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L HEg

dEAH dA ¥HE ZF2(LWR:light
water reactor) €8 dALE 517171 @A &
Ay I 2 FAL 28719 BWR(boiling
water reactor) 9} 237]9] PWR(pressurized water
reactor) 2 HoJdt. £F AMFUA AFE2E 3
719 BWR o] gt wg gg {9 37
(light water reactor, gas cooled reactor,
advanced thermal reactor & fast breeder
reactor) 7t 1y otF7kA] FyErt d& 47
YA ie] FF5E o] glon, 4 F EA
Fe 44917 MWoITt? 713 Q#® 527}
197049 7HEE A 20de] HA HoAA He,
LAHLALY A717HEA wE AN e A
33, 7oz By dAdE dAH AL
9717189 2adol LA HUG oY
g AN A& F4EYA (MITI : Ministry
of International Trade and Industry)2] F¢lo}af
1993 7h&o] d@WAMHZAARE 3 (JAPEIC !
Japan Power Engineering and Inspection
Corporation) 7} F E 3849 POMS ¢ 43
(Committee of Nuclear Plant Operation and
Maintenance Standards)& +43td AAEHLA
29 A7e71EE Agsn NFFAGE o
24 dE9 4AHLTAL +913, FE&7
€71 % POMS #1939 4%, 74, ¥ %
A71&71&4 3] AAN BRI F 53
ZAt(inspection), AEH7H(flaw evaluation) %
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¥ % (repair) AV tidte] POMS $193l9 Al
71€71&3 wZFY 71€7]$&A ASME Section
X139 zpol Ao thate wlEs] Rzt g

2. 4& dAFRALS HY

BAANGATL &FF BE 89 AHEA
A% A7 A9 (Electrical Utility Industry
Law)2 WE2:EE Hojld, AA4geRLe 4
Al(design) @ ZAA(construction)& &3 2L

AR ARy |
Electrical Utility Law(EUIL)

‘ Technical Standards for
s Welding of Electrical Products
: (MITI Ordinance No.81)

i Technical Standards for :
-——‘ Nuclear Power Plants Facilities
i (MITI Ordinance No.62) '

Technical Standards for
Construction of Nuclear
Power Plant Components
{MITI Notification No.501)

HE@oY I E BERE Hog:

a) MITI % (ordinance) No, 62(Au¥HEQl M A7)
&)

b) MITI ¥ (ordinance) No. 81(8-3¢] HFAHY)

¢) MITI 2ZA](notification) No. 501 (ASME Section
me] YE% wigog ASME Section I ¥ XI
9} Class 1, 2 ¥ MC components$} A

d) 71e} 714 7|%/% % (other technical standards)
A W AA ollAH e ol JeV|E/EE

(technical standard)o] &AFY BALd HEH

Agse w2 ASANE/EE

ASME Section III NX-4000

10 CFR 50 App.A

ASME Section Il
Except NX-4000 & 8000
10 CFR 50 App.H

HIHE J|87|E/BE
| (JEAG-401) (QA) (IAEA Safety Guide 50-C-QA)
1 JEAC-4201 10 CFR 50 App. G & H
: iﬁgﬁgﬁ ASTM-E-208
: B 10 CFR 50 App.
L JEAC-4204 p. J
JEAC-4205 .
...................... JEAC-4206 ASME Secgon XI TWX-2000
JEAC-4207 ASME Section III App. G

* JEAC, JEAG : YEHMI|Y3| 7|&7|ZE ¥ XEAM

02l 1. 225 0|29 |XSHYUNMA J|&7|E/EE(Codes & Standards) H|m

BB
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I Yo Arzudise FZRAAY fAd )
EA8-g o]F3 glth. MITI Notification No, 5019]
ASME Section III9] ®l¥E Flou ISI(In-
Service Inspection ; 7FEFHAN 2 o]d] FAH A}
g9 S8 2 7FAGE BAEA g gtk AR
2 ISl A tisiA+= ASME Section X1 u}g
o2 TE AR 71£7])%/EF(Non-Government
Code & Standard)?l JEAC 4205[JEAC,
JEAG(Japan Electric Association Guide &
Codes) ; dEAZIHS 71&7]1F 2 AT &
o A9 JEAC 4205 F& 7 AH(inspection) T
HFHL Ao H7Hevaluation) R B4 (repair) o
ALY Ago] glo] APE Holokd Aol
Foklth 29 1 € ¥ 19Me 989 g4y
AL HHY 2 JENE/EEH oo AgI=
v 39 7|8/ FE v

3 ANENES AT 93 74

N2 71€71F9) daAor dEGNE &
2AHA (MITI : Ministry of International Trade and
Industry) 9] Fdolz 19933 71L& QEwAN
H| AAH S| (JAPEIC : Japan Power Engineering
and Inspection Corporation)”} POMS g3
(Committee of Nuclear Plant Operation and

Maintenance Standards)zle 7] 993& 34
3t YA LALY NI)&rE L NEsr] A
A2t POMS 914389 %993 (main
committee) = &F< F33te 189102 T4
o ot 2 W& 4¥EY %, AEI 99,
WA ALY A (utility industry) 691, A 2z}
(fabricators) 39122 Ho] ¢glon gud 39
A= 39g 7M. T4 (MITI) & Observer
E F4d. 993 (main committee) o} 3
e F9) 93] (subcommittee) 7} FHgte] I A
9 39E 32 a2 2993 (subcommittee) T}
% 479 dF2F(working group) S FAFI
lem EEFHE F993)(main committee) ]
HIJEE Hojglth YRGAMuAAYS
(JAPEIC)9] 7]&AME-A(Technical Standards
Office of JAPEIC)E POMS 939 A=
98¢ @33z Uk POMS 939 =33
4& a9 20 YeR} gl

4. POMS 9113]9 9%

27] @AZE F2 POMS 91493 71527
AHISI) 2 o]¢} #EE A %7} (evaluation)
2 H(repair) 9] & FAM8Hrequirements)d] 3
FTHY =L 2 Qi 49 2 uF9 Jg

I 1. AR UE LMo ARMTIIYS| 7|&7|F/XIZ M(EA Codes & Guides)

JEAG 4101 | Guide for Quality Assurance of Nuclear Power Plants

JEAC 4201

Methods of Surveillance Tests for Structural Materials of Nuclear Reactors

JEAC 4202 | Drop Weight of Ferritic Steels

JEAC 4203 | Primary Reactor Containment Vessel Leakage Test

JEAC 4204 | Guide for Inspection of Nuclear Fuel

JEAC 4205 | In-Service Inspection of Light Water Cooled Nuclear Power Plant Components

JEAC 4206 | Verification Test Methods of Fracture Toughness for Nuclear Power Plant Components

JEAG 4207

Ultrasonic Examination for Inservice Inspection of Light Water Cooled Nuclear Power Plant

Components
Technical Guidelines for a seismic Design of Nuclear Power Plants
JEAG 4601 | (Translated into English by Brokhaven National Laboratory and Published by US. NRC as|
| NUREG/CR-6241)
770 Bl 8 1249 13 (2000, &)
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544 JEGALu ALY «
(MITI) (JAPEIC)
. oy -) _EI —
MITI A9 93] S THuA
POMS €43 ’
(Plant Operation & Maintenance Std.)
o|% : K. Iida,
Heolols| Emeritus Prof. of Univ. Tokyo
z 3 ' A4 2 37t ' R
(Coordination) *~ (Inspection & Evaluation) , - (Repair)
O|& : K. Sakawa, 9| & : T. Kishi, ©JZ . F. Matsuda,
Tokyo Electric Power Co. Prof, of Univ. Tokyo Prof, of Osaka Univ.

T2l 2. POMS B9 X TN

71%/%%(Code & Standard)g& 47% A 2 43 Je WES ¥ 204 A%E & Y
ASME Section XI€ F8 #HZA&(main

reference) 2 A H 352 ASME Section XI19] 7] 5. A71€71F 243 ASME Section
%712 4 8§34L HES F Y8 A3 ¢ XI=#9 zol A

E 92382 A L & A 7] F (maintenance

standard) & JHEEZ Utk G71A F8F FA) POMS $93dA oE NzL 7N&7EH

2 Z28s U8

“# 1. Necessity and function of pre-service inspection (PSI) ‘ :

2. Principal philosophy to specify inspection frequency & coverage (particularly for class 1 components)
4 3. Correlation between Ut detection accuracy & detected flaw sizes

| 4. Technical basis & Validity for flaw acceptance standards

1. Flaw evaluation of ferritic vessels, ferritic piping & austenitic piping, with- ASME Sec. XI

AR
{inspection)

: Appendices A, C, & H for reference

}: 2. To be discussed in the next term:;

- Fracture toughness evaluation, with ASME Sec. XI Appendices E, G, & K for reference

- Fatigue assessment of operating plant components, with ASME Sec. XI draft non-mandatory

%7}

(evaluation)

Appendix for reference
- Piping erosion/corrosion evaluation, with ASME Sec, XI draft IWH for reference

s 11. Flaw removal (for general application)

( T) .1 2. Repairs by welding (for general application, and under-water welding)

re T .
pa 1 3. Techniques for preventive maintenance (eg, improvement of residual stress distribution and surfacing)

TR ' 777
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1| 4. Other specific repair techniques (for specific application to particular components)
5. Temporary repair techniques (by adhesive materials or fillings for leakage)

71etAL g

tandards

1. Systemization of the maintenance standards consistent with the current legislation
2. Classification of each requirement into the governmental code and the private voluntary

ASME Section X139 F8& oA, Y4 2

W3

E(E 3, 4, 5 6)dA

A A

(inspection),) % 7}(evaluation),’™ 42 %
(allowable flaw)™ @ 14 (repair)® =Wz

A8 dA}AT

6. POMS 91%13]¢] 3-3AY

POMS $43]7} BE 7|€7]1F 29 (draft) &
FAZANE Ao, POMS $¢37} o33
2 FPL Bl F FAHMITD Y #2350

ERX0IH

1. Accessibility

ASME Sec. Xi

LI ERS

Requires design &
arrangement for access for

inspection [TWB-1400(b)]

Essentially design
requirement

2. Inspection Program
[TWA-2403]

Specifies Program A & B

Specifies Program B only

Due to traditional
practices

3. Specific Inspection
Program

Requires plant owner to
prepare particular
inspection programs for
failure experienced
components

(e.g. 100%/year for Alloy
600 SG tubes) s

To correspond to failure
experiences

4. Successive Inspections
[IWB-2420]

Requires re-examination

during the next three

inspection periods for
Class 1 components after
the flaw is accepted, by
evaluation

s

Requires the first re-
examination at an earlier
time among 1/10 of the
evaluation period or three
years

To confirm the evaluation
results earlier and give
allowances

5. Evaluation of PSI result
[IWB-3110, 3120, etc.]

Requires to evaluate the
results with flaw tandards

Allows basically no
detectable flaws in PSI

Due to traditional policy
for PSI

6. System pressure test for
Class 3 comp.
[IWD-5210]

Requires leakage tests
and hydraulic tests

Requires leakage tests
only

In accordance with
requirements for Classes
1 & 2 components

7. Extent of Examination’
(1) Reactor vessel welds
a) In beltline region or

100 %/ 10 years

75 %/ 10 years for the

No problems so far with

772
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. BBEs
with structural
discontinuity
b) Other welds w/o.

structural discontinuity

(2) Pressurizer and SG
a) Welds with structural

discontinuity

b) Welds w/o. Structural
discontinuity

(3) Integrally welded
attachments of RV,
pressurized and SG

1 (4) Class 1 pump casing

welded and valve body

welds

(5) Welds in RV CRD

H housing

(6) Pressure retaining
boundary welds of
Class 3 components )

4(7) VT-3 of Classes 2 &
3 components

ASME Sec. XI.

g7 ERY

100 %/ 10 years

100 %/ 10 years

100 %/ 10 years

100 %/ 10 years

100 %/ 10 years for at
least one component

10 % peripherical CRD
housing (VT)
100 %/ 10 years

Every 3 years

region ) 1019 nvt

75 %/ 10 years
25 %/ 10 years

75 %/ 10 years

75 %/ 10 years

75 %/ 10 years for at
least one component

25 % peripherical CRD
housing (VT)
75 %/ 10 years

100 %/ 10 years

50%/ 10years inspection
for the region ) 1019 nvt
No problems so far with
5% or 10 %/ 10years

In accordance with the
requirements for Class 1
piping

In accordance with the
requirements (1) b) bove
In accordance with the
requirements for PV
welds (1) b) above

In accordance with the !
requirements for SG &
PR welds w/o. structural
discontinuity

In accordance with the
current in Japan

In accordance with the
requirements for SG &
Pressurized welds w/o,
structural discontinuity

In accordance with the

current in Japan

E2X01

& =

¥ 4. H7Hevaluation)2| ASME Sec. XIZ} Al7|&7{=X0t0]

ASME Sec. Xi

AgTIERY

1. Application Scope
(1) Ferritic vessel
a) Wall thickness

(2) Austenitic piping
a) Diameter

b) Ferritic content

Applicable to wall thick,
> in

Applicable to nom. dia. )4
in

Applicable to ferritic

" | content {20 %

Applicable to any wall
thick.

Applicable to nom. dia,
»25 in

Two parameter method
applied to ferritic content
> 20 %

Technically applicable to

smaller size nozzles

Considerations for service
fatigue failure cases
(socket welds)

To cover all duplex SS
piping in Japan

N

BRI
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. B =
(3) Ferritic piping
a) Diameter

ASME Sec. X|

Applicable to nom. dia. Y4
in

Applicable to nom. dia. )4
in

Considerations for service

fatigue failure cases
(socket welds)

2. Loading Conditions

a) No. of occurrence
[A-5200(a), C-3200 &
H-3210(a)

Requires to determine
them based on design
conditions

Requires to determine
them based on operation
records

Design conditions are too
conservative

3. Cause of Crack Growth
a) Ferritic piping
[H-32201

Requires to consider SCC,
if necessary

Requires no consideration

| for SCC

-No experience of ferritic

piping SCC

4. Crack Growth Analysis
a) Surface flaw shape
change [A-5200(b)]

Requires to evaluate flaw
growth in both depth and
length

In addition, method to
consider shape changes
should be applied

To introduce the latest
knowledge

b) Coalescence of adjacent
flaws [IWA-3300]

Requires no coalescence
during crack growth

Requires to consider
coalescence during crack
growth

To introduce the latest
knowledge

5. Proximity Evaluation of
Multiple Flaws
{ITWA-3000]

‘a) Flaw acceptance

Requires proximity
evaluation in advance of
comparison with the
acceptance standards

Requires, in addition,
proximity evaluation in crack
growth and failure analysis
with different criteria

To introduce the latest
knowledge

¥ 5 52&8Hallowable flaws)2| ASME Sec. XIT} Al7|£7|EX0tB0| ERXI0|H

1. Application Scope

ASME Sec. - XI

AIlETIEXR

23

Specifies for all class 1 &
class 2 components

Specifies for planar flaw,
laminar flaw and linear
flaw

Specifies for class 1

austentic & ferritic piping
& class 1 ferritic vessel

Specifies for planar flaw
only

To apply acceptance

standards to components for
which analytical evaluation
procedure is specified. For
other components, to apply
correspondingly acceptance
standards in Sec, I

Apply Sec. I standards
for laminar flaw. linear
flaw is regarded as planar
flaw.

774
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ASME Sec. Xi

WigriExe

2. Austentic Piping and
Ferritic Piping

Specifies separately

Specifies commonly

To confirm the safety
margin for each material
respectively

3. Limit of Aspect Ratio

Specifies no limit

Specifies for aspect ratio

> 0.06

(For circumferential flaw,
6430 degrees, & for axial
flaw, I/Rt1/2 2

To confirm the safety
margin for LBB concept .

4, Acceptance Standard for
PSI

Specifies for both PSI
and ISI

Specifies for ISI

Due to traditional
philosophy

5, Clad

Neglect clad

Regards clad as a part of
base metal

To deal with same as
IWB-3600

6. Subsurface Flaw in the
Proximity of Component

Specifies different value
for surface flaw and
subsurface flaw

Specifies same depth for
surface and subsurface
flaws ‘

To keep consistency

7. Nozzle Corner

25 % of wall thickness

No standards

Only small crack can be
permissible due to higher
stress at the nozzle corner

8. Minimum Depth of
Acceptable Flaw

Specifies no minimum
flaw depth

Specifies minimum
acceptable depth of 15
mm

To refer to detectability
by UT examination

¥ 6. . (repair)9] ASME Sec.

Xz M7187| 22000 ZRAI0IE

g =

ASME Sec. Xi

Ho1E7|Exe

1. General
(1) Area to be covered

Specifies for repairs by
defect removal, repair of
heat exchanger tubing,
alternative repair welding
methods & replacements

Specifies, in addition,
those which have been
developed and verified on
the events of component
failures so far '

a0 B AR
To introduce the latest
knowledge and technique

2. Techniques to be covered
(1) Flaw removal

Repairs by defect removal
[ITWA-4300]

In addition to the
requirements of IWA-
4300, detailed technical
specification will be added

(2) Repairs by welding

Alternative repair welding

methods [TWA-4500]

CCN. 516 -

Repair by temper bead
welding

Outer sleeving

Inner sleeving
Underwater welding-wet

Based on IWA-4500 with
slight modification

Based on qualification test
results in Japan

Ditto

Ditto

BRI T
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B 6. 24{repair)2| ASME Sec. XIZ} Al7|&7|Ex0te| EQAI0|H

& = ASME Sec. Xi L AMYEvIEESE
welding SMAW
C.CN. 516 Underwater welding-dry

welding

Based on C. C. N-516 :

(3) Techniques for
preventive maintenance

Stress improvement by

(Improvement of induction heating results in Japan
residual stress - Water cooled groove Ditto
distribution) welding

- Outer surface butterihg Ditto

- Water cooled welding Ditto

- Laser cladding Ditto

- Sleeve-fusion TIG Ditto

’ cladding

Based on qualification test

(4) Specific repair

Tube or tube sheet hole

SG tube plugging by

Based on IWA-4412

techniques plugging by fusion fusion welding
welding [TWA-4412] SG tube plugging by Based on qualification test
No provision mechanical devices results in Japan
IWA-4421 & 4423 SG tube sleeving by TIG | Based on qualification
test results in Japan
IWA-4421 & 4423 SG tube sleeving by laser | Based on qualification test
beam welding results in Japan
SG tube sleeving by MIG | No Provision No future needed in
. [IWA-4421 & 4423] Japan
WA-4421 & 4423 SG tube sleeving by Based on qualification test
brazing results in Japan
WA-4421 & 4423 SG tube sleeving by Based on qualification test
mechanical expansion results in Japan
SG tube sleeving by - No future needed in
explosive welding Japan
‘ - Fillet repair welding with | Based on qualification test
temporary plate results in Japan
- Temporary repair by Based on qualification test
adhesive materials results in Japan
- Temporary repair by Based on qualification test
i i filling materials results in Japan
776 #1188 1249 15 (200, &)
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FAAMITD S YA EE 943 (ad-hoc
committee) & FAEA FFHo= V&I FE £
e AEFA Bot 4714 B FAFY0] 9
A€t ® 79 POMS $193]9 gFA Fol
N il

7. 9g

dEINE AAHTAL29 F77H5 wet
Zg 9 v]=e ASME 7|&7]& WHYdA B
U A2e £97€71F9 8ol dLsA
ol FAYMITD) Y Fgold dewdddns
AHY 3 (JAPEIC) 7} POMS $1€93j3e 71444
38 TS fAHEALY WUeE 2%
(draft of new maintenance standard)Z¢j& %
F3an o] FANE A Y& AHEA
A &£94, 71€71&, POMS §193]9 8%, ¥
A7NE7NE 249 datd AHEgTE dEo]
93dRY o AAL AFsd AN EFF
olt}, $uvst: FAHEHL EFo] 2089
FH ARARAZ AN AF dAGLALE
AdFog dA7A nFe ASME 7l£71&E$
adgz A e Ao, e g 937
7] FZAAAY 2 I Ay Sngde A4
oA @3 ool ASME Coded WY& Hlof

B 71 471E71%e 8K & SFAE

g9 _19%6t4 3| &Y

UA FUdAe A3 A2 T1e71EN gl
AlFE ARl

[1] FA9g =8, “dE9 AFAY F
", d¥ JAPEIC AAMEEZF 23 Alvl
WHKIMM), 12/8. 1999.

[2] Kunihiro Iida, “Present situation of ISI
performance in japan”, 14th International
Conference on NDE in the Nuclear and
Pressure Vessel Industries, September 24-
27, 1996, Stockholm, Sweden.

[3] Kunihiro lida, “Draft of new maintenance

~ standards for LWR in Japan", ASME
Pressure Vessels and Piping Division
Conference, July 21-26, 1996, Canada.

[4] ASME Code Section XI Division 1
Subsection TWX-2000, “Examination and
Inspection”, 1989.

[5] ASME Code Section XI Division 1
Subsection IWX-3000, “Standards for
Examination Evaluation”, 1989.

[6] ASME Code Section XI Division 1 Subsection
TWX-4000, “Repair Procedures”, 1989,

19964 3% O|%F AlE

A A

i ion)
(inspection) | 1A, TWB, TWC, WD, IWE, IWF]

‘] - Inservice inspection requirements for Classes 1,
2, 3 and MC components and their supports | - ISI requirements for concrete PCV [IWL]

- UT qualification [App. VIII]

[Apps. A, C and H]

j - Flaw evaluation for ferritic vessels, austentic
g 7} piping & ferritic piping
(evaluation)

- Fracture toughness evaluation
[Apps. E, G and K]

- Erosion/corrosion evaluation

- Re-evaluation of fatigue damage

““§ - Defect removal
- Repairs by welding
.| - Repairs of heat exchanger tubing

+ ] - Residual stress improvement in part

- Other specific repairs

BMAIMT

7z



