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AURIT SUMMARY =~ ABWR RPV _AND INTERNALS

QBJECTIVES:

On February 10-12, 1992, the NRC stafr of the Advanced Reactors
Engineering Section of the Structural and Geosciences Branch
conducted an audit at GE's office in San Jose, California. The
audit was a followup action from the NRC/GE management meeting
held on January 28-29, 1992, The purpose was to review the
documentation and the bases for the establishment of inspections,
tests, analyses, and their acceptence criteria (ITAAC) for the ABWR
reactor pressure vessel (RPV) and internals. The meeting agenda
(Enclosure 1) and list of meeting participants (Enclosure 2) are
attached.

BACKGROUND:

The staff review of the specific pilot ITAAC for RPV and internals
found that it did not address key dimensions and major design
parameters of RPV and internals. This information is needed to be
verified by ITAAC to assure that future ABWRs which reference the
design will be built and will operate in acscordance with the
certified design. In addition, vibration prediction analysis of RPV
internals is needed prior to final design approval for the staff
to reach a safety determination of the ability of the ABWR RPV
internals to wvithstand flow-induced vibrations.

EINDINGS AND CONCLUSIONS:

During the three-day audit, the staff discussed the above concerns
with GE personnel and revieved relevant documents for resolv’ng our
concerns. The staff reached a tentative agreement with GE based on
& proposed revision of the specific ITAAC. Pending verification by
an official GE response to staff audit on the pilot ITAAC, which
as indicated by GE, will be submitted to NRC by the end of
February, 1992, the staff considers the RPV and internals ITAAC to
be acceptable.

The following is a summary of audit findings and conclusions:

1. GE agreed that the pilot ITAAC related to the "V system, as
showii in Table 2.1.1 of the GE submittal dated January 17,
1992 will be revised as marked in Enclosure 3 to address the
staff concerns.

2. As suggested by the staff, GE agreed to add newv tables and
figures (see Table 2.1.1-1, 2.1.1-2, 2.1.1-3 and Figure 2.1.1-
2a, 2.1.1-2b in Enclosure 3) to the ITAAC, and re.ise the
existing Figuve 2.1.1~1. Thus, our concern on key dimensions
and major design parameters of the RPV and internals is



resolved. However, constructicn tolerences of the listed key
dimensions as shown in the column of "Variatier" in Table
2.1.1=3 remain to be defined. GF indicated that values of
variation will be proposed to the staff within two weeks.

GE indicated that the first and also the typical ABWR,
Kashiwvazaki Unit 6 (K-6), is currently under construction in
Japan. A set of docurents (References 1 to 7) related to the
Ylow=induced vibration (FIV) assessuent program for the K-¢
reactor internals was presented. The info mation consists of
an analysis for vibratiocn prediction, the basis and details
of instrumentation for vibration monitoring, specification
for conducting the preoperational and startup tests,
specifications for the installation and removal of the
monitoring system, and a full-scale, 60~degree flow test of
the ABWR reactor internal pump system conducted in Japan.

For vibration prediction analysis, a statistical approach ve.
taken to estimate the range of responses of major RPV internal
components in their first few fundamental modes, based on
correlation of measured responses of a selected group of
existing BWRs with sim/lar configurations. Parameters used to
estimate sample responses consist of flow, power. stiffness,
etc. Both U. 8. (i.e. RG 1.20 and ASME Boiler and Pressure
Vessel Code’ d Japan regulatory requirements were included
in the accep.ance criteria.

The staff found that ‘ ~ information is comprehensive and
generally in conformar 7ith guidelines and reguirements of
the regulatory positioc..s stated in SRP 3.9 and RG 1.20. It
provides reasconable assurance that the RPV interrals of the
certified ABWR will withstand flow-induced vibrations. The
staff also agreed with GE that the analytically predicted
values may be upgraded when future test data become available,
such as data from preoperational and startup tests of the K-
6 facility.

The staff verified the availability and completeness of
documents (References 8 to ¢) related to the design
specifiLacion for the K-6 RPV systen (specifically the core
support structures). The information consists of system and
component design requirements, including applicable codes and
standards, loads and load combinations, design limits,
vibration assessment program, w» r-rial and Frocessing
requirements.

The staff reviewed documents (References 10 to 12) related to
the evaluation of the K-6 reactor internals under postulated
accidents, such as the event of main steam line break at the
RPV nozzle. The information consists of calculated pressure
differentials and assessnment of effects to the reactor
internals. Mathematical models with details wvere presented in
Raierence 11 for dynamic analysis, which were not performed
due to non-dynamic nature (slow variation) of pressure



differentials during the event. The stalf observed the
calculaied pressure differential curves and concurred that,
with large separation ot component structural frequencies and
the excitation freguencies, amplification of loads are unlikely.

6. The staff verified the availabjlity of documents (Referernces
13 and 14) related tc purchase specifications for tha K-é6
facility. The informati»n in Reference 13 defines the general
administrative reguirements on procurenment, including material
control, fabrication control, documentation requirements, and
various QA/QC programs. Specific procurement requirements for
the reactor internals are addressed in Reference 14.

2 GE agreed to provide the staff an updated MPL-1ENSO7A03 list,
the master list of documents applicable to ABWR Standard
Plant, to inc'ude References 1-12. References 13 and 14
related to procurement specifications will not be included due
to potential variation in requirements among utilities,

REFERINCES

The following consists a list of documents presented by GE to the
staff during the audit:

1 GE Report 23A67(1, Revision 0, "Reactor Internals Vibration
Prediction,™ a design report for Japanese X-6 plant, Novenmber
29, 1989,

2. GE Report 23A6253, Revision 0, "Reactor Internals Vibration
instrumentation,” a design sperification for Japanese K-6
plant, July 14, 1%89.

3. GE Report 23A6715, Revision 0, "Reactor Internals Viblration
Instrumentation,™ a stress analysis report for Japanese K-6
plant, May 2, 1989.

4. GE Report 23A6315, Revision 0, "Reactor Internals
Vibraticn Monitoring System," a test specification for
Japanese K-6 plant, June 21, 1989,

$. GE Report 23A6255, Revisicn 9, "Reactor Internals Vibration
Moniroring System Removal," a specification for Japanese K-
6 plant, June 16, 1989,

6. GE Report 23A6254, Revision 0, "Reactor Internals Vibration
Monitoring Equipment,®™ a Installation specification for
Japanese K-6 plant, Jujy 14, 1989,

7. Katsuta Engineering Laboratory Report, “Verification Test of
Reactor Internal Pump System for BEWR."

B. GE Report 23A6012, Revision 3, "Reactor Pressure Vessel
System," a design specification for Japanese plant K-6, April



10.

i1,

12.

13,

14.

23, 1991,

GE Report 23A1437, Revision 2, "Core Support Structures," a
design specification for Japanese plant K-, May 22,1891,

GE Report J86HAS84, Revision 3, "Reactor Internal Pressure
Differences,” a design reguirenment document for Japanese plant
K«6, June 10, 1988,

GE Report 2)A1482, Revision 3, "Reactor Dynamic Model,* a
design specification for Japanese K-6 plant, Jujy 11, 1990,

JE internal letter, N. T. Patel to C. W. Dillmann,
“Ampliphication of loads due to Dynamic Pressure Differentials
on Reactor Internals during LOCA," August 26, 1991,

GE Report 23A6124, Revision 4, "Purchase Specification," a
purchase specification for Japanese plant K-6, June 19, 1991,

GE Report 23A6120BA, Revision 1, "Reactor Interrals," a
purchase specification for Japanese plant K-6, June 19, 19%1.
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ENCLOSURE 1

NRC Audit of GE on
ABWR ITAMC OF REACTOR VEFSEL AND INTERNALS
February 10-12,1992

AGENDA

Discuss revision of RPV System ITAAC as shown on Table
2.1.1 of the GE submital dated January 17, 1§92,

Discuss Tier 1 information regarding dimensions of key
structural details and parameters controling design of the
RFV systen,

Review vibration prediction analysis of reactor internals to
assure design adequacy against flow-induced vibrations during
plant normal operation.

Review faulted condition analysis to ensure operability and
structural integraty of the RPV systems, specifically the
consequences under a postuiated stesu line break.

Review design and procurement specifications



ENCLOSURE 2

NRC Audit of GE on
ABWR ITAAC OF REACTOR VESSEL AND INTERNALS
February 10~12,1992

Rebecca L. Nease NRC

Shou-nien Hou NRC
Jack N. Fox GE
Tony James GE
Nilhanth Patel GE
Ian See GE

T. J. Judge GE

Project Manager, PDST

Sr. Mechanical Engineer, ESGR
ABWR Licensing

ABWR ITAAC Program Manager
ABWR Senior Engineer

Engineer

ABWR QA on Procurement
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prers (Tablz 2 1.1: REACTOR PRESSURE VESSEL SYSTEM

— 1 Inspections, Tests, Anaiyses and Acceptance Crsteria

Certd’ vé Design Commutment Inspections Tests, analyses

Svstermn configuranon of the rascion \ Visual hald inspoctons will he conducted ; he st C - higguse AL
pressure vessel system (PRPVS) ps of the installed RPYS key compone Nts he ronswdered 3 ceptaghle

described n Sechon 2. QOS shown on  J wlentified in Section 2. 1.1 a~d Figure 2.1

Figure 211714 . <&—o i =

The reactor coolant pressure Poundary Inspections wsli he conducted of ASMS
RCPE) pormon of the APV and Code requwed docum:: - 3 and the Code
appurtenances and theyw suppors e stamp on the Components e B
classihed as Qualty Group A, Sesmc e
Category i. These components are e
dessgned, fabncated, exzmened and ctruciures are designed
hydrotested i accordas.cc with the des o e
ASME Code Class 1 vessel or comgonent
suppost. and are “ode staniped
sccosdingly The core support structures
are Quaity Group C. Sesmuc Category !
anvd are designed, fabncated and examined
n accordance with the rules of ASME Code

ass OS5 siructures, and 276 code stampad

"’-é:f‘tuf“.

The RCPE of the RPVS retauins ds indegity A hydrostaie test of the RCPB will be

sder intarnal prescure thai weli be conducted 1 acoordance with the ASME
. 'D‘“"C’"LB(’ dunng the sennce Cod raguererents

The materiaie ysed for ACPE portion of the inspaction wiil be conducted of the records

APV and sppurnensnces are Cenamn proven of matenas, iahncathon, and 2xamunation

ow andd hagh 8oy stoeis with cenam used n constructon of the AUPR and R ——
additonal '"I'—'"“”"’”"' for construchon Rurs el Siminiess stee! realior nter < ot » wt that the mand
os ‘f‘ﬂ"is’t\d n Sechon 251 (’;"‘- wal = B30 238 5303 { the BPJ sie
wyirels are exercised when aasieomnty g i '

taniess steel is usad for construwchon
~

Eomeb s arcall, b
SAR 5314 ¢/
£334: a.X «,&:
L{*?l;-*ti& B

< a

W e rnats i Of ey 10 avout! Cracking

g Serveee
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Tabia 2 5.1 REACTOR PRESSURE VESSEL SYSTEM (Continued)
Inspections, Tests, Analyses and Acceptance Cirteria

Certdied Jesign Comimitmant inspections, Yesls Anslyses

The ferruc matenals used w RCP8 porion 5 Fracture toughness tests of the ferrtsc

of the RPV and appunensnces are not base. weild ana beat atlected rone (HAZ)
suscepiable 10 betle fracture under metal used s the ROCPB wii be conducted
pressure durning the service m Accordance with the requsrements for

ASME (Liss 1 crunponents

Acceplance Catona

codd work -scoa.m.adm
fines m hardness, bend rade
Monwm:mhces
uem“mal
mnmn
ba-vh-mngm

Records of the hiacture toughaess data of
the RUPB ferritsc matenials st condum
that 1) the ;equeements of ihe AUME Corde
are met.and 2} the reachon ves sl b ithne
el vl not be Susoe palsie 1 bt
fraa tusres dhararagg thwe Secr v o
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Table 2.1.1: REACTOR PRESSURE VESSEL SYSTEM (Continued)
inspections, Tesis. Anaiyses and Accegtance Critena

Certéied Design Commutmant

B Access for examinations of the RPV is
ncorporated w10 the design of the vessol, accessitubity for exarmunations of the versel

hologreal sineld wall and vessal nsulabion.

inspections. Tests. Analyses
B Visual nspection wiil be conducted of

and weids

Acceptance CUniternp

8  Provisions for access n the design of the

vessel ologwcal steid wali. and vesse!
msulation shall be, n the memsmum, as
foflows:

The shweld wall and vessel mnsuiatson
betiund the siveld wall must be spaced
away from the RPY outside surface
Access for the mserbon of aumomated
devices must be prowvided thenugh
removable msulation paneis at the lop of
the sheeld waill and at access ports &t
feacte: vessel nozzles  Access 1o the
reactor pressure vessel welds above the
top of the sologecal shueld wall m st be
prowwded by removabile insulation panels
The ciosure head must have removabie
msulaton to provide access for manual
ult: 250MC exammnations of 1ts welds
Access 10 the bottom head 1o shell weid
st be provided through opemngs in the
RPv suppor pedesial and removabie
msulabion panels around the cyhindncal
lower porton: of the vese=l Access must
be prowided 0 parial penetration norrie
weids 1 e CRD penetrations,
msirumentation nozzies and recircutaton
wmtermnal pur ) penetration welds lor
performance of the visual examnations
Access must be provided for e samenaton
of the anachment weld hetween the
WMMCWWW*--!
mmwmkmmnl!&nl
Access must be proveded 1o the Dabassce of
the support skt lor pesfosmuce of vesuad

RATTRILAMNON



Table 2.1.1-1
KEY DIMENSIONS OF RPVS COMPONENTS

\

Description Elev./Dim. Value
(Figure 2.1.1-1) (rmun)

RPV ID G TU61

RPV wall thickness in beltline H 190.5

RPY bottomn head inside inven A 0.00

Top of RPV flange F 17703.0

RPV skirt support bottom B 32000

RPV Stabilizer connecuon E 13766 .0

Shroud OD L 5550.0

Skroud wall thickness M 508

Steam nozzie OD b Teco

Steam nozzle flow element throat dia. J EREN |

Core plate support - 46952

Top guide support D 93512

Shroud support legs (Fig. 2.1.1-2a) N 151.0

Control rod guide tube OD P 273.08

Tahle 2.1.1:2
MAJOR PLANT DESIGN PARAMETERS

Description Value

Design Rated Power (3926 MW1) See Section 2.0

Coie Coclant Flow Rate (115.1 Mib/hr)) Same

Steam flow rate at full power (16.843 MIib/hr) Same

Pump flow rate at rated core flow (30430 gpm) Same

Number of iuel asemblies (872) Same

Number of control rods 204 T

Number of internal pumps 10-

RPV design pressure 87.9 kg/em g

RPV design temperature 302 C



Table 2.1.1.3

Accetable Variations of Dimensions and Elevations

Description Elev./Dim. Var el on
(Figure 2.1.1-1) (mm)

RPV ID O

RPV wall thick «ss in beltline H

RPV bottom he .d inside inven A

e 2 |

Top of RPV flange

RPV skirt support bottom

RPV Swabilizer connection

Shroud OD

Shroud wall thickness

Steam nozzle OD

Steam nozzle flow element throut dia.
Core plate support

Top guide suppon

Shroud suppont legs (Fig. 2.1.1-2a)
Conrrol rod guide tube OD P Y

RQM'M 40 e
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Figure 211, REACTOR PRESSURE VESSEL SYSTEM XEY FEATURES
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