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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 206886

April 19, 1994

Docket No. 52-003

APPLICANT: Westinghouse Electric Corporation
FACILITY:  AP600

SUBJECT: SUMMARY OF MEETING TO DISCUSS THE EVALUATION OF CONTAINMENT
PERFORMANCE

On March 28 and 29, 1994, representatives of the U.S. Nuclear Regulatory
Commission (NRC) and its contractors, and Westinghouse Electris Corporation
(Westinghouse) and its contractors, met in the Westinghouse office in
Monroeville, Pennsylvania, to discuss the evaluation of containment
performance for the AP600, and to obtain information needed for an NRC
confirmatory analysis. Enclosure 1 is a list of attendees.

Westinghouse began the meeting with a presentation on the operation of, and
design basis for, the passive containment cooling system. Next, Westinghouse
presented preliminary information pertaining to the containment severe
accident function. Westinghouse ended the meeting on March 28 with a
presentation on the containment design specification and the containment
structural design and analysis.

On March 29, Westinghouse completed its presentation on the containment
structural design and analysis, and discussed the analyses of capacity for
severe accidents and the seismic margin, At this time, the attendees
discussed the information that would be required for the staff's contractors
to perform a confirmatory analyses of containment buckling and severe accident
responses. During the meeting, some proprietary information was presented and
discussed. Enclosure 2 contains the nonproprietary version of the information
presented by Westinghouse,

The following actions will be taken as a result of the meeting:

1. Westinghouse will review the proprietary classification of the drawings of
the containment vessel and provide the results of their review to the
staff.

2. Westinghouse will provide additional details on the containment design
transients, associated with the passive containment function, in Appen-
dix D to the SSAR.
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4. For the buckling evaluation of the containment shell, Westinghouse should
consider the residual stress effect on the tangent modules.

Kristine M., Shembarger, Project Manager
Standardization Project Directorate

Associate Directorate for Advanced Reactors
and License Renewal, NRR
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Westinghouse Electric Corporation

cc:

Mr. Nicholas J. Liparulo

Nuclear Safety and Regulatory Analysis
Nuclear and Advanced Technology Division
Westinghouze Electric Corporation

P.0. Box 355

Pittsburgh, Pennsylvania 15230

Mr. B. A. Mcintyre

Advanced Plant Safety & Licensing
Westinghouse Electric Corporation
Energy Systems Business Unit

Box 355

Pittsburgh, Pennsylvania 15230

Mr. John C. Butler

Advanced Plant Safety & Licensing
Westinghouse Electric Corporation
Energy Systems Business Unit

Box 355

Pittsburgh, Pennsylvania 15230

Mr. M, D, Beaumont

Nuclear and Advanced Technology Division
Westinghouse Electric Corporation

One Montrose Metro

11921 Rockville Pike

Suite 350

Rockville, Maryland 20852

Mr. Sterling Franks

U.S. Department of Energy
NE-42

Washington, D.C. 20585

Mr. S. M. Modro

EGAG Idaho Inc.

Post Office Box 1625
Idaho Falls, ldaho 83415

Mr. Steve Goldberg
Budget Examiner

725 17th Street, N.W.
Room 8002

Washington, D.C. 20503

Mr. Frank A. Ross

U.S. Department of Energy, NE-42
Office of LWR Safety and Technology
19901 Germantown Road

Germantown, Maryland 20874

Docket No. 52-003

Mr. Victor G. Snell, Director
Safety and Licensing

AECL Technologies

9210 Corporate Boulevard
Suite 410

Rockville, Maryland 20850

Mr. Raymond N. Ng, Manager

Technical Division

Nuclear Management and
Resources Council

1776 Eye Street, N.W.

Suite 300

Washington, D.C. 20006-3706
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Westinghouse
Westinghouse
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AP600 Containment Meeting
Meeting with the NRC

March 28 and 29, 1994



AP600 Containment Meeting

March 28 and 29, 1994
Agenda

Introduction R. Orr

Purpose of meeting
Transmittal of design information to NRC consultants
SSAR and RAI status for Section 3.8.2

Containment Design Basis Function D. McDermott
Containment Severe Accident Function J. Scobel
Containment Design Specification R. Orr
Containment Structural Design and analysis T. Ahl
Analyses of capacity for severe accidents T. Ahl
Seismic Margin R. Orr

Information for independent analyses



WESTINGHOUSE AP800 CONTAINMENT VESSEL

CONTAINMENT DESIGN AND ANALYSIS PERFORMED
BY CBI

. CBI CONTAINMENT CONFIGURATION SKETCHES

. MATERIAL PROPERTIES

CONTAINMENT SHELL - FREE FIELD AND GROSS
STRUCTURAL DISCONTINUITIES ANALYSIS

LOCAL EFFECTS ANALYSIS AT MAJOR
PENETRATIONS AND ATTACHMENTS



CONTAINMENT SHELL - FREE FIELD AND GROSS
STRUCTURAL DISCONTINUITIES ANALYSIS

. DESIGN CASE - 45 PSIG at 280 DEGREES F.

. SERVICE LEVEL C CASE at 320 DEGREES F.

. SEVERE ACCIDENT CAPACITY ASSESSMENT at 70

DEGREES F

. STRESS EVALUATION DUE TO REPRESENTATIVE

THERMAL GRADIENTS

. BUCKLING ANALYSIS AT SEVERE ACCIDENT

PRESSURE

. SEISMIC MODELING



3. DESIGN OF STRUCTURES, COMPONENTY, EQUIPMENT AND SYSTEMS

Revivion |
Mrecttve: 01/13/94 .

Teble 3.8.2-1

Load Combinstions snd Service Limits For Contalnment Vessal

Load combination and service limM

Load Description Tat Daga A A C € € D A C
| Dead D g £ 8 &2 &0 RTOEHE
| Live L £ x X X X x X X X X

Wind W X

SSE Ey rox *

Tornsdo W, X

Test pressure P, X

Test lew persinre Tl 4

Operating presaure Py X

Normal resction R x x  x X x

Normal Uwermal Te X rox XX

Des gn pressure Py x X i ¥

Extersal pressure (2.5 paid) P, x

Extornal presswre (3.0 paid) ° x

Accident Chervma T, 1 | SR X

Accident hermnal reactions Ry " x X X

Accest pipe resctions Y, X

et (ap g eseend Yi x

Plpe o pact 7). x

Notes:

1. Servios hmi levels we par ASMGE NE

1 Whers axy loed redeces e ofect of other loads, that load shall be when as 2670, uaien ¥ aan be demonstrnied
that the lond s siwaye prosent o oocun simultuneously with (e cther loads.

@ 342y



OTRESS-STRAIN CURVE (UNIAXIAL)

Assume elastic - perfectly plastic material properties.

Ignoring strain-hardening is conservative.
-3
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Fila. 32-2: STRESS-STRAIN (CURVE FOR ANALYSIS

NOTE =
Effective stress at data point 3 has been modified by
‘BOSORS’ program inlernally in order to obtain a minimum
tangent modulus of 0-001€ = 29500 psi. (6,4 od dada
point 3 used (n ‘BOSORS’ is 6038260000+ 2qsoo[o 015~
0-0020324].) This is normally done o improve the rade of
convergence. This ‘neqligible’ strain hardening will not have
any significant effect om the results.
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APBOO CONTAINMENT VESSEL
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BUCKLING STRESS EVALUATION |
AT THE BOTTOM T. L. (EL. 104'-1 1/2)

THE LOAD COMBINATION, 'D + L - SSE' RESULTS INTO MERIDIONAL
COMPRESSION AND TANGENTIAL SHEAR. (SET ' 0¢p = -2.7 KSI AND 98 = 0.4 KSI:

SET 2. Op =-1.7 KSI AND Tp6 = 1.1 KSI) i

BUCKLING EVALUATION IS PERFORMED USING ASME Ill CODE CASE ~ N-284
(PROPOSED REVISION). ALLOWABLES. 0pa = -5 5 KSI AND tp8a = 6.0 KSI.

MAXIMUM VALUE OF THE INTERACTION EQUATION FOR COMBINED "AXIAL
COMPRESSION + SHEAR 1S 0.5 (SET 1 CONTROLS), THE ALLOWABLE VALUE IS
1.0

IN THE KNUCKLE

THE LOAD COMBINATION, 'Pg + Ta' = 'P¢' RESULTS INTO MERIDIONAL TENSION
AND CIRCUMFERENTIAL COMPRESSION. (DUE TO Pgd: 0p = 11.0 KSI AND 0g = -
10.5 KSI; DUE TO Tab: o = 0.0 AND 0g = -0.1 KSI, NOTE THAT STRESSES DUE TO
Ta ARE VERY SMALL)

BUCKLING EVALUATION IS PERFORMED BY BOSORS ANALYSIS USING INTERNAL
PRESSURE ONLY AND A FACOR OF SAFETY FROM ASME Il CODE CASE N-284.

THEORETICAL BUCKLING INTERNAL PRESSURE IS 174 PSIG. USING A FACTOR
OF SAFTY OF 2.0, THE ALLOWABLE DESIGN PRESSURE IS 87 PSIG. ACTUAL
DESIGN PRESSURE IS 45 PSIG.

aDESIGN PRESSURE OF 45 PSIG (INTERNAL).

bDACCIDENT THERMAL (SHELL BELOW EL. 132'-3, 70°F AND SHELL ABOVE EL.
132'-3 AND STIFFENERS, -40°F, AND CRANE GIRDER AT 50°F).

SUBJECT OFFICE REFERENCE NO
STRESS EVALUATIONAT THEMAJOR (@ NO .-A REVISION 902657
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il

STRESS COMPONENTS AND STRESS INTENSITY EVALUATION AT THE BASE g

(EL. 100'-0)
Py DESIGN PRESSURE OF 45 PSIG (INTERNAL) |
Ta ACCIDENT THERMAL (SHELL BELOW EL. 100-0, 70°F AND SHELL ABOVE ‘

EL. 100'-0, 280°F)

NOTE STRESSES DUE TO D, L, AND SSE ARE NOT REPORTED HERE AS THEY
ARE NOT EXPECTED TO BE CRITICAL FOR BUCKLING IN COMPARISON

WITH THE STRESSESDUE TO Ta

LOAD | LOCATION |TYPE| o | 08 | teb |
! | 82 | -19 0 |
Pg |6=0°ANDSO°| M 10.8 33 0 |
‘ 0 27.9 8.4 0
| 672 | -168 0
Ta |8=0°ANDSO°| M 03 | -369 0
0 -66.7 -57.0 0 ol o8
Py 8=0°ANDQO°| M 108 33 0 108 | 33
| /O | 279 | B84 0 279 | 8006 | |
Pg+ |8=0°AND90°| M | 111 | 336 | 0 447 | 8obc |
Ta 1/0 | 610 | -187 | 0 79.7 8O0 |
a1 5 TIMES Smc FOR ‘PL' OR 'PL + Py
b3.0 TIMES Sm1 FOR 'PL +Pp+ Q"
CBUCKLING EVALUATION IS NOT YET COMPLETE.
SUBJECT OFFICE REFERENCE NO
STRESS EVALUATION AT THE MAJOR NOE-A REVISION 902657 |
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3. DESIGN OF STRUCTURES, COMPONIENTS, EQUIPMENT AND BYSTEMS

Revision: !
IIIIIIA Eecttve: 01/13/%4

Teble 3.82.2

Contalnment Vessal Pressure Capablities

Coutamment Rlemen: Pressure Capadlity o! Ambiest Tem pers ture
| Detorministic Severe Acck | Mimimam Specified
| dewt Capacity’ Yied®
| Cylinder 129 puig g D
| | Ellipeoidal Head xonmr“@ 146 paig Q_ 174 §
22 foot equipement havch 117 paig @ 196 palg Qc
16 foot equipment hetch mig 1 161 peig /%) j
Persomael wirlocks™ I palg ) vare o | 300 paig /Tz— Tert
(38 A |

| (1) The buckling capacity of Ghe ellipsoidal besd & taken as afxty perceat of the critical beckling preasure calculated
by e BOSORS mou-Imesr snalyses Pvaiustions of e other slemeat are scoording 1 ASME Service Levd C
and mclude me of Code Case N284A

(2) The estimazd maximon. pressure capability is based ou mimimum specified matwrial properties.

(3) The capecities of the persorse! sirlock sre estimoted from s resulh

.":_t.. : sco0e x| 64f = 126 oot
] 745

1) Rered on tens.le semmny p:

@) Bosemum von My ~ tonsle Serass p = S-KE fj‘; 2 104 py
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902657 BUCKLING OF TOP HERD 12711781 ’
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LORD STEP 42, LORD « |, 738E+02 PRESTRESS

PslG

800.
y ! I ' T [ ] T 1
70C -
9
500. 4 L g
-~*~-—__~__~~‘-
5001 — 4 sl
UNDEFORMED 6TRUCTURE ; s
woo. L i
2 (IND)
300. L e
00, - -l
100. P— R
C. - " B
gaung ' '
-100. | 1 | [ | | L |

0.0 100.0 200.0 2300.0 400.0 $00.0 €00.0 700.0 800.0 $00.0
R CIND sosons  12/10m

. 2-6: PREBULKLING D1 MENTS AT =173.
Figh. 2-6 F.!e;&c!i. & DISPLALEME Q,m#nv;apsxs

LI ¥ 1o - L R IFONERCE 5
BUCKLING CAPAUTY gvALUATION @B NOE-;_  mevisow 402657

Peod ESTINGHOU A ATy TTEaATY B 4
i L e &a#UQI'lﬁcltg_;
Prasad w VB B0 s A0 &7

T“‘.3, Bl mA563 sTUDY | u&ul-vmmo "f wADE lv:;vnmlo lv: e




STRESS COMPONENTS AND STRESS INTENSITY EVALUATION AT THE TOP T. L.
(EL. 218'-8 1/2)

CEIECSTRISI=Se—

P4 DESIGN PRESSURE OF 45 PSIG (INTERNAL)
Ta ACCIDENT THERMAL (SHELL BELOW EL. 132'-3 70°F AND SHELL ABOVE l
EL. 132'-3 AND STIFFENERS, -40°F, AND CRANE GIRDER AT 50°F)
ASSUMPTION:  STRESSES DUE TO D, L. AND SSE ARE SMALL.
LOAD | LOCATION | TYPE op | o8 | to8
| 11.2 58 0
Pd 8=0°AND90° M 10.8 56 0
0 10.4 55 0
| -0.1 -0.2 0
Ta 8=0°AND 90| M 0.0 0.1 0
o) 0.1 -0.1 0 o Og _
Pd 8=0°ANDS0Q° M 10.8 56 0 10.8 33a
‘ /0 | 112 58 0 11.2 800
Pdg+ |86=0°ANDS0°| M 10.8 55 0 10.8 800
Ta /0 | 111 5.6 0 11.1 800
a1.5 TIMES Sme FOR 'PL'OR 'PL + Pp'.
b3.0 TIMES Sm1 FOR 'PL + Pp + Q"
SUBJECT OFFICE REFERENCE NO
STRESS EVALUATION AT THEMAJOR () NOE-A REVISION 902857
STRUCTURAL DISCONTINUITIES FOR MADE BY | VERIFIED BY | MADE BY | VERIFIED BY
THE DESIGN LOADS SHT —
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LOCAL EFFECTS AT MAJOR PENETRATIONS AND
ATTACHMENTS

. CRANE GIRDER

. PERSONNEL AIRLOCK

- EQUIPMENT HATCHES

. MAIN STEAM AND FEEDWATER PENETRATIONS

« ROOF CONSTRUCTION SUPPORTS




SEISMIC MODELING

SEVERE ACCIDENT CASE - DETERMINE CAPACITY

« LONGHAND CALCULATIONS BASED ON TENSILE
STRESSES REACHING YIELD

« BUCKLING CONSIDERATIONS



AP600

PASSIVE CONTAINMENT COOLING SYSTEM

JANUARY 20, 1994
DAN MCDERMOTT



©
AP600

PASSIVE CONTAINMENT COOLING SYSTEM DESIGN BASIS

- Limit peak containment pressure to less than 45 psig design pressure for
design basis events (large LOCA, steamline break)

» Reduce containment pressure to 1/2 peak pressure within 24 hours

« Cooling water supplied for 3 days with no operator action or outside
assistance, provisions for simple actions to replenish water supply within 3

days

« As a goal, limit containment pressure to <45 psig for an indefinite time,
even if no action is taken to replenish water supply

DM PUSTXNe APS fanoary 21 196



©
AP600

PASSIVE CONTAINMENT COOLING SYSTEM DESIGN BASIS

-  Automatically actuated

+ Once actuated, operation shall not be dependent on electrical power,
continuous operation of mechanical components

« Meets single failure criteria for design basis events

-  System reliability consistent with plant CMF and SRF criteria

T PCS12094 APS January 21 1994
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AP600

PASSIVE CONTAINMENT COOLING SYSTEM
SYSTEM FEATURES

« Containment wetting for evaporative cooling
Water storage tank
Integrated into the Shield Building
400,000 gallons useable volume
Gravity Drain
Parallel Faii Open Isolation Valves
Leakage Detection
- Water distribution bucket (30" Diameter)
- Water distribution features
Two Acceptable Configurations
Distribution Arms
Weir Water Distributers (Coverage 90% to 35%)
- Annulus Drains
- Long Term makeup water (Beyond 72 hours)

LS POST 2094 APS Jarsary 20 1954



AP600
PASSIVE CONTAINMENT COOLING SYSTEM
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AP600

PASSIVE CONTAINMENT COOLING SYSTEM
WATER DISTRIBUTION

Containment dome plan view




AP600

CONTAINMENT COOLING SCENARIOS

« Loss of Coolant Accident

« Steam Line Break

. Passive Residual Heat Removal Transients
- Negative Pressure Transients



AP600

CONTAINMENT COOLING SCENARIOS

LOSS OF COOLANT ACCIDENT

DM FUS) 2054 APS January 18, 1994

Pressure (psia)

Containment Pressure for DECLG
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AP600

CONTAINMENT COOLING SCENARIOS
LOSS OF COOLANT ACCIDENT - TEMPERATURE PROFILES

Containment Shell Teniperature Profiles for Cold Leg Break

Dome Spring Line Operating Deck!
Time Wei Dry Wet Dry Wet Dry .
0. 1 [ _] N
0 ] :
0. ! | '.
°
700, I |
0 |
1300. 1 |
o |
1900, I |
Q
3100. 1 | ‘
0 | |
|
T600. i |
» |
19600, 1| "
O ‘ |
311500, I | i
0 | I
86400, 1 |
o |

Notes: | w/phenolic coating inside
I - lnside shell
O - Outside shell



AP600

CONTAINMENT COOLING SCENARIOS
STEAM LINE BREAK

Containment Pressura, 1.388 12 DER SLB, 30% Power
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AP600

CONTAINMENT COOLING SCENARIOS
PASSIVE RESIDUAL HEAT REMOVAL TRANSIENTS

PASSIVE RHR OPERATION
Pressure Transient versus Time

Lo [*] ro
(= o (]

Pressure (psia)
©
®

0 4000 ‘ BOOO 12000 L6000 200K
Time (Seconds)




AP600

CONTAINMENT COOLING SCENARIOS
NEGATIVE PRESSURE TRANSIENTS

« Events Considered
- PCS actuation
- IRWST Pumpout
- Failed Fan Cooler Control
- Purge System Maloperation
Loss of all AC @ Limiting Environmental Conditions

«  Environmental Conditions (-40 F/45 mph wind)

« Results (hand calculations) <3.0 psid @ 30 minutes
« Event Termination

OM PCS1209% APE Januy 2 195



APE00

CONTAINMENT COOLING SCENARIOS
CONTAINMENT TESTING PROGRAMS

CONTAINMENT WATER DISTRIBUTION TESTS
OBJECTIVES: CHARACTERIZE WATER DISTRIBUTION FOR
RANGE OF FLOWS
VARIETY OF DISTRIBUTION MECHANISMS
WORST CASE SURFACE DEFECTS
ESTABLISHMENT OF WATER DISTRIBUTION DES!GN

LARGE SCALE CONTAINMENT COOLING SYSTEM TESTS

OBJECTIVES: TC PROVIDE DATA TO VERIFY CONTAINMENT COMPUTER
CODES AND MODELS USED TO ASSESS PCS PERFORMANCE OVER
RANGE OF VESSEL PRESSURES
RANGE OF WATER DISTRIBUTIONS
RANGE OF AIR VELOCITIES

WIND TUNNEL TESTS

OBJECTIVES:

DETERMINE WORST CASE PRESSURE DISTRIBUTION DEVELOPED
ACROSS THE AIR BAFFLE

DEMONSTRATE INTERACTIONS OF WIND AND BUILDINGS WILL NOT
CAUSE A DECREASE IN NATURAL CIRCULATION COOLING

INTEGRAL CONTAINMENT COOLING TEST

OBJECTIVE: CONFIRM THE OPERATION AND HEAT REMOVAL CAPABILITY OF
THE PASSIVE CONTAINMENT COOLING DURING ACCIDENT CONDITIONS

DM PUS 12084 APS March 281984



