.007
G6-Basin South Wall Panel 2 0.121 0.199 0.130 0.120 0.184 0.131 1.000 1.000 1.009
G6-Basin South Wall Panel 3 0.119 0.181 0.131 0.118 0.186 0.137 1.000 1.029 1.045
G6-Basin South Wall Panel 4 0.120 0.195 0.134 0.117 0.197 0.143 1.000 1.013 1.068
G6-Basin South Wall Panel 5 0.122 0.199 0.131 0.117 0.195 0.139 1.000 1.000 1.056
G6-Basin South Wall Panel 6 0.125 0.168 0.136 0.120 0.172 0.136 1.000 .1.024 1.003
G6-Basin North Wall Panel 1 0.120 0.149 0.135. 0.121 0.148 0.143 1.010 1,000 1.062
G6-Basin North WallPanel 2 0.120 0.153 0.128 0.118 0.150 0.132 1.000 1.000 1.031
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Table 03.08.04-30.2 - Group accelerations from original and refined mesh SSI models for empty basin seismic

UB condition and corresponding adjustment factors (continued)

OriginaI~ode .- ý

G6-Basin North Wall Panel 3 0.119 0.151 0.127 0.116 0.153 0.130 1.000 1.018 1.029
G6-Basin North Wall Panel 4 0.117 0.175 0.130 0.117 0.179 0.141 1.000 1.027 1.089
G6-Basin North Wall Panel 5 0.117 0.197 0.135 0.119 0.193 0.143 1.023 1.000 1.060
G6-Basin North Wall Panel 6 0.118 0.172 0.140 0.123 0.169 0.137 1.046 1.000 1.000
G6-Basin S Buttress 1 Panel 1 0.159 0.189 0.131 0.153 0.174 0.133 1.000 1.000 1.012
G6-Basin S Buttress 2 Panel 1 0.156 0.191 0.136 0.149 0.185 0.137 1.000 1.000 1.011
G6-Basin S Buttress 3 Panel 1 0.144 0.174 0.136 0.142 0.187 0.145 1.000 1.073 1.068
G6-Basin S Buttress 4 Panel 1 0.152 0.207 0.134 0.142 0.198 0.143 1.000 1.000 1.062
G6-Basin S Buttress 5 Panel 1 0.144 0.178 0.128 0.140 0.179 0.135 1.000 1.004 1.052
G6-Basin S Buttress 1 Panel 2 0.262 0.189 0.135 0.261 0.176 0.144 1.000 1.000 1.066
G6-Basin S Buttress 2 Panel 2 0.240 0.192 0.156 0.280 0.184 0.149 1.168 1.000 1.000
G6-Basin S Buttress 3 Panel 2 0.211 0.174 0.148 0.239 0.187 0.162 1.136 1.074 1.095
G6-Basin S Buttress 4 Panel 2 0.233 0.207 0.147 0.261 0.199 0.154 1.118 1.000 1.048
G6-Basin S Buttress 5 Panel 2 0.218 0.178 0.134 0.249 0.179 0.150 1.142 1.005 1.117
G6-Basin N Buttress 1 Panel 1 0.166 0.154 0.138 0.192 0.148 0.139 1.160 1.000 1.008
G6-Basin N Buttress 2 Panel 1 0.169 0.152 0.140 0.234 0.152 0.142 1.384 1.000 1.014
G6-Basin N Buttress 3 Panel 1 0.201 0.152 0.143 0.247 0.158 0.162 1.232 1.044 1.127
G6-Basin N Buttress 4 Panel 1 0.286 0.191 0.149 0.258 0.194 0.154 1.000 1.017 1.040
G6-Basin N Buttress 5 Panel 1 0.238 0.186 0.140 0.230 0.184 0.149 1.000 1.000 1.063
G6-Basin N Buttress 1 Panel 2 0.130 0.153 0,132 0.132 0.147 0.137 1.014 1.000 1.037
G6-Basin N Buttress 2 Panel 2 0.130 0.152 0.130 0.135 0.151 0.130 1.036 1.000 1.000
G6-Basin N Buttress 3 Panel 2 0.137 0.151 0.131 0.138 0.158 0.140 1.007 1.048 1.074
G6-Basin N Buttress 4 Panel 2 0.167 0.191 0.137 0.142 0.194 0.146 1.000 1.017 1.066
G6-Basin N Buttress 5 Panel 2 0.149 0.187 0.136 0.140 0.185 0.136 1.000 1.000 1.003
G6-Basin E Buttress 1 Panel 1 0.200 0.247 0.143 0.198 0.277 0.155 1.000 1.118 1.084
G6-Basin E Buttress 2 Panel 1 0.201 0.261 0.148 0.198 0.288 0.148 1.000 1.107 1.002
G6-Basin E Buttress 1 Panel 2 0.197 0.168 0.135 0.199 0.162 0.139 1.010 1.000 1.030
G6-Basin E Buttress 2 Panel 2 0.201 0.176 0.137 0.199 0.167 0.135 1.000 1.000 1.000
G6-Basin W Buttress 1 Panel 1 0.202 0.178 0.136 0.190 0.161 0.137 1.000 1.000 1.008
G6-Basin W Buttress 2 Panel 1 0.184 0.179 0.142 0.197 0.161 0.150 1.071 1.000 1.054
G6-Basin W Buttress 1 Panel 2 0.202 0.260 0.142 0.190 0.260 0.146 1.000 1.000 1.033
G6-Basin W Buttress 2 Panel 2 0.184 0.267 0,153 0.198 0.269 0.168 1,073 1.008 1.095
G6-Basin West Wall Panel 1 0.171 0.146 0.137 0.160 0.146 0.138 1.000 1.000 1.004
G6-Basin West Wall Panel 2 0.207 0.144 0.141 0.206 0.144 0.144 1.000 1.000 1.021
G6-Basin West Wall Panel 3 0.157 0.142 0.141 0.164 0.143 0,145 1.049 1.006 1.029
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Table 03.08.04-30.2 - Group accelerations from original and refined mesh SSI models for empty basin seismic

UB condition and corresponding adjustment factors (continued)

Original Model~'. Q _____~ Re~ifi~dd Models> CaWluated~iFctbr for Uripty Basin
Group. :AveracpeX: Average .Y:- Average,.Z:. Average X:, ýAverage.Y:~ 'Average Z:. Average X'& Average Y: Average Z:

G6-Basin East Wall Panel 1 0.166 0.139 0.137 0.171 0.137 0.138 1.029 1.000 1.008
G6-Basin East Wall Panel 2 0.207 0.138 0.136 0.214 0.137 0,139 1.032 1.000 1.019
G6-Basin East Wall Panel 3 0.164 0.140 0.138 0.168 0.137 0.137 1.020 1.000 1.000
G7-Basin South Wall Panel 1 0.128 0.211 0.135 0.130 0.201 0.134 1.018 1.000 1.000
G7-Basin South Wall Panel 2 0.125 0.282 0.131 0.124 0.266 0.134 1,000 1.000 1.019
G7-Basin South Wall Panel 3 0.123 0.258 0.132 0.122 0.271 0.140 1.000 1.049 1.059
G7-Basin South Wall Panel 4 0.125 0.285 0.136 0.119 0.291 0.145 1.000 1.020 1.062
G7-Basin South Wall Panel 5 0.128 0.305 0.134 0.120 0.296 0.142 1.000 1.000 1.063
G7-Basin South Wall Panel 6 0.134 0.226 0.136 0.128 0.230 0.139 1.000 1.017 1.024
G7-Basin North Wall Panel 1 0.129 0.181 0.137 0.125 0.188 0.147 1.000 1.034 1.073
G7-Basin North Wall Panel 2 0.125 0.226 0.131 0.120 0.211 0.136 1.000 1.000 1.036
G7-Basin North Wall Panel 3 0.124 0.220 0.129 0.119 0.230 0.134 1.000 1.046 1.033
G7-Ba sin- North Wall Panel 4 0.123 0.269 0.133 0.124 0.270 0.145 1.008 1.004 1.092
G7-Basin North Wall Panel 5 0.123 0.302 0.136 0.122 0.311 0.145 1.000 1.032 1.063
G7-Basin North Wall Panel 6 0.126 0.234 0.142 0.131 0.231 0.141 1.032 1.000 1.000
G7-Basin S Buttress 1 Panel 1 0.196 0.233 0.133 0.192 0.226 -0.134 1.000 1.000 1.010
G7-Basin S Buttress 2 Panel 1 0.186 0.259 0.142 0.176 0,264 0.141 1.000 1.020 1.000
G7-Basin S Buttress 3 Panel 1 0.175 0.254 0.141 0.165 0.264 0.148 1.000 1.038 1.048
G7-Basin S Buttress 4 Panel 1 0.180 0.338 0.141 0.166 0.306 0,143 1.000 1.000 1.016
G7-Basin S Buttress 5 Panel 1 0.165 0.264 0.132 0.173 0.272 0.142 1.044 1.029 1.071
G7-Basin S Buttress 1 Panel 2 0.378 0.236 0.141 0.375 0.224 0.153 1.000 1.000 1.084
G7-Basin S Buttress 2 Panel 2 0.326 0.256 0.168 0.357 0.261 0.150 1.093 1.018 1.000
G7-Basin S Buttress 3 Panel 2 0.277 0.253 0.157 0.325 0.260 0.162 1.171 1.026 1.034
G7-Basin S Buttress 4 Panel 2 0.297 0.336 0.156 0.351 0.309 0.160 1.181 1.000 1.026
G7-Basin S Buttress 5 Panel 2 0.264 0.264 0.142 0.336 .0.267 0.159 1.272 1.011 1.117
G7-Basin N Buttress 1 Panel 1 0.197 0.197 0.141 0.283 0.185 0.146 1.436 1.000 1.040
G7-Basin N Buttress 2 Panel 1 0.209 0.223 0.146. 0.274 0.209 0.148 1.309 1.000 1.014
G7-Basin N Buttress 3 Panel 1 0.256 0.219 0.150 0.283 0.246 0.169 1.106 1.126 1.128
G7-Basin N Buttress 4 Panel 1 0.384 0.278 0.164 0.337 0.283 0.164 1.000 1.018 1.000
G7-Basin N Buttress 5 Panel 1 0.261 0.289 0.147 0.291 0.277 0.155 1.115 1.000 1.052
G7-Basin N Buttress 1 Panel 2 0.146 0.199 0.136 0.151 0.186 0.139 1.034 1.000 1.026
G7-Basin N Buttress 2 Panel 2 0.145 0.225 0.134 0.148 0.211 0.132 1.020 1.000 1.000
G7-Basin N Buttress 3 Panel 2 0.160 0.221 0.135 0.154 0.246 0.144 1.000 1.109 1.065
G7-Basin N Buttress 4 Panel 2 0.204 0.278 0.143 0.166 0.283 0.151 1.000 1,018 1.056.
G7-Basin N Buttress 5 Panel 2 0.167 0.289 0.138 0.156 0.276 0.141 1.000 1.000 1.018
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Table 03.08.04-30.2 - Group accelerations from original and refined mesh SSI models for empty basin seismic

UB condition and corresponding adjustment factors (continued)

4"" Gf6up ..ZK 'ýA ftae#,X.- ~A~raO&Y~: ýAaeieiejZ`4 Avrg~: Average7Z-: Ae9aX- A~dagQe, Y:~ Avdrage Z:4.1
G7-Basin E Buttress 1 Panel 1 0.260 0.333 0.147 0.264. 0.348 0.156 1.016 1.044 1.062
G7-Basin E Buttress 2 Panel 1 0.281 0.331 0.152 0.261 0.395 0.156 1.000 .1.191 1.024
G7-Basin E Buttress 1 Panel 2 0.260 0.203 0.140 0.266 0.185 0.140 1.022 1.000 1.001
G7-Basin E Buttress 2 Panel 2 0.280 0.201 0.139 0.261 0.218 0.139 1.000 1.087. 1.000
G7-Basin W Buttress 1 Panel 1 0.277 0.204 0.139 0.292 0.186 0.140 1.053 1.000 1.005
G7-Basin W Buttress 2 Panel 1 0.253 0.219 0.145 0.273 0.183 0.155 1.077 1.000 1.063
G7-Basin W Buttress 1 Panel 2 0.278 0.327 0.146 0.274 0.350 0.151 1.000 1.069 1.036
G7-Basin W Buttress 2 Panel 2 0.254 0.368 0.156 0.261 0.355 0.169 1.028 1.000 1.085
G7-Basin West Wall Panel 1 0.231 0.158 0.140 0.218 0.153 0.141 1.000 1.000 1.012
G7-Basin West Wall Panel 2 0.303 0.159 0.149 0.304 0.152 0.155 1.003 1.000 1.041
G7-Basin West Wall Panel 3 0.212 0.155 0.146 0.209 0.154 0.152 1.000 1.000 1.037
G7-Basin East Wall Panel 1 0.212 0.151 0.140 0.218 0.152 0.142 1.030 1.007 1.014
G7-Basin East Wall Panel 2 0.304 0.149 0.141 0.313 0.150 0.146 1.031 1.006 1.034
G7-Basin East Wall Panel 3 0.218 0.151 0.141 0.217 0.149 0.140 1.000 1.000 1.000
G8-Cooling Tower South Panel 1 0.364 0.228 0.182 0.364 0.235 0.186 1.000 1.033 1.024
G8-Cooling Tower South Panel 2 0.377 0.321 0.218 0.375 0.336 0.236 1.000 1.046 1.082
G8-Cooling Tower South Panel 3 0.374 0.314 0.252 0.374 0.318 0.289 1.000 1.013. 1.149
G8-Cooling Tower South Panel 4 0.374 0.363 0.257 0.372 0.381 0.271 1.000 1.050 1.053
G8-Cooling Tower South Panel 5 0.373 0.418 0.224 0.370 0.436 0.222 1.000 1.044 1.000
G8-Cooling Tower South Panel 6 0.356 0.274 0.183 0.358 0.281 0.174 1.005 1.026 1.000
G8-Cooling Tower North Panel 1 0.343 0.220 0.198 0.347 0.217 0.207 1.013 1.000 1.050
G8-Cooling Tower North Panel 2 0.362 0.322 0.230 0.364 0.319 0.257 1.005 1.000 1.113
G8-Cooling Tower North Panel 3 0.363 0.308 0.245 0.368 0.315 0.278 1.012 1.022 1.136
G8-Cooling Tower North Panel 4 0.366 0.358 0.245 0.372 0.371 0.261 1.016 1.036 1.062
G8-Cooling Tower North Panel 5 0.365 0.401 0.224 0.370 0.433 0.223 1.012 1.081 1.000
G8-Cooling Tower North Panel 6 0.355 0.272 0.178 0.358 0.284 0.175 1.010 1.043. 1.000
G8-Cooling Tower NS Panel 1 0.354 0.174 0.157 0.363 0.160 0.164 1.028 1.000 1.048
G8-Cooling Tower NS Panel 2 0.423 0.221 0.209 0.440 0.226 0.221 1.039 1.019 1.060
G8-Cooling Tower NS Panel 3 0.497 0.265 0.231 0.454 0.245 0.264 1.000 1.000. 1.143
G8-Cooling Tower NS Panel 4 0.423 0.264 0.253 0.442 0.268 0.281 1.045 1.013 1.109
G8-Cooling Tower NS Panel 5 0.493 0.357 0.244 0.455 0.360 0.243 1.000 1.008 1.000
G8-Cooling Tower NS Panel 6 0.424 0.312 0.200 0.434 0.325 0.185 1.024 1.039 1.000
G8-Cooling Tower NS Panel 7 0.359 0.162 0.145 0.369. 0.163 0.154 1.028 1.004 1.060
G9-Cooling Tower South Panel 1 0.390 0.259 0.185 0.390 0.272 0.193 1.000 1.049 1.042
G9-Cooling Tower South Panel 2 0.378 0.331 0.226 0.378 0.336 0.247 1.000 1.015 1.091
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Table 03.08.04-30.2 - Group accelerations from original and refined mesh SSI models for empty basin seismic

UB condition and corresponding adjustment factors (continued)

:G ,AVerageX: .Averbg6AX:' Avera6ge Avera§geX: 'Veraoe Y:. 12Aý0te ageZý: AVeradekX: A eaeY!,Aerg&Z~
G9-Coolinl Tower South Panel 3 0.373 0.331 0.260 0.371 0.340 0.298 1.000 1.028 1.145
G9-Cooling Tower South Panel 4 0.370 0.400 0.265 0.371 0.412 0.281 1.001 1.032 1.060
G9-Cooling Tower South Panel 5 0.371 0.428 0.232 0.374 0.446 0.233 1.009 1.042 1.003
G9-Cooling Tower South Panel 6 0.388 0.318 0.184 0.389 0.330 0.179 1.004 1.037 1.000
G9-Cooling Tower North Panel 1 0.371 0.273 0.200 0.374 0.271 0.215 1.010 1.000 1.071
G9-Cooling Tower North Panel 2 0.359 0.329 0.240 0.363 0.337 0.263 1.011 1.026 1.097
G9-Cooling Tower North Panel 3 0.361 0.343 0.253 0.364 0.338 0.287 1.010 1.000 1.136
G9-Coolin Tower North Panel 4 0.361 0.404 0.254 0.368 0.412 0.267 1.022 1.021 1.050
G9-Cooling Tower North Panel 5 0.391 0.427 0.235 0.372 0.449 0.230 1.000 1.051 1.000
G9-Cooling Tower North Panel 6 0.383 0.318 0.183 0.384 0.333 0.178 1.002 1.048 1.000
G9-Coolinl Tower NS Panel 1 0.420 0.209 0.165 0.429 0.181 0.174 1.022 1.000 1.059
G9-Coolinl Tower NS Panel 2 0.430 0.248 0.218 0.447 0.257 0.229 1.040 1.038 1.053
G9-Cooling Tower NS Panel 3 0.427 0.289 0.237 0.433 0.276 0.277 1.014 1.000 1.165
G9-Cooling Tower NS Panel 4 0.405 0.301 0.265 0.426 0.304 0.291 1.053 1.009 1.099
G9-Cooling Tower NS Panel 5 0.425 0.377 0.256 0.432 0.385 0.252 1.018 1.020 1.000
G9-Coolinl Tower NS Panel 6 0.431 0.345 0.208 0.449 0.356 0.197 1.043 1.033 1.000
G9-Cooling Tower NS Panel 7 0.428 0.187 0.152 0.436 0.197 0.162 1.017 1.053 1.063
Basin Mat Panel 1 0.119 0.135 0.136 0.120 0.135 0.137 1.003 1.000 1.007
Basin Mat Panel 2 0.116 0.134 0.136 0.117 0.133 0.137 1.013 1.000 1.009
Basin Mat Panel 3 0.116 0.141 0.135 0.119 0.136 0.138 1.028 1.000 1.026
PH Mat 0.109 0.118 0.123 0.114 0.119 0.128 1.042 1.014 1.043
G2-PH W Buttress 1 0.123 0.124 0.129 0.124 0.126 0.132 1.011 1.018 1.023
G2-PH W Buttress 2 0.120 0.123 0.131 0.119 0.127 0.130 1.000 1.031 1.000
G2-PH E Buttress 1 0.116 0.126 0.126 0.122 0.122 0.125 1.052 1.000 1.000
G2-PH E Buttress 2 0.122 0.126 0.125 0.129 0.121 0.131 1.059 1.000 1.046
G3-PH W Buttress 1 0.134 0.132 0.130 0.147 0.137 0.130 1.097 1.041 1.000
G3-PH W Buttress 2 0.127 0.132 0.132 0.133 0.137 0.131 1.047 1.041 1.000
G3-PH E Buttress 1 0.133 0.133 0.127 0.135 0.129 0.130 1.016 1.000 1.025
G3-PH E Buttress 2 0.141 0.135 0.126 0.145 0.130 0.136 1.025 1.000 1.079
G2-PH Int Wall 1 Panel 1 0.111 0.127 0.120 0.113 0.124 0.123 1.020. 1.000 1.026
G2-PH Int Wall 2 Panel 1 0.112 0.126 0.120 0.114 0.124 0.123 1.018 1.000 1.024
G3-PH Int Wall 1 Panel 1 0.119 0.136 0.123 0.127 0.135 0.126 1.062 1.000 1.023
G3-PH Int Wall 2 Panel 1 0.122 0.135 0.122 0.124 0.135 0.124 1.012 1.001 1.015
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Horizontal section cut elevations at the base of the Ultimate Heat Sink (UHS) Basin and
the base of the Reactor Service Water (RSW) Pump House for comparison of forces and
moments from the SSI model and the equivalent static FEA are shown in Figure
03.08.04-30.2. A comparison of the forces and moments at these section cuts from the
SSI analysis and the SAP2000 equivalent static FEA are provided in Tables 03.08.04-30.3
through 03.08.04-30.6. As shown in these tables, the ratio of equivalent static FEA forces
and moments to the SSI analysis forces and moments is greater than 1.0; therefore, the
design forces used in the equivalent static FEA envelop the maximum SSI analysis
forces.
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Pump House
Section Cut Elevation

Basin
Section Cut Elevation

- , I

Figure 03.08.04-30.2: Horizontal section cut elevations

Notes:
1 .The first row of elements at the bottom of the UIHS Basin and RSW Pump House walls
are 5'-0" link elements that model the distance from the center of the 10'-0" basemat to
the bottom of the walls. Therefore, the sections cuts are taken at the second row of
elements from the bottom of the walls.
2.The forces and moments in the design model due to the seismic accidental eccentricity
are not included in the section cut forces reported in the tables below.
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Table 03.08.04-30.3: Section Cut Seismic Force and Moment Comparison between
SAP2000 Model vs. SSI Model for UHS Basin (Full Basin Condition)

Forces E_ Moments

FX

kip

FY

kin

FZ

kin

MX

kin-ft

MY

kin-ft

SRSS Seismic Response and Dynamic 44225 54889 23895 1601151 2409440
Soil Section Cut Forces

Enveloping SSI Section Cut Forces 24605 25224 12984 953117 1445198

Ratio of SAP2000/SSI Section Cut 1.80 2.18 1.84 1.68 1.67
Forces 

1.84

Table 03.08.04-30.4: Section Cut Seismic Force and Moment Comparison between
SAP2000 Model vs. SSI Model for UHS Basin (Empty Basin Condition)

Forces Moments

FX FY FZ MX I MY

kip kip kip kip-ft kip-ft

SRSS Seismic Response and Dynamic 40770 44785 22255 1272927 2132180
Soil Section Cut Forces

Enveloping SSI Section Cut Forces 18952 17824 15048 769727 1347310

Ratio of SAP2000/SSI Section Cut 2.15 2.51 1.48 1.65 1.58
Forces
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Table 03.08.04-30.5: Section Cut Seismic Force and Moment Comparison between
SAP2000 Model vs. SSI Model for RSW Pump House (Full Basin Condition)

Forces Moments

FX FY FZ MX [ MY

kiD kip kip kiP-ft kiD-ft

SRSS Seismic Response and Dynamic 29988 47954 26898 531600 681142
Soil Section Cut Forces

Enveloping SSI Section Cut Forces 17922 22490 13291 253012 309953

Ratio of SAP2000/SSI Section Cut 1.67 2.13 2.02 2.10 2.20
Forces

Table 03.08.04-30.6: Section Cut Seismic Force and Moment Comparison between
SAP2000 Model vs. SSI Model for RSW Pump House (Empty Basin Condition)

Forces Moments

FX FY FZ MX MY

kip kip kip kip-ft kip-ft

SRSS Seismic Response and Dynamic 32366 43198 25760 340860 524264
Soil Section Cut Forces

Enveloping SSI Section Cut Forces 17384 21139 11973 204532 282817

Ratio of SAP2000/SSI Section Cut 1.86 2.04 2.15 1.67 1.85
Forces



RAI 03.08.04-30, Supplement 1 U7-C-NINA-NRC-l 10043
Attachment 7

Page 23 of 176

The methodology used to account for torsional effects is described in response to RAI
03.07.01-11 submitted with STPNOC letter U7-C-STP-NRC-090 128, dated
September 3, 2009. According to ASCE 4-98, accidental torsional motion is accounted
for in the structural model by applying a torsional moment resulting from an accidental
eccentricity of 5% of the plan dimensions between the center of mass and center of
rigidity. The structural masses, equipment masses including dead and live loads, and the
impulsive mass of the water in the X and Y direction were used in conjunction with the
enveloping seismic accelerations from the refined and original SSI analysis considering
both the full and empty basin in order to obtain the equivalent static loads per structural
element. These forces were then applied to each node at the elevation of interest. For
example, the accidental torsional moment for the top half of the cooling tower was
applied as nodal forces to the top of the cooling tower. All of the torsional moments
acting in the clockwise direction due to both X and Y direction excitations were applied
simultaneously. Similarly, all of the counterclockwise torsional moments due to x and y
direction excitations were applied at the same time. This method assumes that ground
excitations in both directions are exciting the structure simultaneously and therefore
represents a conservative approach. Since the accidental torsional moments are
directional in nature, the resulting forces were always added to the other forces in the
seismic load combination. Figure 03.08.04-30.3 offers a schematic diagram of how the
nodal forces were applied to the FEA model.

1 Top of Cooling Tower

Base of Cooling
.J..•Tower

-Top of Basin

-Top of Impulsive

/Load

PH
Operating

Floor

,w• ro,..nd N1,
Excitation s

Figure 03.08.04-30.3: Location of accidental eccentricity forces and how they were
applied as nodal loads to create a torsional moment on the structure.
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The UHS has ten 4'-0" x 4'-6" beams spanning between the buttresses and the fan wall
enclosure. The UHS also has twenty 5'-0" x 5'-0" columns and three 5'-0" x 12'0
columns supporting the cooling tower. The comparisons of maximum section cut forces
between the equivalent static seismic SRSS model and the SSI model in
Table 03.08.04-30.5 and Table 03.08.04-30.6 demonstrate that there is significant margin
in the equivalent static seismic loads. Since the induced seismic shears and moments
about each of the two major axes of the beams and the columns are mainly due to one
seismic excitation, the 100-40-40 rule was used for the combination of three seismic load
components for the design of beams and columns. Considering the 0.06 reinforcement
ratio limitation placed on the longitudinal reinforcement ratio by Section 21.4.3. l'of
ACI 349-97, it is not possible to accommodate all of the conservatism of the equivalent
static seismic loading in the beam and column design. Therefore, revised panel section
accelerations for the full basin case were applied to the 100-40-40 beam and column
analysis models. A comparison of the maximum section cut forces is provided in
Table 03.08.04-30.7 and Table 03.08.04-30.8 to verify that the inertial section cut forces
from the 100-40-40 equivalent static seismic beam and column model envelop the SSI
section cut forces even with the reduced conservatism. As the comparison demonstrates,
the beam and column. design strengths still satisfy full seismic demands as determined by
the SSI analysis, but do not have the additional component of conservatism incorporated
into other elements of the structure designed with equivalent static seismic SRSS model
forces.

The stability of the UHS/ RSW Pump House against sliding, overturning and flotation
was re-evaluated considering both full and empty basin conditions. The UHS/RSW Pump
House considering a full basin is shown to be stable against sliding with only at-rest soil
pressure resistance. The UHS/RSW Pump House considering an empty basin is shown to
be stable against sliding by engaging some passive pressure. The coefficients of friction
considered for this stability evaluation were 0.3 for RSW Pump House and 0.4 for UHS
Basin.

The results of the revised stability calculation are provided in Table 3H.6-5 (see
Enclosure 1).
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Table 03.08.04-30.7: Section Cut Seismic Force and Moment Comparison between
SAP2000 Model (100-40-40 Combination) vs. SSI Model for

UHS Basin (Full Basin Condition)

Forces Moments
+ r

FX

kip

FY

kit

FZ

kip

MX

kip-ft

MY

kip-ft

100-40-40 Seismic Response and 33456 42502 21773 1509926 2291496
Dynamic Soil Section Cut Forces _ _
Envelo ing SSI Section Cut Forces 24605 25224 12984 953117 1445198'5 ', I I I __ _ _ _ _ _
Ratio of SAP2000/SSI Section Cut 1.36 1.68 1.58 1.59

Forces 
1.68

Table 03.08.04-30.8: Section Cut Seismic Force and Moment Comparison between
SAP2000 Model (100-40-40 Combination) vs. SSI Model for

RSW Pump House (Full Basin Condition)

Forces Moments

FX

kip

FY

kip

FZ

kip

MX

kip-ft

MY

kip-ft

100-40-40 Seismic Response and 27293 45288 24041 495151 704988
Dynamic Soil Section Cut Forces

Enveloping SSI Section Cut Forces 17922 22490 13291 253012 309953

Ratio of SAP2000/SSI Section Cut 1 1.52 1 2.01 1.81 1 1.96 2.27
Forces__ II

2) Design of UHS/RSW Pump House is revised using both Winkler and pseudo-coupled
method. For further detail, please see the response to RAI 03.08.05-4, Supplement 1,
submitted with STPNOC letter U7-C-STP-NRC- 100248 dated November 17, 2010.

3) Seismic loading are calculated using equivalent static method considering maximum
accelerations from SSI analyses. In addition, the design as noted in part 2 above also
considers pseudo-coupled method. The use of pseudo-coupled method accounts for the
effect of pressure distribution.

4) Two SAP2000 3D FEA models are used to calculate the element design forces; one
model for short term loading (seismic) and one model for long term loading
(non-seismic). The only difference between the two FEA models are the loading and soil
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springs applied in the global Z (i.e. vertical) direction. The stiffness of the soil springs for
both the short term loading and long term loading models are determined by multiplying
the corresponding foundation subgrade modulus for the short term and long term loading
by the tributary area of mat elements for each spring.

The resulting element forces from the short term loading model for X, Y, and Z seismic
loads are combined by the SRSS method. These SRSS'd element forces constitute the E'
term in the third and fifth load combinations in COLA Part 2, Tier 2 Section 3H.6.4.3.4.3.
The element forces that comprise the E' term are added and subtracted from the other
applicable resulting element forces from the long term loading model in the load
combinations defined in COLA Part 2, Tier 2 Section 3H.6.4.3.4.3, in a database outside
of the FEA model to determine final element design forces for each load combination.
Since both the accidental torsional moment and soil loads (H') are directional in nature,
they are added algebraically to the seismic load combinations.

5) The UHS/RSW Pump House design used an iterative approach of checking the design
axial force and moment couples for every load combination from the finite element
model versus ACI 349-97 axial force and moment (P&M) interaction diagrams that were
calculated based on actual reinforcement bar diameters, spacings, and layers. If the
design axial force and moment couple for any load combination was outside of the
allowable ACI 349-97 P&M interaction curve for a given reinforcement pattern, the
design axial force and moment couples for every load combination were'rechecked
versus the allowable ACI 349-97 P&M interaction curve for a reinforcement pattern with
a higher capacity (higher area of steel). When all of the axial force and moment couples
from every load combination were within the allowable ACI 349-97 P&M interaction
curve for a given reinforcement pattern, the area of steel corresponding to this
reinforcement pattern plus any additional required reinforcement for in-plane shear was
reported in COLA Part 2, Tier 2, Tables 3H.6-7 and 3H.6-8. as the "longitudinal
reinforcing provided".

The method described in COLA Part 2, Tier 2, Sections 3H.6.6.3.1 and 3H.6.6.3.2 for
reporting forces and moments in Tables 3H.6-7 and 3H.6-8 (max tension with
corresponding moment "MTCM", max compression with corresponding moment
"MCCM", max moment with axial tension "MMAT", max moment with axial
compression "MMAC") was selected to indicate the range of critical forces and moments
for a given reinforcing zone depending on the load combination. The forces and
moments reported in Tables 3H.6-7 and 3H.6-8 are not the only forces and moments
considered in the design of the longitudinal reinforcing. The provided longitudinal
reinforcing for each face and each direction is determined based on the out-of-plane
moments, axial forces, and in-plane shears occurring simultaneouslyfor every load
combination and for every element within each reinforcing zone. Approximately 1600
permutations of the design load combinations in Section 3H.6 are considered in the
design (varying wind directions, varying thermal conditions, etc.). The forces and
moments from every load combination permutation are evaluated to determine the
provided reinforcement.

The force/moment couples reported in Tables 3H.6-7 and 3H.6-8 are the maximum from
the two element faces considered in design (faces 1 and 3 for vertical reinforcement of
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walls or north-south reinforcement of slabs, and faces 2 and 4 for horizontal
reinforcement of walls or east-west reinforcement of slabs). Table 03.08.04-30.9 is an
excerpt from Table 3H.6-7. The elements and element forces provided in Table
03.08.04-30.9 are for the vertical reinforcement for zone 6-V-L of the UHS Basin South
Wall (outside face). Figure 03.08.04-30.4 shows the P&M interaction diagram for
Element 1880 listed in Table 03.08.04-30.9 with the design forces and moments from
every load combination permutation plotted within the curve for the full and empty basin,
uniform and coupled spring analysis models. The inner curve (solid line) is for the
reinforcement pattern required to envelop the axial force and moment pairs for every load
combination. The outer curve (dashed line) is for the reinforcement provided to envelop
the axial force and moment pairs plus the maximum required reinforcement required for
in-plane shear for every load combination.

Certain load combination permutations cause only minor variation in the loading and
yield nearly identical P&M output, which cause large clusters of P&M interaction points
on the diagrams. The clusters can be composed of several hundred load combination
points. Rather than reporting the results for every data point, maximum tension with
corresponding moment, maximum compression with corresponding moment, maximum
moment with axial tension, and maximum moment with axial compression are the only
force/moment couples reported in Tables 3H.6-7 and 3H.6-8.

The concrete cross sections corresponding to Element 1880 in Table 03.08.04-30.9 are
shown in Figures 03.08.04-30.5 and 03.08.04-30.6 for the required reinforcement (shown
in red) based on axial forces and moments only and for the provided reinforcement
(shown in red) based on axial forces, moments, and in-plane shears, respectively.

Thermal gradients are applied in the FEA model to evaluate the shear effects on the
structural elements mechanically. Separate thermal load combinations are created that
include the thermal axial loads. These combinations are considered in the required
reinforcement analysis of out-of-plane moment and axial force couples. Therefore, all
axial and flexure loads in Table 03.08.04-30.9 exclude thermal gradient loads since the
P&M is run for mechanical loads only, without the thermal gradient. The in-plane shear
and out-of-plane shear include thermal gradient loads. After the final reinforcement is
determined for the axial force and moment pairs combined with the maximum in-plane
shear, the computer program TEMCO performs a cracked analysis of reinforced concrete
sections subjected to thermal gradients and non-thermal axial and flexural loads. The
concrete is allowed to crack and the steel is allowed to yield in the analysis, thus relieving
the thermal moment. Critical elements to be analyzed are identified based on the
magnitude of the thermal gradient coupled with the least design margin. The concrete
and steel strains resulting from the cracked analysis are evaluated to ensure that the strain
allowables are not exceeded.
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Table 03.08.04-30.9: Excerpt of COLA Table for UHS Basin South Wall
(For Notes See Table 3H.6-7 in Enclosure 1 of this response)

> Longitudinal Reinforcement Design Loads

o a, ° • E u Axial and Fiesure Loads In-Plane Shear Loads Longitudinal
- a, -S IA.a, ~ a, . aReinforcement

.2 u. E Provided
S- z L Load Axial (4) Flexure (4) Load In-plane (5) (in2Ift)

.0 n Combination (kips / ft) (ft-kips ft) Combination Shear
of ,(kips I ft)

MTCM 1880 D+L+F+H'T+ E' 226 -301

St MCCM 1880 D + L + F + H'÷ T + E' -237 -125
a South Verical 3H.8-88 6-V-L 0+L+F+HF+T+E' 6.24.• (outside)

MMAT 1880 1.4Da- 1.7L + + 1.7F + 1.7H + 1.7W 165 -370

MMAC 1880 D + L + F + H'+ T + E' -51 -349



RAI 03.08.04-30, Supplement 1 U7-C-N1NA-NRC- 110043
Attachment 7

Page 29 of 176

ACI 349-97 P & M Interaction Diagram
South (outside), Vertical Reinforcement

Element 1880

2000
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C.

a-

N
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£
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/

- PM Required

- A - Enveloped PM + F12

Elm PM Points

2500

/
/

0
1000 - - t-•o 2000

-500

-1000

Mn (kip-ft)

Figure 03.08.04-30.4: P&M Interaction Diagram for Element 1880 South (outside face), Vertical Reinforcement
[#11@6" (1st layer) & #11@12"(2nd layer) spacing for solid line and #11@6"(lst layer) & # 11@6"(2nd layer) spacing for dashed

line, see Figures 03.08.04-30.5 and 03.08.04-30.6, respectively]
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Element 1880
Required Reinforcement for P & M

South (outside face)

#11@6

#4

4

4

4

#11@6

#11@6

4V

4

2

44

44

inside face)

K
North (

Figure 03.08.04-30.5: Cross Section of Wall with Reinforcement Required for P & M only
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Element 1880
Provided Reinforcement

South (outside face)
#11@6

#11@6

#11@6

#11@6

#11@12 4

a4

44

#11@12
#11@12

#11@6

#11@6

#11@6 -
#11@6

44

1-7 (

North (inside face)

Figure 03.08.04-30.6: Cross Section of Wall with Reinforcement Provided for P & M and In-Plane Shear



RAI 03.08.04-30, Supplement 1 U7-C-NINA-NRC- 110043
Attachment 7

Page 32 of 176

6) The accuracy of the spring values reported in COLA Part 2, Tier 2 Section 3H.6.6.3.1 has
been confirmed. The magnitude of difference between soil springs for the UHS Basin and
RSW Pump House occurs for the following reasons:

* The top of the RSW Pump House foundation is 32 feet deeper than the top of the
UHS Basin foundation.

* The RSW Pump House foundation mat (approximately 94 feet by 170 feet) is
much smaller than the UHS Basin foundation mat (approximately 164 feet by
312 feet). As a result, the stress bulb for the RSW Pump House is not as deep as
for the UHS Basin.

Thus, settlement for the same area load would be smaller for the RSW Pump House than
the UHS Basin (i.e., the RSW Pump House has stiffer soil springs than the UHS Basin).

7) The static ultimate bearing capacity and factors of safety for the UHS/RSW Pump House
are given in COLA Part 2, Tier 2, Table 2.5S.4-41B, "Bearing Capacity of Foundation."
The dynamic ultimate bearing capacity and factors of safety are provided in
Table 2.5 S.4-41 C, "Bearing Capacity of Foundations under Dynamic or Transient
Loading", included in Enclosure 1 of this response. The static and dynamic bearing
pressure values can be determined via dividing the ultimate bearing capacity by the
factors of safety.

Determination of Extreme Wind and Tornado Loadings

a. Extreme Wind Loading

As stated in COLA Part 2, Tier 2 Section 3H.6.4.3.2, the extreme wind load for site-
specific structures is calculated in accordance with the provisions of Chapter 6 of
ASCE 7-05. As discussed below, we believe that the procedure used is consistent with
the procedure given in Standard Review Plan (SRP) 3.3.1.

SRP 3.3.1, Acceptance Criterion 3 states that the procedures used to transform the wind
speed into an equivalent pressure to be applied to structures provided in ASCE 7-05 are
acceptable. It also provides the same formula as in ASCE 7-05 (Equation 6-15) for
calculating velocity pressure and states that the design wind speed is as stated in SRP
2.3.1 and the Importance Factor is 1*15. SRP 2.3.1 Acceptance Criterion 4 states that the
100-year return period wind should be based on appropriate standards and cites
ASCE 7-05 as an appropriate standard. The commentary in ASCE 7-05, on Importance
Factor (comment C6.5.5), indicates that the Importance Factors adjust the velocity
pressure to different annual probabilities of being exceeded, and that Importance Factor
1.15 corresponds to a 100-year mean recurrence interval. Table C6-7 provides factors for
converting the 50-year wind speed to other recurrence interval wind speeds. It should be
noted that use of the 100-year wind speed, calculated based on the use of factor given in
Table C6-7, and Importance Factor of 1.0 in Equation 6-15 yields essentially the same
velocity pressure as the use of 50-year wind speed and Importance Factor of 1.15.
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As explained above, the combination of Equation 6-15, the definition of "V" and the
explanation in Comment C6.5.5 of ASCE 7-05 make clear that the procedure for
determining the wind load, or "velocity pressure", due to a 100-year wind is to apply the
1.15 Importance Factor to the wind load calculated for a 50-year wind, or to apply the 1.0
Importance Factor to the wind load calculated for a 100-year wind.

NRC reviews of other applications also have concluded that the procedure described
above is consistent with SRP 3.3.1. The DCD for the AP1000, in Section 3.3.1.1, Design
Wind Velocity, describes how the Importance Factor of 1.15 is used to adjust the 145
mph wind speed with an annual probability of occurrence of 0.02 to an annual probability
of occurrence of 0.01. In Section 3.3.1.2, Determination of Applied Forces, wind
velocities are transformed to wind pressures according to ASCE 7-98 guidelines, and
there is no mention of applying the Importance Factor of 1.15 again. This procedure to
calculate design wind loads for the AP 1000 is the same as that used for STP 3 & 4.

The Safety Evaluation Report (SER) for the AP 1000 Design Certification, NUREG- 1793
(September 2004), accepted the procedure described in the AP 1000 DCD, and included
the following discussion of wind design criteria:

"The importance factor, I, is a multiplier for basic wind speeds shown in the maps of
ASCE 7-98. The end product is a wind speed with an appropriate recurrence interval. The
basic wind speed values of the maps in ASCE 7-98 are for a 50-year mean recurrence
interval (annual probability of 0.02). The commentary, Section C6.5.5 of ASCE 7-98,
explains that an importance factor of 1.15 is associated with a mean recurrence interval of
100 years, and is to be used to adjust the structural reliability of a building or other
structures to be consistent with building classification. ... The use of an importance factor
of 1.15 is conservative."

Similarly, the DCD for the ESBWR describes the same procedure as used by AP1000
and STP 3 & 4. In Section 3.3.1.1 it states, "Seismic Category I and II structures are
designed to withstand the design wind velocity listed in Table 2.0-1. The recurrence
interval listed in Table 2.0-1 is equivalent to an importance factor of 1.15 based on
Category IV building.", and in Section 3.3.1.2, Determination of Applied Forces, there is
no mention of using an Importance Factor of 1.15.

In Section 3.3.1.3 of the Advanced Final Safety Evaluation Report for the ESBWR, the
NRC Staff accepted the procedure described in the ESBWR DCD, and stated that in
Revision 3 of SRP 3.3.1 the NRC staff accepted these provisions of ASCE 7-05 for
transforming wind speed into equivalent pressure to be applied to structures and portions
of structures.
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The draft SER for STP 3&4, in Section 2.3S.1.4.2.2, also describes the same process, as
described in ASCE 7-05 and the DCD/SER for AP1000 and ESBWR, for the use of
Importance Factor of 1.15, which is to convert the 50-year wind speed to 1 00-year wind
speed.

Based on the above, the use of Importance Factor of 1.0 with the 100-year wind speed in
ASCE Equation 6-15 is consistent with both ASCE 7-05 and the intent of SRP 3.3.1.

COLA Part 2, Tier 2 Section 3H.6.4.3.2 will be revised, as shown in Enclosure 1, to
clarify that the 50-year wind speed was converted to obtain the basic (100-year
recurrence interval) wind speed of 134 mph in accordance with the requirements of
ASCE 7-05, and the velocity pressure was calculated with the ASCE 7-05 Equation 6-15,
using Importance Factor of 1.0 with the basic wind speed of 134 mph.

b. Tornado Loading

The tornado wind pressure for site-specific structures is calculated in accordance with the
requirements of SRP 3.3.2. An Importance Factor of 1.15 is used with the wind speeds
stated in COLA Section 3H.6.4.3.3.1. No COLA revision is required for the tornado
loading.

The COLA will be revised as shown in Enclosure 1.
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Enclosure 1
Revision to COLA Sections 2.3, 2.5 and 3H.6
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Section 2.3S.1.3.1

Design wind loading is based on a basic wind speed which is the "3-secnd gust speed at 33 feet
(10 meters) above the ground in Exposure Category C," as defined in Sections 6.2 and 6.3 of
Reference 2.3S-1 0. The basic wind speed for the STP 3 & 4 site is approximately 125 mph
(201 km/h), based on a linear interpolation from the plot of basic wind speeds in Figure 6-1 of

ASCE , (Reference 2.3S-10) for that portion of the U.S. that includes the site for STP 3 &
4. From a probabilistic standpoint, a basic wind speed of 125 mph (201 km/h) for the STP 3 & 4
site is associated with a mean recurrence interval of 50 years. Section C6N (Table C64E) of
the ASCE-SEI design standard provides conversion factors for estimating 3-second-gust wind
speeds for other recurrence intervals (Reference 2.3S-1 0).

Using the data and the methodology recommended in Reference 2.3S-10 to verify design basis
wind loadings are less than or equal to those specified in the reference ABWRq without specific
consideration of the CSC Hurricane Track Query data! satisffis the requirements of ASCE/SEI-
7, (Reference 2.3S-10) and NUREG-0800 (Reference 2.3S-6). The ASCE/SEI-74M
design standard wind speed map considered wind speeds of historically reported hurricanes
and is updated periodically.

2.3S.6 References

2.3S-10 ASCE Standard ASCE/SEI-7-0, Minimum Design Loads for Buildings and Other
Structures, • American Society of Civil Engineers (ASCE) and Structural
Engineering Institute,
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Table 2.5S.4-41C Bearing Capacity of Foundations under Dynamic or Transient Loading

JBearing
•apacity~

Btiase of
•Obn'crete

Soil Strength jljgq~5 Factor of Safety
Structure STP Selection [1] i:•:,(ksf• (FOS) [2]

3 Short Term •'9~ 2.35
Reactor Building

4 Short Term __ 4.55

3 Short Term 6.01
Control Building

4 Short Term __ 1.73

UHS/RSW Pump 3 Short Term '6• _

House 4 Short Term __

3 Short Term ___ 44.74
RSW Piping Tunnels

4 Short Term 18• 34.24

Diesel Generator Fuel 3 Short Term • 68.06
Oil Storage Vaults 4 Short Term • j 90.22

r[1 Short term - undrained condition

[2] See Section 2.5S.4.10.3
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3H.6.2 Summary

For the design of the U HS basin and the pump house of each unit, the seismic
effects were determined by performing a soil-structure interaction (SSI) analysis, as
described in Subsection 3H.6.5. The free-field ground response spectra used in the
analysis are described in Subsection 3H.6.5.1.1.1. The resulting seismic loads
were used in combination with other applicable loads to develop designs of the
structures. Hydrodynamic effects of the water in the basin were considered. The
following results are presented in tables and figures, as indicated.

" Natural frequencies (Table 3H.6-3).

" Seismic accelerations (Table 3H.6-4).

" Seismic displacements (Table 3H.6-4).

" Floor response spectra (Figures 3H.6-16 through 3H.6-39).

" Factors of safety against sliding, overturning, and flotation (Table 3H.6-5).

* Combined forces and moments at critical locations in the structures along with
required and provided rebar (Tables 3H.6-7 through 3H.6-9 and Figures 3H.6-
51 through 3H.6-136).

0 Lateral soil pressures for design (Figures 3H.6-41 through 3H.6-44)

" Lateral soil pressures for stability evaluation yra[19T atn'i (Figures
3H.6-45 through 3H.6-50)

3H.6.4.3.1.4 Lateral Soil Pressures (H)

" Lateral soil pressures are calculated using the following soil properties.

" Unit w eight (m oist): ................................................................. 120 pcf (1.92 t/m 3)

" Unit weight (saturated): ........................................................... 140 pcf (2.24 t/m 3 )

* Internal friction angle: ................................................................................. 30°

* Poisson's ratio (above groundwater) ............................................................. 0.42

* Poisson's ratio (below groundwater) ............................................................. 0.47

The calculated lateral soil pressures are presented in figures as indicated:

" Lateral soil pressures for design of UHS/RSW Pump House: Figures 3H.6-
41 through 3H.6-43.

" Lateral Soil pressures for design of RSW Piping Tunnels: Figures 3H.6-44.

" Lateral soil pressures for stability evaluation of UHS/RSW Pump House =Onn
Doi alormp*8': Figures 3H.6-45 through 3H.6-50.
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3H.6.4.3.1.6 Hydrostatic Loads (F)

This load is only applicable to UHS/RSW Pump House. The hydrostatic load due
to water inside the UHS basin is calculated considering the
maximum water height of 71 ft above the top of the UHS basin basemat. The
maximum hydrostatic pressure is 4.43 ksf at the top of UHS basin basemat

eevation.!'hýmp~ bLasin s6:a _so~consi~eeremw••~.,;;a~
,E.cned#nas 2Mpletely JT-

Section 3H.6.4.3.2

Im portance Factor ...................................... 1.15

(l~rn~porlanc~e Fap6or of 1.i5 is us'ed to con~vert the veiocity ressuire du t50-yar~

3H.6.4.3.3.3 Lateral Soil Pressures Including the Effects of SSE (H')

The calculated lateral soil pressures including the effects of SSE are presented

in figures as indicated:

* Lateral soil pressures for design of UHS/RSW Pump House: Figures 3H.6-

41 through 3H.6-43.

3 Lateral Soil pressures for design of RSW Piping Tunnels: Figures 3H.6-44.

" Lateral soil pressures for stability evaluation of UHS/RSW Pump House 3H.6

•- per-itidd: Figures 3H.6-45 through 3H.6-50.

3H.6.5.2.14 Determination of Seismic Overturning Moments and Sliding Forces for
Seismic Category I Structures

The evaluation of seismic overturning moments and sliding accounts for the
simultaneous application of seismic forces in three directions using 100%, 40%,
40% combination rule as shown below:

+100% X-excitation ±40% Y-excitation +40% Z-excitation
+40% X-excitation ±100% Y-excitation +40% Z-excitation

(Note: X & Y are horizontal axes and Z is vertical axis. Positive Z is upward.
Also, ±40% X-excitation ±40% Y-excitation +100% Z-excitation is not critical

The resisting forces and moments due to dead load are calculated using a
reduction factor of 0.90. Resisting forces and moments due to soil are based on
at-rest soil pressure, or p'ss r The friction

coefficients used for the sliding evaluation are 0.30 under the RSW Pump House
and 0.40 under the UHS Basin. See Figure 3H.6-137 for formulations used for
calculation of factors of safety against sliding and overturning.
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Load Combination Calculated Safety Factor Notes

Overturning Sliding Flotation

D + F' --- --- ... 7.7

D+H+W _ i --- 2,3

D*+H*+Wt 4 9 =42--,ý

D+H+E' --- 2,3

Notes:

1) Loads D, H, W, Wt, 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 UHS basin.

3) Coefficients of friction for sliding resistance are 0.3 under the RSW Pump
House and 0.4 under the UHS Basin

4),Te 661'ulated ýs y facto rfo Wshdin r e ui•sl ~~
_aalbepasivpre ssur to e.t!i• egcage frsing rssa~

5) The seism~ic values consia~dý'-cýf6-s'ta''ibi-li-ty-,--ar'e ba-seý*6d "o--te"'ýT'~ii"'B"'

3H.6.6 Structural Analysis and Design Summary

3H.6.6.1 Analytical Models

The structural analysis and design of the UHS basin and the RSW pump house was
performed using a finite element model (FEM). The FEM model is shown in Figure
3H.6-40 T6-SWý00 3f ffKareu sed 6,dI6latethe - 6ni67'd s gI

f6res _ one moer o hr er odn simi)ad 6model forlong term l~oading
n n seisic). Thei66 difrne ewe h two ,FEAknodels are the soadn n

s - il springs appiedind i~the glba Z (ie etcl'ieto' h tfns ftesil sprJjh-,g.
I o ohtesor-~r odn anid lon~g ternm loading rdels are determ-ined by

~Itiplyin the corresodn fonato S~grd mouuor the short termr an lng

th hr er odn oe o X ,' ý-a'hr' seismi-1
lg~d _r6y biýdhe SRýSS. i thodLTes_ R,,.dgen
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,E' erm in the th~da~ffh6d~ibh~ i~nsýSet6r- FibTJW&. 4ýlemWit
foces tat comprise the E' teeirm are adde~d and subtracted f~rorAjhe other applicable.

reulig lmet oce rom the logtr odngmdli h load combinations
defined in Section 3H.~6.4.~3.4.3 in a databas outide of theFEA m~odel to determine
ý6ial element designi forces for each load comibination. Since both the acciden'tal

alge-bra'ically- to thesi--~- 6load, omiri ios

fT-h e e-n ve-lo pe of eh--Ieii6 cel -i-r -~f r-orn th-e -r-ef-i n ard I o eI
c6nsiderig both th&'l bs~in'bd the eptbasin ereubc in the sort ter~m loading
(mo-del1 The enveloon',ýS'ýol aceeain i h n Z directins for,
t oth the full basin$ ca eand the empty basin ase wer~e 'averagedby goupfo~r each Wf

6ntelocations in theUHS roupV p
accelerations usedl n thO~l bJasin~sism~nc load case an~d theý I epty ba'sin seism~ricloa'd
Iccas er eseo n t th nv l r f hý oii a e h a c I rto'- n the refi nei d rmnesh

-,h anaysi fodr th sei G)-l irio-.o.o oab n d ij

of For the portions of the UHS basin where liquid-
tightness is required (i.e., exteriorwalls and basemat of the basin), in addition to
satisfying ACI 349 strength requirements, the required strength was increased by the
environmental durability factors noted in Subsection 3H.6.4.3.4.3 per Section 9.2.8 of
ACI 350-01. Detailed stability evaluations were performed for sliding, overturning, and

~ ~~~d frh e -oflotation fn6R"Slain For

sliding and overturning evaluations, the 100%, 40%, 40% rule was used for
consideration of the X, Y, and Z seismic excitations.

3H.6.6.2 Analytical Approach

3H.6.6.2.1 UHS Basin, UHS Cooling Tower Enclosure, and RSW Pump House

The analysis described in Subsection 3H.6.6.1 considers the following
loads, combined in accordance with Subsection 3H.6.4.3.4:

Dead and live loads on the UHS basin, UHS cooling tower enclosures, and
RSW pump houses as specified in Subsection 3H.6.4.3.1, plus the weight of
the UHS cooling tower fill, equipment and commodities in the RSW pump
house.
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Hydrostatic and hydrodynamic (impulsive and convective) loads corresponding
to the water in the basin, and on the walls and the piers of the UHS basin. The
hydrodynamic loads are calculated in accordance with Subsection C3.5.4 of
ASCE 4 and meet the guidance provided in SRP 3.7.3, Acceptance Criterion
14.

" Specifically the "Housner method" described in TID-7024 is used to determine
the hydrodynamic impulsive and convective masses.

" The impulsive masses are applied to the walls of the UHS Soil-Structure
Interaction (SSI) model. Therefore, the horizontal impulsive-mode spectral
acceleration is based on consideration of the flexibility of the tank.

" The seismically induced hydrodynamic pressures on the tank walls are
determined by the modal and spatial combination methods outlined in SRP
Section 3.7.2 including the effects of soil-structure interaction.

" Since the fundamental sloshing (convective) frequency is so low (0.135 cycles
per second in the N-S direction and 0.078 cycles perk V econd in the E-W
direction), the convective mass is not included in the SSI model but is
considered in the design by employing the spectral acceleration of the
horizontal convective frequency at 0.5 percent damping.

" The hydrodynamic pressure is added to the hydrostatic pressure to account for
the induced tension and compression forces on basin walls in the design.

" At-rest lateral soil pressure on the walls of the UHS basin and RSW pump
houses.

" Hydrostatic pressures on the walls of the UHS basin and RSW pump houses
due to groundwater.

" Dynamic lateral soil pressures on the walls of the UHS basin and RSW pump
houses due to an SSE, calculated using the methodology defined in
Subsection 3.5.3.2.2 of ASCE 4.

" Surcharge pressure of 300 psf (14.4 kPa) M applied r to the
UHS basin and RSW pump houses.
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143!-0"

1 -V-L 68!-0"

Figure 3H.6-54 Pumphous iiiiip Housej North Wall Looking South
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