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Overview of
Westinghouse Response

* Westinghouse Shaw"1
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APIOOOPurpose and Objectives

" For Westinghouse: To provide a clear description of their (Westinghouse)
integrated design process and the status of the progress made through this
process including design modifications. (Non-Proprietary)

" To provide expectations of the schedule for a submittal from Westinghouse
responding to the issues contained in the October 15, 2006 NRC letter.
(Non-Proprietary)

" To achieve a full understanding on the part of Westinghouse of the scope
and breadth of the technical issues that require resolution. (Proprietary)

" To provide the NRC with the Westinghouse plans for providing the
appropriate level of detail, including design modifications, in the shield
building deliverable to respond to the issues identified in the October 15,
2009 NRC letter. (Proprietary)

" To achieve a full understanding on the part of NRC of the scope and
breadth of testing that will be performed to demonstrate the adequacy of
the proposed design features. (Proprietary)

( Westinghouse A Sha-
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ShedBidiCnghart
,APIOOO

a, c
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"O~lw

Civil/Structural
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yConstruction
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HydraUlics

, Seismic.
Marging

Testin•g

Durability
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Shield Building Design Changes
APO1OM

" Added Shear Reinforcing Tie
Bars that tie the entire SC
structure together so that the
Shield Building acts as a
single unit

* Increased SC plate thickness
and changed to a more
ductile material to improve its
strength, ductility and
resistance to buckling

* Simplified air-inlet design to
increase its structural integrity
and to improve the SC-RC
connection to the RC roof
design

" Reduced the use of Self-
Consolidating Concrete

O Westinghouse

,j61 7. PCS Tank

6. Compression Ring I
m m

*- 15. Knuckle Region I
I I

4 Roof

3. Air Inlet and
Tension Ring

2. SC Cylindrical Wall

.- I 1. RC/SC Connections I
II |
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APIOOO

Comprehensive Test Plan
I

a, c

O Westinghouse Sha-w6
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Summary of Construction 8
Insp)ectIon Issues

APIOo

* Shaw construction is an integrated participant in the design of the
AP1 000 structures

i Shaw construction is developing an extensive mock-up plan for the
Shield Building to ensure that the as-constructed Shield Building
meets design requirements - Successful mockups validate
placement procedures

E"
* Procedures, workmanship and quality control ensure best available

construction practices
a, c

A
SHOW

Westinghouse
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APOIOG
ShieId Building

a, C

i)Westinghouse Sh aw-8
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Schedule for Westinghouse
Submittals APIOOG

* Revised Shield Building Report

* Seismic Report

* Hard Rock High Frequency Report

l Shield Building Chapter 3

* Revised DCD Chapter 6

* Revised DCD Chapter 19F

* Test Summary Report

January

February

February

February

December

January

March

2010

2010

2010

2010

2009

2010

2010

O Westinghouse Sh~aw,9
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APIGOO

Design Processfor the
APIOGO shield Building

O .Westinghouse ShawT10
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APIIOO

Design! Process

(•,Westinghouse Shiaww11
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APIOoo

Shield Building Design Prcess

Functions:
" Radiation shielding
" Missile barrier
" Passive Containment

Cooling
" Cylindrical section

structurally supports the
roof with the PCS water
storage tank

17. PCS Tank

1 6. Compression Ring I
| |

-- 15. Knuckle Region I

I 1,S1RoofE I

"-I 3. Air Inlet and Tension Ring I
| !

_ =

•1 12. SC Cylindrical Wall I
| I

1 1. RC/SC Connections
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Design cons iderations for the
Steel concrete Composite (SC) APIOGO

a, c

*OWestinghouse ShawTM13



Westinghouse Non-Proprietary Class 3

t
APIOGO

W i estinghiouse Design Process
a, c

* Westinghouse ShawT
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APIOOO
Analysis Methods

a, c

O Westinghouse Sh~aw-15
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wA ,1OOOIntegrated Design Process

(Civil/Structural

,Inspection' .

Constructio~n

' Thermal/
KHydraulic s / Air Craft

Crash -(APC

ýz Seismic

.Margin,,i

Durability

Testing

* Westinghouse
Sh&aw
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Design Process

* Westinghouse has evaluated all aspects of the Shield
Building design process, including:

- Loading

- Design

- Analyses methods

- Testing

- Construction and Inspection

* Westinghouse is reviewing detailing aspects of the
shield building for compliance with both ACI 349 and
ACI 318-08

(,Westinghouse 17 Shaw
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APOIOO
Detailing

I
a, c

* Westinghouse Shaw-18
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APIOOO
Design Process ConservatiSms

a, c
n

* Westinghouse ShawTM
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ADIOoo
D~esign Prrojcess.IW

Wl

•Westinghouse will include a section
report on design marginsL1

in the revised SB

* Nonlinear analyses of the Shield Building will:

OWestinghouse 20

a, c

A
sHaw-
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Design Features

6. Co7. PCS Tank gI
- 1 6. Compression Rin~g I

m m

4- 15. Knuckle Region ISCC Used
m I

4. SB Roof I

m i13. Air Inlet and Tension Ring I
SCC Use being considered

2. SC Cylindrical Wall I

E

,- I 1. RCISC Connections I

* Westinghouse
IAN
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AMPOIOOO
Shield Bull ding Wall

m
a, c

*( Westinghouse
S___
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Cylindrical Wall
APIOOG

a, c

* Westinghouse S1Maw-
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Shield Building Wall Design
Modifications AIP1OO

a, C

* Westinghouse s aw-24
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Enhanced Shield Buiidifj g Wail
Panel Layout

AIPIOGO

a, c

m(Westinghouse ShawT25
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APIOOO
0% ALI . ml Ar'fie a _fMwj Rernfo)rrc;e,,-jmi e j-, (Tj tr 0 e t am 9

a, c

O Westinghouse Shaw-26
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Design Features
10010

167. PrcssTank R
6.Compression Ring

I If

4 F5. Knuckle Region

1 SIRoof

1• 13. Air Inlet and Tension Ring I
! II

I 2. SC Cylindrical Wall I
I

,- 1 1. RC/SC Connections
I

*oWestinghouse SAw
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APIOGO
Wl" /e., , s- ý t ý Wj_ ý, / aw I I C., ow nf, in, r --,,n at E-1:17re--mlar m n 100

a, c

O )Westinghouse Shaw28
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AIIOOM

Plan View EL. 100' - Connection with Lower Shield Wall

a, c

O Westinghouse Shawa29
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Rebaw r Details Below
ELL 10'0V

AqPIOGO

a, c

O )Westinghouse Sh~aw-30
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APOIM
iii mi 'm 6 m 'N'fie C -m-fin-fie.,or,- -kt clion ,r %wý Wý, w __"

a, c

O Westinghouse ShSw31
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shield Bullding Wall- Corner
Detail Wall NIQ, ELm 100'

APIOOO

a, c

i(Westinghouse ShlawT32
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APIIOOO
Shield Building Wall - Corner Detail Wall NIQ, ELm 100"

a, c

O Westinghouse ShawT'33
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APOGoo

RC. Wall Rebar Details
a, c

OWestinghouse Sh~aw34
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APIooo

Design Features

1 7. PCS Tank

S6.Compression Ring I

4 5. Knuckle Region

-14. sBRoof

I 3. Air Inlet and Tension Ring I
II |

|

" 2. SC Cylindrical Wall I
|

5

1 1. RC/SC Connections I
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APooo
ý mi In imbit D v r as.;; _j, mst g-jnjj i M_,J ow d-IFF c -a ViawF-Rw frie... , w

a, c

* Westinghouse Shaw"36 .
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AP0OOO
Air Inlet Design Modifications

a, c

(OWestinghouse

.--. i

ShQaw-37
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APIOGO

Air Inlet Design Modifcations
a, c

* )Westinghouse aSh~awTu
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API•OO

Tension Ring and Air Inlets
a, c

*)Westinghouse Sh~aw,39
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AoGo

Beam Seats
I __ -

a, C

O Westinghouse ShlawT40
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AMPI000

Desi n Features Summary
a, C

* Westinghouse 4
Shraw -41
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APIOGO

Annalysis Plan

OfWestinghouse Sh~aw-42
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APIOGO

Analysis Plan
a, c

* Westinghouse Shlawo43
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APIOOO

Seitswi Analysis
a, c

* Westinghouse A
SliawT
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APIOOO

Linear Elastic Analyses
a, c

(OWestinghouse Shaw'-45
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Duckling, Creep & Shrinkage
Effects

APIOOO

a, C

*)Westinghouse Shaw-46
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Daily and Seasonal Thermal

Cycling
AP•Ooo

-0
a, c

Ihaw* Westinghouse
47
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Daily and Seasonal Thermal
Cycling APIOo

a, c

I( ) -Westinghouse Sh"aw-48
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APIOOO
Goncrete Placement FE Studies

a, c

IsWestinghouse
Shaw
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APIOOO
Benchmarking FE Analyses

a, c

I_
Sh~awO )Westinghouse
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APIOGO

Tenskon Ring and Air Inlet
a, c

O )Westinghouse ASON
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ConclusiOns w on SB Air
Inlet and TensiOn Ring

APIOGOý

Lm

a, c

O(Westinghouse ShaawT
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APIOGO
Overall FE Model and Loading

a, c

* Westinghouse A
53
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eitesmc Ma rgmIn Analysis - Load
Case I - Displacements (7inf)

APIOGO

a, c

*)Westinghouse ShQaw-54
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Seis i iic Margin Analyc"S
Load Case I

APOO

a, c

O)Westinghouse Sh aw55
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APIOGO

Summafry/ of Analysis Plan
a c

*)Westinghouse Smaw56-
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APIOO

APIOOO TESTING

Amit H. Varma

Purdue University

* Westinghouse ShQaw,-57
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APIIOO
Goal and Objectives

i

a, b, c

i Westinghouse Shaw58
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APOlOO
Proposed Testing

a, b, c

O( Westinghouse Sh aw-59
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AMPOIOOO

ComprehensiVe Test Plan
a, c

* Westinghouse ShawTM60
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Proposed Testi ng Program
In-Plane (Panel) Setup

APIOOO

a, b, c

* Westinghouse Shaw
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I-PIlane Behavior ot sI s V
For In-PIane Shear and Temsion

APIO00

a, b,c

O(Westinghouse MOMa62
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Proposed Testing Program In-Plane
&Pane0) Setup 113 Scale Specimen

rf or p, "I Tw

a, b,c

* Westinghouse ShawM63



Westinghouse Non-Proprietary Class 3

AMPIOOO
iSpeciffMe nj DuesignI

a, b, c

* Westinghouse SMOaw64
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AP1OWO
Trb emb, t ur p)NJ qwý wj

a, b, c

* )Westinghouse SliawT465
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AoPIOo
Test Setup

I
a, b, C

O)Westinghouse Shaw,66
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APIOOG
Test Setup

a, b, c

O Westinghouse s1ra-w-67
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AOIoM

Test Setup
a, b, c

* Westinghouse A
68
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APOIOGIn iPane, 3 Behavio
a,b, c

* Westinghouse SHaw5'69
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Inf=-Kawexa
~InPlane Behavior

Proposed Tests
ARPIlOO

a, b, c

O )Westinghouse Shaw-70
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In -Plane Behavior
Proposed Tests

AmP'OOO

J

a, b, c

L
* Westinghouse Sh~aw71
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Proposed Testing Program

SC- toRC Ronnection
APIOG

a, b,c

(OWestinghouse ShawT72
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Proposed Testing Program
S-oj RC I onjS c-t o-.iRw1)Cw C;o -nfi-nfec ýt Iow n APIOOO

a, b, c

* Westinghouse AShaw
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Proposed Testing Program
Sc-toIRC Connect ion

APIOOO

a, b, c

O Westinghouse Sh~aw74
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Proposed Testing Program
SC- towRC ConnectiOn

APIOOO

a, b, c

O Westinghouse Shaw-75
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Proposed Testing Program
SC- to-RC ConnectiOn APIOOO

a, b, c

* Westinghouse SHawT76
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roporse-R esting Program
SC- to-RC connectIon

APIOOO

a, b, c

O Westinghouse Sh~aw77
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Proposed Testing Program
SC-toRC ConnectikOn

AIPIOGO

a, b, c

laWestinghouse
A

78
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Proposed Testing Program
SG-to-RC connection

APIO00

a, b, c

*)Westinghouse ShawT80
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Proposed Testing Program
Out-of-Plane Shear and Bendin g

APIOGO

a, b, c

() Westinghouse A'
Shaw-81
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Proposedf Testing Program

Outo , iae 00-Shear and Bending
APIOoo

a, b, c

* Westinghouse ShoawT.82
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Proposed Testing ProgramOut-oFlane Shear and Bending APIOG

a, b, c

Q Westinghouse Sh1awT83
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Proposed Testing Program
Outafmorvlane Shear and Bending

AP']OGO

a, b, c

(fWestinghouse
Sha
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Proposed Testing Program
Oflof-4Planme Shear and B endin

APbOGO

a, b, c

* )Westinghouse ShawM85
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Proposed Testing Program
Out-of-Plane Shear and Bending

APIOOO

a,b,c

*( Westinghouse SHOW-86



Westinghouse Non-Proprietary Class 3oTesmi g Program

Out-of Plane Shear and Bending
Th

APIGOOO

I
a,b,c

*Westinghouse Shaw,-87
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Proposed Testing Program
Outf6PJlane Shear and Bending

APIOOO

a, b, c

* Westinghouse Sheaw88
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Out-ofmPlJane Shear and Bending
APIOGO

I0 I

a, b, c

(OWestinghouse ALSnaw-89
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Proposed Testing Program
Out-oWlPtane Shear and Tension

APIOOO0

a, b, c

O•Westinghouse Sh~aw90
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Proposed Testing Program
Out®rLmoralane Shear and Tension

APIOGO

a, b, c

(fWestinghouse ShawM-
91
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Proposed Testing Program
OutaofePlane Shear and Tension

APIOGO

a, b, c

* Westinghouse Shaw92
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Pro•posedr Testing Program
Outof•ePlane Shear and Tensmion

APIO00

11111
a, b, c

(OWestinghouse Sh~aw93
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OutaoWFPlane Shear and Tension
APIOGO

a, b, c

O Westinghouse Shaw94
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APIOOO

Benchmark Ing i Analyiw JySIS

* Westinghouse ShawTM95
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APIIOG

Benchmarking AnaIysiS
a, b, c

*( Westinghouse

---- i

A
Shaw-96
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APIOGO

,~nGhwirkih nayi
a, b, c

O Westinghouse ShawT97
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Example of Models for Tested
Specimens APIOGO0

a, b, c

( )Westinghouse Shaw"98
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APIOGO
Model Detarils

a, b, c

* )Westinghouse ShawT99



Westinghouse Non-Proprietary Class 3

APOGOo

Model Details
a, b, C

O(Westinghouse ShawT100
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APOIOO

Model Details
a, b, c

i(Westinghouse ShawO101
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State At Load Level Gorrespondiflg.1
to Steel Plate Yielding (1600 Kis1

a, b, c

* Westinghouse ShQaw-102
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talte At Load Level Corresponding i 0 0
to Steel Plate Yielding(1500 Kij

a, b, c

OWestinghouse Shoaw103
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State At Load Level Correspondinig_1
to Steel Plate Yielding (1500 KipsI

wid r g- -Ip')]

a, b, c

* Westinghouse ShawT104
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State At Load Level Corres pondinmg
APIIM

to St evel Plate _j NJ " -jI P a tedm -10 Kips)

a, b, c

O•)Westinghouse Ashrawamv
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State At Load Level Corresponding

to Steel Plate Yielding (1800 Kips1)
II

a,b, c

* Westinghouse ShawT106
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APIOOO

Benchmark ing FE Analyses
a, c

* Westinghouse Shaw-107
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11/1712009 18:00 hrs

ARPIOOO

En".... gin"eering

Fabrication

u Quality Assurance

' -. e

• conStruction )

"Procurement

Modularization

O Westinghouse
AShiaw-108
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Shaw Will Address NRC Shield Building Construction

and Inspection Concerns

* Constructability Reviews
l Shield Building Mock Ups

* Mock Ups Goals and Objectives
* Shield Building Wall Section

" Construction Sequence
* Concrete Placement Overview
" Self Consolidating Concrete (SCC) and Standard Concrete

Construction
" Shield Building Concrete

Placement Plan
* Overview of Concrete Inspection
" Weld Inspection

(sWestinghouse 1o9 Shaw
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"01O00

Construction Reviews

. Shaw interfaces with Westinghouse for design reviews:

- Review design for constructability (process is continuous as
design progresses)

* Validate Constructability Processes and Techniques

* Interfaces.with other structures and construction sequencing

* Installation tolerances

* Methods of fabrication, erection and installation

* Access for construction and inspection personnel

(,)Westinghouse 11 Shaw
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AMP 11 OM

Mock Up Program Goals and Objectives

Goals

" To build replicas of selected areas of the shield building that
duplicate the as-designed structure

* The areas selected for mock-up will represent the most
challenging construction conditions

* To fabricate and construct a physical representation of complex
areas of the shield building to provide an opportunity to apply
and evaluate processes and procedures

" Evaluate use of Self Consolidating Concrete in areas such as the Air
Inlet structure after the design is complete

" To provide training for craft, QC inspectors, and construction
supervisors

Westinghouse SHOW-
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Mock-up Areas are the SC (Steel & Concrete) to RC
(Reinforced Concrete) Connection and the API1000

Air Intake Structure

OWestinghouse
A

SIOW-112
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Shield Building Wall Section Mock Up

e The fabrication, assembly and erection of a mock up provides
actual working conditions, configuration, and challenges
encountered in construction

l Construction and examination of the mock-ups for the lower heavily
reinforced section of the SC to RC interface and the Air Intake
structure provide valuable opportunities to evaluate, monitor, and
confirm the adequacy of construction plans

e The results will provide valuable insight and opportunity to change
or modify construction and inspection techniques and planning if
needed, prior to actual construction

(, Westinghouse 113 Shamwo
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AP01000

Overview of Concrete Inspection

o A Westinghouse, Shaw and Consultant Team has been assembled
to evaluate additional inspection techniques

o Concrete mix designs facilitate placement

o Successful mockups validate placement procedures

o Procedures, workmanship and quality control ensure best available
construction practices

WestinghouseS 114
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APOIOO
Mockup Construction and Test Plan

" Constructability mockups to include:

- Field performance testing of the concrete mixes

- Standard tests including slump, air content, unit weight, and
compressive strength cylinders as specified

- Flow and fill capabilities of concrete at low range and high
range of allowable slump or slump flow

- Identify and monitor obstructions during placement to avoid
potential segregation

" Methods of concrete placement:
- Location and spacing of tremies
- Control of lift heights
- Visual placement inspections

(•) Westinghouse 1 Shaw
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APIOOO
Mockup Construction and Test Plan

* Post mock-up activities
- Concrete curing
- Monitoring of concrete temperatures
- Visual inspection of exposed concrete surfaces for cracking,

laitance and other defects.
- Preparation of construction joints
- Disassemble the forms and examine the surfaces for voids and

other defects
- Core or cut sections to inspect the cross section of the concrete
- Concrete strength verification
- Issue report on the mockup results
- Procedures to be revised and mock-ups to be repeated if

necessary

- Site-specific mock-up training will be performed

Westinghouse haw11 S Slaw"
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APOIOOO
Construction Sequence

" Shield wall SC (steel / concrete composition) installation will
interface with and will be closely coordinated with the installation of
the Containment Vessel.

" Installation of rebar dowels for connection of SC to RC (reinforced I
concrete composition) will start prior to concrete placement to 100'.

" Installation of wall connection plates at the corners will occur after
concrete placement to 100'.

" Installation of the first plated walls which are the RC to SC
connection 10' in height will begin after Aux Bldg walls are at
elevation 117' 6"

" Approximately 6' of concrete will be placed, cured and prepped prior
to setting next row of panels.

* Panels will be assembled into larger sections prior to setting into
final installation location.

(•) Westinghouseo-1•7. Slaw•
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APIOOO
Construction Sequence

" SC panels with concrete placement activities will continue where-as
schedule and Containment Vessel installation allows to elevation
248' 6".(standard plant design)

" Air Intake structure will be installed in sections from elevation 248'6"
to 272'.

" Roof module will be set after concrete curing, major equipment and
Containment Vessel top head is installed.

* After rebar installation on the lower roof area concrete will be placed
to approx elevation 293'.

e After lower section of the roof concrete is cured the Passive Cooling
System tank will be installed, concrete will be placed under tank
followed by the interior and exterior walls and the roof.

(•)Westinghouse • : ~~118 Siw
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CV 1st Ring Installed, Aux Building Up to elevation Ail
155' and SC Shield Wall being installed

OWestinghouse
A
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CV 2%d and 3r Rings Instailed, Aux Building concrete
complete, SC Shield Wall installation continues API..00

OWestinghouse SA L I
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A1000

Shield Wall is installed up to elevation 248'-6A

e Westinghouse
A
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. •I•I0010
Air Inlet Structure Installed and CV Top head installe

lowA

..M .........4.
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A41ooo
Installation of the Roof Module

O Westinghouse
A

ShaNW123
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Concrette Is placed on is roof to- the area of the PCS
tanks then the PCS tank Is set and remaining concrete A01.oo
is placed.

O-Westinghouse
A

SOaW124
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Shield Building ConcreteA I0

Placement Overview

* Develop Shield Building Concrete Placement Plan

- Placement Mock-up and Classroom Training at each site

* QA/Quality Control (QC) personnel

* Construction supervision

* Craft Workers

- Utilization of Nuclear Construction procedures

- Use of pre-qualified concrete mix designs which facilitate placement

- Controlled rate of concrete placement

- Concrete placement sign-off record (concrete placement Card)

- Batch plant qualifications and operations

- Readiness reviews
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AIOoo
Shield Building Concrete Placement Plan

* Inspections during concrete placement

- Slump-flow (SCC), slump (Standard Concrete), temperature, air
content, unit weight and test cylinders

- Segregation, concrete vibration and consolidation, rate of
placement, concrete freefall

- Procedure compliance

- Quality of workmanship
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APIIOO
Welding General Requirements

* All structural welding and non-destructive examination (NDE) is
to be in accordance with ANSI/AISC N690-1994 "specification for
the design, fabrication, and erection of steel safety-related
structures for nuclear facilities," and AWS D1.1-2000 "Structural
Welding Code-Steel.

* Welding of shear studs shall be accomplished in accordance with
Section 7 of AWS D1.1-2000 along with supplemental
requirements in APP-VWV01-ZO-001 "Shear Stud Welding
Specification"

* Non-destructive testing (NDT) of structural steel is to be
accordance with ANSI/AISC N690-1994, AWS DI.1/DI.IM,
Structural Welding Code, unless otherwise specified on design
documents.
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AIIOGO

NDE General Requirements

* Inspection requirements for plate to plate welding per ANSI/AISC
N690-1994 for full penetration groove welds include:

- 100% Visual Inspection (VT) of weld surfaces

- 10% volumetric inspection of all welds, UT or RT.
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APOIOG
Summary of Construction & Inspection Issues

" Shaw construction is an integrated participant in the design of the
API000 structures

" Shaw construction is developing an extensive mock-up plan for the
Shield Building to ensure that the as-constructed Shield Building
meets design requirements - Successful mockups validate
placement procedures

" Revisions to the Shield Building design has limited the potential for
defect during concrete placement.

" Procedures, workmanship and quality control ensure best available
construction practices

" A Westinghouse, Shaw and Consultant Team has been assembled
to evaluate additional inspection techniques
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Shield Building
Design Features

AP1OOO

I - I

1 7. PCSTank

- 1 6. Compression Ring

.- 5. Knuckle Region

14. SB Roof

"1 3. Air Inlet and Tension Ring
II

•- 12. SC Cylindrical Wall I
|

1 1. RC/SC Connections I
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Th
APIOPOConclusion

" Design Process for SB hybrid structure has been
outlined

* Design features that make the shield building SC act
more as a unit have been described

* Analysis Plan that shows how we plan to use both linear
and nonlinear analyses to confirm a safe conservative
design have been described

" Implementation of the testing plan is underway and it
includes the successful results form the RC/SC
connection

" Construction and Inspection methods have been
described
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APIOOO

Questions
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