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Reactor Pressure Vessel Integrity Attainment Strategy for Plant
Lifetime Management Program
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Abstract

Reactor pressure vessel (RPV) is the most critical component of pressurized water
reactor. Its condition and integrity have significant impact on plant operation, performance,
and safety. Therfore, it was designed and manufactured according to very conservative
standards and codes at the first place. It also has to comply with various rules and
regulatory guide to ensure enough safety and operation margins during its lifetime. Thus, it
is critical for effective PLIM program to estabilish a comprehensive plan to assure the
integrity of RPV. In this paper, the regulatory aspects and the status of Kori-1 RPV were
reviewed from the PLIM viewpoint. The various aspects of RPV integrity and systematic
realtionship between each integrity issues were reviewed. Finally, the research plans to attain
the integrity of Kori-1 RPV was mentioned in some detail.

1. }\1 =

T



AAE FEEE 14 AF FEAAY AREA 4B % A=
WETEES AXeT WAFe G2E AT e @ A4 Pev)E AR @
Bato] olo] A3 Wolw ol I} WALABE Fo FAINZ oo AVHEL FASE:
7

19 1571 19789 %E FAeAe A4 T Axe A4ARA22A VT 92
Sheabh AR AN S Ee) SETMWeR] AU AFRY A70w 8o 1ol Babeock &
Wilcox7t Algetgith 1) 157 9444 B34 B7hE 98 “9d FR@e AF0'S Fol
Fyee U HEAHoR Prslolokd /7R AAE FHE/E ARHQCH elg I}
A syl el d@ SRR ARt 942 GEse FHel 9B v F de 7

oft

= =
F F0% waylTe Az $44 2AHSR Aoz setdo] olgel g YFH £
b $REe AR ST Al HRaERAS ol FFTE 40d 473 o A=
e 1

Fw el Av) 400 JEHe] 2R3 gob AFE A FIF A7 AL FARATE

e §RY, 58 A9 AFWG PR Fe FUFFOR Aol 2AA Y
ool 4gs Agsel QLA JFe MW JEL 44T Aoz dZHe] AR ¥
Fh AW F A’ wAAQ FHve L £EAL AAAE 2R AQ4S Fus)
g% FFA dAol aFHER B =FoE 442 GUS/Y T4 2AA%G Bw
FALA, 3e 15719 A% a9 og Ak AL B A% BA AT s

71Esk A

o

2. A =AH13 B9 AL

A2 FE BV A AEve BHTFAT AAAY 22 aW s B TR A
g2 H7tE Fds Ao 2AFSE gEH 8] Ase AREAYA(USE, Upper Shelf
Energy)e] A3te} FAAH] 7|2 ={RTaor, Reference Temperature-Nil Ductility Transition)

7V FVete EAS Holw, a9 1olM BEo] $HA H rHA BEIE A S Ak uiet
B Her A
37 le) - [e) =
fad AemE AT e ol Sl 90Td % 2TIMII T-9 BOVIALTIEY U
A > A+ 21S— —
X4 (P-T Limit Curve)d aMeA obinD s HOVIAA‘I&‘IL%VHUE
A3 H 5 (LTOP, Low
Temperature S I —
Overpressure Protection) P
> AHTALAASAIAU 05
2do] glom, iy = YN IERTE = N\
Wol A ARBeuA | TR FERMLE T o 5
QETAILC ;
(USE) £33 7Itd 54 . &
(PTS, Pressurized / s1uis1oqmsT
H2UA — HRU
Thermal Shock) £719]
gk o] of gt}
D .99A .08 SO Ol— ATAQ VIOITAIQALAI
N = dL31 08 < HRU- eTIMII H2U JAITATAM MOAN
obAM A =Moo % sbiuDd .gofi— BAOTOAHEA TRHT
T

tol

a7 1. AR 2HEY| =AFE ATY wHed



oA F AN U FRE ARIFEES A AL ARHoR R FIUA T}
50 fi-lbs o402 frAsofol Gk o]F WMEHA T S FAARACl AN Fo)
wet A4t e FAste] SARANN AR U FRE ARl FE APL 39
stefof @Tk? Ed $AF 54T BRI BASE A9 Aol W= IAET F
HwA AFGHl AGHAY I B FAHE AGDFA A0t 4 5 ek ol

$ hAGEA @Yo AR A FAEYY FERBo] BRI ReAT Pl ARHQ

71Fo 2 7ttEE7A 71F 2% (RTers, Reference Temperature-Pressurized Thermal Shock)7} =
Wl S D Ao gisiA = 270°F, 47w - o disiA = 300°F o= fA HojoF gk
0’ o]z wmEax Rate A FEEH A GAPEAS Faste] gdEAd g #

B39 A stE o] 5¢10 O/Rx-yr 01 &tele ZHstedof gt

SR FRANE 449 /1% R AN eEds R gEo A S v ¢
% a7 Aol /4B we} enet e AAs
FHe Qe AMe Agen HEEr] FA9 14 2

ofj

9#
2 Ho

g e
rob
v
o
i)
=
Mo
o
)
o
1

10 rx o
rlo

2 A&t SHIgUATT FAdde] Ve EREE
= %ﬁiﬁ% Tt olete HERE FAAG FHe] AH
A& o] water—solid®! €l ol A Z 23 gEHE AL W sy st A
of ofaf Ags W=tk = PG = FEFE7E DAt et A g
A ¥ EE FHH o R FHo] 71¢kr] WE Y B (Pressurizer Power Operated Relief
o
o

o2 Ho
1o o ogh L T

o,

)

i

2,

(]
2
=

Valve)r} %t Ed7 W& E(suction relief valve)e] AR X ola) A|g= i Q).
wAA gAY AZRPRSA GO AgA ] slebx e} FHFPEELY ¥

12 Abol7b €k, webA ZAMH SR QS FAZ ] VEE
7—13] FastA €k olof Zo] A HolrELkE AR oY

AR ARH FFe WA G Wsol

g 137 4887 43
31 AA 2 A=

27 137 9232 ¢g#E L7 ASME Sec. [T winter-1968 addendacl wa} A A 2 A=<
Westinghouse ZfloopffJ o2 WA 132 HaFA 6570l dBH= @EAQA SA 508 cl.22 A=}
HAom Yies FAAIAHES Fo]7] 218te] Stainless steelo]lt} Inconelz Fdo] H-2H5]of
AT} ﬂdﬂz?‘ﬂi 4= L7 s Algstdon® AFHEe] N FH =AY 99
R 2ol 3709 AFHE &Y = WFE259, WE232/233, WEF2670] Stk &40 AlgE A
AgF7t 2D eatel £ AFEEE Ni-Mo-MnAl &1 AZAN A8 Fedse o} &
HAE Qo] vEH Linde 809 Linde 0091 flux W & Fgdtgo =z 23dte] dAdw &45
T2 o] Eobxl

[*]

2

ﬁ

32 4R 3stxA

Linde 80 flux= % B&W7h 942 HEe718 A%e o 2 Agsgen, 937
getzgel Aolol v St AATE AN =AY 49 &
Aol ATFE 335 Linde 80 flux2 A|#d B&W 177-F



At gtz FAS AFPetal AAH
FAA 71He ol&dte BN FREE T
g 2 YA S AP rtste] A Zd ol
el ALgE AL AAATEE olE A
= HEe] 9AAAEC] NRCH %A
VNNELEE AEY W V|FoE AREHIIT ar Weld WF-259
2e) 15719 A9E 479G AN H [__—v i 5
CORE |
24 AZAFAE T 023%, U2 061% | [ iemeoite shel Forging)
X o 3 = 2 o | Heat No. 124W375VAL
= Xﬂ 1QO1 e ‘4— B&Woﬂ '4 XH 7]- - 14.757 Weld WF-232/WF-233
B}z AAE BEHA A FEHFF 0.29%, e (cnde 80 100
L]?“E]—E]: 0.68% = %Ag ;q. }_A]._zg@f ﬁé 7].011 /\]_ | . Lowersiggg (;o;ging)
9 _ — A Heat No. 122X371VA1
U e =4Ude ST 39"'5" Wele WF-267
(Linde 1091 flux)

single V-groove HEZ A2 o] YA ZEd =
dA o ® FesheFe] W WEF232, 18aL
g Amo = WE2BoZ AAEe] Qo %
QB AHast 777 delA QA Lol A
A7F WE2330.2 FAHATE Bl 74 a8 2 T2 187 €XtE ¢ gT|el AFuws

= Abgata gk

3.3 TAA =AH 3}

Axz 4E8r] At exd we UG S-Fe| FAd W Wa: 4L 7}
Axt gleh 4 neRel A4sE welt AReldA g, Ayl Ay Jo, 2oy
o5 Abole] Hol Jdom TREY. FAMH] JFLEE 100% A NS ok HAYen
24 A497 doldole AALwon AAAont FEAAT FANDL oo A4

= 4
Aok g 157] AR 4= 8] &F3FY A5, dTAE o FAd Ho]E=(INDTT,
Nil-Ductility Transition Temperature)= -20FZ Taiflon, AkgEAAIF el Ay F4oly A
50ft-1bel] A Fele= %= 50°F2 FalA %7] RTwore BTS2 50 - 60 = -10°F2 AAHHA

=

e 1=71e] FAAAE 2ROl ofs) B, S48, 497 23 6709 HAAE
Aeo] =4l 48] Atoldl AdAEe] flow olF 4717} olw] QAEH AFEAT. AH7t
A FaE 4o Ao e AAAE A= E 19 vEY itk B 1A BEe] =4I Y
SRR FF AFSAUA 54 Aac FALH] Ve S Al EAEa Sl
. 53] ARy A= Al 1} HAIAFRE 71 AQ) 50ft-1bsE& WHE3hA] Eskg ot ofd w

L

E 142 1537] AR 2HET] oA ST HAANE Aot

. T AL FAg ol HAE FAXH]| dEEolyA
- 10° n/em”) |71F2% Z7HCF)|  71FLECF) ft-Ibs
Unirradiated - - -10 66.3
\% 0.417 191 237 478
T 1.072 187 233 41.8
S 1.399 208 254 46.5
R 3.002 239 285 40.1




2 grE vl AAHAAE ST FAADA AF AQY AL FPske] 404 o)
A e AXAELS gtk ey A7 FAR 2AFSI AgHE 49 18 157
ARz FEgy] $HARY AYAFH JFeRE £AESF o Ul AFAEY AblFeR
ol 300FE 278 Aoz o FHgrr? ol wet 40dold AFEA S s 9
ate] AR A Q] NRC RG 11549 1A% 7ptd 24 AAletdd H7ts Fasta ok’

4. AAA Fu

(K

213

= %
=
FUEES B3 APsAch

= =2

4.1 71854 A7t

gl AgaEE 7 ELERTee)7H AAEE
4 gAay A Aol AddFAe 9@
ofoolE A $4 7

_,d
o
e
o
)

1
Au 45e ABRN/EGRHENN,

stel 7} AdFo] @ degrlel ReRES FHAT. e 157] AR

i

5

g 4R A Eews A EeEE 2396
g bt Fa AAtay 9ok A9 w1579 kel mAE Gl wEg Ao B
1= Z] A 3 %

57 A2 U719 27 FAdHe] JFeE: o
J oz ARHAL" Ty oA AR x %
FRO AR % 2E FHEY AR WANE FHA/ FIH A
a7 g N BRWER A oo AzlHe] gk ole] W x7] ¥l

338t g ol gstel AR Z4ses APV BRWE FHoZ £4HY
th. % Linde 80 flux A= §44 FAAE 53 #AF 2 W70 S840 thste] G5

dol 2o} Master-curve WS o]&3to] WF/0d e84z 48 + v 27 Fd444
o] NELEE ARG oY AF}E USNRCO AZEste] HHES JALLS F Linde 80

fluxz Azd 2s FHAZ 2 ddS ddiste] 971 238 USNRCH AlEste] HE Fol
Atk olH g Wl oa] AAW V] FAGHl VE2EE -27FE dAA 1" 1%
-10°Fell ®lsf =& gkolvh. B&WE A Z o] WF233¢] 3ty

o]-gste] %7 &

*E
£ 83
G
rr =
e 2
JJX{?E ok
w2
o =
+ 30
4
od
as
AL
re
-
\V]
rf
X,
2
>
=
=
[\
w
w
fo
)
1
S
f
rh
2
il



Thermal

Initial Redefine RT Annealing

RT,

NDT Re— and/or Upper Shelf Feasibility (RG
evaluation Energy 1.162)

!

Measurement & Evaluation of
Radiation Embrittlement (RG
1.99 Rev.2)

Technical Basis
for Revised

LTOP Setpoint &
P-T Limit Curve

Shift of RT P
y
Upper Shelf
X Adequate
Safety Margin fOperating Windo
(RG 1.161)

Satiisfy PTS
Screening
Criteria ?

Safety Margin ﬁ Q ) )
No for PTS Fatigue Margin

l r
Plant Specific

PTS Analysis
(RG 1.154)

Thermo-
mechanical
Fatigue

Projected
CUF<1.0

conomic Aspect of
RPV Mangement

O 3 dX=2 ¢4HZ7|e AXMAd "otel o8 a5
Aol NELEE 2ol ARY AF ot

413 FAA FA % 37}

[‘?i—\—‘

A= [e]
"JEL‘E% '0“0“471 T OWP %*éx AL B 1%%%]747“*101] U?}F/} i*u”é} E“"éﬁr ZEA
Ao X34 dosmeterOﬂ ol FA4E WA (S, 2AFH S ol &3te] Hrhsig, H BAEA
Al ARoz my 157 g 2=AbEF AR SFHAL” 2AL Frre ojE e
AZdolelrt AARE] Fob o o8& AFAHE Holvh wEtd FAE Hrle HSREE
RGN 7171 A FE 8] &R *Hi"] Ex-vessel dosimeters A X|slo] H7MA] o] &3
AT SAHolEre] & FUHAI= 5 Sy 29 AFolA 3T o go),

4.4 ZAANANHA 2719=

=2 2A = A7 A3k 19999 0] NZ&o] <tal g7 Ui 7)|Z o2 32EFPY & 33
T T4 A med AoR dFHol o9 dE R AIFe] AfH A olE T F
Aol 7lE2re] St B3 A2E ASHoHE grForn gdF Ve Bt
S X A3 Wt Astes FIAE Ao B2 fdds 60d AR sigete
Aol ELE S B3 HolHE AledorA FHdFe] & vA= S Bt
& v AR A AR S BARF ST e AFuA Ha s AR
o] 7te & Slo] AA AT 42974 FE bdofrol AHA] wE R s Hrie
Ae AoE oAgH)



o8 7FA7F 43HA Q)

L

ZAZE

R

2l

=

=

2 AN 98 3

=

*’Z‘}\]'%il— Zé =

~L
~oTony oof
o W3
]ﬂWWﬂaE A._ﬁOMMmﬁ@lo#a‘maﬁqr
CH 101_1@_1% AT_,oiﬂﬂeWmalwo 5 o=
_§9I,ILIMM o ]ﬁ_.l,_.]mol\l_lvﬂtu = ,IQMOLC
T LECELNEX TEO =B W
S R A T Mo N ™
Aﬂwar\7 ﬂﬂir]e ov:,_xl M- ,mao%o_nﬂ_ouo o —
N o] = M T 5 o ST = P
= R i~ < oy W A 2o o0 —~ o A zMﬂ
Bk 2o R A CRCEIG °
Fn N G <o Lo T 5 W MM = B oy iy iy
mo]LeoE@. ) %|ﬂ|7 o oo M X o T o = °
"I iTE @M%ﬁﬂ%@%w A B
nn]ou B " R = < & L [ ro —
f = 0 = = [ — [ 0 o .
oo~ RN O giﬁzﬂﬂﬂ Y
K Fm oy o = A TV o X - % —
L.\/OJlH ziJvOQ]#AJQ]AﬂﬁAO q\;IOﬂo_vo_._ ) H .., ©
O#E =0 A, X ~ X K X2 0K ,..,.wo ,.&JA = = ﬂ ;o_._ -
4L1zeﬂmﬂ _tﬂuﬂﬁ&o ma}of u.Muﬂ,ﬂqq EeMﬂW
4o 2o XM R T T =T , W™ = _
X\P‘.@O.AEJ T JIE‘.#‘HHJOJI k3 ~A ir X =
X of | o .ﬂ_@iil}ﬂ@ o A o N
S wro1gxdxn%ﬁ 1+ g TP e
Njo ﬁuex_; 1&.0 _ ok = J_N_leg.oo 5
®onl g T ® 0 iy w Ao W A
T R® 5 A PR r AT B
mﬂ.%&r.ﬂmg ?ﬁﬂnﬂﬁ%?ﬁ% ko7mam_xmm W oo
HTW,__ﬂ,,oHPHT aaﬂﬁm_m]dﬂiﬁﬂiuroa_. _umoo_azﬁ 1_61_ .
1ﬂnmaﬂuﬂldy ﬂwm_ﬁAW " 0° oy uﬂukﬁ.‘_ o o ©
oﬂomuuLTﬂﬂo#o _ﬂ_],io% 10_._#.1%lo Vﬂﬂozw@udvée ﬂﬁﬁ@
—_— 7 0 NF o — —_— pa—
o g0 R T ﬂumﬂm.}l.mowv o«owoA_sﬂ. oo
pros N o= i ~ o] X o S QL_L oo Ao e ]]UJ
Cal QNN Iz ﬂ%%mi%%ﬂ@ uho_mkfﬂraﬁw T oo
o o) — K = —_ —_ ~ i N
_ﬂWoﬁz_omm7 @alﬂaﬁﬂiwﬂoﬁ/xl_._t Hxi7§ﬂﬂ %aﬁﬂ
N~ ~ X on ol B T X m ol Do
%ggﬂmﬂm al ogymirﬂwm 5 e e w
- g 2 ; S a
LmnELT ﬁw%mwnwam R & o
A.:.W_Srmaﬂ TR AoﬂHAQaﬁ Urmﬂmﬂzooﬁlﬁe EM,_‘@
ﬂN@;ﬂﬁ = ﬂz\w‘maiptjl_&ulr <H Y CE
R T ED Y o iglwmo% ST RN
o 2 5 omwEwg 2 X T Y R
Q\/aéam% Laaa;dnnbuo#oiﬁﬂ e o — & o B * 2w
MﬂmﬂsP R = ° - a_.ﬂﬂpn_ﬂeﬂe ﬁomMoLﬂ_i = __ ™
mﬁa_.@ﬂ(ﬁ.wwm E%%@ﬁﬂﬂﬁuz lﬁwimalz EMAT
ﬂl%ﬂﬂu e 04;;3;[ T EEN L A
ia_.mLﬂuﬂr.mo oﬁ%qbtRMﬂﬂEﬂu 2R oLNr” ol ﬂum@ﬂ
.dlmuumoa_.me_. W_ZTMHM E@iau% auﬂﬁﬂ%iﬂn - ,moo:l
s KBz T s g N KT
BN R T =R o 1 ™ oF o T
| B w ) = N oF o % o}
Wl o o Ne Mo o W Z o 0% oy
s EPhpie 0 3s
TR RO . < W
© oV o

ol
=

i

T

o] =
ge G o

/\] }\]

=
=

O —_
Ex-Vessel dosimeter

o]



o ZAE TEAOR ARy A RIALYY A AFsHS L
o geEgslel FHwy AQ4 FRE AT TG PAe FYT Aol

E1A |

KEPRI, Nuclear Plant Lifetime Management(l), KEPRI TR.92NJ10.96.01, Final Report, Nov. 1996.

C.H. Jang, et. al., Fatigue Life Evaluation of Major Components for Nuclear Power Plant Lifetime
Management, Proceeding of SMIRT 14, Vol. 2, pp.527-534, Lyon, France, Aug. 17-22, 1997.

KEPRI, Pressurized Thermal Shock Evaluation of Kori-1 Reactor Pressure Vessel, Interim Report, 1998.
USNRC, Code of Federal Regulation 10CFR50 App. G, Fracture Toughness Requirements.

USNRC, Regulatory Guide 1.161, Evaluation of Reactor Pressure Vessels with Charpy Upper-Shelf Energy
Less Than 50 ft-ib.

USNRC, Code of Federal Regulation 10CFR50.61, Fracture Toughness Requirements for Protection against
Pressurized Thermal Shock Events, 1985, 1991 and 1995

USNRC, Regulatory Guide 1.154, Format and Content of Plant-Specific Pressurized Thermal Shock Safety
Analysis Reports for Pressurized Water Reactors, Jan. 1987.

B&W, B&W 177-FA Reactor Vessel Beltline Weld Chemistry Study, BAW-1799, Jul. 1983.

KAERI, Integrity Assessment of Kori Unit 1 RPV for Low Upper Shelf Toughness, KAERI CR-005/94, Sept.
1994,

. Kori Unit 1 Reactor Vessel Radiation Surveillance Program, Westinghouse, WCAP-8586, August, 1975.
. KK. Yoon, Fracture Toughness Characterization of WF-70 Weld Metal, BAW-2202, B&W Tecnology, Sept.,

1993.

. B.C. Kim et al, The Reevaluation Report for Radiation Embrittlement of the Kori Unit 1 Reactor Pressure

Vessel Materials, KAERI-ST-KI-001/98, Feb. 1998

. R. Pelli, K. Torronen, State-of-the-Art Review on Thermal Annealing, AMES Report no.2, VTT

Manufacturing Technology, March 1995.

. R.D. Rishel, Reactor Pressure Vessel Thermal Annealing Assessment for Two PWR Plant Design, EPRI

TR-104934, March 1995.



	제2분과 : 원자로운전 및 제어(C)
	분과별 논제 및 발표자

