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NRC Structural Meeti ng -1/20-21/98
FSER Open Ite 115 related to Stum..ﬂa% Modules

ESER Open ltems

220121 Design of shear studs

220.122 Critical sections for CIS modules added to SSAR 3
Critical sections for fuel pool modules added to SSAR Appendix 3H
in response 1o FSER Open Item 220.128

Summary 'epo't are internal AP600 documents made available to
NRC to assist during structural reviews

Implementation of design procedures in design calculations
Air baffle evaluation for air flow fluctuations

Auxiliary build ng roof slab
Shield buildir \g roof covered under 2’20 124

Critical sections for auxiliary and shield build ng provided in 3SAR
Appendix 3H

[T‘r YL

0 Mmer nte

X k e e &

1100-SUC-101, Rev.6 Structural wall modules - Containment Internal
structures

Structural Analysis Methodclogy for Steel-Concrete
Composite Panels with Welded Shear Studs

Structural modules - Shear studs, General design
Structural module: - areas 5 and 6 - auxiliary building

IRWST Steel Wall Structural Design

100-53R-001 Design Summary Rep~ i Containment Internal
Structures

1200-S3R-001 Design Summary Report Auxiliary and Shield
Buildings

Status of FSER Open ltems
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3. Design of Structures, Components, Equipment, and Systems

Determination of Seismic Category I Structure Overturning Moments
Subsection 3.8.5.5 4 describes the effects of seismic overturning moments

Analysis Procedure for Damping

Subsection 3.7.1.3 presents the damping values used in the seismic analyses For structures
comprised of different matenal types, the composite modal damping approach utilizing the
striun  energy method is used to determine the composite modal damping values
Subsection 3.7.2.4 presents the damping values used in the soil-structure interaction analysis.

Seismic Subsystem Analysis

This subsection desc s the seismic analysis methodology for subsystems, which are those
structures and comp. ..nts that do not have an interface with the soil-structure interaction
analyses. Structures and components considered as subsystems include the following

Qg WA :;‘;

. Structures, such as floor slabi.' muscellaneous stee! platforms and framing

Equipment modules . onsisting of components, piping, supports, and structural frames
Equipm . ¢ including vessels, tanks, heat exchangers, valves, and instrumentation

Distributive systems in~" 'ding piping and supports, electrical cable trays and supports,
HVAC ductwork and suj orts, instrument* 'n tubing and supports, and conduits and
supports

Subsection 39.2 describes dynamic analysis methods for the reactor internals.
Subsection 3.9.3 describes dynamic analysis methods for the primary coolant loop support
system. Subsection 3.7.2 describes the asialysis methods for seismic systems, which are those
structures and components that are considered with the foundation and supporting media.
Section 3.2 includes the seismic classification of building structures, systems, and components

Seismic Analysis Methods

Tne methods used for seismic ar+lysis of subsystems include, modal response spectrum
analysis, time-history analysis, and equivalent static analysis. The methods described in this
subsection are acceptable for any subsystem. The particular method used is selected by the
designer based on its appropriateness for the specific item. Iiems analyzed by each method
are identified in the descriptions of each method in the fullowing paragraphs.

Determination of Number of Earthquake Cycles
Seismic Category | structures, systems, and components are evaluated for one occurrence of

the safe shutdown earthquake (SSE). In addition, subsysteins sensitive to fatigue are evaluated
for cyclic motion due to earthquakes smaller than the safe shutdown earthquake. Using

Revision: 17




3. Design of Structures, Comporents, Equipment, and Systems

snalysis methods, these effects are considered by inclusion of seismic events with an
amplitude not less than one-third of the safe shutdown earthquake amplitude. The number
of cycles is calculated based on I[EEE-344-1987 (Reference 21) to provide the equivalent
fatigue damage of two safe shutdown earthquake events with 10 high-stress cycles per event
Typically, there are five seismic events with an amplitude equal to one-third of the safe
shutdovn earthquake response. Each «vent ha . high-stress cycles. For ASME Class 1
piping, the fatigue evaluation is performed based on five seismic events with an amplitude

equal to one-third of the safe shutdown earthquake response. Each event has 63 high-stress
cycles

When seismic qualification is based on dynamic testing for stmictures, systems, or components
containing mechanisms that must change position in order to function, operability testing is
performed for the safe shutdown earthquake preceded by one or more earthquakes. The
number of preceding earthquakes is calculated based on [EEE-344-1987 (Reference 21) to
provide the equivalent fatigue damage of one safe shutdown earthquake event Typically, the

preceding earthquake is one safe shutdown earthquake event or five one-half safe shutdown
earthquake events

Procedure Used for Modeling

The dynamic analysis of any complex system requires the discretization of its mass and elastic
properties. This is accomplished by concentrating the mass of the system at distinct

charactenistic points or nodes, and interconnecting them by a network of elastic springs
representing the stiffness properties of the systems. The stiffness properties are computed

either by hand calculations for s'mple systems or by finite element methods for more complex
systems

Nodes are located at mass concentrations and at additional points within the system. They
are selectcd in such a way as to provide an adequate representation of the mass distribution
and high-stress concentration points of the system.

At each node, degrees of freedom corresponding to translations along three orthogonal axes,
and rotations about these axes are assigned. The number of degrees of freedom is reduced
by :he number of constraints, where applicable. For equipment qualification, reduced degrees
of freedom are acceptable provided that the analysis adeguately and conservatively predicts
the response of the equipment.

The size of the model is reviewed so that a sufficient number of masses or degrees of freedom
are used to compute . response of the system. A model is considered adequate provided
that additional degrezs of freedom do not result in more than a 10 percent increase in

response, or the number of deg-=»< of freedom equals or exceeds twice the number of modes
with frequencies less than 37
>

- .
2 Dynamic models are prepared for the following seismic Category I steel structures Response
spectrum or ime history analyses are performed for structural design

rq.c./ 4 25 ’\,,,M(- of e Hleer live Imf} or
4 “‘! rm' T ’u(l' vhichae o tk'«‘,f"fu. /'fr

s
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3. Design of Structures, Components, Equipment, and Systems

guide the operator on a timely basis to determine if the level of earthquake ground motion
requinng shutdown has been exceeded. The procedures will follow the guidance of EPRI

Reports NP-5930 (Reference 1), TR-100082 (Reference 17), and NP-64"  (Reference 18), as
modified by the NRC staff (Reference 32)

Seismic Interaction Review

The seismic interaction review will be updated by the Combined License applicant. This
review is performed in parallel with the seismic margin evaluation. The review is based on
as-procured data, as well as the as-constructed condition

Reconciliation of Seismic Analyses of Nuclear Island Structures

The Combined License applicant will reconcile the seismic analyses described in subsection

3.7.2 for detail design changes such as those due to as-procured equipment informatiogy If Lk f{‘**

it 15 necessary to update the soil structure interaction analyses, these analyses showfd bc;:““&u

performed with site specific soil properties using seismic input defined by the respofise spectra ba"“t""

given in Figures 37.1-1 and 3.7.1-2 —
DPevidbiors are acoplabl i o0 an wvalialion

References consuhenb wilh e metheds and procedve of Seclion 3-? provided
the amplhde o the sevak floor reponse speilea¥olo not

1 EPRI Report NP-5930, "A Criterion for Determining Exceedance of the Operating Basis

Earthquake,” July 1988 Gomd Me design bais $loce punse specla 57/

More Man 4 IO ftmm{_

Uniform Building Code, 1991

ASCE Standard 4-86, "Seismic Analysis of Safety-Related Nuclear Structures and
Commentary,” American Society of Civil Engineers, Seplember 1986

ASME B&FV Code, Code Case N411

H. B. Seed, and 1. M. Idriss, "Soil Moduli and Damping Factors for .. .ic Response

Analysis,” Report Nc. EERC-70-14, Earthquake Engineering Research Conter,
University of California, Berkeley, 1970

H.B. Seed, R. T. Wong, 1. M. Idriss, and K. Tokimatsu, "Moduli and Damping Factors
tor Dynamic Analysis of Cohesionless Soils,” Report No. UCB/EERC-8914, Earthquake
Engineering Research Center, University of California, Rerkeley, 1984

Bechtel Corporation, "Users and Theoretical Manual for Con.p ster Program BSAP
(CE800)," Revision 12, 1991.

Bechtel Corporation, "Theoretical, Validation and User's Manuals for Computer Program
SASSI (CE994)," 1987
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3. Design of Structures, Components, Equipment, and Systems

383532

383534

383535

refueling cavity are also designed for the hydrostatic head due to the water in the refueling
cavity and the hydrodynamic pressure effects of the water due to the safe shutdown

earthquake

Figure 3.8 3-8 shows the typical design details of the structural modules, typical configuraion
of the wall modules, typical anchorages of the wall modules to the reinforced base concrete.
and connections between adjacent modules. Concrete-filled structural wall niodules are
designed as reinforced concrete structures in accordance with the requirements of ACI-349,
as supplemented in the following paragraphs The faceplates are considered as the reinforcing
steel, bonded to the concrete by headed studs. The application of ACI-349 and the
supplemental requirements are supported by the behavior studies described in subsection

38341 The design of critical sections is described in the design summary report (sce
subsection 3.8.3.57)

Design for Axial Loads and Bending

Design for axial load (tension and compression), in-plane bending, and out-of-plane bending
15 In acce 'dance with the requirements of ACI-349, Chapters 10 and 14

Design for In-Plane Shear

Design for in-plane shear is in accordance with the requirements of ACI-349, Chapters 11 and

14, The sieel faceplates are treated as reinforcing steel, contributing as provided in
Section 1(3)f ACI-349

10
Design for Out-of-Plane Shear

Design for out-of-plane shear is in accordance with the requirements of ACI-349, Chapter 11

Evaluation for Therma! Loads

The effect of thermal loads on the concrete-filled structural wall modues is evaluated by using
the working stress design method for load combination 3 of Table 3.8.4-2. This evaluation
is in addition to the evaluation using the strength d:sign method of ACI-349 for the load
combination without the thermal load. Acceptance for the load combiration with normal
thermal loads, which includes the thermal transients described in subsection 3.8.3.3.1. is that
the stress in general areas of the steel plate be less than yield. In local areas where the stress
may exceed yield the total stress intensity range is less than twice yield. This evaluation of
thermal loads is based on the ASME Code philosophy for Ssrvice Level A loads given in
ASME Code, Section III, Subsection NE, Paragraphs NE-3213.13 and 3221 .4

Design of Trusses

The trusses | rovide a structural framework for the modules, maintain the separation “etween
the faceplates, support the modules durine transportation and erection, and act as "form ties”
between the faceplates when concrete is peing placed. After the concrete has cured, the trusses

Revision: 17
@ Westinghouse 8- October 31, 1997




3. Design of Structures, Components, Equipment, and Systems

APLOO

38356 Steel Form Modules

The steel form modules consist of plate reinforced with angle stiffeners and tee sections as

shown in Figure 3.8 3-16. The steel form modules are designed for concrete placement loads
defined in subsection 3.8.3.3 2

The steel form modules are designed as steei structures according to the requirements of
AISC-N690. This code is applicable since the form modules are constructed entirely out of
structural steel plates and shapes and the applied loads are resisted by the steel elements

38357 Design Summary Report

A design summary report is prepared for containment intemal structures documenting that the
el OF structuies meet the acceptance criteria specified in subsection 3.8.4.5. Reference-45-provides

iw 121
-
o mouth west wakl-of the-faiuehitg eavity
A ROt ikt o West SHearh FAnerRior-eavity
A Dot et walt of Hh-coRa e At FEFUAHAR W RS Sorage taRk
S R EOR R ORE FE IO HAR WA eF- StOrRpe tafth SHeet war
SR SRR 1 Spefatiig flons =
Deviations from the design due to as-procured or as-built conditions are acceptable based on
an evaluation consistent with the methods and procedures of Section 3.7 and 3.8 provided the
following acceptance criteria are met
. the structural design meets the acceptance criteria specified in Section 3.8
. the mepistsssstIW-seismic floor response spectra - ; : . ;
sesponse-spesim-by-mome than L0 pescent ek The acophuna (nTena specifed n sbsection
37.5.4
Depending on the extent of the deviations, the evaluation may range from documentation of
an engineering judgement to perfornance of a revised analysis and design. 7ae resulh of The
Mdda aaaa ¢ Criticad Sectl avalution wilf te d“uﬂ('\’ﬂJ ih an as-boilF
JB3S sign Summary of Critical Sections
’“m'y rpevl 57 The Combined Licowe app/lch
JB8358.1 Structural Wall Modules

This subsection summanzes the design of the following critical sections:

. South west wall of the refueling cavity (4’ 0" thick)
. South wall of west steam generator cavity (2' 6° thick)
. North east wall of in-containment refueling water storage tark (2' 6” thick)

The thicknesses and locations of these walls which are pant of the boundary of the in-
containment refueling water storage tank are shown in Table 3.8.3-3 and Figure 3.8.3-18

o\apOdten R19-121897  Reévision: Draft
@ Westinghouse 18-37 December, 1997
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3. Design of Structures, Components, Equipment, and Systems

elevation 66'-6" tv elevaton 135'-3". The minimum thickness of the faceplates is J.5 inch

The ceiling of the main control room (floor at elevation 135'-3"). and the instrumentation
and control rooms (floor ai elevation 117°-6") are designed as finned floor modules

Ll FFnluri 184 A finned floor consists of a 24-ir.ch-thick concrete slab poured over a

Fleuke

iNTD APPEND X

EL)

Jg413

suffened stee e ceiling. The fins are rectangular plates welded perpendicular to the plate
Shear studs are welded on the other side of the steel plate, anc the steel and concrete act as
a composite secuon. The fins are exposed to the environment of the room, and enhance the
heat-absorbing capacity of the ceiling (see Standard Safety Analysis Report (SSAR) subsection
6422) Several shop-fabricated steel panels, placed side by side, are usad to construct the
stiffened plate ceiling in a modularized fashion. The stiffened plate is designed to withstand
constructon loads prior to concrete hardening

The new fuel storage area is a separate reinforced concrete pit providing temporary dry
storage for the new fuel assemblies

A cask handling crane travels in the east-west direction. The location and travel of this crane

prevents the crane from carrying loads over the spent fuel pool, thus precluding them from
falling into the spent fuel pool

Cont ament Air Baffle

The containment air baffle is located within the upper annulus of the shield building,
providing an air flow path for the passive containment cooling system. The air baffle
separates the downw..d air flow entering at the air inlets from the upward air flow that cools
the containinent vessel and flows out of the discharge stack. The upper portion is supported
from the shield building roof and the remainder is supportad from the containment vesscl. The
air baffle is a seismic Category [ structure designed to withstand the wind and tormedo loads
defined in Section 3.3. The air baffle structural configuration is depicted in Figures 1.2-14
and 3.84-1. The baffle includes the following sections

. A wall supported off the shield building roof (see Figure 1.2-14)

A senes of panels attached to the containment vesse! cylindrical wall and the knuckle
region of the dome

A sliding plate closing the gap between the wall and the panels fixed to the containment
vessel, designed to accommodate the differential movements between the containment
vessel and shield building

Flow guides atte~hed at the bottom of the air baffle to minimize pressure drop

The air baffle is designed to meet the following functional requirements

. The baffle and its supports are configured to minimize pressure losses as air flows
through the system

Revision: 17
October 31, 1997 @ Westinghouse




3. Design of Structures, Components, Equipment, and Systems

38.43.1.5 Dynamic Effects of Abnormal Loads

The dynamic effects from the impulsive and impactive loads caused by P, R, Y, Y, Y, and
tormado missiles are considered by one of the following methods

» Applying an appropriate dynamic load factor to the peak value of the transient load
Using impulse, momentum, ind energy balance techriques
Performing a time-history dynamic analysis

Elastoplastic behavior may be assumed with appropriate ductility ratios, provided excessive
deflections will not result in loss of function of any safety-related system.

Dynamic increase fac.ors appropriate for the strain rates involved may be applied to static
material strengths of steel and concrete for purposes of determining section strength

38432 Load Combinations

38.43.2.1 Steel Structures

The steel stmictures and components are designed according to the elastic working stress

design methods of the AISC-N690 specification using the load combinations specified in
Table 3.8.4-1

384322 Concrite Structures

The concrete structures and components are designed according to the strength design methods
of ACI-349 Code, using the load combinations specified in Table 3.8.4-2.

384323 Live Load for Seismic Design e ropone does  “hicheer 4 apphicabl

Floor live loads, based on requirements during plant congtruction and maimclunce activities,

3

S are specified varying from 50 to 250 pounds per squate foot (with the gxception of the

: & T: containment operating deck which is designed for 800 ppunds per square foot specified for J
& plant maintenance condition). seumic leads indvde ™Mo el K A5 o nend of Be floer I
g\' S loads ¢r 75 pranb o} e vocd smow 9 4 Thew seiimuc lvad, awm (cm)‘s"v'
4 ; For the local design of members, such as the floors and MW&M wTh
o the sale shutdown-sarthquake -are taken-as 100 percent of specified live loads, or 75

T - percent of the roof snow load, whichever is applicable, except in the case of the containment

4 =2 operating deck. For the seismic load combtination, the containment operating deck is designed

‘% > for a live load of 200 pounds per square foot which is appropriate for plant operating

- . vondition. These live and snow loads are included as mass in calcula.ag the vertical seismic

forces on the floors and roof. The mass of equipment and distributed systems is included in
both the dead and seismic loads

Revision: 17
@ wmt‘musz October 31, 1997



3. Design of Structures, Compnents, Equipment, and Systems

Steel Construction, Load and Resistance Factor Design, First Edition. See subsection
6.1.2.1 for additional description of the protecuve coatings

38453 Design Summary Report

A design summary repor is prepared for seismic Category I structures documenting that the
st.ctures meet the acceptance criteria sEuﬁed in sulssection 3.8 WW
the design summary report. Cntical sections included in the report are

Mhove (3 Passive con‘ainment cooling system water storage tank
seclion @) Shield builaing roof to cylincer connection
Shield building to auxiliary building connectior. at elevation 180’
”o‘“.l ‘Y South wall of auxiliary building (column line 1)
Interior wall of auxiliary building (column line 7.3)
™ pone t West wall of main control room in auxiliary building (column line L), elevation
117'-6" to elevation 153' 0"
o1 220, 128 North wall of auxiliary building (column line 11 between Q and P), elevation 117'-6"
= sbethion to elevation 153'0*
"y S Floor slab in north end of auxiliary building at elevation 135-3" including
- 9 inch concrete slab on metal deck
PIAEY - 24 inch reinforced concrete slab
N\’n >vmma ry - 24 inch finned floor above the main control room
c{ Crhical Sedions Spent fuel pool divider wall and floor

Deviz.ions from the design due to as-procured or as-built conditions are acceptable hased on

an evaluation consistent with the methods and procedures of Section 3.7 and 3.8 provided the
following acceptance criteria are met

- the structural design meets the acceptance criteria specified in Section 3.8

the ssspirtudeedahe scismic floor response Spectra de-not-cxeesd-the-design-basis-Heer
Fiponse-specim-by-mors-thantB-percent meek The accphance crifiria specied n subiection

7. 54
Depending on the extent of the deviations, the evaluation may range from documentation of
an engineering judgement to performance of a revised analysis and design. “The msvik of The

evalvition wll be documehd m an . bo b summary repert by fhe Combined License app |icank
Materials, Quality Control, and Special Construction Te Ques '

This subsection contains information relating to the materials, quality control program, and

special construction techniques used in the construction of the other seismic Category |
structures, as well as the containment internal structures

Revision: 17
@ Westinghouse October 31, 1997
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3. Desigo of Structures, Components, Equipment, and Systems

results in the largest demand for the top reinforcement in the basemat. The analyses of the
three construcuon sequences demonstrate the fullowing

. The design of the basemat and superstructure accommodates the construction-induced

stresses considering the construction sequence and the effects of the settlemeni time
history

The design of the basemat can accommodate delays ir: the shieid building so long as
the auxiliary building construction is suspended at elevation 117 ' 0”. Resumption in

construction of the auxiliary building can proceed v...e the shield building 1s advanced
to elevaton 100’ 0*

The design of the basemat can accommodate delays in the auxiliary building so long
as the shield building construction is suspended at elevation 84’ 0” feet Resumption

in construction of the shield building can proceed once the auxiliary building is
advanced to elevation 100’ 0*

After the structure is in place and cured to elevation 100 0", the basemat and structure
act as an integral 40 foot deep structure and the loading due to construction above this
elevaton is not expected to cause significant additional flexural demand with respect
to the basemat and the shield buiiding concrete below the containment vessel

Accordingly, there is no need for placing constraints on the construction sequence above
elevation 100" 0*

The site conditions considcred in the evaluation provide reasonable bounds on construction
induced stresses in thé basemat. Accordingly, the AP600 basemat design is adequate for
practically all soil sites and it can tolerate major .ations in the construction sequence
without causing excessive deformations, moments and shears due to settlement over the
plant life

The analyses of alternate construction scewarios show tht member forces in the basemat are
acceptable subject to the following limits imposed for soft soil sites on the relative level of
construction of the buildings prior to completion of both buildings at elevation 82'6"

Concrete may not be placed above elevation 82° 6° for the shield building or
containment internal structure

1\5 . Concrete may not be placed above elevation 117'6” in the auxiliary building

3.8.5.4./5 Design Summary of Critical Sections

The basemat design meets the acceptance criteria specified in subsection 3.8.4.5. Two critical
portions of the basemat are identified below together with a summary of their design. The
boundaries are defined by the walls and column lines which are shown in Figure 3.7.2-12

(sheet 1 of 12). Table 3.8.5-3 shows the reinforcement required and the reinforcement
provided for the critical sections.

@ Westinghouse




3. Desigo of Structures, Components, Equipment, and Systems 33
AVGLOO

Steel Form Modules

defined in subsection 3.8.3.3.2.

The steel form m ts are designed as steel structu ording to the requirements of
AISC-N6 s code is applicable since the fo ules are construcrc * entirely out of
st steel plates and shapes and the loads are resisted by the steel slements

Design Summary Report

ﬂ\( nl‘ma"‘
A design summary report is prepared for seatanmentintemat-stmes ges. documenting that the
structures meet the acceptance criteria specified in subseci~n 1.8 4.5, Reference-40-provides

& South -wath-of west-Sieam-fenerior-eviy

0 Beanth east want 66 45 CORtar e SEHISHAR Wit SHAFREE ki
S R O AR e R RIS AR MBHEF SLOFRPE taftk SOt wakl

A R SUPRORE-SRefatiRg - Hoer

-

Deviations from the design due to as-procured or as-built conditions are acceptable based on
an evaluation consistent with the methods and procedures of Section 3.7 and 3.8 provided the
following acceptance criteria are met.

. the structural design meets the acceptance critenia specified in Section 3.8

the amphtusie- < the seismic floor response spectra

B ed A B il g o S e
sponsc-specta-by-mom-hani0-perent. met the aceprance criferia sp«,f...( th ;u_l’m‘c_‘fo‘:n

Depending on the extent of the deviations, the evaluation may range from documentation of
an engineering jud>=ment to performance of a revised analysis and design. 7he resulh o}ﬁ"

awladion oill te downv\hﬂ' in an as-boilF

38358 ' f Criti '
X Summary of Creal Seclon  sommary nperk by e Combined Licwrie applicant

JR3IS8.1 Wall Modules
This subsectidq summarizes the desigh\Qf the following critical sections:
South west wgll of the refueling cavityN4’ 0° thick)
South wall of wagt steam generator cavityNQ’ 6° thick)

North east wall of W-containment refueling wager storage tank (2’ 6" thick)

The thicknesses and locations ™ these walls which areN\pant of the boundary of the in-
containment refueling water storapge tank are shown in Tabb3.8.3-. and Figure 3.8.3-18

sap00son k19121897 Revision: Draft
@ Westinghouse a7 December, 1997




3. Design of Structures, Components, Equipment, and Systems

Basemat between the shield building and exienior wall (line 11) and column lines K and L.

This portion of the basemat is designed as a one way slab spanning a distance of 23’ 6"
between the walls on column lines K and L. The slab is continuous with the adjacent slabs
to the east and west. The critical loading is the bearing pressure on the underside of the slab
due to dead and seismic loads. This establishes the demand for the top fiexural reinforcement
at mid span and for the bottom flexural and shear reinforcement at the walls. The basemat
is designed for the bearing pressures and membrane forces from the analyses on uniform soil
springs descnbed in subsection 3.8.54.1. The design moments and shears are increased by
20 percent to accommodate the nonuniform sites defined in subsection 2.5.4.5 Negative
moments are redistributed as perminted by ACI 349

The top and bottom reinforcement in the east west direction of spin are equal. The
reinforcement provided is shown in sheets 1, 2 and § of Figure 3.8.5-3 'rypnm' ron fovcomen t
deb s l‘wuuq vie of headed m4~+m¢m('4w sheas reinfevement 13 sNogn Figoe 34, 5.3
Basemat between column lines 1 and 2 and column line: K-2 and N

This portion of the basemat is designe” as a one way slab spunning a distance of 22' 0°
between the walls on column lines 1 and 2. The slab is continuous with the adjacent slabs
to the north and with the exterior wall to the south. The critical loading is the bearing
pressure on the underside of the slab due to dead and seismic loads. This establishes the
demand for the top flexural reinforcement at mid span and for the bottom flexural and shear
reinforcement at wall 2. The basemat is designed for the teaning pressures and membrane
forces from the analyses on uniform soii springs described in subsection 3.8.5.4.1. The design
moments and shears are increased by 20 percent to acrommodate the nonur . ‘orm sites defined
in subsection 2.54.5 The reinforcement provided is shown in sheets 1, 2 and § of

Figure 3853  Typal rewfoemed deh il shoung Ve of headad roinfovioment dor shear
rRindortement ae Shean m Fywe 3452 3

Deviations from the design due to as-procured or as-bui
an evaluation consistent with the methods and proc
following acceptance criteria are met

nditions are acceptable based on
res of Section 3.7 and 3.8 provided the

The structural design meets ceplance criteria specified in Section 3.8

ismic floor response spectra do not exceed
)y more than 10 perc 't

The amplitude of design basis floor

on the extent of the deviations, the evaluatic ~ rae§ range from documentation of
gineering iudgement to performance of a revisegefialysis and design

Structural Criteria

The analysis and design of the foundation for the nuclear island structures are according to
ACI-349 with margins of structural safety as specitied within it. The limiting conditions for

iun

the foundation medium, together with a comparison of actual capacity and estimated structure

Revision: '7
@ Wesﬂnghouse 3.8-61 October 31, 1997
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FSER Open fem

— ——

SSAR Revision:
Revise subsection 3.8 4.7 as follows:
3.8.4.7 Testing and In-Service Inspection Requirements

Structures supporting the passive containment cooling water storage tank on the shield building
roof will be examined before and after first fiding of the tank

* The boundaries of the passive containment cooling water storage tank ard the tension ring of

the shield building roof will be inspected visually for aay-stgns-of-led kage-or-disress excessive
concrete cracking before and after “irst filling of the tank. Any significant concrete cracking

will be documented and evaluated in accordanc: with ACT 349.3R-96 (reference 50)

The vertical elevation uf the passive containment cooling water storage tank relative to the to
of the shield building cylindrical wall at the tension ring will be measured before and after
first filling. The change in relative elevation will be compared against the predicted deflection

* A repont will be prepared summarizi st and evaluating the results
There are no in-service testing or inspect, -~quirements for other seismic Category I structures
Revise subsection 3.8.6 as follows. This includes revision shown in response 10 Open ltem 220.119.;

38.6 Combined License Information

MWWM«MWMM.WH,WO&%%
3 L I
The Combinad Licoms appliant will (wﬁpu"

ﬂhc final design of containment vessel elements (reinforcement) adjacent to concentrated masses

(penetrations) weampleted-by-the-Combrmed-tiverse——phcant and documcm#’in the ASME
Code design report. he ‘”‘3"
I
-

The Combined License applicant gheufd examine the structures supporting the passive containmert
cooling storage tank on the shield building roof during initial tank filling as described in
subsection 3.84.7, il

The (o”\tmd License am)aun}‘ M M‘u“ cbV-ﬁml ""’“ f&- o(gosn doe " m-,,« w:'rn/
or a- b,k (o'\l‘m—ms and summarme Re rerv/h c} hu ew&mﬁon ih & ¢J~L~‘IN

SUmmary f’,m}- & dom‘q/ » subreclions 3.83.5.7, 38453 ad 3 55 4.4
50 ACI 349.3R-96, "Evaluation of Existing Nuclear Safety-Related Concrete Structures”

Add to references:

@ Westinghouse 220.125(R1)-2




FSER OPEN ITEM
220.112 Vertical sliding plate (R=:olved)

The staff's concemn raised under this open item is that the SSAR did not show the size of the
sliding plate (which is a portion of the air baffle and is used to accommodate the differential
movement betweer the containment vessel and the shield building) to ensure that the
displacement due to seismic events will not affect the integnty of the air baffle. Westinghouse
originally responded to this item in a letter dated January 7, 1998 (NSD-NRC-98-5512). The staff
reviewed this respo.\se and had a concem that Westinghouse did not adequately explain why tne

SSAR only specified tihe limits of vertical movement for the sliding plate but not the limits of
horizontal 1r~.ovement

Due to this concern, Westinghouse revised the response to this item in a letter dated January 16
1998 (NSD WRC-035525). The staff reviewed this revised response during the meeting and

found that Westinghouse udequately addressed their concern. Therefore. ihe staff considers this
iIssus resolved

220113  Seismic design of the passive containment cooling water storage (PCCWS) tank
(Resolved)

The staff considered this issue resolved prior to th.» meeting

220.114 Adequacy of seismic responses of structures due to post 72 hour changes
(Rescived)

Westinghouse provided their original response to this item in a December 19 1997, letter (NSD-
NRC-87-5501) The staff's review of this submitta! raised five concerns as described below

1 SSAR Figure 3.7 2-4 should be revised to incorporate the elevations corresponding to the

updated seismic mode!

The phrase, “ . and the design changes of tank structures due to the post 72 hour action

requirements,” should be added to the end of the last sentence of the first bullet of Section
(revised) 3.7.2.2.1

The E3AR shouid commit that if any new seismic analysis is to be performed for any site
conditions, the revised model (Model B) should be used

As indicated in Westinghouse's submittal (NSD-NRC-97-5251) dated July 28, 1997, the
comparison of floor response spectra (FRS) from Models “A” and “B” showed that the
vertical FRS at Elevations 272 ft, 284 ft, 297 ft and 307 ft from Mode! “B" significantly
exceed (about 20 to 25 percent) those from Model “A " if the FRS at Elevations 272 ft
284 ft and 297 ft are to be used for the design of safety-related subsystems and
components (including seismic Category Il piping and components), Westinghouse should
aither commit, in the SSAR, to use the FRS at Elevation 307 ft in the design or include the
FRS at Elevations 272 ft, 284 ft and 297 ft in the SSAR

in Sheet 2 of 2 of SSAR Table 3 7.2-23 (a new table) Westinghouse should include
bending moments at Elevation 306.25 ft. These bending moments were shown in its
submittal (NSD-NRC-97-5251) dated July 28, 1997

Attachment 3
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Westinghouse revised the response to this item in a letter dated January 16, 1998 (NSD-NRC-
98-5525) The staff reviewed the revised response during the meeting and found that

Westinghouse adequately addressed their concern. Therefore, the staff consicers this issue
resolved

220115 Adequacy of floor response spectra (Resolved)

The staff's concern of this open item is related to the overall seismic analysis of the nuclear
island structures. As stated in the NRC letter dated December 9, 1997, because technical issues
were identified from the review of Westinghouse's seismic reanalysis (FSER Open Iltems

220 112F and 220.114F), this open item will not be closed until Westinghol se resolve these
issues Because the staff resolved those issues regarding the seismic reanalysis (220.112 and
220 114 above) during the meeting, the staff considers this issue resolved

220 116 through 220 119 (Resolved)
The staff considered these issues resolved prior to the meeting

220.120 Code case N-284 (Action N)

This issue was not discussed at the meeting. The staff had the action 1o review Westinghouse's
response

220.121 Design of shear studs (Action W)
Westinghouse responded 1o this item in a December 17, 1897, letter (NSD-NRC-87-5497). The
staff reviewed this response and calculation package 1100-SUC-003, revision 1. The staff also

reviewed 1100-SUC-101, revision 6, GW-SUP-003, revision 2, and 1200-SUC-101_ revision 4

The staff did develop a concern regarding concrete anchors based on the review of the
response, the revision to the SSAR generated by the response. and the calculation packages

Westinghouse standard safety analysis report (SSAR), revision 17, Section 3.84.5 1 provides
requirements for design of concrete anchors. This section states that the design of fasteners to
concrete is in accordance with ACI 349-80, Appendix B with supplementary criteria based on
three other references. This section also states that anchors are designed wherever possible

with sufficient depth of embedment and side cover such that the steel anchor yields prior to
failure of the concrete

The staff's concern is that the above criteria permits Westinghouse 1o design fasteners to
concrete, including the embedded concrete anchors on the structural modules, such that the
concrete fails prior 1o the steel vielding (i.e., non-ductiie behavior). No cri.eria is presented in the
SSAR to establish the strength for such non-ductile behavior. The staff position requires review
of such criteria on a “case-by-case” basis. Westinghouse agreed to evaluate the commitments in

this area made by the evolutionary plants to determine if they could make a similar commitment
in their SSAR (Action W)




eBe
220122 Critical sections for containment internal structures (Action W)

Westinghouse responded to this item in SSAR Section 3.8 3.5.7 and in a letter dated

December 18, 1897 (NSD-NRC-87-5498). The staff reviewed this response, and design
caiculations (1100-SUC-101, revision 8, 1100-SUC-003, revision 1, and ’ 'T03-83C-022.

revision 1) during the moeting. The staff identified that the SSAR revision proposed in
Westinghouse's letter dated December 18, 1907, contained several values in SSAR table 3.8 3-6
for a design load that were different than in calculation package 1100-SUC-101, revision 6. It
was determined that the calculation package contained the correct information Westinghouse
took an action to check and correct the values in SSAR Table 3.8 3-6

220123  Implementation of design procedures in design alculations (Resolved)

Westinghouse responded 1o this item in a letter dated December 17, 1987 (NSD-NRC-987-5497)
The staff reviewed this response and the selected design calculations (listed under documents in

Attachment 2) during the meeting. Based on the review of these documents the staff considers
this issue resolved

220.124 Design calculation for the shield building and the PCCWS tank (Action N)

Westinghouse responded 1o this item in a letter dated December 17, 1997. This submittal is
being reviewed by the staff. (Action NRC)

220.125 Vertical and radial deformation of PCCWS tank during filling. (Action W)

The staff was concerned that Westinghouse's response to this issue documented in a letter
dated D\ cemoc ' 18, 1997 (NSD-NRC-87-5499) did not adequately address monitoring of the
PCCWS tank during initial filling of the tank wiih water. The purpose of the monitoring would be

to ensure that the tank responded to the addition of the water wit! jout experiencing structural
problems

Because of the staff's concern Westinghouse agreed 1o revise the response to 220.125 and
provided a facsimile to the staff prior to the meeting (Attachment 4). The staff reviewed the
response during the meeting and because of residual concerns Westinghouse ag-eed 1o add the
handwritten words in section 3.8 4.7 (page 2 of Attachment 4). Westinghouse agreed to
evaluate if a reference to the maintenance ruie for the PCCWS tank is necessary (Action W)

220126 Air baffle evaluation for air flow fluctuations (Resoived)

The staff reviewed Westinghouse's response 1o this item documented in a December 17, 1997
letter (NSD-NRC-97-5497) and the June 11, 1897, letter that is referenced in this response. The

staff found Westinghouse's response to this item acceptable and therefore considers the issue
resolved

220127  The staff considered this issue resolved prior to tre meeting

The staff reviewed Westinghouse's response to this item documented in a letter dated
December 17, 1997 (NSC-NRC-87-5487). The staff found Westinghouse's response to this item
acceptable and therefore considers the issue resolved




odl 4
220.128 Auxiliary building roof slab (Action W/Action N)

The staff's concern of this “2.n 1s that Westinghouse should provide a design summary of critical
tections in the SSAR. Westinghouse responded 1o this item in SSAR Sections 3.8.3.5.7 and
38544 andin the proposed Appendix 3H attached to the letter datea January 9, 1998 (NSD-
NRC-98-5515). The staff also reviewed calculation package 1200-SUC-101, revision 4. The

staff did no\ complete its review of this item during the meeting. Therefore, the staff took an
action to complete its review of this response

However, the staff did identify changes that needed to be made to the SSAR Westinghouse
provided Attachment 5 1o address the staff's concems. Westinghouse took an action to
incorporate these changes into the SSAR

220.129 Adequacy of foundation mat (Action N)

220.130 Consideration of loads due to construction sequence and settiements in the
foundation mat design (Action W)

Westinghouse responded 1o this item in its letter dated January 7, 1998 (NSD-NRC-98-5512). In
this letter, Westinghouse referred to a letter dated October 17, 1997, and restated its position for
the resolution of the staff's concern regarding the design of the nuclear island foundation mat
under constrction loads. The staff reviewed Westinghouse's response and found them to be
unacceptable. The staff's position is that in designing the foundation mat for construction loads
Westinghouse should follow the five-steps procedure agreed to dunng the meeting on August 4
through 8, 1897. A conference call was held to discuss the issue further. Partic. ‘ants in the call

ncluded: Don Lindgren, Richard Orr, Tom Cheng, Joe Sebrosky, and Carl Constantino

18 described in the submittal dated October 17, 1997, Westinghouse selected the five most
critical locations (locations with the highest stresses under the combined load conditions) and
demonstrated that by following the five-step procedure the original design has enough margin to
cover the inclusion of construction loads. As a result of the conference call, the staff agreed that
the five locations that Westinghouse chose were the appropriate areas for the demonstration and
the caiculations properly demonstrated that the design capacity of the foundation mat can cover
the additional stresses induced by construction loads. However, the staf did not agree with the
design procedure for the construction loads documented in the SSAR. To resolve this concern
the staff siated that Westinghouse should incorporate the five-step procedure agreed to during
the meeting on August 4 through 8, 1997 (documented in the meeting summary dated
September 30, 1897) in the SSAR. Westinghouse took an action to evaluate providing the five-
step design procedure for considering construction loads in the SSAR




FROM RPEPO® DESIGN CERT C PRGE .0022

Because & massive amount of water is 10 be contained in the PCCWS tank, the staff raised 3 concem
that the COL applicant should monitor the vertical and radial deformation of the tank during initial
filling, and compare the measured valves with the tank deformation predicted by calculation. The
safl identificd this issue as Open Item 3.8.4.4-3 and COL Action ltem 3.844-1.

FSER Open Rem

Open Item 220.125F (OITS #6112) Response Revision |

Al the meeting on June 12 through 16, 1995, Westinghouse stated that the water weight is small, tn
comparison with the 1otal weight of the shield buillding roof structure (estimated to be about 10
percent). Westinghouse also showed that the deflection of the roof structure resulting from the first
fill of water should be negligible. On that basis, Westinghouse contended that there is no need to
monitor the tank deflections and compare the deflections against predictions.

During the meeting on Decernber § through 13, 1996, Westinghouse repeated its justification
conceming (his issue. However, the staff did not agree with Westinghouse s basis for not monitoring
the vertical and radial deformation of the tank during initial tank filling. Moreover, the stafl assered
that post-construction testing is necessary 10 confirm the adequacy of the POCWS tank. This is
because the staffy review experience suggest that the excessive deformation resulting from the

wassive amount of water may cause cracking of the tank wall and base slab, as well as water leakage
frum reinforved concrete tanks with steel liners.

In Revision 17 of SSAR Section 3.8.4.1.1, Westinghouse added a statement that leak chase channels
arc prov ded over the Liner welds to permit monitoring for lcakage and to prevent degradation of the
reinforcad concrete wall which might result from the freezing and thawing of leakage. Also,
Wesurghouse indicated that the exterior face of the reinforced concrete boundary of the POCWS tank
Is designed to control cracking. in accordance with Paragraph 10 6 4 of ACI-349, with reinforcement
stee! stress based on sustained loads (including thermal effects). However, Westinghouse still did not
commit to monitor the vertical and radial deformat.on of the tank during initial filling and compare
the measured values with the tank deformation predicted by analysis. On the basis of the above
discussion, the staff concluded that Westinghouse's response 1o the stafl™s concem (as stated in

Revision 17 of SSAR Section 38.4.1.1) is not acceptable. Therefore, Open Item 384.4-3 and COL
Action ftem 3.84.4-] remain unsolved.

Response (Revision 1):

The SSAR is revised below 10 show moniioring of the tank during initial filling. Requirements for
visual examination are given. The calculated deflections of the roof structure due to the first fill of
water are less than onc quarter of an inch.  Monitoring of tank deflections and comparison against
predictions is difficult because of the small magnitude of the deflections duc to the water inventory.
Vertical deflections could also be caused by thermal changes. The vertical deflection will be
wncasured during tank fill and will be compared 1o the predicted magnitude. This will be used in
combination with the visual examination to confirm acceptability.

DRAFT

220.125(R1)-1

Attachment 4




JARN

16, 'S8 11:23 FROM APERR DESIGN CERTY TO0 NRC

Commst 79 gvra “en c-'u/,qrw /zo/ﬁg
C/

FSER Open hem C

SSAR Revision:

Revise subsection 3.8.4.7 as follows:

3847 Testing and In-Service Festing-and Inspection Requirernents

Structures supporting the passive containment cooling watcr storage tank on the shicld building
roof will be cxamined before and after first filling of the tank.

* The boundarics of the passive containtoent cooling water storage tank and the tension ring of
the shield building roof will be inspected visually for excessive concrete cracking beforc and
after first filling of the tank. Any significant concrete cracking will be documented and
cvaluated in accordance with AC] 349 .3R-96 (reference 50).

The vertical elevation of the passive containment cooling waler storage tank relative to the top
of the shield building cylindrical wall & the tension ring will be measured before and after
first filling. The change in relative elevation will be compared against the predicted
defloction.

* A report will be prepared summarizing the tert and evaluating the results.

There are 1o In-seryice testing or inspection requirements for the seismic Category | structures, L7 L.
(an-ﬁ- ;’?(4 Aw ;.f ~ ﬂ‘s“" N Men i L perieemance ov gn-&tn. z (i»..uf.nq a yf A‘uau _m
‘A‘; w m mandier S ‘a - e « e adde A vndonnit Mot Faucd hec au ca { s 4 o ﬁ.‘
Revise suosection 3.8.6'8s follows: ‘4“-“"~ 4 ¥ Soflang B mbladed

3356 Combined License Information

™ - , . ensldnd \ \ded4 i~
Combined License-apphvation. The COL applicant should examine the structures supporting the
passive containment cooling storage tank on the shield building roof during initial tank filling as
described in subsection 3.8.4.7.

Add to references:

S0 ACI 349 3R.96, "Evaluation of Existing Nuclear Safety-Related Concrete Structures”

@ Wsingee 220.128(R1)-2




Appendix 3H Auxiliary Building Critical Sections
APGOO

In Section Q1.5.8, for constrained members (rotation and/or displacement constraint
such that a thermal load causes significant stresses) supporting safety-related structures,
systems, or components, the stresses under load combinations 9, 10, aiid 11 are limited
to those allowed in Table Q1.5.7.1 as modified above

GLOBAL SEISMIC ANALYSES

A global seismic analysis of the AP600 nuclear island structure is performed to obtain
building seismic response spectra for the seismic design of nuciear safety-related structures
This analysis is described in subsection 3.7.2. For dutermining the out-of-plane seismic loads
on slabs and wall segments. spectral accelerations are obtained from the relevant response
spectra. using the 7 percent damping curve. Hand calculations are performed to estimate the
out-of-plane seismic forces and the corresponding bending moment in each shear wall and
floor slab element to supplement the loads obtained from the response spectra analyses

The in-plane seismic loads for the design of the shear walls and the slabs in the auxiliary
building are based on a response spectrum analysis of the auxiliary building and the shield
huilding 3D finite element models. The response spectrum analyses are performed for two
cases: one that considers the reinforced concrete elements to be uncracked with full elastic
stiffness. and the other that models the elements with 70 percent of their full s.iffness. The

larger of the two values for each finite element, from these two cases, for the stress resultants
is used in the design evaluation

STRUCTURAL DESIGN OF CRITICAL SECTIONS

This subsection summarnzes the structural design of repmsentative seismic Category 1
structural elements in the auxiliary building and shield building. These structures are listed
below and the comresponding lovution numbers are shown on Figure 3H.5-1. The basis for
their selection to this list is also provided for each structure

South wall of auxiliary building (column line 1), elevation 66'-6" to elevation
I80°-0". (This exterior wall illustrates typical loads such as soil pressure, surcharge,
temperature gradients, seismic, and tomado.)

Interior wall of auxiliary building (column line 7.3), elevation 66'-6" to elevation
160°-6" (This is one of the most highly stressed shear walls.)

West wall of main control room in auxiliary building (column line L), elevation

117°-6" 10 elevation 153°-0". (This illustrates design of a wall for subcompartment
pressurization.)

North wall of MSIV east compartment (column line 11), elevation 117-6" to 153-0"
(The main steam line is anchored to this wall segment.)

Shield building cylinder at elevation 1800".

Revision: 20 (Draft)
@ Westinghouse 1H- January 9, 1998
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3. Design of Structures, Components, Equipment, and Systems

APG00

3.8.43.0.5 Dynamic Effects of Abnormal Loads

38432

384321

dynamic effects from the impulsive and impactive loads caused by P,,

of the transient load

Elastoplastic behavior may be
deflections will not result in loss

Dynamic increase factors appropriate the strain rates involved may be applied to static
matenal strengths of steel and concre rposes of determining section strength.

Load Combinations

Steel Structures

d components are designed according to the elastic working stress

design methods of the AISC-N690 specification using theNpad combinations specified in
Table 3.8.4.1

concrete structures and components are designed according to the stre design methods
ACI-345 Code, using the load combinations specified in Table 3.8.4-2.

Live Load for Seismic Design whichever 4 apphcable

Floor live loads, based on requirements during plant con
are specified varying from 50 to 250 pounds per squ

Sai-spaanirot-fT
PR G TS savmin leads b de MOI0 weal K AT pngd of M fher b
le ¢~ 7 Pl o Mo o) smow b T{ah setimu lads 4 (cm
For the local design of members, such as the floors and beams Ji incombination-with &
the-salsshudown-sarthquake-ars-taken-as 100 percent of thegh specified live loads, or 75
percent of the roof snow lond whichever i is apphcabk except in the case of the coum.nment
O?cnun‘ deck. Poatk : binaseothecomzi e nt Tt

condimen. These live and snow loads are included as mass in calculating the vertical seismic
forces on the floors and roof. The mass of equipment and distributed systems is included in
both the dead and seismic loads.

@ Westinghouse




Appendix JH Auxiliary Building Critical Sections . g;

APGOO

Roof slab at elevation 180'-0" adjacent to shield building cylinder. (This is the
connection between the two buildings at the highest elevation.)

Floor slab on metal decking (elevation 135'-3")
(Thus is a typical slab on metal decking and structural steel framing.)

2'-0" slab in auxiliary building (tagging room ceiling at elevation 135'-3%)
(This illustrates the design of a typical 2'-0” thick concrete slab.)

Finned floor in the main control room at elevation 135'-3*
(Thus illustrates the design of the finned floors.)

Siueld building roof/PCCS water storage tank
(This is a unique area of the roof and water tank.)

Shield building roof to cylinder location at columns

(This is the junction between the shield building roof and the cylindrical wall of the
shield building.)

Divider wall between the spent fuel pool and the fuel transfer canal. (This wall is
subjected to thermal and seismic sloshing loads)

Shear Walls
Structural Description

Shear walls in the auxiliary building vary in size, configuration, aspect ratio, and amount of
reinforcement. The stress levels in shear walls depend on these parameters and the seismic
acceleration level. The range of these parameters and the stress levels in various regions of
the most severzly stressed shear wall are described in the following paragraphs.

The height of the major structural shear walls in the auxiliary building ranges between 30 to

120 feet. The length ranges between 40 and 260 feet. The aspect ratio of these walls (full
height/full lenigth) is generally less than 1.0 and often less than 0.25. Therefore, these walls

fall within the category of low rise shear walls. The walls are typically 2 to § feet thick. and

are monolithically cast with the concrete floor slabs, which are 9 inches to 2 feet thick
Exterior shear walls are several stories high and do not have many large openings. Interior

shear walls, however, ar. discontinuous in both vertical and horizontal directions. The in-

plane behavior of these shear walls. including the large upenings. is adequately _represented

in the analytical modelsfcr the gicrd setimic ropcn.  Raan Thy refonmeit of T finlh ek
Mokl b woe fliied fer (wu 3?. ""‘ft ..«..‘J', $ov "xo-pk mosals R o lame numbey r{ C’\”"‘?
The shear walls are used as the primary system for resisting the lateral loads, such as

earthquakes. The auxiliary building shear walls are also evaluated for flexure due to the out—"
yf- .
of-plane loads dbhd ok thisst medds o ol

Revision: 20 (Draft)
@ Westinghouse 3H- January 9, 1998




Appendix 3H Auxiliary Building Critical Sections

APLOO

Exterior Wall at Column Line 1

The wall at column line | is the exterior wall at the south end of the nuclear island. The
reinforced concrete wall extends from the top «f the basemat at elevation 66-6" to the roof
at elevation 180-0". It is 3-0" thick below the grade and 23" thick above the giade
(stahe and d namic)

The wall is designed for applicable lons including dead load, live load, hydrostatic load,
lat=ral soil pressure loads¥ seismic loads, and thermal loads. As shown in Figure 3H.5-2, the
wall is divided in 12 segments for design purpose. Table 3H.5-2 provides the listing and
magnitude of the various design loads. Table 3H.5-3 presents the goveming load combination
for each wall segment and the details of the wall reinforcement. The actual reinforcement
provided is compared to the required rebar area for each wall segment. Figure 3H.5-3 shows
the typical reinforcement for the wall at column line !

Wall at Column Line 7.3

The wall at column line 7.3 is a shear wall that connects the shield building and the nuclear
island extenior wall at column line . It extends from the top of the basemat at elevation 66
6" to the top of the roof. The wall is 3 feet thick below the grade at elevation 100’'-0" and
2 feet thick above the grade. Out-of-plane lateral support is provided to the wall by the floor
slabs on either side of it and the roof at the top

Wall 7.1 is designed for the applicable loads described in subsection 3H.3.3

For viaous segments of this wall. the corresponding goveming load combination and
associated design loads are shown in Table JH.5-4

Table 3IH.5-5 presents the details of the wall reinforcement. The actual reinforcement
provided is compared to the required reinforcement area for each wall segment. Typical wall
reinforcement is also shown on Figure 3H.54

Wall at Column Line L

The wall at column line L is a shear wall on the west side of the Main Control Room. It
extends from the top f the basemat at elevation 666" 1o the top of the roof. The wall is
2 ‘eet thick. Out-of-plane lateral support is provided to the wall by the floor slabs on either
side of it and the roof at the top. The segment of the wall that is a part of the main control
rmom boundary is from elevation 117-6" to elevation 135-3"

Me auxiliary building design loads are described in subsection 3H.3.3, and the wall is
designed for the applicable loads. In addition to the dead. live and seismic loads, the wall
is designed to withstand a 5 pounds per squa® inch pressure load due to a pipe break in the
MSIV room even though it is a break exclusion area. This wall segment is also designed to
withstand a jet load due tc the pipe break.

The governing load combination and associated design loads are shown in Table 3H.5-6
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Table 3H.5-7 presents the details of the wall reinforcement. The actual reinforcement
provided is compared to the required reinforce ment area for each wall segment

Wall at Column Line 11

The north wall of the MSIV east compartment, at column line 11 between elevation '17'-6"
and elevation 153°-0", has been identified as a critical section

The segment of the wall between elevation 117°-6" and elevation 135'-3" is 4 feet thick. and
several pipes such as the main steam line, main feed water line, and the stan-up feed water
line are anchored to this wall at the interface with the turbine building.

The wall segment from elevation 135°-3" to elevation 153'-0" does not provide support to any
high energy lines, and is 2 feet thick. This portion does not have to withstand reactions from
high energy line breaks

The wall is designed to withstand loads such as the dead load, live ioad, seismic load and the
thermal load. The MSIV room is a break exclusion area, but the design also considered the
loads associated with pipe rupture in the MSIV room, such as compartmen: pressurization,
jet load, and the reactions at the pipe anchors. The loads on the pipe anchor include pipe
rupture loads for breaks in the turbine building

The wall structure is analyzed using three dimensional finite element analyses. Analyses are
performed for individual loads, and design loads are determined for applicable load

combinations from Tab . 384-2. Fhedesign-ss-performed—for-theenvetopimg—rasesfor-
CTHCRb-SBEHRS

.’v‘ ol

pis H

Ceneral features-of-the wall reinforcement ase shown in Figure 3H.5-5.
Shield Building Cylinder at Elevation 180'-0"

The thickness of the cylindrical portion of the shield building wall is 3 feet.

The wall is designed for the applicable loads described in subsection .d.3-3. A detailed
finite element analysis is performed to determine the design forces. The amount of
reinforcement in horizontal and vertical directions provided on each face is same. Typical

reinforcement from elevation 200-0" to 160'-6", above the auxiliary building roof, on each
face, is as follows:

Elevation 200'-0" to 180'-6": Required horizontal reinforcement = 3.45 inch/ft.
Provided horizontal reinforcement = 3.81 inch/ft.

Required vertical reinforcement = 3.71 inchi/f.
Provided vertical reinforcement = 3.81 inch¥/ft.
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or continuous. The seismic load is obtained using the applicable floor acceleration response
spectrum (7 percent damping for the SSE loads)

The load combinations applicabie to the design of these floors are shown in Tables 3.8.4-1
and 1.8.4-2. The design of the floor system is performec in two parts

. Design of structural steel beams

The structural steel floor beams are evaluated to withstand the weight of wet
concrete during the placement of concrete. The composite section is checked for

the design loads dunng nomal and extreme environment conditions. Shear
connectors are also designed

Design of concrete slab

The concrete slab and the steel reinforcement of the composite section are
evaluated for normal and extreme environmental conditions. The slab concrete
and the reinforcement is designed to meet the requirements of American Concrete

Institute standard ACI 349-90 "Code Requirements for Nuclear Safety-related
Structures.”

The slab design considers the in-plane and out-of-plane seismic forces. The
global in-plane and out-of-plane forces are obtained from the response spectrum
analysis of the 3D finite element model of the auxiliary and shield buildings. The
out-of plane seismic forces due to floor self-excitation are determined by hand

calculations using the applicable vertical seismic response spectrum and slab
frequency

¢

Roof at Elevation 180'-0", Area J§ (Critical Section is between Col. Lines N & K-2 and
J& )

The layout of this segment of the roof is shown in Figure 3H.5-7 as Region "B." The
concree slab is 15 inches thick, plus 4.5-inch deep metal deck ribs. It is composite with
5 feet deep plate girders, spaced 14'-2" center to center, by using shear connectors. The
girder flanges are 20" x 2" and the web is 56" x 7/16." The girders span approximately 64
feet in the north-south direction and are designed as simply supported. The concrete slab
between the girders behaves as a one-way slab and is designed to span between the girders

The roof girders are designed for dead and live loads, including construction loads (with wet

concrete) with simple support end conditions. A one-third increase in allowable stress is
permitted for the construction load combination.

The ginlers are also evaluated as pant of the composite beam after Arying of concrete. The

composite roof structurs is designed to withstand dead and live load / snow load, as well as
the wind. tomado and seismic loads
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serve as the formwork and withstand the load of wet concrete slab. The main reinforcement
is provided in the precast panels which are connected to the concrete placed above it by shear
reinforcement. The precast panels and the cast-in-place concrete act together as a composite
reinforced concrete slab. Examples of such floows are the Tagging Room ceiling slab at
elevation 135 ft 3 inches in Area 2, and the Area 5/6 elevation 100-0" slab between column

lines | & 2.
- Mp  Fieveé  Shoowy slab ful‘fﬁ*
Kefor & 5542 1.2 ol 17" fu

JHS3.1  Tagging Room Ceiling

Design dimensions of the Tagging Room Ceiling are as follows: Jot&lion
Room Size: 160" x 11%10"
Boundary Conditions: Fixed &t Walls ) and K
Clear Spar: 160"
Slab Thickness: Total = 24 inches

Precast Panel = 8 inches
Cast-in-Place = 16 inches

The tw2  _.ast concrete panels, each $-1'" wide and spanning over 160" clear span, are
installed to serve as the formwork.

Design of the Precast Concrete Parels:
Goveming Load Combinat on = Construction
Design Bending Moment (Midspan) = |4.53 fi-kip/ft.
Bottom Reinforcement (E/W Direction) Required = 0.51 in'/ft.
Bottom Reinforcement (E/W Direction) Provided = 0.79 in'/ft.
Top Reinforcement (E/W Dir :tion) Required = (Minimum requi ed by Code)
Top Reinforcement (E/W Direction) Provided = 0.20 in'/f.

Top wnd Bottom Reinforcement (N/S Direction)
Required = (Minimum required by Code)

Top and Battom Reinfoicement (N/S Direction)
Provided = 0.20 sq. it

Revis‘on: 20 (Drah)
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Appendix 3JH Auxiliary Building Critical Sections

the steel and concrete act as a composite section. The fins are exposed to the environment
of the room and enhance the heat-absorbing capacity of the ceiling. Several shop-fabricated
steel panels. cut to room width and placed side by side perpendicular to the room length, are
usec 1o construct the stifferied plate ceiling in a modularized fashion. The stiffened plate with
fins 1s designed to withstand construction loads prior to conzrete hardening

The main control room ceiling fin floor 's designed for the dead. live, and the seismic ioads

The finned floor structure is evaluated for the load combinations listed in Tables 3.84-]1 and
184.2

Design Methodology

The finned floors are designec as reinforced concrete slabs in accordance with ACI Standard
349, For positive bending, th® steel plate is in tension. The steel plate with fin stiffeners
serves tie function of bottom r:bars. For negative bending. the potential for buckling due to
compression in this element is ‘hecked by using the critena of American National Standards
Institute/Amencan Institute of $'eel Construction standards ANSUVAISC N690-84. Twisting,
and therefore lateral buckling of the stiffener, is restrained by the concrete

The finned floors resist vertical an1 in-plane forces for both normal and extreme loading
conditions. For positive bending. te concrete above the neutral ax's carri~s compressive
stresses and the stiffened steel plate re “ists tension. Negative bending compression is resisted
by the stiffened plate and tension by top rebars in the concrete. The neutral axis for negative
bending is located in the stiffened plate section., and the concrete in tension is assumed
inactive. Honzontal in-plane forces are resisted by the stiffened ~'ate and longitudinal rebars.

Minimum top reinforcement is provided in the slab in each direction for shrinkage and
temperature crack control. In addition, top reinforcement located parallel to tne stiffeners is
used as tension reinforcement in negative bending. The stifiened plate nrovides crack control
capahility for the bottom of the slab in the transverse direction

Composite section properties. based on an all steel-transformed section, as detailed in
Section QL.11 of ANSVAISC N6Y0-84, are used to check the following

. Weld strength between stiffener und the steel plate
Spacing of the shear studs for the composite action

The stiffened plate alone is designed to resist all construction loads prior 1o the concrete
hardening. The plate is checked against the criteria for bending and shear, specified in
ANSVAISC N690-84, Sections Q1.5.1.4 and Q1.5.1.2. In addition, the weld between the
s'‘ffener and the steel plate is checked to shtisfy the code requirements
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Structural Modules © $oon n foswc

e f the s lrvelindd ?L"-\a\h on 4.
Structural modules are used for the south side of the auxiliary b§.ding. These
structural modules are seenetwesi-etens. built up with welded steel structral shapes and
plates. The modules consist of steel faceplates connected by steel trussesY The primary
purpose of the trusses is to stiffen and hold together th: faceplates during handling, erection,
and concrete placement. The nagpiest thickness of the ~- | facep’ates is 0.5 inch except in

a few local areas. The nominal spacing of 55 J inches. Shear s wel f“'
to the inside faces of the steel faceplates. F welded to adjacent plates with full

penetration welds so that the weld is at le strong as the plate. The structural wall
modules are anchored 1o the concrete base by reinforcing steel dowels or other types of
connections embedded in the reinforced concrete below. After erection, concrete is placed
between the faceplates.

These modules include the spent fuel pool, fuel transfer canal, and cask loading and cask
washdown pits. The structural modules are similar to the structural modules for the
containment intemal structures (seessubsection 3.8.3) Figure 3.8.4-5 shows the location of
the structural modules in the auxiliagy building. The stiuctural modules extend from elevation

66'-6" to elevation 135’ -3", &)"‘Pm‘ " ad Fugures 3838383 W,

383,15 od 38317
The loads and load conbinations applicable to the structur~' modules in the auxiliary building

are the same as for the containment intemal structures (subsection 3.8.3.5.3) except that there
are no ADS nor peessure loads due (0 pipe breaks.

The design methodology of these modules in the auxiliary building is similar to the design
of the structural modules in the containment intemal structures described in subsection
18353

West Wall of Spent Fuel Pool

Figure 3H.5-8 shows an elevation of the west wall of the spent fuel pool (column line| /L-
2), and eleément numbers in the finite elemem model. The wall Is a 4 feet thick corncrete
filled structural wall module. o F
A finite element analysis of the spent fuel buudmg module is performed for seismic, themm
and hydrosuatic loads with the following assumptions: P TR |
*  The analysis model includes the structure between Lites 2 and 4, Lines 1 and N, and
between El 66'6" and 135-3 , and Is fixed at the base. 'menunosupponu}
elevation 135.3" ¢ 2 \ "
. g ‘ DY
¢ The seismic input consists of floor kspome :ﬁe&n de;j
floor at El. 135'-3", which are comervadvely apphed
response spactra.

LAt {"}:}.--

3.2
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. The thermal loads are applied as linearly varying temperatures between the inner and
outer faces of the walls and floors

. The hydrostatic loads are applied to the spent fuel pool walls and floors, which is
considered full with water. This provides the loads for the design of the divider wall.

. Th.. seismic sloshing is modeled in the spent fuel pool.

The concrete filled structural wall modules are designed as reinforced concrete structures in
accordance with the requirements of ACI-349. The face plates are treated as reinforcing steel,

Methods of analysis are based on accepted principles of structural mechanics and are
consistent with the geumetry and boundary conditions of the structures. Both computer codes
and hand calculations are used.

Table 3H.5-8 shows the magnitude of typical design loads, load combinations, and the
required and provided plate thickness for cerain critical locations. The steel plates are
generally half inch thick. The plate thickness is increased close to the bottom of the gate
through the wall where the opening results in high local member forces. The first part of the
tablz shows the member forces due to individual loading. The lower pant of the table shows
the governing load combinations. The steel plate thickness required ‘0 resist mechanical loads
is shown at the hottom of the table as well as the thickness provided. The maximum
principal stress for the load combination including thermal is also tabulated. If this value
exceeds the yield stress at tem serature, 3 supplemental evaluation is performed. For these
cases. the maximum stress intensity range is shown together with the allowable itress intensity
range which is twice the yield stress at the temperature.

Shield building roof

The lield building roof ir a reinforced concrete shell supporting the passive contairment
cooling system tank and air diffuser. Air intakes are located at the top of the cylindrical
portion of the shield building. The conical roof supports the passive containment cooling
system tank as shown in Figure 3.8.4-7. The design of critical areas is discussad below.
These areas include the tension ring at the connection of the conical roof to the cylindrical
wall, the columns between the air inlets just below the air inlets, and the exterior wall of the
passiv: containment cooling system tank.

Tension ring \
ae kb clios

The connection between the conical roof and the shisidbe. htirgeybmdrical-wall is designated
as the tension ring. [t spans as a heam across the air inlets. The goveriing load for the
tension ring is axial tension. The maximum tension is about 1100 kips under normal
operating loads. SSE seismic loads result in maximum axial loads of about 1800 kips. The
combined load ranges from 2900 kips tension to 800 kips compression. The maximwum axial
tension results in a reinforcement stress of 34 ksi. The reirforcement will also see tensile
stresses due o other member force components, primarily torsion and bending about the
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horizental axis. The maximum axial compression results in a concrete compressive stress of
380 psi. This is less than 10 percent of the concrete compressive strength. The ring is
designed as a tension member, shear stirrups are provided to carry the shear and torsion
wiout taking credit for concrete shear strength. The reinforcement is shown in
Figure 3H.5-9. The reinforcement required and provided is summarized in sheet | of
Table 31.59.

Column (shear wall) between air inlets

The column between the air inlets has plan dimensions of 36" x 138" and is 60" high. lts
primary loading is vertical load due to dead and seismic loads and horizontal seismic shear.
It is designed as a low rise shear wall. The axial compression is about 1200 kips under
normal operating loads. SSE seismic loads result in maximum axial loads of about 1700 kips.
The combined load ranges from 2900 kips compression to 500 kips tension. The maximum
horizc. -! shear is 2200 kips in-plane and 800 kips out-of-plane (D.L. = 300, SSE = 500).
The 2900 kips compression corresponds to an axial compressive stress of about 600 psi.
These loads and the associated bendirg moments “esult in a maximum concrete compressive
stress of 1400 psi and a maximum concrete tensile stress of 800 psi at the base of the colucan
assuming gross roncrete section properties. The reinforcement is shown in the Figure 3H.5-9.
The reinforcement required and provided is summarized in sheet 2 of Table 3H.5-9.

Exterior wall of the passive containment cooling system tank

The exterior wall of the passive containment cooling system tank is two feet thick. There is
a stainless steei liner on the inside surface of the tank. The wall liner consists of a plate wil.
stiffeners and welded studs on the concrete side of the plate. Leak chas* channels are
pruvided over the liner welds. The reinforcement in the concrete wall v, ucrigned without
taking credit for the strength provided by the liner. The goveming loads for design of the
exterior wall are the hydrostatic pressure of the water, tae in-plane and out-of-plane seismic
response, and the temperature gradient across the wal. The reinforcement required and
provided is summarized in sheet 3 of Table 3H.5-9.

&p..J mhy section and doscile connelin b omeal r»[, |
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Table 3H.5-7

Interior  ¢2ll on Colump Line L
Details of Wall Reinforcement

Wall Segment l:m Reinforcement on Each Face, sqin/f
Required Provided
Elevation 117'6" 10 135'.3" Horizontal 1.5 mn
Vertical 474 $.12
Elevation 135'-3" w Roof Hortzontal 181 200
Vertical 219 2.56 —

Shear Reinforcewent:

T"(
Wall Segment e bands Reinforcement, sq.\in/f

Required Provided
Elevation 117'<6" 1o 135'.3" w 088 12

T Headed nmn'”
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Typical Reinforcement and Connection to Shield Building
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Table 3H.5-7

Interior Wall on Column Line L
Details of Wall Reinforce nent

Wall Segment Location Reinforcement on Each Face, sq.in/f.

Required Provided
Elevation 117°6" 1o 135'.3" Horizontal 1.54 3.72

Vertical 474

Elevation 135'-3" 10 Roof Horizontal

Vertical

Shear Reinforcement

Wall Segment Location Reinforcewaent, sq.in/f

Required Provided
stet
Elevation 117°6" 10 135°.3" __imeast-west-direction 0.88
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