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SUBJECT: AUDIT SUMMARY - ADVANCED BOILING WATER REACTOR (ABWR) INSPECTIONS,"

TESTS, ANALYSES, AND ACCEPTANCE CRITERIA (ITAAC) ON REACTOR VESSEL
INTERNALS

As a followup action from January 28 and 29. 1992, meeting with GE the staff
or' the Structural and Geosciences Branch conducted an audit at GE's San Jose,
California, office on February 10-12, 1992. The purpose was to review
documentation and the bases for the establishment of 11AAC for the ABWR
reactor pressure vessel (RPV) internals. lho RPV internals system is one of
the nine ABWR Pilot ITAACs submitted by CE to the Nuclear Regulatory Commis-
sion (NRC) staff on January 17, 1992.

The audit reviewed the need to have a vibration prediction analysis to assure
the ability of the RPV internals to withstand flow-induced vibrations and the
need to specify key dimensions and major design parameters of the internals to
assure that future plants which reference the ABWR standard design will be
built and will operate in accordance with the certified design.

As a result of this audit, the staff found that vibration prediction analyses
were done for a typical ABWR in Japan, and GE agreed to revise the specific
ITAAC, as suggested by the staff, which will include information on key
dimensions and major design parameters for the RPV internals. GE indicated
that the revision will be contained in their official response to the NRC
staff audit and will be submitted to the NRC staff by the end of February
1992. A summary of the audit is enclosed.
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AUDIT SUMMARY - ABWR RPV AND INTERNALS
l

QBJECTIVES:
i

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 i
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 accordance 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 abilit the ABWR RPVinternals to withstand flow-induced vibrations.y of

FINDINGS AND QQNCLUSI.QMS:

During the three-day audit, the staff discussed the above concerns
with GE personnel and reviewed relevant documents for resolv/ng our

. concerns. The staff reached a tentative agreement with GE based on
a 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, _ vill 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 P7V system, as

shown 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 new 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 Figure 2.1.1-1. Thus, our concern on key dimensions;

and major design parameters of the RPV and internals is

.
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resolved. However, construction tolerences of the listed key
dimensions as shown in the column of " Variation" in Table
2.1.1-3 remain to be defined. GE indicated that values ofvariation will be proposed to the staff within two weeks.

3. GE indicated that the first and also the typical ABWR,
Kashiwazaki Unit 6 (K-6), is currently under construction in
Japan. A set of documents (References 1 to 7) related to the
flow-induced vibration (FIV) assessment program for the K-6
reactor internals was presented. The infotmation consists of
an-analysis for vibration 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 themonitoring 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 vc
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 similar configurations. Parameters used to
estimate sample responses consist of flow, power, stiffness,
etc. Both U. S. (i.e. RG 1.20 and ASME Boiler and Pressurevessel Code' d Japan regulatory requirements were included
in the-acceptance criteria.

The staff found that 'M information is comprehensive and
generally in conformar- /ith guidelines and requirements of
the regulatory positio..J stated in SRP 3.9 and RG 1.20. It
provides reasonable assurance that the RPV interr.als of the
certified ABWR will withstand flow-indaced 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 tho K-
6 facility.

4. The staff verified the availability and completeness of
documents (References 8 to 9) related to the design
specifiestion for the K-6 RPV system (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, n''arial and processingrequirements.

5. 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 assessment of effects to the reactor~

internals. Mathematical models with details were presented in
Reference 11 for dynamic analysis, which were not performed
due to non-dynamic nature (slow variation) of pressure

,.
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differentials during the event. The staff observed the
calculated pressure dif ferential curves and concurred that,
with large separation or component structural f requencies and
the excitation frequencies, amplification of loads are unlikely.

6. The staff verified the availability of documents (References f
13 and 14) related te purchase specifications for tha K-6 i

facility. The information in Reference 13 defines the general
administrative requirements on procurement, including material
control, f abrication control, documentation requirements, and ,

various QA/QC programs. Specific procurement requirements for ;

the reactor internals are addressed in Reference 14. 8

7. GE agreed to provide the staff an updated MPL-18HS07A03 list,
the master list of documents applicable to ABWR Standard [
Plant, to include References 1-12. References 13 and 14
related to procurement specifications will not be included due
to potential variation in requirements among utilitics.'

BIFERENCES:

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

1. GE Report 23A6701, Revision 0, " Reactor Internals Vibration
Prediction," a design report for Japanese K-6 plant, November
29, 1989.

2. GE Report 23A6253, Revision 0, " Reactor Internals Vibration
Instrumentation," a design spenification for Japanese K-6
plant, July 14, 1989.

3. GE Report 23A6715, Revision 0, " Reactor Internals Vibration
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, 1980.

5. GE Report 23A6255, Revision 0, "Roactor Internals Vibration
Monitoring 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, 1969.

7. Katsuta Engineering Laboratory Report, " Verification Test o'
Reactor Internal Pump System for BWR."

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

. . - _ _ . .. , . . . . . - -
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23,'1991.
!
l

9. GE Report 23A1437, Revision 2, " Core Support Structures," a
design specification for Japanese plant K-6, May 22,1991.

4

|10. GE Report 386HA984, Revision 3, " Reactor Ir.ternal Pressure |Differences," a design requirement document for Japanese plant |K-6, June 10, 1988.
;

11. GE Report 23A1482, Revision 3, " Reactor Dynamic Hodel," a
design specification for Japanese K-6 plant, Jujy 11, 1990.

|
,

;

12. GE intiernal letter, N. T. Patel- to C. W. Dillmann,
" Amp 11phication of loads due to Dynamic Pressure Differentials
on Reactor Internals during LOCA," August 26, 1991.

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

24. GE Report 23A6120BA, Revision 1, "Heactor Interna ls. , " a
purchase specification for Japanese plant X-6, June 19, 1991.

.
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ENCLpSURE 1
1

NRC Audit of GE on

ABWR ITAAC OF REACTOR YEFSEL AND INTERNALS

February 10-12,1992

AGENDA

1. - Discuss revision of RPV System ITAAC as shown on Table
2.1.1 of the GE submital dated January 17, 1992.

II. Discuss Tier 1 information regarding dimensions of key
structural details and parameters controling design of the
RPV system.

III.. Review vibration prediction analysis of reactor internals to
assure' design adequacy against flow-induced vibrations during ,

plant normal operation.
~

IV. ' Review' faulted condition analysis to ensure operability and
' structural integraty of the RPV systems, specifically the ,
consequences under a postulated steam line break.

V. Review design and~ procurement specifications

.
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ENCLOSURE 2

NRC Audit of GE on

ABWR ITAAC OF REACTOR VE8SEL AND INTERNAL 8

February 10-12,1092

.

ATTENDANCE LIST

Rebecca L. Noase NRC Project Manager, PDST

Shou-nien Hou NRC Sr. Mechanical Engineer, ESGB
Jack N. Fox GE ABWR Licensing

Tony James GE ABWR ITAAC Program Manager

N11hanth Patel GE ABh1 Senior Engineer

Ian See GE Engineer

T. J. Judge GE ABWR QA on Procurement

.
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<fes ge p p m ,1,t r g etspections. Tests. Analyses and Acceptance Criteriag
'-*
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g .A

CertiFwi Design Commitment lospections. Tests. Analyses ]e Acceptance Criteria,,

sofihe RENS was
1. System configuration of the reac:or 1. Visual field inspections welt be conducted i 1. The instarted cix.figur a

pressure vessel system IP.PVS) es of the mstalled RPVS key c.omponents the considered accepts sie si et con ptics

described in Section 2.1.Qs shown o
iden6 feed m Section 2.1.1 a'd Figure 2.1.1. with F.gueg2.T.T]a*.cjf $cctma 2.11

*
Frgure 2.1.1-1. <

-

2. The reactor coolant pressure boundary 2. Inspections will be conducted of ASME 2. Existence of necessary ASME Code

(RCPB) portion of the RPV and Code required docum wis and the Code acquired documents and the code starr.ps

appurtenances and their supports a e stamp on the components. on the components confirm that the
components in the RCPB of the RPV andclassified as Quahty Group A. Sersmic
the surports and the core support

Category 1. These components are structures are desegne.f. fabreated and
designed, fabricated examined and

exammed as ASME Code Clan 1 and CShydrotested in accordance wsth the rules of resper.tively. This also confirms that theASME Code Class 1 vesselor component
RPV rs hydrotested per the ASME Code

support. and are code stamped-

Class 1 requerce ents.
I accordmgly. The core support structures

are Quality Group C. Seismic Category I.
h and are designed fabricated and examined .

m accordance with the rules of ASME Code
Class CS structures, and are code-stamped

)accordingly.

3. The RCPB of the RPVS retains its integrity 3. A hydrostatic test of the RCPB will be 3. The results of the hy-trostatic test must

under internal pressure that will be conducted in accordance with the ASME conform with the requivenwnts in ihe

e=perienced during the service. Code requirea:ents. ASME Code

4. The materials used for RCPB portion of the 4 Inspection witi be conducted of the records 4. Records of the materiafs and processes

RPV and appurtenances are certain proven of mater.ais, fahncatert.and exammation must confirm thzt the requirevnents

low and high alloy steels with certain used in construction of the RCPB and specihed for the RCPB m Sect on 21.1 are

addstional requirements for conskuction, austenstic stainless steel reactor enternals. sat,sfied and that the manufacture and

fabncaten of the RPV mternals made ofas identihed in Section 2.1.1. Special
austenstic stamtess steet avo,d potential for

contrels are exercised when austenitic
stainiess steel is used for construction of

crackeng m servoce.

b}RPV mterr5ais in order to avoid cracking k [ , { ~[ m-
'/O;.s Attntoutes - -

~

dormg service. ''

SA R. C.f.t $ '
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[ Table 2.1.1: REACTOR PRESSURE VESSEL SYSTEM (Continued)a
inspections. Tests Analyses and Accept;.nce C:iteria "

i

Certified design Commitment inspections. Tests. Analyses Acceptante C.iteria
.

i

4. fonteseued)
ityvs er ternals. Where stamless steel
nu ces are ente.ed to water at
em _ atuses above 93 C. Iow ca.bo !

:

0 02t. '. mansmunst or smclear g-adi

natere *s (maximum C=0 020% wfhutrogen added) of CF3 type castrngs are j,
ased. A I terials are sut pleeden the

'

t

:alution Id treakd cond:tio/.
I;ense* station ests are applis/ to assure

'
|t '.
'

| hat the mater el es m the a,4neaird
fooddeon Oure'm fabricaHon. any heatmo t

hperatson text epiwt2M ,n# ) between 427 -; |

982- C es avoidc<1 u ilew fotiowed by .

solution heat treatmert. Durmg * SkIeng. !
best input and mierphss temperature are,

i
;ontro!!ed. Weld fdferkate sal used esi

Type 308tJ316U3,73L or quevalen: All !

mld fiMet mate /als used save a mammurr i j

of 8 FN averaud (ferrete nu. ber)
determmed undiluted we 1 pads by
magnetec rr, .asuring instrumdots Durstwj
abtscattorg cold work es controlled by

applymg famets en hardness, rades ani!
Lurfaceimesh on Dround surfaces. ProcesL
:ontrys are exercised during all st es oil<

:ornponent manufacturing. fabricatai i

a enstallatson 1o minimate
c stammants. Surface contammmts a ;

~::d poor to any heatmg om em,

5. The ferrinic matenats used in RCP8 portion 5. Fracture toughness tes's of the ferrstic 5. Records of the fracture enughness rLita of I
of the RPV and apportenances are not base. weld arm l' eat affected zone (HAZ) the RCP8 ferntec matenals must umfeem
susceptable to bottle fracture under rnetal used sa the RCPB wdi be conducted that il the requuements of the ASME Cawle i

pressuf e during tise seryx.e. in accordance with the requerements for are met, aruf 2) the ee,w to, vs.sset in trime '

ASME Ct.ess I untywments. m.itert.ils well emt he *,use . ptelele tie lieettle-_,

O le.ss. fine alueensJ tice ser vs. e
Z

i

. __ -- . _ . .



. . - - - - - - - - __

[.h s,, y s. o"
~ '' '

e
. - _

W o 6 ;x i. ,
s.

'. tv i 9 o+ | x. gB

o B 2 k ".e.
.

' : o Fago 4
.y .

.

II
E N 3hJ?YY ~43(. 2 3

t;j ^2
:T.h | c'5a;gE'51:fMe252n7 W

b.!!@
E:* 'p

3e 2Ej
6 .I ' . :: C" e gsp

$xi
e p B E p e e ., 5'tr e

, 5 "6 : w:s.E 5 | 1.= R E i l i
~'6 ** E- E cs t, I T

"

3 l i"M T E ". 2 E s -%srasu-

t g 4ygE*p vbi4f j g g *- ;e E =: 3 :. ., :ii * y 9 { i
-

[E7 ec#$ESEee#E oE n2 g$3 .'" f E h % g, .E 's
: se :0 .b ! g

.-

9 et:s -

E m s _9 4 4- . 7, E E
-

Eo #
C T E xJ,5> -5

' -o ,g"*o m e-e 5y7 - E ' 8 _o e -I
-

F t*-2 .8 E
-

i s 'g ? mh'3$E *E2E 38 The~4 4$e= .a

& c
8 5 Ij

70t*1@H*!!!4f,!63 I! " | 8%y .! 'o f 'f h 5 5i % $
$- VI'"t 8"8

-
*

1
! =g 1 r+}|r|g4 14 sil P: ale! E- 2 o j .h9 f | t. u p E1 2 -Vmh

l} }Q t n $ FI
e- +s e

h $f$2 ju; V5E
~

[ o e > a .s oy .es a : . . . .-
e g

. e m.
g%.

(mv t.
-

y
a w .

o, x .T g ': "A Io
7L

.g R B! 4 6B- - -e
3 x . i .o se-$

-o %

to E d j- t f .

' h! 6U i -3-3.'.;gE.E|Eg
"

-

'r) ~ ll d- - . om-> ~

&(H j i y2 ogee 2{3riM & a I
i =l =!s! N bs h.!I$ M -h Y '' ] i $fy k E

W= 4 M. '- 2. ira 2s3e ;
i. 27 !.t:53gistis.e < .; .: e

; .9 | Bj
= o D o f =$ =g r g E sS s! - E EggEkE-

{ >i k t4 '5
a )us .

c' :
ti. 5 ;* I 8gpC

'5.he
gf I"$$E=gEEEi

,,

's -D \ 3s r- -

$ ,E .$h(.vv4 I f b ( l

, x_

=

.s .$. r j 2i E E *I 3 U S
I 1 J c9y4 g ..

6 --

.=E E# >E
s.2d3E. z o - F s't s o ,
*

(- ( .i ca. .d R . e 3 3 .e - e..

s ~2 c- -Ee a E :s

b "a V Y _o$ ~3e$|E"E
ay~

y
=. 8 E S 5 5 |

o e

53 w .s 0 a > .< --
4 e
W o .

~
.

x g x e
4

.. 3

c(. a -.
W 5 e a' [z 7a

D .~e
e

. .

@G f
:*s3

f r. c 'o |5
~

f I4 | II ES cc /
e _ +e =2 pt o

W_ o
ig ,4 3 :! o l! T '.' v

9
.

* 8
*

g + 1, -8-
> co

b .96
u,4 .o 1.,

2i 30 go
8, 4 co R! Eq 31'-

. 5 -1Se, ,b 0 .I 6 C

- a r r
c 2 -

, .
**d g% ec) B=- glieg t 4 o *e

* ** Qd .

2gM]i & T, 9$|}e-th? a| .t. g
j ~ri .. e o

d~

$*

5xe o s cs a

T 3.
.

6 g {- a $ r $ $* ,> aC
*U e -

t.g-o s
\3 gty -

.
. -

q Em 'g .s l '5 C CW w;
6 0

'
. .

I e s s/'

2.1.1 -10- 1179:

- _



.

;

. :
.

>
.

g Tatde 2.1.1: REACTOR PRESSURE VESSEL SYSTEM (Continued)
ai

Inspections. Tests. Analyses and Acceptance Criteria ^

Certified Design Commstment inspections, Tests. Analyses Acceptance Criteria

8. Access for examinations of the RPVis 8. Visual inspection will be conducted of 8 Provisions for access in alie desk n of stic iJ
; incorporated it.to the desegn of the vesscl. accessibility for examinations of the vee. sci vessel, hoologecal shield wall, and vessel

beologecal shield wait and vessel insulatoon. and welds. insulatson shall lac. sn tte minamum. as
follows: i

i

The shield wall and vessel insulatson
behend the sheeld wall must be spaced
away frorn the RPV outsnie surface.
Access for the inserteon of automated '

devices must be provided through
i

,

removable msulation panels at the top of
the sheekf wall and at access ports at

|.

reactor vessel nort!es. Access to the rJ

reactor pressure vessel welds above the
[

. top of the beologecal shield wall m est be
3 provided by removable ensulation panels. '

y The closure head must have removable |.,

insulatoon to provide access for manual I

;| ultrasonec emammations of ets welds. I

I Access to the bottom head to she!! weki ;

must be provided through openings en the i
RPV support g,edestal and removable
insulation panels around the cylerdrical flower portion of the vesnl. Access must i

i be provided to partial penetration norrie I

welds,i.e, CED penetrations. I

instrumentation norries and recirculatior
inteerial purr y penetration welds, for
performance of ahe visual examinations. I1

Access must be proveded for enamenation
{

i tt skirt n ( o get ify am

!.
the shell rmgl a,xt the RPV suppent shut I

i Access must be providett o ahe taaLiisce of
stic support sheet for perform.uwe of vesas.st [,

en.wsnnatum
i c {
. *
1

,
o

, e . , - - - - -
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Table 2.1.11.

KEY DIMENSIONS OF RPVS COMPONENTS i,

Description Elev./ Dim. Value !
(Figure 2.1.1 1) (nun)

RPVID G 7061

RPV wall thickness in beltline H 190.5

RPV bottom head inside inven A 0.00
Top of RPV flange F 17703.0
RPV skirt suppon bottom B 3200.0

'

RPV Stabilizer connection E 13766.0
Shroud OD L 5550.0
Shroud wall thickness M 50.8
Steam nozzle OD K 7884o

Steam nozzle flow element throat dia. J 383.7 ,

Core plate suppon C 4695.2
Top guide suppon D 9351.2
Shroud suppon legs (Fig. 2.1.12a) N 'St.o

,
'

Control rod guide tube OD P 273.05

Table 2.1.12

MAJOR PLANT DESIGN PARAMETERS

[
l

( Description Value

'./ \
h I Design Rated Power (3926 MWt) See Section 2.0

) _/ Coie Coolant Flow Rate (115.1 Mlb/hr)) Same

L,1 Steam flow rate at full power (16.843 Mlb/hr) Same

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

gq V f Number of fuel asemblies (872) Same
4 Number of control rods 204 3--

>, , E',f Number of intemal pumps 10

fif
'

( RPV design pressure 87.9 kg/cm^2g
\ RPV design temperature 302 C

;

I
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Table 2.1.1 3

Accetable Variations of Dimensions and Elevations,

@

Description Elev./ Dim. Var ai.en
(Figure 2.1.1 1) (mm)

RPVID G ^
RPV wall thickte ss in beltline H
RPV bottom he.d inside invert A
Top of RPV tlange F
RPV skirt support bottom B Remain 40 k
RPV Stabilizer connection E cje{inedShroud OD L
Shroud wall thickness M '

Steam nozzle OD K
Steam nozzle tiow element throat dia. J
Core plate support C
Top guide support D
Shroud support legs (Fig. 2.1.12a) N
Control rod guide tube OD P V

,
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