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June 16, 1994

Docket No. 52-003

APPLICANT: Westinghouse Electric Corporation

FACILITY: AP600

SUBJECT: SUMMARY OF MEETING WITH WESTINGHOUSE ON AP600 QUALITY ASSURANCE
(QA) FROGRAM

On June 7 and 8,1994, members of the Office of Nuclear Reactor Regulation
staff met with representatives of Westinghouse Electric Corporation at the
Westinghouse Energy Center, Monroeville, Pennsylvania, to discuss the imple-
mentation of the AP600 QA program. The meeting topics included discussions
on: design control practices, QA requirements imposed on suppliers of design
and test services, audit program conduct, an overview of the remaining AP600
developmental tests, test control practices, design and test record retention
practices, and self-assessments. The staff noted that the applicant appeared
to be adequately implementing QA program requirements, including 10 CFR
Part 50, Appendix B/NQA-1 QA requirements for their suppliers of design and
test services, a comprehensive internal and external audit program, and test
records / data and design output documents retention by Westinghouse. The staff
stated its plan to verify detailed implementation of the AP600 QA program i

during the conduct of a RVIB inspection tentatively planned for the Fall 1994
time frame.

The staff additionally observed a demonstration of the use of the Computer
Aided Design software that is being used by Westinghouse and the design
subcontractors.

Enclosure 1 is a list of meeting attendees. Enclosure 2 is a copy of the
revised agenda. Enclosure 3 is a copy of non-proprietary handout materials
presented by Westinghouse at the meeting.
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Westinghouse Electric Corporation Docket No. 52-003

cc: Mr. Nicholas J. Liparulo Mr. Victor G. Snell, Director
Nuclear Safety and Regulatory Analysis Safety and Licensing
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MEETING WITH WESTINGHOUSE TO DISCUSS QA ISSUES
AND PLANS FOR VENDOR

June 7 and 8, 1994

Meetina Attendees

NAME AFFILIATION
l

Ralph Architzel NRC/ADAR
Frederick R. Allenspach NRC/RPEB
Rich McIntyre NRC/RVIB
Bob Gramm NRC/0RIL
Eugene J. Piplica Westinghouse /ATBA/AP600 Test Engineering
Kenneth A. Kloes Westinghouse /ESBU Projects Quality Assurance
David N. Alsing Westinghouse /ESBU Projects QA Manager
John C. Butler We:tinghouse/AP600 Licensing
Mark Barclay Westinghouse /ATBA/PCCA
Jim Winters Westinghouse /ATBA/ Projects Eng
Jack Wheeler DOE
Andrea Orazi ANPA (Italy)

l

;

!

.

Enclosure 1



Westinghouse /NRC Meeting on AP600 QA Program |
June 7-8,1994 l

Monroeville, PA

Item Lead Target Times

June 7,1994; Conference Room 327A )
i

0. NRC Familiarization w/ Project Documents Butler 11:00 - 1:00 '

June 7,1994; Conference Room 401B
!

1. Introductions Winters 1:00 - 1:15 )
!

2. Overview of Westinghouse AP600 Project and QA Winters 1:15 - 1:45
Organization

3. Discussion of application of Topical Program to Alsing/Klocs 1:45 - 2:45 |
AP600 and program differences (if any) from Part 52 |

(Specific question to be answered: Does a separate QA
plan exist for AP600 project?) |

|
Break 1

4. Description of AP600 Test Program Scope (including Piplica 3:00 - 4:00
Westinghouse. U.S. and foreign test facilities)

June 8,1994; Small Marketing Conference Room
i

5. Discussion on processes Westinghouse employs to Winters 8:00 - 8:45 |
verify technical adequacy of deliverables

6. Discussion of quality program and implementing Alsing/Kloes 8:45 - 9:45
procedures for:

instructions, procedures, and drawings-

- design control (including independent design
verification

- test control
- control of measuring and test equipment
- audits j
- software QA
- document control
- QA records (design record files)
- nonconformances
- corrective action |

7. RAI issues (external sources of design services) Butler 9:45 - 10 15 I

8. Review of Internal / External Westinghouse audit Alsing/Kloes 10:15 - 11:00
program and sample review of audit reports

9. Review of contractual arrangements, quality programs, Alsing/Piplica 11:00 - 11:30 !
and Westinghouse audits for foreign organizations
providing testing and design support to AP600 project

10. NRC Audit Schedule / Plans NRC 11:30 - 11:45

11. Summary Discussions All 11:45 - 12:00

Enclosure 2
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AP600 DESIGN CERTIFICATION PROJECT ORGANIZATION
t
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Quality Assurance Requirements
~

' '

for
AP600 Program !

!
!

:

G~ |
0 10CFR50 Appendix B o Law I

Applicable to Safety-Related Equipment |V. o
E. (Nuclear Basic Requirements)
R Io 18 Criteria on Design, Procurement,
N Fabrication, etc. (
M '

E
j

N I ASME NQA-1 -1989 a industry interpretation and Applications
T N NOA-1b-1991 Addenda of 10CFR50 Appendix B

D o General Restatement of 18 Criteria
U o More Detailed Treatment of Selected
S Criterfain Supplements and Appendices
T
R
Y Regulatory Guide o Endorses NQA-1

1.28 Revision 3

_

W- Westinghouse Quality Assurance o (W) Topical Report on Quality Assurance
E Plan, WCAP-8370

,

S !

T
I AP600 Quality Assurance Program o Application of WCAP-8370 to AP600 Pmgram
N Plan, WCAP-12600 o Highlights Specific Commitments
Q l

iH '

O NATD Quality Assurance Program o Division Program !
U WCAP-9565 o Applies to all NATD Activities
S
E ~

AP600 Program Operating Procedures o ATBA Procedures Manual for AP600 Work
WCAP-12601 o Project Quality Plan .

o Matrix Shows Applicable WCAP-9565
;

Procedures
.

4

..
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Quality Assurance Requirements
for -

AP600 Detailed Design and Design Certification Program i

W AP600 Quality Assurance o Describes applicability of supplier's
,

E
Program Plan / Description quality assurance program to

'

33 AP600 work

TV
includes matrix of implementingj p o

NP Procedures
i

GL
HI
OE
UR Supplier Quality Assurance o Company QA Manual

33 Program
I

E ,

I .

Supplier Implementing o Procedures within Engineering and
Procedures Quality Assurance which implement

QA Wanual and satisfy NQA-1

.

|

I

esanoi
,
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AP600 Testing Programs

Summary

The test program is extensiveo

Many successful results to date confirm design featureso

Test data has been/will be incorporated into analysis codes which in turn confirmo
plant performance

Program includes two integral tests at high and low pressureo

Test program is highly responsive to USNRC and the Utilitieso

_ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ - _ _ _ . .. __ -_ . .__ _ _ _ _ . _ - _ . .. . _ _ _
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AP600 Testing Programs l
_

Test Categories
i

:
i

o Safety Related Tests

i

1

o Non-Safety Related Equipment Tests

o Basic Research Tests

.

M M M ~H M M w -o

_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _
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Safety Related Tests
.

3 gen _

Provide data for computer codes used for SSAR analysis:o
,

i Models-

Correlations|
-

! Verification-

Generally, a thermal-hydraulic testo
Performed to understand and explain T/H phenomena-

Can be system or separate effects test-

Highest quality assurance pedigreeo
NOA-1 applies,10CFR21 applies-

Test specification required-

Test operating procedures required-

Test facility design documentation required-

Quality records required-

o Examples
Large Scale PCCS Heat Transfer tests-

Integral Systems tests (SPES-2, OSU)-

Separate Effect Tests (ADS, CMT)-

_-__ _ _-- ____ _ ___ - ___ _ _ - _ __ _ __ __ _-__ -- -- - - . . - __



Non-Safety Related Equipment Tests

Provide design information on specific componentso
Feasibility of design-

Manufacturability-

Verify component performance-

Generally mechanical testso
Performance data-

Wear data-

High quality assurance standardso
NOA-1 applies-

Test specification optional-

Test operating procedures required-

Test facility design documentation required-

Quality records required-

o Examples
High inertia Rotor tests-

RCP Flow tests (air & water)-

Check Valve tests-

_ _ _ _ - - _ _ _ _ _ - - _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ . - .--
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Basic Research Tests m <m

o Experimental in nature

Generally bench tests performed at universitieso
Investigate specific phenomena in detail-

Answer specific questions of performance or feasibility-

Provide guidance for further testing-

o Quality requirements
Test plan required-

Test facility design documents required-

o Examples
University of Wisconsin condensation tests-

University of Tennessee Reactor Vessei Air Visualization tests-

Bench Wind Tunnel test-

_ _ _ _ _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ - . _ __ ._ _
_ . . - . - .
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AP600 Test, Analysis & Design Process

TEST
REQUIREMENTS

Analysis (Models. Codes).

Design Verification.

NRC/ Licensing Requirementse

k

.
TEST

SPECIFICATION

Facility Requirementse

Pralininary Test Matrix.

4
Test Design->Scaling Analysis TM FW N@ Analysis*

k

Facility Construction
9

Erk unj y

Nk[# * Final Test MatrixA Test Operaeng Procedures
w

k
Test Operations

i
Post Test Analysis

k
Plant Analysis (4+1mkation

i
Plant Detailed Design Optimhatton

. - _. . _ _ _ . . -.- -- -



AP600 Testing Programs

Design Certification Testso

Passive Core Cooling System Tests-

Passive Containment Cooling System (PCCS) Tests-

,

, ,

Engineering Testso :
'

Component Design Verification Tests-

_ _ _ _ - _ _ _ _ _ - _ _ - - _ - _ _ _ - - _ _ _ _ - _ - _ _ _ - . _ - _ = - - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _
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AP600 Testing Programs ji

:

|

PASSIVE CORE COOLING SYSTEM TESTS

,

e

____..._____._.___.__._____._._u__.______._ _ _ ___ _ _ _ ____ _2_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ___ _ m __ --- - . _ . _.. _ _ m _ __ m .___- -_ _-_ _ ____ _ _ ___ -.m -_-
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!kgAP600 Passive Core Cooling System Tests <

;

o Passive Residual Heat Removal Heat Exchanger Tests

o Automatic Depressurization System Phase A Tests

o integral Systems Tests ;

Departure from Nucleate Boiling Testso

o Core Makeup Tank Tests

Automatic Depressurization System Phase B Tests i

o

|

|

i

.m w.mma. m____________ _ _ _ _ _ _ _ . _ _ . _ _ . _ _ . _ _ _ _ ___-_ . . _ _ _ . _ _ _ _ _____. _ _ _ -___ .____w m -_ ____.- -____- - - - - - - - , .---- %~ - - - - . - ~_ _ _ - .r. ,-- - -
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AP600 Passive Core Cooling System Tests n,, son

|
3

Completed Tests

Passive Residual Heat Removal Heat Exchanger Testo
,

>

Confirmed heat transfer performance: -

!

'

Automatic Depressurization System (ADS) Phase A Test; o
:

| Sparger blowdown characteristics have been tested-

!

-- - - . .- . . , _ _ _
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Passive RHR Heat Exchanger Test

PRHR Data and Correlation Used in LOFTRAN Computer Code

q" (BTU /ft ** 2/hr)

1E I 06 - -

-

N
- Correlation Used

in LOFTRAN-

.*/-

1E + 05 :-

.

. .
'

e
~

Boiling Regime
1EI04 :-

.: :
.

_

!

L -.l. .J ._.l...J., t 1

j 100 1000

TW - TSAT ("F)

i
i

_ _ _ - _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - - - - - _ _ _ - - _ _ . __- _ _ _ ________-____ - - - _ - ___- - _ _
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AP600 Passive Core Cooling System Tests nysoo

.

Ongoing and Planned Tests

Two separate Integral System Tests examine the behavior of the plant ando
interconnected systems

Full-height, full-pressure test at SPES facility in Italy models two AP600 loops-

with CMTs, accumulators, passive heat exchanger, IRWST, and automatic
depressurization system

A quarter-scale lower pressure (~400 psig) test at Oregon State University will-

model the NSSS, passive safety features, and important non-safety features

Departure from Nucleate Bolling (DNB) Testo

The AP600 pump design includes a high inertia rotor to control flow coastdown-

Ample margin to DNB eliminates design impact-

o Cue Makeup Tank Test

o ADS Phase B Test

|
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AP600 Testing Program . . . . .

.,

Passive Containment Cooling System Tests

,

I
S

-__.____.____.____m. . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ _



AP600 Passive Containment Cooling System Tests j

o Feasibility Tests

o Condensation Tests

o Heat Transfer Tests

o Water Distribution Tests

o Wind Tunnel Tests
,

f

%

- _ _ . _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . - _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _._-_..____.______________.-__3 __ _ _ _ _ _ _ _ _ _-____ .__._-_.-___ __ _ . _ _ _ _ _ . __ _ _ _ _ _ _ . _ . _ _ _ _ __ . _ _ _ _ _ _ -______-



AP600 Passive Containment Cooling Systems Tests ! J

Completed Tests

o Bench Wind Tunnel Experiment

Assessed effects of wind on shield building design (inlet / outlet location)-

o Air Flowpath Pressure Drop Test

Obtained pressure drop data through the downcomer and annulus-

o Water Film Formation Test

Confirmed wettability of a coated steel surface-

i

l

- b--_---- _ --_ _-. 7 ________ _ ___ ~__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ ___ _

- ~ ~ ~ ~ ^ ~ -
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AP600 Passive Containment Cooling System Tests y,. , o

Completed Tests (continued)

o Heated Plate and integral PCCS Tests

Confirmed heat transfer capability-

Large - %th scale PCCS Heat Transfer Testso

Detailed interior / exterior heat transfer performance characteristics-

o Water Distribution Tests

Measured prototypical water coverage-

o Wind Tunnel Test

Confirmed natural circulation with site wind conditions present-

Optimized air inlet and exhaust arrangements-

_ _ _ _ __ _ -__ ___ _ ._ _ _ . - - -. . . _ _ _ _ _ _ _ - _ _ _ _ - _ - _ _ _ _ - _ _ _ _ _ _ .
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AP600 PCCS Heated Plate Test Results l!

Wetted-Evaporative Cooling over Range of Water Flowrates and Plate Angle

Measured Heat Flux / Calculated Heat Flux
2.0

- - - -

.

1.5 -

- I ;
g . .. . ..

1.0 - f*

_

0.5 -

I I I ' ' I I- '
0

O.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

Cooling Air Velocity (ft/s)
1

- _ _ - _ - - - - - - _ _ - _ _ - - _ - _ _ _ _ _ _ _ . _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ . - . -_ . - . . _ _ _ - _ - - _ _ _ _
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AP600 Large Scale PCCS Heat Transfer Tests ,i,
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AP600 Passive Containment Cooling System Tests

Ongoing and Planned Tests

o Heat Transfer Tests

-The 1/8th scale facility includes modeling of internal containment structures to-

assess steam distribution effects

Results from completed baseline tests and from previous tests incorporated-

into WGOTHIC analysis code with excellent results
;

i o Water Distribution Tests !

Measure water coverage using water distribution system-

o Wind Tunnel Tests

Repeat at high Reynolds numbers-

Site geography effects will be assessed with a smaller model whicle varies site
'

-

features

-- - _- _ _ - - _ _ _ _ _ _ _ - _ _ _ - . _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __



q yAP600 Testing Program

Component Design Verification Tests

.

-- - - - - - - - - - . _ - _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___



AP600 Component Design Verification Tests ! ,

Completed Tests

Reactor coolant pump / steam generator channel head air flow testo
No flow maldistributions-

Reactor coolant pump journal bearing testo
Determined dynamic / horsepower characteristics-

incore instrumentation System (llS) Testo
Demonstrated ilS will not be affected by Control Rod Drive Mechanism (CRDM)-

electromagnetic interference

Reactor vessel flow visualizationo
No abnormal flow distribution-

Check Valve Mechanical Testo
- Demonstrated low pressure performance

. _ _ _ _ _ _ - _ _ - - - _ - - _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ -
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AP600 Testing Programs ._

Key Tests for Design Certification

o Separate Effects Tests

Automatic Depressurization Test - Phase B-

Core Makeup Tank Tests-

'

,

,

'

o integral Tests

OSU 1/4 Height Scaled Pressure Test-

SPES-2 Full-Height, Full-Pressure Test-

PCCS Large Scale Heat Transfer Tests-

. . - . _ . ._- . - . - -. -



..

;

prvg|
ADS Phase B Test n r. .?,

_

o Organization - ENEA

o Location - VAPORE Facility, Casaccia, Italy

o Key Features

Separate effects test-

Full scale, prototypic hardware-

o Purpose of Tests

Evaluate valve performance-

Obtain piping load data-

o Progress

o Schedule

.
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OSU 1/4 Height Scaled Pressure Tests

o Key Features

Low pressure, scaled facility-

Complete RCS and Passive Core Cooling System model-

1/4 scaled height-

400 psig maximum pressure-

Stainless steel components and piping-

o Purpose of Tests

Provide T/H data for code verification at low pressure operation and during long term-

cooling

o Progress !

o Schedule

i



p
;

-

'

I
+

Niw:

[s-
|

i

&

1

1-

_

{e _

_.
_y _

i -

s- -
_

,

s .

-

_

t

Iin
._

_

s | _

me _
i .

.

T
.

-e '
[

3 m#
i-

_r y _.u
s
s
e .y.

r
P
de

# (l

a
c
S
t
h
g

i

e
H
4
/
1

U
S
O



h ||
SPES-2 Full-Height, Full Pressure Tests m no

Organization - SIET supported by ENEA, ENEL, and Ansaldoo

Location - SPES Facility, Placenza, Italyo

o Key Features

1/395 volume scale, full pressure, full height facility-

2250 psig,600 F-

Full simulation of AP600 features-

Two cold legs / one hot leg per loop.

Two CMTs, Two accumulators-

ADS simulation.

Two active steam generators-

Full height heated core-

PRHR modeled.

IRWST modeled.

Direct vessel injection.

- - - _ - _ _ _ _ - _ - _ _ - - _ _ . - . -- . . - . .. ._ - - -- . . . . - -
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SPES-2 Full-Height, Full-Pressure Tests

_ _ _ _ _ _ _ __

m....

o Purpose of Tests

Obtain T/H data at high pressure for computer code verification-

o The SPES-2 test matrix will address:

SBLOCA simulations (break size, location, interactions w/ nonsafety systems)-

Steam line break-

Steam generator tube rupture-

Design basis with/without active systems to mitigate.

Beyond design basis events-

o Progress

o Schedule
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AP600 Test Analysis Plan

Core Makeup Tank Test

Scaling logic will be provided to verify that the key thermal-hydraulic phenomena willo
be captured in the scaled CMT test

Engineering analysis of the CMT has been proceeding using WCOBRA/ TRAC to helpo
size components, design the tests, place instrumentation as well as to test the code

The CMT data will be analyzed to determine:o

Mass / energy balances-

Wall condensation heat transfer coefficients-

Interfacial heat transfer-

Thermal Stratification / Mixing effects-

Vold fraction with depressurization-

Natural circulation behavior-

SSAR codes ( WCOBRA/ TRAC and NOTRUMP) will be used to analyze the CMT testso

. _____ ____- _______-_ - _-_____ _ __ ___ - - _-_ - ____ _ ____ _ __ _ ___ _



AP600 Test Analysis Plan

Oregon State University (OSU) Low Pressure integral Systems Test

A detailed scaling analysis has been performed to design the reduced pressure,o
reduced height facility

Engineering analysis is being performed with NOTRUMP to help size the components,o
verify the pressure scaling approach and plan the tests

The OSU tests will be analyzed to determine:o

Transient system behavior for different break locations, sizes, and system-

failures
!

Test facility transient mass / energy balance-

Flow regime characteristics-

Tests will be analyzed using NOTRUMP and WCOBRA/ TRACo

!

:

|

_ - _ . _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _ . ___ ____ . _ _ - - ..
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AP600 Test Analysis Plan g

| Large Scale Containment Tests

Scaling logic presented in WGOTHIC topical report (WCAP-13246)o
;

Feasibility tests analyzed with WGOTHICo
University of Wisconsin condensation tests-

Heated plate tests' -

Integral (small scale) PCCS tests have been analyzed with WGOTHIC and COMPACTo _

Engineering analysis of Large Scale tests was down with COMPACT to help placeo
instrumentation, examine flow patterns

Large scale baseline tests have been analyzed with WGOTHICo

Currently performing pretest / engineering analysis with WGOTHIC to establish testo
conditions

I

Large scale test data will be analyzed to obtaino
test mass / energy balances inside and outside of containment- -

local heat flux, heat transfer coefficients |-
'

non-condensible distribution-

Large scale tests will be analyzed using WGOTHICo

_ _- _ _- . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - _ _ _ _ _ - _ _ _ - - . _ _ . _ __ _ -._ .
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AP600 Test Analysis Plan L

Conclusions

A comprehensive AP600 test and analysis program has beeno
developed and is in progress

Key new features are being testedo

Tests will characterize the unique features at large scales so thato
computer models can be developed or verified

State-of-the-art safety analysis methods employed
! o
|

The combined test and analysis program will meet AP600 licensingo
needs

_ _ _-- -_- __- - _ - - _ _ - _ _ -


