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August 20, 2009
U7-C-STP-NRC-090112

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

South Texas Project
Units 3 and 4

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

Attached is the response to the NRC staff question included in Request for Additional
Information (RAI) letter number 157 related to Combined License Application (COLA) Part 2,
Tier 2, Section 3.7 and Section 3.8. Attachment 2 addresses the response to RAI 03.07.01-13.
The enclosure provided in the RAI response, however, contains only a partial COLA mark-up
due to new soil-structure interaction (SSI) analysis being performed to support STP Units 3 & 4.
The SSI results, identified in the enclosure, will be provided based on the schedule in
Attachment 1.

On July 14, 2009, Sargent & Lundy identified a potential issue in the "ACS System for Analysis
of Soil Structure Interaction (SASSI)" SSI analysis results. This program had been used, in part,
to support the STP Units 3 & 4 SSI analysis for safety-related structures, These results were
being prepared for inclusion into the STP COLA Revision 3 and were also being submitted to
support numerous NRC RAIs. Although the investigation is ongoing, STPNOC has decided to
re-run all SSI analysis supporting the STP Units 3 & 4 design based on a SASSI2000 program
rather than rely on the ACS SASSI analysis results. As such, STPNOC is expected to provide
the SASSI2000 analysis results (COLA Table and Figures mark-ups) based on the corresponding
supplemental RAI response schedule provided in Attachment 1.

STPNOC Letter U7-C-STP-NRC-090105, dated August 20, 2009, and the information contained
herein transmits details of the SSI methodology and analysis used for (1) the Shear Wave
Velocity Departure (Control Building and Reactor Building) and (2) the plant-specific
safety-related systems (e.g., Ultimate Heat Sink (UHS)). This information will be included in
STP COLA Revision 3 or as stated in the responses to the NRC RAIs in August and
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September 2009. The SASSI2000 analysis results supporting the Shear Wave Velocity
Departure will be submitted by September 30, 2009. The SASS12000 analysis results supporting
the UHS will be submitted by November 24, 2009 for all six soil cases plus two cases (cracked
concrete case and sidewall case) requested in NRC Letter 157. The SASS12000 analysis results
supporting the UHS design (e.g., rebar information) will be submitted by December 31, 2009.

When a change to the COLA is indicated, it will be incorporated in the next routine revision of
the COLA following the NRC acceptance of the RAI response.

There are no commitments in this letter.

If you have any questions, please contact me at (361) 972-7136, or Bill Mookhoek at
(361) 972-7274.

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

Executed on gz-o

Scott Head
Manager, Regulatory Affairs
South Texas Project Units 3 & 4

jep

Attachments:

1. Supplemental Response Schedule
2. RAI 03.07.01-13
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cc: w/o attachment except*
(paper copy)

Director, Office of New Reactors
U. S. Nuclear Regulatory Commission
One White Flint North
11555 R6ckville Pike
Rockville, MD 20852-2738

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

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

Alice Hamilton Rogers, P.E.
Inspections Unit Manager
Texas Department of State Health Services
P.O. Box 149347
Austin, TX 87814-9347

(electronic copy)

*George Wunder
*Tom Tai
Loren R. Plisco
U. S. Nuclear Regulatory Commission

Steve Winn
Eddy Daniels
Joseph Kiwak
Nuclear Innovation North America

Jon C. Wood, Esquire
Cox Smith Matthews

J. J. Nesrsta
R. K. Temple
Kevin Pollo
L. D. Blaylock
CPS Energy

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

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

*George F. Wunder
*Tom Tai
Two White Flint North
11545 Rockville Pike
Rockville, MD 20852
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SUPPLEMENTAL RESPONSE SCHEDULE

Information Provided in RAI Responses & Information to be Provided in Supplemental RAI
COLA Revision 3 Supplemental RAI Affected COLA

Section

Shear Wave Velocity SSI methodology and NRC Letter 157 RAI RAI 03.07.01-2 (see letter (4 tables)
Departure (Control analysis provided in Response (18 RAIs) U7-C-STP-NRC-090105 dated Table 3A-29 through

Building/ Reactor Appendix 3A (text, tables, U7-C-STP-NRC-090105 and August 20, 2009) Table 3A-32

Building) and figures) U7-C-STP-NRC-090112 (32 figures)
dated August 20, 2009 Comparison of Seismic Forces, Figure 3A-267 through

Maximum Accelerations and Spectra Figure 3A-298
COLA Revision 3 of the Reactor Building
submittal target date September 30, 2009
September 18, 2009 Comparison of Seismic Forces,

Maximum, and Spectra Accelerations
NRC Letter 157 RAI of the Control Building
Response (25 RAIs)
submittal target date
September 3, 2009

Plant Specific Safety- SSI methodology and NRCLetter 157 RAI RAI 03.07.01-13 (see letter (2 tables)
Related Systems analysis provided in Response (18 RAls) U7-C-STP-NRC-090112 dated Table 3H.6-3 through
(UHS/RSW Pump Appendix 3H (text, tables, U7-C-STP-NRC-090105 and August 20, 2009) Table 3H.6-4

House) and figures) U7-C-STP-NRC-090112 (26 figures)
dated August 20, 2009 SSI analysis results (using Figure 3H.6-15 through

SASS12000) for all six soil cases plus Figure 3H.6-40
COLA Revision 3 two cases (cracked concrete case and
submittal target date sidewall case) requested in NRC November 24, 2009
September 18, 2009 Letter 157

NRC Letter 157 RAI
Response (25 RAIs)
submittal target date
September 3, 2009
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SUPPLEMENTAL RESPONSE SCHEDULE

+ 4 +
Plant Specific Safety-
Related Systems
(UHS/RSW Pump
House)

SSI methodology and
analysis provided in
Appendix 3H (text, tables,
and figures)

NRC Letter 157 RAI
Response (18 RAIs)
U7-C-STP-NRC-090105 and
U7-C-STP-NRC-090112
dated August 20, 2009

COLA Revision 3
submittal target date
September 18, 2009

NRC Letter 157 RAI
Response (25 RAIs)
submittal target date
September 3, 2009

RAI 03.07.01-13 (see letter
U7-C-STP-NRC-090112 dated
August 20, 2009)

SSI analysis results (using
SASSI2000) supporting the UHS
design (e.g., rebar information)

(5 tables)
Table 3H.6-5 through
Table 3H.6-9

December 31, 2009
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RAI 03.07.01-13

QUESTION:

FSAR Appendix 3H.6.5.1.3 states that soil conditions at the STP 3 & 4 site are described in
Subsection 2.5S.4. The applicant is requested to provide the information per guidance of SRP
Acceptance Criteria 3.7.1.11.3 either in this Section or by specific reference to specific Tables or
Figures for all site-specific Category I structures (including UHS and RSW Piping Tunnel).

RESPONSE:

The information required by the Standard Review Plan (SRP) Acceptance Criteria 3.7.1.11.3 for
the site-specific Category I structures is included in the revised FSAR Appendix 3H,
Section 3H.6, as provided in the enclosure to this RAI. Specifically,

a. The foundation embedment depth, depth of soil over bedrock, dimensions of the
structural foundation, and total structural height are included in Section 3H.6.5.1.3.

b. The soil layering characteristics, geophysical shear wave velocity, unit weight, and
Poisson's ratio are also included in Section 3H.6.5.1.3 by reference to FSAR
Table 2.5S.4-27. The groundwater elevation used to compute soil properties for the soil
structure interaction (SSI) analysis is also included in Section 3H.6.5.1.3.

c. Development of strain-compatible soil properties for use in the SSI analysis is described
in Section 3H.6.'5.2.4; the valuesare included in Table 3H.6.2.

The COLA will be revised as provided in the enclosure to this RAI.
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Enclosure to RAI 03.07.01-13

COLA Text Markup to Appendix 3H.6
New COLA Tables 3H.6-1 through 3H.6-9

New COLA Figures 3H.6-1 through 3H.6-40
COLA Chapter 21 Figures 1.2-34 through 1.2-36
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3H.6 Site-Specific Seismic Category I Structures

The following site-specific supplement addresses site specific Seismic Category I structures.

3H.6.1 Objective and Scope

The objective of this appendix is to describe the structural analysis and design of the STP 3 & 4
site-specific seismic Category I structures that are identified below and shown in Figures
.. 2.T. through g-23 36.

(1) Ultimate Heat Sink (UHS) for each unit consists of a water retaining basin with enclosed
cooling towers situated above the basin and a Reactor Service Water (RSW) pump house TWri's
ie iasin.

(2) RSW piping tunnel for each unit.

3H.6.2 Summary

For the 9 design of the UHS basin and the pump house of each unit, the seismic effects
were determined by pitfe ... th -fre f

t4- in P ( 1n FUýdn
;rqd or• etia h e a Iuse-i±o nd l(_rtPSae and the ialydire si6 r

igprilingthe effec-ts of ''eismic coil trpuentrRto aS~~Eddition, a 106mlf6toie
Fcicmicý response wasi(ons idered- fortocaln-#výenda celrto of 0.1 6gwaa pe
in'f~6'hr6h~ G4Gi-F)6 pe rfo rmingq a. soil-structure, interaction (SS1) analysis, as desctibed fin
Subsection 3H.6.5. The freefiiloudrso&dctaueinh na igid ibdn

bSubectio3H6.5. 1. 1. The resulting seismic loads were used in combination with other
applicable loads to develop 6gp designs of the structures. Hydrodynamic effects of the
water in the basisbasin were considered.ho deoqgffil bed todeN. tldfrtbC+ctructu i"

mbdol tha ~&ilt~tht~dredd inthe- fina -ci5ni6 31ana"I'"r t~hat fid ttip- dirLubecio

oteTplcjj'd5he'FS, AR 'ill! be upad inacor anco th 10 CTFR i

owilno50ides_' indicatfreecndq.'orf20 i

® Natural frequencies 5lj3Ht•63.

® Seismic accelerations T50319M.

® Seismic displacements (TýIble 3ld.64).

® Floor response spectra VFipures' 3H 16lthroughf3¶ ,9

® Factors of safety against sliding, overturning, and flotation TiTlh1'3H265,.t

® Combined forces and moments at critical locations in the structures along with '•,A-I?
aIl,- ad,---.required and provided rebar ._ _m..•.., ,.• .•..• .. ,.- .< ... . .. ••••... •••.• •• -:• '
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The final combined responses are used to evaluate the designs against the following criteria:

® Stresses in concrete and reinforcement are less than the allowable stresses in accordance
with the applicable codes listed in Subsection 3H.6.4.1.

® The factors of safety against flotation, sliding, and overturning of the structures under various
loading combinations are.higher than the required minimum values identified in Subsection'
3H.6.4.5.

® The calculated static and dynamic soil bearing pressures/displacements are less than the
allowable values.

® The thickness of the roof slabs and exterior walls are more than the minimum required to
:preclude penetration, perforation, or spalling resulting from impact of design basis tornado
missiles. In addition, the passage of tornado missiles through openings in the roof slabs and
exterior walls is prevented by the use of missile-proof covers and doors, or the trajectory of
missiles through ventilation openings is limited by labyrinth walls configured to prevent safety-
related substructures and components from being impacted.

The RýSW pioinl tunnel seismic an has b'eenl• -formbcd.isu•ic,.n. vaentatic

approacnhras discusseGUd•,e Se6 tion .6.5.3.

3H.6.3 Structural Descriptions

The sitees nc Si eisiteqoatrI structures at&STR8&T4bconsist of one set of the •e•l ~nq
for eachL•5ifUnlUHStbasinenclosed U-aH6coouisc ng&owers&located onto or fth basin. RSW pump
'ouse rcont•I•Os 6tW h and aoaent toithneUHS basi•,anad buriedeRSWpipinilt•unnelsY and

baccess shafts to the tunnels. Each UHt basinhand vSWvpump house has a 10-ft (3.05-m)n tick
foundaton mat and are connectfiedat acommon wall;tand the RSW-p ping tunnels extend fom
thepurph hoiuse to the Control Build[na Eah of •h esestructuressiidescribed in •ore6•cetIail in
theeTfollowing subsectiOns)

3H.6.3.1 'Ultimate Heat Sink Basin

The UHS basin is a rectangular reinforced concrete structure with inner dimensions of 280 ft (85.34
m) by 132 ft (40.23 m) and serves as the reservoir for the RSW system. The walls of the basin are

f (1.83 m) thick and extend from an elevation of 97K5 ft (29.72 m) MSL down to an elevation of
14 ft (4.27 m) MSL. The walls are braced by buttresses spaced at a maximum of 50 ft (15.24 m)
and are supported on a 312 ft (95.10 m) by 164 ft (49.99 m) by 10 ft (3.05 m) thick mat foundationj

&pL6red o6n alea co••c•te-uma at t. ._Them madt is p outred rdlrecti yonr the in-situ siI. Each UHS
includes three independent divisions of mechanical cooling towers, with twvo dedicated cooling
towers in each division. The pump house is contiguous with the UHS basin and its walls extend
from an elevation of ft (6m) MSL to an elevation of 50 ft (15.24 m) MSL.

As noted in Subsection 9.2.5.5.2, the seepage loss estimated during the 30 days of operation
following a design basis accident, with no makeup available, is within the acceptance criteria for
standard hydrostatic test. HST-025, as defined in ACI 350.1.
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3H.6.3.2 Ultimate Heat Sink Cooling Tower Enclosures

The cooling tower enclosure foreach unit is a reinforced concrete structure housing the
equipment used to cool the water for the RSW system. The enclosure is located above the UHS
basin and is supported by reinforced concrete columns anchored to the basin mat foundation.The
enclosure is 292 ft (89.0 m) long by 52 ft (15.85 m) wide and extends from the top of the UHS basin
walls to elevation 153 ft (46.63 m) MSL. Each enclosure is divided into six compartments or cells,
with each compartment housing a fan and associated equipment. Openings are provided at the
base of each compartment to allow for the flow of water. Each compartment includes a common
basin at the base of the structure, air intake, and substructures and components used to cool the
water (fill, drift eliminators, spray system piping and nozzles, and the associated concrete support
-beams). The air intakes for eac compartment, wIieh-are located .... at the bottom..
of the enclosuresand are configured to 4mh-eliminate the trajectory of tornado missiles into the
enclosures, thereby preventing damage to safety-related 6,1 u _,,, IRe components. In
addition, each compartment includes a reinforced concrete fan deck that supports the fan and the
associated motor. 'Finally, heavy steel grating, which is supported by structural steel beams, is
installed at the top of each compartment, This grating allows for the passage of air out of the
compartment and prevents the intrusion of tornado wind-borne missiles.

3H.6.3.3 Reactor Service Water Pump Houses

The two RSW pump houses are reinforced concrete structures that are continguous with the UHS
basins and house the RSW pumps (six pumps per pump house, with three RSW divisions, and
two pumps per division) and their associated auxiliaries.

Each set of pumps extracts water for the RSW system from the basin. The operating floor of each
pump house is divided into three separate rooms (one per RSW division), each containing two
pump drivers and associated equipment, including self-cleaning strainers. There is also an
access tunnel through which the RSW system piping is routed to and from the corresponding,
control building.

The exterior walls of each pump house and the interior walls dividing the pump bay are integral
with the UHS basin walls. The pump bay for each pump house measures approximately • ft
( m) by 72'ft (21.95 m) in plan with the top of the bay slab being located at elevation
22- 8 ft ( m). The operating floor is at elevation 14 ft (4.27 m) and measures 138 ft
(42.06 m) by 72 ft (21.95 m) in plan. Covered •pins' are provided in the roof of each pump
house, which is located at elevation 50 ft (15.24 in), to......,,, t erm ,ov the six
pumps.

3H.6.3.4 Reactor ServiceWater Piping Tunnels

The tfree RSW piping tunnels, one r RSdivision,'are reinforced concrete structures 4+
3--confir. gred Oin airsaciKeo a ran,eme Tt 17et (5.18 m wide and 4-42

te-m4ýhas an overa i? hi. They extend from each pump
h mroomi to the G control building. EahThethree tunnels sare

e by reinforced concrete wa4s-§lbs, which
serve to isolate the supply and return lines and associated equipment for each of the three
divisions. Access to the tunnels from the surface, for inspections and maintenance activities, is
provided by reinforced concrete p ieýrsennelýac sf. The interfaces between the
tunnels and the pump houses and control buildings are configured to allow relative movement
between the tunnels and structures.
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3H.6.4 Structural Design Criteria

3H.6.4.1 Design Codes and Standards

® Code Requirements for Nuclear Safety-Related Concrete Structures (ACI 349), as
supplemented by RG 1.142

® Code Requirements for Environmental Engineering Concrete Structures (ACI 350)

® W mi chd ato te c n ea t d, Erection of+Steel

® Tightness Testing of Environmental Engineering Concrete Structures (ACI 350.1)

® Minimum Design Loads for Buildings and Other Structures (ASCE/SEI 7)

* Seismic Analysis of Safety-Related Nuclear Structures and Commentary (ASCE 4)

3H.6.4.2 Site Design Parameters

3H.6.4.2.1 Soil Parameters

@ Poisson's ratio (above groundwater): .......................................................... 0.42 -.

® Poisson's ratio (below groundwater):'................................ 0.47

® Unit weight (moist): .................................. j f 1.92 Urn

® Unit weight (saturated): .... ................................ 2.24 t/m3 •

® Liquefaction potential: ...................................... None

® gtM'Rig Soil Bearing Capacity: ............................... See FSAR Subsection 2.5S.4.10

®ý`W a......t or ot~f Sfety, (Later

3H.6.4.2.2 Design Groundwater Level

Design groundwater level is at elevation M8.53 metersji MSL. This elevation bounds the
groundwater elevation defined in FSAR.Subsection 2.4S.12.

3H.6.4.2.3 Design Flood Level

Design flood level is at .0 f-V 2TN,204-' meters] MSL. This elevation is defined in
Subsection 2.4S.2.2.
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3H.6.4.2.4 Maximum Snow Load

Design snow load is 0 kPa '(dO•i•rnre snowi5aJ) andOOUR' Fn P
le~eIsiow1oad) in accordance with Subsection 2.3S.1.3.4.

3H.6.4.2.5 Maximum Rainfall

Design rainfall is ;t78 ii79• 503 mm/hourj, in accordance with Subsection 2.3S.1.3.4. The roof of
each pump house is designed without parapets so that excessive ponding of water cannot occur.
Such roof design meets the provisions of RG 1.102.

3H.6.4.3 Design Loads and Load Combinations 3H.6.4.3.1 Normal Loads

Normal loads are those that are encountered during normal plant startup, operation, and
shutdown.

3H.6.4.3.1.1 Dead Loads (D)

Dead loads include the. weight of the structure, permanent equipment, and other permanent static
loads. An additional s2.39 kPaý uniform load is considered to account for dead loads due to
piping, raceways, grating, and HVAC duct work.

3H.6.4.3.1.2 Live Loads (L and Lo)

Live loads include floor and roof area loads, movable loads, and laydown loads. The only areas
of the site-specific Category I structures requiring consideration of a live load are the operating.
floor and roof of the pump houses. While a live load of W2uO.f kPaj is defined for the
operating floor, a live load of 60,!&psfL;2,T, kPaý is defined for the roof.

For the computation of global seismic loads and the definition of load combinations that include
seismic loads, the live load is limited to the expected live load present during normal plant
operation, Lo. This load has been defined as 25% of the operating floor and roof live loads.

3H.6.4.3.1.3 Snow Loads

norm n6s . "ac•

3H.6.4.3.1.4 Lateral Soil Pressures (H )

Lateral soil pressures are calculated using the following soil properties.

® Unit weight (m oist): .................................................................. ýQE0c? 1.92 t/m 3ý

® Unit weight (saturated): ............................................................. r1L OQ f 2.24 t/m 3•

® Internal friction angle: ................................................................................................. . . 300

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

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



RAI 03.07.01-13 U7-C-STP-NRC-090112
Attachment 2

_ _ Page 8 of 46
: .5: Thermal Loads Ef-F

In, ternal moments ana ocsZauSQ e6D tem pe'rature, dlsiri612on0

lHr6e t.1 .6re drostatfl roads l e a

Th hdrOStaticGoa 1ýjdi uit&ihe,_~t~er~inside th~e.UHS~b'as.

3H.6.4.3.2 Severe Environmental Load

The severe environmental load considered in the design is that generated by wind. The following
parameters are used in the computation of the wind loads:

" Basic wind speed (100 year recurrence interval, 3-second gust): 134 rmph ýý(215 km/h)

" Exposure: ............................................................................................ . . C

D Im porta nce factor: .................................................................................................... 1.15

D Velocity pressure exposure coefficient as per ASCE 7 Table 6-3, but > 0.87

D T opographic factor .................................................................................................... 1.0

a W ind directionality factor ........................................................................................... 1.0

Wind loads will be calculated in accordance with the provisions of Chapter 6 of ASCE 7.

3H.6.4.3.3 Extreme Environmental Load

Extreme environmental loads consist of loads generated by the tomado-extreme sn d,
? and safe shutdown earthquake (SSE).

3H..6.4.3.3.1 Tornado Loads (Wt)

The following tornado load effects are considered in the design:

" Wind speed ................................ .............. (Ww)

" D ifferential pressure ........................................................................................... (W O)

" M issile im pact ................................................................................................. . . (W in)

Parameters used in computation of tornado loads are as follows (see Tables 1 and2 of RG 1.76,
for Region II):

" Maximum wind speed: ............................. . . ............ 00Z•riph (322 •! km/hj

" Maximum rotational speed: ............................................. f6 1 (257 - km/h,

" Maximum translational speed: .............................................. 4p6 h (64 km/h)

a Radius of maximum rotational speed: ..................................... (45.7 mj



RAI 03.07.01-13 U7-C-STP-NRC-090112
Attachment 2
Page 9 of 46

® Differential pressure: .................................................... 0.9. pskPa

® Pressure differential rate: ....................................... ,R ~s/ . 81 kPa/sj

® M issile spectrum : ..................................................... (See Table 2 of RG 1.76)

(1) Tornado Wind Pressure (Ww)

With the exception of the RSW piping tunnel, which does not require the consideration of a
tornado wind pressure, tornado wind pressures are computed using the procedure
described in Chapter 6 of ASCE 7, in conjunction with the maximum wind speed'defined
above and the following parameters:

® Im portance factor ............................................................................................... 1.15

® Velocity pressure exposure coefficient ................................................... 0.87

® T opographic factor ................................................................................................ 1.0

® W ind directionality factor ..................................................................... 1.0

(2) Tornado Differential Pressure (WP)

The designs of the UHS basin,.HS~cehnter, and the RSW piping tunnel do not
require the consideration of a tornado differential pressure .

GP Z,-'49. RSW pump house RS-vvi bi nnelaccess snaftsý are
p2 evaluated for the specified differential pressure.

(3) Tornado Missile Impact (Wm)

Bu9 er,it RfS`Wero,,at ouh!lfo otaom iss
sth c~ur~eus are eval uatedlrr:•~ret.-rmSleI act!

Tornado missile impact effects on the UHS basin and cooling tower
enclosures, RSW pump housesadR ,tunel ssafs are evaluated for

the following two conditions:

(a) Local damage in terms of penetration, perforation, and spalling, which is evaluated
using the TM 5-855-1 formula (Reference 3H.6-1).

(b) The global overall damage prediction will be performed during the detailed design
phase in accordance with Section 3.5.3.2.

(4) Tornado Load Combinations

Tornado load effects are combined as follows:

Wt = WP

Wt= Ww+0.5Wp+Wm
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3H.6.4.3.3.2 Safe Shutdown Earthquake Loads (E')

The SSE loads are applied in three mutually orthogonal directions- two horizontal directions and
the vertical direction. The total structural response is predicted by combining the applicable
maximum co-directional responses in accordance with RG 1.92.

The SSE loads are based on '.'•seismic ana u
the ground motion response spectra defined in Subsection 3H.6.5.1.1 .,1The loads consist of
vertical forces, horizontal forces, torsional moments, and overturning moments.

Sl s l tffet.6f tewateFMrthd SMan

4'3he 1 k3•rt eral m.

.3.3,5:Ec~es oads 6SF)

-giumQrounid 6vel'snow leabd. inp acoraew

3H.6.4.3.4 Load Combinations

The load combinations and structural acceptance criteria used to evaluate the site-specific
Category I concrete structures are consistent with the provisions of ACI 349, as supplemented by
RG 1.142 as well as ACI 350. Loads. Ta, Ra, Pa, and E0, as defined in ACI 349, are not applicable
to the evaluation of the site-specific seismic Category I structures and are not included in the load
combinations defined below.

3H.6.4.3.4.1 Notation

S = Allowable stress for allowable stress design method

U = Required strength for strength design method

D = Dead load

F = Hydrostatic load

L = Live load

Lo S= Live load concurrent with SSE
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EV ~ L Sttirt d ~mfd~effefdu tdoextreme environmenital

H = Lateral soil pressure and groundwater effects

H' = Lateral soil pressure and groundwater effects, including
dynamic effects gSSE

W = Wind load

Wt = Tornado load

E= SSE load, including associated hydrodynamic loads

Ro = Piping and equipment reactions

To= Internal moments and forces caused by temperature
distributions

3H.6.4.3.4.2 Structural Steel Load Combinations
S =D + L •H•F TT;"

S = D+L+ W T:

1.6S D D+L+Wt+.ýýHR,4-3+TN6

RML- FL +H ; __ ý-ý,M

1.6S = D+Lo +E'-H

3H.6.4.3.4.3 Reinforced Concrete Load Combinations

U - 1.4D + 1.4F + 1.7L + 1.7H + 1.7 Ro

U 1 1.4D + 1.4F + 1.7L- + 1.7H + 1.7W + 1.7 R,

U = D+F+L+H+To+Ro+Wt

U =D + F + Lo + H'+ To + R+ E'

U = 1.05D + 1.05F + 1.3L + 1.3H+ 4-5 T + 1.3Ro

U = 1.05D + 1.05F + 1.3L + 1.3H + 1.3W + 0 To+1.3Ro

UK~~T ý 7+1 -~+ I

U.. ~ =
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For the UHS basin, the required strength defined by the above load combinations are multiplied
by the following Environmental Durability Factors k--efined in ACI 350:

® Flexural strength ............................................................................................................ %0 1 3

" Axial tension (including hoop tension) ...................................................................... M 1.65

" Excess shear strength carried by shear reinforcement ................................................- M 1.3

3H.6.4.4 Materials

Structural materials used in the design of the site-specific Category I structures are as follows:

3H.6.4.4.1 Reinforced Concrete

Concrete conforms to the requirements of ACI 349. Its design properties are:

D Com pressive strength ....................................................... (27.6 M Paj

o Modulus of elasticity ....................................................... ,597 1s9(24.8 GPaý

o Shear m odulus ..... ....................................................... 510.6 G Paý

o P o isso n's ratio ....................................................................................................... 0 .17

3H.6.4.4.2 Reinforcement

Deformed billet steel reinforcing bars are considered in the design. Reinforcement conforms to
the requirements of ASTM A615. Its design properties are:

o Yield strength ................................................................... . Q6O sk 414 M Paj

" Tensile strength ................................................................. 0 621 M Pa4

3H.6.4.4.3 Structural Steel

High strength, low-alloy structural steel conforming to ASTM A572, Grade 50 is considered in the
design. The steel design properties are:

o Y ield strength ................................................................ :...9E i 7s_(345 M Paý

@ Tensile strength ................................................................. -k g 448 M Paj

3H.6.4.4.4 Steel Grating

th consi deredh6Fc d in
te de sign. Te design • poe~•s

o Yield strength ............ • '+••'••A
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3H.6.4.4.5 Anchor Bolts

Material for anchor bolts conforms to the requirements of ASTM F1 554, Grade 36. Its design
properties are:

T Yield strength ................................................................... ®Isk 248 M Pa3

a Tensile strength ................................................................ 58 k s0 400 M Pa3

3H.6.4.5 Stability Requirements

The following minimum factors of safety are required against overturning, sliding, and flotation:

Load Combination Overturning Sliding Flotation

D+F1 1.1

D+H+W 1.5 1.5

D+H+WtfME 1.1 1.1

D+H'+E'U 1.1 1.1

Loads D, H, H', W, Wt, and E' are defined in Subsection 3H.6.4.3.4.1. F' is the buoyant force
corresponding to the flood water level.

3H.6.5 Seismic Analysis

3H.6.5.1 Seismic Design Parameters

3H.6.5.1.1 Design Ground Motion

3H.6.5.1.1.1 Design Response Spectra

Site-specific horizontal and vertical ground motion response spectra (GMRS) for the SSE are
developed for the STP 3 & 4 site. The development of these spectra is documented in Subsection
2.5S.2.

F-or th&e6hisnic arnalysis of the sit'e:specificýstructures, 7free f~d` qouricur4&Uface response ipetr
Idnput~•pectr)weee developed irtihe hlrizontalrand vertilcal 'directions, bymodifyin e bei~rdtkeq d'latoG• e 1'• 6 -response• sp e tra 4l~e'l n put. Spectraarearthe sai• meas theeO.•I ,q¶

Bplt~vt'id %6 yi~,h herhethan 215 Hztfdrlhe hnrji~zortal
snectruni, arihd 35 Hzfor the vefti ýlsg~grum. Eo'F~rfreauenci6'blwerttthan2.5F Hzf~o dth
hr6bea[ setenei7 35MeefeGiRS frtese capu t tr~aýwere+ evmeet thif&rawer

a6X-t ne e8SeeF•;i0e3H 6ý1•and T3 g6 khsowrtl

lf•6+p!ýectruhmm.enve opsDýe+•GSli •+th++•oizet -dveirectionsespet ek' fV1
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b. _WAv edna econvolution analysis ispe-rformedoin the SHAKE program with the Input Srpectwm
applied at the free fie d qroun surface, the resultng response spectrum at the outerop of-eachi
Seismic CateqoN4 foundation wll enel66 the fouindationinput responsectrum+(FIRS)
deveopeld usmingthe sarime probabilistic approach and cmd6 i was used to develop the'
•3i S e Filjure§s3Hý.6-3throuqg L3H.6-11 for a ............... th. . outcrop res:onse,-soectra4'
resultiq from the apphpcationeof the time histories' consistent-with the Input Spectmat dteffreedfid]
around surface in SHAKE, and the FIRS•fr the UHS basin. RSW tunnel 3an•rlRSW 6pumr house

uoi~indations. in~tle~,o~hori~ itaI~and vertical directions. These fic~qressho+ihat tlRSare

enveloped by thef6un~dat tb] i - &bp spectra-in aIlcases.

The responspnspectrum at the SlHAKE outcr o f Catego I foundation
enve•ops a broad bandmespectrumm anchode at 0.1q7 . Thisissthe m inimumrequiremehnt aýstated in
SRP 3.7.1 and Append•xS to 10 C0F+R•.' "Earthquake Enqineeriniq Crtena 'for Nuclear Power
Plants": ThIlbroad lband spectrum used' ouranalysi is conservatively- efined-bs the
RequlatoryGuide 1 ,60spectru m anchored at 0.l q. See1Fiou 3H.6-3 through3H.6-11.which
demotate that this requir, ermiris met for the+UHS basin, RSJWtunn, ,and RSW Pump house
foun7atiuns, in the' •ihorL+otntaland vertica directions.

3H.6.5.1.1.2 Design Time Histories

AG~eleration ti~ite~iebS Gi~tent with the _GT1.4 dofn_ i Sbszton2
fGFuseasn46`tihe 4sorir.i aaly*4. he time hisoies~ ýb~ h4r~n ýdnR et

GRpywt bFsos spectra and power sp~rlý~jy fcrep itg eria as woO -as4ho
Ir, corI'to crtrJ.pcfe i G 206,, Synthetic acceleration time histories~consistei
'with the inut Spectra defined and diSCLissed- iniSubsedion 3H.6.5.1 .1.1 were develoed, u'ingd
the 1952ýTaft Earthquake Time Historiesdas See, for use as input to the seismic arn~aysis. P
sinqleset-ofbtime hilf1ries tý •hnizontal anodone vertical) wasodeveloped oiEsatS~filg the
envelopiriq requirements of Optid6n, ,pproachrd 2-coffSRP 3.7.1, Section II (Acceptance G +iia).
Revision.3. Per pararaph.2(d) of Approach 2, inhe0 ofthepow& spectrum~densityrequiremen,
the requirementfthatrthe computed 5% damped responsespe trum, of the artificial time historv
does not exceed thehtarqet respon ý'spectrum at anyfrequency bymb'v6a•n 306% was met. JIn
the time history mthod6of analysisthe-two honzont +tche-rthistoies wereapplied
separately (inot aphied simultaneously ,and the maxrin onses were combined usi . th+
squarer root- of-the-sumofTthe-squares (SSSf:or heý 10040O-40percent spatialcombi ation rule.
Ther efore, perRe ulto9 Guide, 192,lRewsion 2, statistica independence ofQthe threet ime
h istories (cros,-correlatio i coefficient ireqsrement) s not required.

W through 3H 4 show the comparison of the response Spum forthe .artficial
time historthe lnput.Spectmmýand 1.3 times the-Input Spectrum, in theitwo.horizontal and
vert:ical di rections.'

3H.6.5.1.2 Percentage of Critical Damping Values

The percentages of critical damping values considered in the seismic analysis for site-specific
seismic Category I structures and associated systems and components are mi +--_ 6.r,_La-_:
cters finc i i I61the same a Table 3.7-1. This anciudds Gonsideration-ot
the Galcutate4trcss loe,.eb when 'esta~blk ppepra damping values to beLi Th
daing vlues are th esame iReUlato&/Guides 1.61 and 1.84. excetfor th cable trays
and cOndultS.ýsenplalned-in DCD Section 3.7.•i3. The SSE' dampinq,ývalus were-used for the
qeneratlnofin;structure response spectra OSR , S): sitnce the UHS structure is hiqhly stressed
during t136SSE Event.
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The strain-compatible, soil-damping values considered in the seismic analysis are define
discussed in Subsection i 3tk65!2?.

3H.6.5.1.3 Supporting Media for Seismic Category I Structures

Soil conditions at the STP 3 & 4 site are described in Subsection 2.5S.4. The soil at the site
extends down several thousand feet and consists of alternating layers of clay, silt, and sand. Wi1
iavrn 7aatn'~~~_s ep~ia sheadciW ii0epIi~r Pfovilsson6s rati-o'are"

M6 8d in Tal ý2ý5S 427, Based on the site,,qr6 oendwate r,:cona ~itlons sescn Be G eA~n

2-AS. 12,-t•e -. roundwater~elevatio of• aPlfrbximatelt e8 ftUlWelew ewqradenas',, •omput nCl'7SO
rooperties for4ee SSIan alysi.s

ýThe'SASSl2000AO oil model. fordthe UN'S basiN ~ 9RW~pY 002m9 hog.u d soi down, tOola
minimum of two times fre maximum plani dimnsion ofv1 RbU.'lf irht' hi1 Th bottomn

woundarofthienmo6el'as tonsidered ato have I as9f ia ffspac i ntie6!

The characteristic dimensions of the above grade site-specific seismic Category I structures are
summarized below:

Embedment Depth
to Bottom of Maximum

Structure Foundation Mat Height[I] Base Dimensions

UHS Basin 30 ft (9.14 m) 93.5 ft (28.5 m) 312 ft (95.10 m) x 164 ft (49.99
m) x 10 ft (3.05 m) thick
foundation

UHS [2] 149 ft (45.42 m) N/ACooling Towers

RSW Pump '6 ..-( " ,,-.,) 94 ft (28.65 m) x 170 ft (51.82 m)
Houses f±ftek1 &9'm) !784t1U2&&m
Pump Bays

[1 ]As measured from the bottom of the foundation mat.
[21JLocated above the basin and supported on columns.
[31Tle s'lff~fo 1709ne 6eVen s aot 665f Ot6fu nd atio Whmfat.

3H.6.5.2 Seismic System Analysis

qn• Subpemp ouse3 st.&.2jds.S~schniQ•6,.J'sr•t~ smcan es f
flbWAfSl 16ffWin gRh'iiUifMirdVh

3H.6.5.2.1 Seismic Analysis Methods

p3~h unit: UHS basin, &aci&&6U I- ooin toworsiocaý_ted .ontdofttK b~is noh .sputh walls
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~~I~~~basikaen t the4 Ii~- if,--ai drolla I~(36 mCtlib 6T6'f~udti11nu -1ithWR

oundatidn mat;andlysis of thunels .. end ..... tr h,.pupj. tou 1h rGOnd
buidines For the conopsV'oi an fhd6'n~

cchic'So structu wres dotrmno by. P4 •n ane ta
tt -h1 -;P

moti'peracformei dfxforthregorthogtAonal (two hoizntl nd oe:'vedrdtican) direcyotioncadaccutlo

dthetrpliabsla¶tio alsroig adevldtorsionalt responses of thettructufres•an hfound illtionusc.
3ev.l.5.2.2t Nctural modequen 6cisnd inesponses______

be 4 W 4.... ... .

Werfomed forW thre forthog nal(twol hoiznt d
The trasliomsnal, roking, and to esp ses ofith rture and founationS.

3h.6.5V Natura Fri equenscie ad spntes The

Asodielo ionsis3tio primari, tof pthe deleinnts nhaturalprequencites aenfocd thesesmcresponsess

ofe easi theUH cooling t owrs eral, eemnt _"__-Y•

ler...• usedl to -ApresentFsoil

surrounin thebaincnd p and RS W pm h

The Ma seismic analysis of.the Uer a ýI5 -SWpump

house fo5ahui pefre uin a thruee-dom imenhsional finiteselementaodlysTes
modeel perfrm consith rimail ofr ltlmnsthona(tohrztat rersnt the vreialinfrcedctonsadccrte walls
bthetreseands funationarcig asd wellrsithenallrspandslas of the baucursin olnoes and pumptins
3House..2 Be tuam elemenent an tesonrepesen oceeclmsadcnrt n
steel beamsd in ýthecoin towrs Firnally, natural felementis an uheseditomre reseontsoil
srounin the basi andRS pump houses.ýur~_,_repovdd- ,A

Themas f te trctres~jj W• represented primarily by the density of the plate, beam,
and b•i•sli elements comprising the model. These densities B•~ appropriately
modified-to account for applicable live loads. Concentrated masses • •er used to
repesent the weight of equipment in the pump house, and the impulsive water mass that
,was calculated using the procedure described in Commentary Subsection C3.5.4 of ASCE 4.

__Z1 71,iieldrirt5 - 9 _
-PJ___A,_

3H.6.5.2.4 Soil-Structure Interaction

Soil-structure interaction (SSI) effects •jW~ accounted for by the use of the SASSl;•beU
computer program in conjunction with time histories described in Subsection 3H65112 and the
structural model described in Subsection 3Ha6t5h2e3nd isiow nalfnit eur le3H:6-l5 The
SASSIses0 analysis addresses the embedment of the structure, groundwater effects, the layering
of the soil, and variations of the strain-dependent soil properties.
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Whe strain-compatible soýi7ýshearwavevodity a d damnip'ncrvalues for the SSI analysis were
oabtanedfriom t'are u nd rsponse'analvsis which wasused to develop the GIMVRS, as
bescrib•den S oen-i.S•.2. b Tht•ree sets 6ofsoilproperties were used(i.e..mean, upper bound','
kfd'lower bounid)t anlfie responses from the three analVses were enveloped. The three sets§of
soil properties are shown in Table 3H.6•1•• The soil aver fthlcknesses used in the SSmodelfwere
sufficiently small to transmit frequency up to 33 Hzi formea&soil propebrties .

In 'oder to account for the backfil lplaeeacldaceMt oihe walls, an a•idtional s,4e oSSIýanalyses
was perfordrini by modeling the bacgklo as the-soil horizon above the foundati onlevel in the
SASSl12O0•mrodeoel.*The responsesiobtained¶fromithis ses oi• Sr analyses ana-tnd an'alyses usinq
insitu soil asdhe horizon wer enveloped

t-he followi n.qpropertieswere used or t f ffh e-wave1 ad mressior wave
velocities-. aIdaampinaq ratiosrused nAtbe SSi analTsis

Gom p etin;.' • ........................ .................... ........... 9(1.T22• 6 O

Cbmraction: .... Oý9/i~ModifiedP rb to
2oisson1s'Ratio ................. r:: a,.,. w..40,r2aahbe,.e0.47 below.watertable

The strain-compatibleshear wav and compresson wavevelocitiesand dampini ratios5usead n

the thrbaecakflilmmodels (mean, upper bound, and lowter bound) are sho~wn in Table 3H.6-2.

3H.6.5.2.5 Development of In-Structure Response Spectra

In-structure response spectra {ISRS). shown in Figures 3H.6-16 through 3H.6-39 are were
developed as part of the SSI analysis in accordance with RG 1.122. This, iRc'&st•s mbihi.th.
eismic respep.p.ec.tr. in i11 thrALeeehgoFdiretions. the ISRS in a•given direction was

obtained bDycombining the three ISRS•innthat direction d•eveloped fromithe' separate anealses of,
the threeiredeonsf: of input motion) by the square-root-of-the-sum-of-the-squares (SRSS) method.

Set~oi g~R~ietG R c Ib?~5deinoFl 1 the pod We Ef thekltn

spectra.ý'he frequency incremient for thercalculation, of:ISRSWas.either smaller than or the same
as providebd irliablef•a of Rb~l6to t lewide 11.' iTe by ±.1t baseidn
fih e,,idace provided in Rea ilatory Guide 1.122. Seftc.r the treatment ofthie
effects due-to concrete raclkinfq

3H.6.5.2.6 Three Components'of Earthquake Motion

Separate analyses are-were performed in three orthogonal (two horizontal and one vertical)
directions. Total structural responses (accelerations, displacements, and forces) Farw3
calculated by combining the co-directional responses .,Ge c.h G1•.92 • a• Ls descr.i..in
SJbsedti6- H ;.5,.Ut .0

3H.6.5.2.7 Combination of Modal Responses

Since a frequency-domain seismic analysis is-was performed, there !4 be e no modal
responses'to be combined.

3H.6.5.2.8 Interaction of Non-Category I Structures with Category I SSCs

There are no non-Category I structures near the site-specific seismic Category I structures.
Consequently, there is no interaction between non-Category I and the site-specific seismic
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Category I structures.

3H.6.5.2.9 Effects of Parameter Variations on Floor Responses

The soil property variation ý esc7ribed in Subsection 3H.6.5.2.4 is accounted for in the
generation of the t r .... -P 5 . In addition, the impact of variations in the
input parameters to the seismic analysis is accounted for by broadening the FRS in accordance
with RG 1.122. FlTdaZicdiounit-afor _._ Tndncrtete clrackinWiin ..ncelHialiles7tnieThlg WillI

•devlep d~wll~sru ~ l i~ls~base~on cracked concrete~stlffnessiandft~e'm eh~ o
prrop'e"'Ri9-,e~ s•le~s'1spectr'Yw' Ifbe epvelopedl•thRte spectra from th aclýJ analW T9ar
tMOWiU&e~&&±hS°/6o obtaoinaN Srfruseth eslchn.

3H.6.5.2.10 Use of Equivalent Vertical Static Factors

Since a separate seismic analysis _w,%V performed for the vertical direction, equivalent static
factors • not used to define the vertical seismic responses.

3H.6.5.2.11 Methods Used to Account for Torsional Effects

The effect of torsion on the seismic responses rwhd accounted for by the use of a three-
dimensional model of the structures in the seismic analysis.

The detailed structural analyses a-performed using the results from the seismic analysis
account for eccentricities of plus and minus 5% in both horizontal directions.

3H.6.5.2.12 Comparison of Responses

Since only a frequency-domain analysis is performed, thrbill5p comparison of responses is

3H.6.5.2.13 Analysis Procedure for Damping

The SSI analysis accounts for the structural and soil-damping described in Subsection 3H.6.5.1.2.

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.
3hkl!52..Wlat2:Sh•utd~ie&Crah~

••~iRSWE. nip a'he njltsýotTl• n e cr iterid v p escriqbed D eaesl escnta ne3s44uiT&,eusrm t m

she~cifl•E07 6FL replsbei~wra s~how ti1Fclrgis 3.ýa andt3.72a!
~H~6.&3 SeismiAnalfy~r ssofRSW Pipin1¶il

Tfýh~eRkSVýp'nn turineir se~is~mic analv-,sihas bednp&iacuiqn heh6M&v'hW.aetistatic aprOTR
sInthe6 h6`noa1~ ai idih6I2 ~ic'al hn 'pu Spectra define hrd Su r 3s'e'fthn3NI6.51 1ftl1 Theio'ýýretd

&emertidh1 &tL~he RVF p~iping itinitel 3rel ,sized such that the-t :kucure k kid v1 U[h!M~ iin
fre6ueiu& c ý.bxeeding ~33 Hz. fhe`ýslr~ucture-is buried insrdg'theiesoiiIASinbe the nihirti.musri. ctra
frdqden C fqiftie RWpip••i 33, en uv, pe ceea sh in-atu•l tr• amplilcationfi'Wlll notA ke'pl ace
and, thNerfo.etoe e putI6 pSe6fracan 6euseo asin;stucetdres rsose ;specira.ln ei M[rvelin~g
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wave effects during a seismic event that areactinq on the structure have een considered per
Section 3.5.2.1of ASCE 4-98_Tfle resudtsoff the RSW Tunneliý,ds&,.q maresm manel
Table 3H.6-6..

3H.6.6 Structural Analysis and Design Summary 3H.6.6.1 Analytical Models

The UH th UH rnU$cohgoe: 4lcrcs and RSWV pum-p. house§j
w•iwlbe peorod using a th3ro dLaonaia;I ys t nthesIen de smc cads as trucrtures with tva eid
blements represe••oin th'e O•lsurcFund!ing tb6 UHS and p•sspmpc•hxcj Atarato model will•o be
usnprh S6 iRS• he ovalfation of the RSWe pipitng sthWer and will beS te•aswe teh R
ipdato'dqtr~edJ( ie., beniorw ,nd 3Has.maThe structural anakisis anddtsimn of the UHSs basin l and

theýRSWV pump house was performed UsiIý"a fi'nite element model NFEM). TheYFEM modelkis
sko6wnjkFigure 3H.6-40.The~ anlystisorth e seismic loads was 6&rformed'usnqe~uiva~lent
'tatic loads and the indutcd'forces duetoithe X. Y, and Z seismic;exitations wereconmbin'd
using the55R5& methodrof combination' Foir thepeitions of the UHS basin whiere liguid-.tihtnes&
is requiredie. exterior wails and bds&mat of'the basin'),- 'inadditin~t6 satisfying ACl 349-strendth
requirements, the required strength a increased bv4he environmental durability factorsh'oted••n
Subsection 3H.64.3.4.3 per Sectionb9.2.8 of A01360-01.Detailed stability evaluations were
performed for i•sdlng. overtuming, and flotation.W zFrai6rsahnd. ovedtumring evaluations, the
100% ,40%, 4,/oMrule was •ise•d f6oconsiderationeof theX.Y d Z setsm exdtaiýbns. The
RSW piping funiltel •las beenb a aalIized usingqan sequvalentaticappoacnToreteism iloads
as described inSubsection36H.6,5.

3H.6.6.2 Analytical Approach

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

The _analy~sis described intSubsection 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.

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. These loads are calculated in
accordance with Subsection C3.5.4 of ASCE 4.

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

® Hydrostatic pressures on the walls of the UHSbasin 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) applied to the access road to the UHS basin and
RSW pump houses.
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o SSE forces corresponding to the weight of the structures being acted on by the accelerations
established by the SSI analysis.

Wind loads on the UHS basin, UHS cooling tower enclosures, and RSW pump houses
calculated as indicated in Subsection 3H.6.4.3.2.

Tornado wind and pressure loads on the UHS basin, UHS cooling tower enclosures, and
RSW pump houses calculated as specified in Subsection 3H.6.4.3.3.1.

3H.6.6.2.2 RSW Piping Tunnels

• Aný6g~iialent static analysis is-s performed S nef4domo d off the RSW
piping tunnels ýseedSi~il Mo6`3H6.5T.. This analysis - the loads identified
below, combined in accordance with Subsection 3H.6.4.3.4. In addition, SSE forces created in
the tunnel walls due to the passage of seismic waves through the soil •r considered.

® Dead load of the tunnel walls and the soil above the tunnel.

® Live load of 26§f.409.6 kPa. applied to the floor of the tunnels.

® At-rest lateral soil pressure on the tunnel walls.

. Hydrostatic pressures on the tunnel walls due to groundwater.

® Dynamic lateral soil pressures on the tunnel walls due to an SSE calculated using the
methodology defined in Subsection 3.5.3.2.2 of ASCE 4.

® Surcharge pressure of 5 FR23.9 kPa applied to the ground above the tunnels.

® SSE forces corresponding to the weight of the tunnels being acted on by the accelerations
established by the SSI analysis.

3H.6.6.3 Structural Design

The strength design criteria defined in ACI 349 as supplemented by RG 1.142 as well as ACI 350,
6was used to design the reinforced concrete elements making up the UHS basin and cooling
tower enclosures as well as the RSW pump houses and piping tunnels. Concrete with a
compressive strength of _0(ksi27.6 MPaj and reinforcing steel with a yield strength of R1EI (414
MPaM are considered in the design.

3H.6.6.4 Foundations

The foundations for the UHS basin, cooling towers, and pump house consist of a reinforced
concrete mat a 15A•aet supported on undisturbed soil I~- I-_7' ... 6Y

•kfillt~ . The RSW piping tunnels, which extend from each pump house to the
corresponding control building loti, are provided with flexible connections at the building
interfaces that prevent any potential movement of the buildings from creating forces or moments in
the tunnels.
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The loads and load combinations considered in the design of the common foundation mat are as
defined in Subsection 3H.6.4.3. The design is in accordance with the strength design criteria
defined in ACI 349 as supplemented by RG 1.142 as well as ACI 350, and W
cnsidered concrete with a compressive strength of [27.6 MPa) and reinforcing steel with a
yield strength of 90ksi! 414 MPaý.

To prevent seepage of Mround water through the common foundation or through the walls of the
basin and pump houses, a chemical waterproofing agent is applied to the exposed concrete
surface of the mudmat. In addition, a waterproof membrane installed on the walls up to one foot
below grade, with a water proof coating being applied from that level up to the flood level. While,
as indicated in FSAR Subsection 3.8.6.1, the waterproofing of the mudmat will not reduce the
ability of the foundation to transfer horizontal shear forces to the underlying soil, the waterproof
membrane will protect the walls from any possible deleterious effects from aggressive
groundwater. To prevent seepage of groundwater into the tunnels, a waterproof membrane is
used.

3H.6.6.5 Stability Evaluations

i *9 '9ý1* 4"wSR -dZ , factors of safety of the combined UHS basin and
RSW pump house and RS.. Piping tUnnol against sliding, overturning, and flotation w

3H•6•5.

3H.6.6.6 References

3H.6-1 3H.6-1 US Department of Army, Fundamentals of Protective Design for Conventional
Weapons, TM 5-855-1, November 1986.
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Table 3H.6-1: Strain-Compatible Soil Properties Used in SSI Analysis

Soil Layers Lower Bound Mean Upper Bound

Layer Thickness Unit S-Wave P-Wave S-Wave P-Wave S-Wave P-Wave DampingWeight Vel. Vel. Damping Vel. Vel. Damping Vel. Vel.
No. (ft) (kcf) (ft/sec) (ft/sec) (%) (ftlsec) (ft/sec) (%) (ft/sec) (ft/sec) (%)
1 4.00 0.124 419.1 1128.4 1.6698 548.1 1475.9 1.2224 677.2 1823.4 0.7749
2 5.00 0.124 474.4 1277.4 .1.9487 600.1 1615.8 1,4113 735.0 1979.0 0.8738
3 5.00 0.124 470.6 2399.5 2.1614 596.5 3041.5 1.5678 730.5 3725.1 0.9743
4 5.00 0.124 470.0 2396.7 2.3119 599.2 3055.2 1.6698 733.8 3741.9 1.0277
5 5.00 0.124 466.9 2380.6 2.4295 598.3 3050.9 1.7540 732.8 3736.6 1.0785
6 5.00 0.121 578.1 2947.9 2.8987 730.0 3722.5 2.0647 894.1 4559.1 1.2307
7 5.00 0.121 .581.3 2964.2 3.0535 733.4 3739.4 2.1657. 898.2 4579.8 1.2778
8 5.00 0.122 606.6 3093.0 2.1873 778.2 3968.1 1.4972 953.1 4859.9 0.8072
9 5.00 0.122 602.2, . 3070.6 2.3098 774.6 3949.6 1.5804 948.7 4837.3 0.8509
10 5.00 0.122 598.1 3049.7. 2.4308 771.2 3932.2 1.6566 944.5 4816.0 0.8824
11 5.00 0.122 600.0 3059.2 2.5321 771.9 3935.9 1.7154 945.4 4820.4 0.8986
12 5.00 0.122 719.8 3670.5 2.2554 924.5 4714.1 1.6695 1132.3 5000.0 1.0836
13 5.00 0.122 720.6 3674.4 2.2824 925.0 4716.5 1.6893 1132.9 5000.0 1.0962
14 5.00 0.122 719.8 3670.4 2.3079 924.3 4712.9 1.7112 1132.0 5000.0 1.1145
15 5.00 0.122 719.1 3666.7 2.3275 923.6 4709.5 1.7260 1131.2 5000.0 1.1245
16 5.00 0.123 827.3 4218.4 2.0584 1013.2 5000.0 1.4280 1241.0 5215.9 0.7975
17 5.00 0.123 825.7 4210.5 2.1082 1011.3 5000,0 1.4603 1238.6 5206.1 0.8123
18 5.00 0.123 824.2 4202.7. 2.1636 1009.5 5000.0 1.4988 1236.3 5196.6 0.8340

-19 5.00 0.123 822.8 4195.2 2.2125 1007.7 5000.0 1.5321 1234.1 5187.3 0.8516
20 5.00 0.125 850.3 4335.6 2.2666 1041.4 5000.0 1.6792 1275.4 5360.8 1.0917
21 5.00 0.125 849.9 4333.5 2.2780 1040.9 5000.0 1.6904 1274.8 5358.3 1.1027
22 5.00 0.125 849.5 4331.5 2.2969 1040.4 5000,0 1.7027 1274.2 5355.8 1.1085
23 5.00 0.125 874.5 4459.3 2.0113 1085.2 5000.0 1.4063 1329.1 5586.6 0.8014
24 5.00 0.125 873.3 4452.8 2.0424 1084.2 5000.0 1.4290 1327.9 5581.2 0.8157
25 5.00 0.125 872.1 4446.7 2.0761 1083.2 5000.0 1.4485 1326.6 5576.1 0.8209
26 7.00 0.125 914.5 4663.0 2.3111 1120.0 5000.0 1.6966 1371.7 5765.6 1.0822
27 7.00 0.125 914.0 4660.8 2.3253 1119.5 5000.0 1.7081 1371.1 5762.9 1.0909
28 7.00 0.125 911.5 4647.8 2.3428 1117.8 5000.0 1.7197 1369.1 5754.5 1.0966
29 7.00 0.125 910.9 4644.9 2.3545 1117.4 5000.0 1.7287 1368.5 5751.9 1.1029
30 7.00 0.125 910.4 4642.2 2.3693 1116.9 5000.0 1.7403 1367.9 5749.4 1.1114
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Table 3H.6-1: Strain-Compatible Soil Properties Used in SSI Analysis (Continued)

Soil Layers Lower Bound Mean Upper Bound

Unit S-Wave P-Wave S-Wave P-Wave S-Wave P-WaveLayer Thickness Weight Vel. - Vel. Damping Vel. Vel. Damping Vel. Vel. Damping

No. (Nf) (kcf) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%) (ft/sec) (ft/sec) (%)
31 5.00 0.125 883.7 4506.2 2.2271 1102.4 5000.0 1.5420 1350.1 5674.8 0.8568
32 5.00 0.125 881.5 4494.7 2.2467 1101.0 5000.0 1.5575 1348.4 5667.5 0.8683
33 5.00 0.125 880.6 4490.3 2.2764 1100.2 5000.0 1.5770 1347.4 5663.6 0.8775
34 9.00 0.125 919.6 4689.0 2.3842 1126.3 5000.0 1.7519 1379.4 5797.7 1.1196
35 9.00 0.125 919.1 4686.8 2.3984 1125.7 5000.0 1.7608 1378.7 5795.0 1.1231
36 9.00 0.125 922.5 4703.8 2.4066 1129.8 5000.0 1.7673 1383.7 5816.1 1.1281
37 9.00 0.125 922.8 4705.5 2.4195 1130.2 5000.0 1.7795 1384.2 5818.2 1.1394
38 9.00 0.125 919.2 4687.1 2.4362 1125.8 5000.0 1.7917 1378.8 5795.4 1.1472
39 9.00 0.124 921.5 4698.6 2.4066 1146.4 5000.0 1.7870 1404.0 5901.3 1.1674
40 9.00 0.124 931.4 4749.0 2.4129 1157.6 5000.0 1.7862 1417.8 5959.3 1.1595
41 5.00 0.127 986.2 5000.0 2.2903 1222.6 5138.7 1.5360 1497.4 6293.7 0.7818
42 5.00 0.127 985.7 5000.0 2.2989 1222.1 5136.6 1.5447 1496.7 6291.0 0.7905

43 5.00 0.127 985.1 5000.0 2.3165 1221.6 5134.5 1.5554 1496.1 6288.4 0.7943
44 5.00 0.127 984.6 5000.0 2.3275 1221.1 5132.4 1.5619 1495.5 6285.9 0.7963
45 5.00 0.127 984.0 5000.0 2.3410 1220.6 5130.4 1.5697 1494.9 6283.4 0.7984
46 5.00 0.125 1025.7 5000.0 2.3496 1256.3 5280.3 1.7372 1538.6 6467.1 1.1247
47 15.00 0.127 1010.5 5000.0 2.1171 1237.7 5202.1 1.5316 1515.8 6371.2 0.9461
48 11.80 0.123 1034.4 5000.0 2.3607 1266.9 5324.9 1.7527 1551.6 6521.6 1.1447
49 11.80 0.123 1034.0 5000.0 2.3685 1266.4 5323.0 1.7581 1551.0 6519.3 1.1477
50 11.80 0.123 1033.7 5000.0 2.3815 1266.0 5321.2 1.7665 1550.5 6517.1 1.1516
51 11.80 0.123 1037.2 5000.0 2.3948 1270.3 5339.2 1.7726 1555.8 6539.1 1.1505
52 11.80 0.123 1036.9 5000.0 2.4048 1269.9 5337.6 1.7792 1555.3 6537.2 1.1536
53 17.00 0.128 1252.4 5264.0 1.8381 1575.1 6620.6 1.2897 1929.1 8108.5 0.7413

54 8.00 0.123 1301.7 5471.3 2.1463 1607.2 6755.4 1.6064 1968.4 8273.7 1.0664
55 16.50 0.128 1310.3 5507.2 1.7999 1604.7 6744.9 1.2702 1965.4 8260.8 0.7405
56 16.50 0.128 1309.5 5503.9 1.8246 1603.7 6740.8 1.2855 1964.2 8255.8 0.7465
57 8.00 0.123 1290.5 5424.1 2.2004 1580.5 6643.2 1.6357 1935.7 8136.2 1.0711
58 19.00 0.128 1156.1 5000.0 2.0671 1417.2 5956.7 1.4716 1735.7 7295.4 0.8761
59 15.00 0.123 995.4 5000.0 2.5251 1219.2 5124.3 1.8573 .1493.2 6276.0 1.1895
60 15.00 0.123 995.2 5000.0 2.5283 1218.9 5123.3 1.8597 1492.8 6274.7 1.1910
61 8.00 0.128 970.0 4946.2 2.6235 1188.1 5000.0 1.8389 1455.1 6115.9 1.0543
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Table 3H.6-1: Strain-Compatible Soil Properties Used in SSI Analysis (Continued)

Soil Layers Lower Bound Mean Upper Bound

Layer Thickness Unit S-Wave P-Wave Damping S-Wave P-Wave Damping S-Wave P-WaveWeight Vol. Vol. Vol. Vel. Dai Vol. Vol. amping
No. (ft) (kcf) (ft/sec) (ft/sec) (%) (Wsec) (ft/sec) (%) (ft/sec) (ft/sec) (%)
62 18.00 0.123 990.9 5000.0 2.5359 1213.6 5101.1 1.8669 1486.4 6247.5 1.1980
63 18.00 0.123 990.6 5000.0 2.5391 1213.3 5099.7 1.8706 1486.0 6245.8 1.2021
64 18.00 0.123 999.5 5000.0 2.5358 1224.1 5145.1 1.8672 1499.2 6301.4 1.1986
65 18.00 0.123 1196.2 5027.7 2.0970 1465.0 6157.6 1.4997 1794.2 7541.5 0.9024
66 14.60 0.123 1172.4 5000.0 2.3353 1435.9 6035.4 1.7343 1758.6 7391.8 1.1332
67 14.60 0.123 1172.2 5000.0 2.3381 1435.6 6034.3 1.7362 1758.3 7390.5 1.1343
68 14.60 0.123 1172.0 5000.0 2.3411 1435.4 6033.3 1.7397 1758.0 7389.2 1.1382
69 14.60 0.123 1171.8 5000.0 2.3468 1435.2 6032.3 1.7427 1757.7 7388.0 1.1386
70 14.60 0.123 1171.7 5000.0 2.3531 1435.0 6031.5 1.7455 1757.5 7387.0 1.1379
71 45.50 0.129 1378.7 5065.8 0.9127 1688.6 6204.3 0.5883 2068.1 7598.6 0.2639
72 45.50 0.129 1378.7 5065.8 0.9127 1688.6 6204.3 0.5883 2068.1 7598.6 0.2639
73 100.00 0.128 1388.7 5102.3 0.9127 1700.8 6249.0 0.5883 2083.0 7653.4 0.2639
74 100.00 0.128 1388.7 5102.3 0.9127 1700.8 6249.0 0.5883 2083.0 7653.4 0.2639
75 100.00 0.130 1533.0 5084.5 0.9127 1877.6 6227.2 0.5883 2299.5 7626.7 0.2639
76 100.00 0.130 1533.0 5084.5 0.9127 1877.6 6227.2 0.5883 2299.5 7626.7 0.2639
77 100.00 0.130 1667.2 5529.4 0.9127 2041.9 6772.1 0.5883 2500.8 8294.1 0.2639
78 100.00 0.130 1667.2 5093.3 0.9127 2041.9 6238.0 0.5883 2500.8 7640.0 0.2639
79 100.00 0.130 1735.4 5301.6 0.9127 2125.4 6493.1 0.5883 2603.0 7952.4 0.2639
80 100.00 0.130 1735.4 5301.6 0.9127 2125.4 6493.1 0.5883 2603.0 7952.4 0.2639
81 100.00 0.130 1870.7 5338.3 0.9127 2291.2 6538.0 0.5883 2806.1 8007.4 0.2639
82 100.00 0.130 1870.7 5338.3 0.9127 2291.2 6538.0 0.5883 2806.1 8007.4 0.2639
83 100.00 0.130 1912.1 5456.3 0.9127 2341.8 6682.6 0.5883 2868.1 8184.4 0.2639
84 100.00 0.130 1912.1 5148.5 0.9127 2341.8 6305.6 0.5883 2868.1 7722.7 0.2639

85 100.00 0.135 2042.5 5499.7 0.9127 2501.6 6735.7 0.5883 3063.8 8249.6 0.2639
86 100.00 0.135 2051.1 5522.8 0.9127 2512.1 6764.0 0.5883 3076.7 8284.2 0.2639
87 100.00 0.135 2259.9 5786.1 0.9127 2767.8 7086.5 0.5883 3389.8 8679.2 0.2639
88 100.00 0.135 2259.9 5786.1 0.9127 2767.8 7086.5 0.5883 3389.8 8679.2 0.2639
89 100.00 0.135 2402.8 6152.0 0.9127 2942.8 7534.6 0.5883 3604.1 9228.0 0.2639
90 100.00 0.135 2402.8 5885.6 0.9127 2942.8 7208.3 0.5883 3604.1 8828.3 0.2639
91 100.00 0.140 2402.8 5885.6 0.9127 2942.8 7208.3 0.5883 3604.1 8828.3 0.2639

92 100.00 0.140 2409.5 5902.0 0.9127 2951.0 7228.5 0.5883 3614.3 8853.1 0.2639
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Table 3H.6-1: Strain-Compatible Soil Properties Used in SSI Analysis (Continued)

Soil Layers Lower Bound Mean Upper Bound

Unit S-Wave P-Wave S-Wave P-Wave S-Wave P-Wave
Layer Thickness Weight Vel. Vel. Damping Vel. Vel. Damping Vel. Vel. Damping

No. (ft) (kcf) (ft/sec) (ft/sec) (%) (ft/sec) (ftlsec) (%) (ft/sec) (ft/sec) (%)
93 100.00 0.140 2496.3 5878.5 0.9127 3057.3 7199.6 0.5883 3744.4 8817.7 0.2639
94 100.00 0.140 2496.3 5878.5 0.9127 3057.3 7199.6 0.5883 3744.4 8817.7 0.2639
95 100.00 0.140 2531.9 5962.2 0.9127 3100.9 7302.2 0.5883 3797.8 8943.3 0.2639
96 100.00 0.140 2531.9 5755.0 0.9127 3100.9 7048.4 0.5883 3797.8 8632.5 0.2639
97 100.00 0.140 2789.2 6340.0 0.9127 3416.1 7764.8 0.5883 4183.8 9509.9 0.2639
98 100.00 0.140 2789.2 6340.0 0.9127 3416.1 7764.8 0.5883 4183.8 9509.9 0.2639
99 100.00 0.140 3055.6 6726.6 0.9127 3742.3 8238.4 0.5883 4583.4 10089.9 0.2639
100 100.00 0.140 3055.6 6726.6 0.9127 3742.3 8238.4 0.5883 4583.4 .10089.9 0.2639
101 100.00 0.140 3144.4 6922.0 0.9127 3851.0 8477.7 0.5883 4716.5 10383.0 0.2639
102 100.00 0.140 3144.4 6722.9 0.9127 3851.0 8233.9 0.5883 4716.5 10084.4 0.2639
103 100.00 0.140 3245.3 6938.8 0.9127 3974.7 8498.3 0.5883 4868.0 10408.3 0.2639
104 100.00 0.140 3245.3 6938.8 0.9127 3974.7 8498.3 0.5883 4868.0 10408.3 0.2639
105 100.00 0.140 3280.1 6828.1 0.9127 4017.3 8362.7 0.5883 4920.2 10242.1 0.2639
106 100.00 0.140 3280.1 6828.1 0.9127 4017.3 8362.7 0.5883 4920.2 10242.1 0.2639
107 100.00 0.140 3280.1 6828.1 0.9127 4017.3 8362.6 0.5883 4920.1 10242.1 0.2639
108 100.00 0.140 3280.1 6661.9 0.9127 4017.3 8159.1 0.5883 4920.1 9992.8 0.2639
109 100.00 0.140 3337.8 6779.1 0.9127 4088.0 8302.7 0.5883 5006.7 10168.6 0.2639
110 100.00 0.140 3337.8 6779.1 0.9127 4088.0 8302.7 0.5883 5006.7 10168.6 0.2639
111 100.00 0.140 3395.5 6740.9 0.9127 4158.6 8255.9 0.5883 5093.3 10111.3 0.2639
112 100.00 0.140 3395.5 6740.9 0.9127 4158.6 8255.9 0.5883 5093.3 10111.3 0.2639
113 100.00 0.140 3425.0 6799.4 0.9127 4194.7 8327.6 0.5883 5137.5 10199.1 0.2639
114 100.00 0.140 3425.0 6657.0 0.9127 4194.7 8153.1 0.5883 5137.5 9985.5 0.2639
115 100.00 0.140 3609.5 7015.6 0.9127 4420.7 8592.3 0.5883 5414.2 10523.4 0.2639
116 100.00 0.140 3609.5 7015.6 0.9127 4420.7 8592.3 0.5883 5414.2 10523.4 0.2639
117 100.00 0.140 3815.4 7271.0 0.9127 4672.9 8905.1 0.5883 5723.2 10906.5 0.2639
118 100.00 0.140 3815.4 7271.0 0.9127 4672.9 8905.1 0.5883 5723.2 10906.5 0.2639
119 100.00 0.140 3828.5 7295.9 0.9127 4689.0 8935.6 0.5883 5742.8 10943.9 0.2639
120 100.00 0.140 3828.5 7162.5 0.9127 4689.0 8772.3 0.5883 5742.8 10743.8 0.2639
121 100.00 0.140 3995.3 7474.4 0.9127 4893.2 9154.3 0.5883 5992.9 11211.7 0.2639
122 100.00 0.140 3995.3 7474.4 0.9127 4893.2 9154.3 0.5883 5992.9 11211.7 0.2639
123 100.00 0.140 4042.3 7562.4 0.9127 4950.8 9262.1 0.5883 6063.4 11343.7 0.2639
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Table 3H.6-1: Strain-Compatible Soil Properties Used in SSI Analysis (Continued)

Soil Layers Lower Bound Mean Upper Bound

Layer Thickness Unit S-Wave P-Wave Damping S-Wave P-Wave Damping S-Wave P-Wave DampingWeight Vel. Vel. Vel. vel. Vel. Vel.
No. (ft) (kcf) (ftlsec) (ft/sec) (%) (f/sec) (ftisec) (%) (ft/sec) (ft/sec) (%)
124 100.00 0.140 4042.3 7562.4 0.9127 4950.8 9262.1 0.5883 6063.4 11343.7 0.2639
125 100.00 0.140 4057.2 7590.4 0.9127 4969.1 9296.2 0.5883 6085.8 11385.5 0.2639
126 100.00 0.140 4057.2 7590.4 0.9127 4969.1 9296.2 0.5883 6085.8 11385.5 0.2639
127 100.00 0.140 4064.5 7604.1 0.9127 4978.0 9313.0 0.5883 6096.8 11406.1 0.2639
128 100.00 0.140 4064.5 7604.1 0.9127 4978.0 9313.0 0.5883 6096.8 11406.1 0.2639
129 100.00 0.140 3997.4 7478.4 0.9127 4895.8 9159.2 0.5883 5996.1 11217.7 0.2639
130 100.00 0.140 3997.4. 7478.4 0.9127 4895.8 9159.2 0.5883 5996.1 11217.7 0.2639
131 100.00 0.140 3779.9 7071.5 0.9127 4629.4 8660.8 0.5883 5669.8 10607.3 0.2639
132 100.00 0.140 3779.9 7071.5 0.9127 4629.4 8660.8 0.5883 5669.8 10607.3 0.2639
133 100.00 0.140 3164.0 5919.4 0.9127 3875.1 7249.7 0.5883 4746.1 8879.1 0.2639
134 100.00 0.140 3164.0 5919.4 0.9127 3875.1 7249.7 0.5883 4746.1 8879.1 0.2639
135 100.00 0.140 2974.8 5565.3 0.9127 3643.3 6816.0 0.5883 4462.1 8347.9 0.2639
136 100.00 0.140 2974.8 5565.3 0.9127 3643.3 6816.0 0.5883 4462.1 8347.9 0.2639
137 100.00 0.140 2942.9 5505.7 0.9127 3604.3 6743.0 0.5883 4414.4 8258.5 0.2639
138 100.00 0.140 2942.9 5505.7 0.9127 3604.3 6743.0 0.5883 4414.4 8258.5 0.2639
139 100.00 0.140 2914.5 5452.5 0.9127 3569.5 6677.9 0.5883 4371.7 8178.7 0.2639
140 100.00 0.140 2914.5 5452.5 0.9127 3569.5 6677.9 0.5883 4371.7 8178.7 0.2639
141 100.00 0.140 2914.5 5452.5 0.9127 3569.5 6677.9 0.5883 4371.7 8178.7 0.2639
142 100.00 0.140 2914.5 '5452.5 0.9127 3569.5 6677.9 . 0.5883 -4371.7 8178.7 0.2639
143 100.00 0.140 2875.7 5379.9 0.9127 3522.0 6589.1 0.5883 4313.6 8069.9 0.2639
144 100.00 0.140 2875.7 5379.9 0.9127 3522.0 6589.1 0.5883 4313.6 8069.9 0.2639
145 100.00 0.140 2875.9 5380.4 0.9127 3522.3 6589.6 0.5883 4313.9 8070.6 0.2639
146 100.00 0.140 2875.9 5380.4 0.9127 3522.3 6589.6 0.5883 4313.9 8070,6 0.2639
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Table 3H.6-2: Strain-Compatible Backfill Properties Used in SSI Analysis

Soil Lower Bound Soil Mean Value Soil Upper Bound Soil
Depth Vs Vp D Vs Vp D Vs Vp D(ft) (ft/sec) (Wtsec) (0/) (tSec)' (ft/sec) (%) (ft/sec) (ft/sec) (%/)

0 to 32 592.6 2491.0 3.0 725.8 3051.0 2.0 952.1 4002.0 1.0

32 to 64 735.2 3090.0 3.0 900.4 3785.0 2.0 1253.0 5267.0 1.0
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Table 3H.6-3

Table 3H.6-4

Table 3H.6-5

Table 3H.6-6

Table 3H.6-7

Table 3H.6-8

Table 3H.6-9
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Dominant UHS and Pump House Natural Frequencies.
(To Be Provided Later)

Seismic Accelerations and Displacements for UHS and Pump House
(To Be Provided Later)

Factors of Safety Against Sliding, Overturning, and Flotation for UHS Basin
and RSW Pump House (To Be Provided Later)

Results of RSW Piping Tunnel Design (To Be. Provided Later)

Results of UHS/RSW Pump House Concrete Wall Design
(To Be Provided Later)

Results of UHS/RSW Pump House Concrete Slab Design
(To Be Provided Later)

Results of UHS/RSW Pump House Beams and Columns Design
(To Be Provided Later)
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Figure 3H.6-2: Comparison of GMRS with the Input Spectrum (Vertical)
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...... (Blue): Input Spectrum in the vertical direction
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Figure 3H.6-3: Comparison of Spectra at Foundation of UHS Basin (E-W (X)
Direction)

Comparison for 5% Damping
1

0.1
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"3 ._
0.1 1 10 100

Frequency (Hz)

-(Red): GMRS
..(Blue): FIRS at foundation 32 ft below ground surface

-(Green): Outcrop spectrum at 32 ft below ground surface from artificial time
history
(Magenta): RG 1.60 spectrum scaled to 0.1Og
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Figure 3H.6-4: Comparison of Spectra at Foundation of RSW Tunnel (E-W (X)
Direction)
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...... (Blue): FIRS at foundation 57 ft below ground surface

-_ (Green): Outcrop spectrum at 57 ft below ground surface from artificial time
history
(Magenta): RG 1.60 spectrum scaled to 0.1Og
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Figure 3H.6-5: Comparison of Spectra at Foundation of RSW Pump House (E-W (X)
Direction)
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_ (Red): GMRS
...... (Blue): FIRS at foundation 68 ft below ground surface

- (Green): Outcrop spectrum at 68 ft below ground surface from artificial time
history
(Magenta): RG 1.60 spectrum scaled to 0. 1 Og
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Figure 3H.6-6: Comparison of Spectra at foundation of UHS Basin (N-S (Y) Direction)
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-(Green): Outcrop spectrum at 32 ft below ground surface from artificial time
history

.... (Magenta): RG 1.60 spectrum scaled to 0. 1 Og
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Figure 3H.6-7: Comparison of Spectra at Foundation of RSW Tunnel (N-S (Y)
Direction)
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- (Red): GMRS
...... (Blue): FIRS at foundation 57 ft below ground surface

-(Green): Outcrop spectrum at 57 ft below ground surface from artificial time
history
(Magenta): RG 1.60 spectrun scaled to 0.1Og
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Figure 3H.6-8: Comparison of Spectra at Foundation of RSW Pump House (N-S (Y)
Direction)
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-(Green): Outcrop spectrum at 68 ft below ground surface from artificial time
history

.... (Magenta): RG 1.60 spectrum scaled to 0.1 Og
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Figure 3H.6-9: Comparison of Spectra at foundation of UHS Basin (Vertical (Z)
Direction)
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-(Green): Outcrop spectrum at 32 ft below ground surface from artificial time
history

.... (Magenta): RG 1.60 spectrum scaled to 0. 1Og
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Figure 3H.6-10: Comparison of Spectra at Foundation of RSW Tunnel (Vertical (Z)
Direction)

Comparion for 5% Damping
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-(Red): GMRS
...... (Blue): FIRS at foundation 57 ft below ground surface

- (Green): Outcrop spectrum at 57 ft below ground surface from artificial time
history

.... (Magenta): RG 1.60 spectrum scaled to 0.1 Og
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Figure 3H.6-1 1: Comparison of Spectra at Foundation of RSW Pump House (Vertical
(Z) Direction)

Comparison for 5% Damping
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-(Red): GMRS
...... (Blue): FIRS at foundation 68 ft below ground surface

-(Green): Outcrop spectrum at 68 ft below ground surface from artificial
time history

..-. (Magenta): RG 1.60 spectrum scaled to 0.1 Og
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Figure 3H.6-12: Comparison of Spectrum from Artificial Time History, Input Spectrum,
130% of Input Spectrum, and GMRS (E-W (X) Direction)
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Figure 3H.6-13: Comparison of Spectrum from Artificial Time History, Input Spectrum,
130% of Input Spectrum, and GMRS (N-S (Y) Direction)
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Figure 3H.6-14: Comparison of Spectrum from Artificial Time History, Input Spectrum,
130% of Input Spectrum, and GMRS (Vertical (Z) Direction)
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Figure 3H.6-15

Figure 3H.6-16

Figure 3,H.6-17

Figure 3H.6-18

Figure 3H.6-19

Figure 311.6-20

Figure 311.6-21

Figure 3H.6-22

Figure 311.6-23

Figure 3H.6-24

Figure 3H.6-25

Figure 3H.6-26

Figure 3H.6-27

Figure 3H.6-28

Figure 3H.6-29
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SASSI2000 Model for UHS and RSW Pump House
(To Be Provided Later)

Broadened FRS in E-W (X) Direction at the Top of Pump House Mat
(Elevation -18 ft MSL) (To Be Provided Later)

Broadened FRS in N-S (Y) Direction at the, Top of Pump House Mat
(Elevation -18 ft MSL) (To Be Provided Later)

Broadened FRS in Vertical (Z) Direction at the Top of Pump House Mat(Elevation -18 ft MSL) (To Be Provided Later)

Broadened FRS in E-W (X) Direction at the Pump House Operating Floor.
"(Elevation 14 ft MSL) (To Be Provided Later)

Broadened FRS in N-S (Y) Direction at the Pump House Operating Floor
(Elevation 14 ft MSL) (To Be Provided Later)

Broadened FRS in Vertical (Z) Direction at the Pump House Operating
Floor (Elevation 14 ft MSL) (To Be Provided Later)

Broadened FRS in E-W (X) Direction at the Pump House Walls at
Operating Floor (Elevation 14 ft MSL) (To Be Provided Later)

Broadened FRS in N-S (Y) Direction at the Pump House Walls at
Operating Floor (Elevation 14 ft MSL) (To Be Provided Later)

Broadened FRS in Vertical (Z) Direction at the Pump House Walls at
Operating Floor (Elevation 14 ft MSL) (To Be Provided Later)

Broadened FRS in E-W (X) Direction at the Pump House Roof
(Elevation 50 ft MSL) (To Be Provided Later)

Broadened FRS in N-S (Y) Direction at the Pump House Roof
(Elevation 50 ft MSL) (To Be Provided Later)

Broadened FRS in Vertical (Z) Direction at the Pump House Roof
(Elevation 50 ft MSL) (To Be Provided Later)

Broadened FRS in E-W (X) Direction at the Top UHS Basin Mat
(Elevation 14 ft MSL) (To Be Provided Later)

Broadened FRS in N-S (Y) Direction at the Top UHS Basin Mat
(Elevation 14 ft MSL) (To Be Provided Later)
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Figure 3H.6-30

Figure 3H.6-31

Figure 3H.6-32

Figure 3H.6-33

Figure 3H.6-34

Figure 3H.6-35

Figure 3H.6-36

Figure 3H.6-37

Figure 3H.6-38

Figure 3H.6-39

Figure 3H.6-40
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Broadened FRS in Vertical (Z) Direction at the Top UHS Basin Mat
(Elevation 14 ft MSL) (To Be Provided Later)

Broadened FRS in E-W (X) Direction at Bottom of Cooling Towers/
Cell A (Elevation 97.5 ft MSL) (To Be Provided Later)

Broadened FRS in N-S (Y) Direction at Bottom of Cooling Towers/
Cell A (Elevation 97.5 ft MSL) (To Be Provided Later)

Broadened FRS in Vertical (Z) Direction at Bottom of Cooling Towers/
Cell A (Elevation 97.5 ft MSL) (To Be Provided Later)

Broadened FRS in E-W (X) Direction at Mid-Level of Cooling Towers/
Cell A (Elevation 125.25 ft MSL) (To Be Provided Later)

Broadened FRS in N-S (Y) Direction at Mid-Level of Cooling Towers/
Cell A (Elevation 125.25 ft MSL) (To Be Provided Later)

Broadened FRS in Vertical (Z) Direction at Mid-Level of Cooling Towers/
Cell A (Elevation 125.25 ft MSL) (To Be Provided Later)

Broadened FRS in E-W (X) Direction at Top of Cooling Towers/
Cell A (Elevation 153 ft MSL) (To Be Provided Later)

Broadened FRS in N-S (Y) Direction at Top of Cooling Towers/
Cell A (Elevation 153 ft MSL) (To Be Provided Later)

Broadened FRS in Vertical (Z) Direction at Top of Cooling Towers/
Cell A (Elevation 153 ft MSL) (To Be Provided Later)

SAP Finite Element Model for UHS and RSW Pump House
(To Be Provided Later)
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Figwe Q-34 UHS Tow PIon
STP 3&4 Rav 3,
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