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Design and Fabrication of 98M-02K Capsule
for the Irradiation of Reactor Vessel Materials in HANARQO
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Abstract

Based on the obtained results and experience from the irradiation of the first
instrumented capsule (97M-01K) in HANARD, a new capsule (98M-0ZK) for the
irradiation of reactor pressure wessel was designed and fabricated, The purpose of
this capsule test was to evaluate the nuclear irradiation performance of the korean
nuclear reactor pressure wessel material that was fakricated by HAMNJUNG Co,

There are 5 stages having specimens and independent electric heaters in the
capsule mmainkody, 12 thermocouples and 4 sets of Ni-Ti-Fe Neutron Fluence
Monitors were also inserted in the capsule to meassure the temperatures of the
capsule parts and thermalffast neutron fluences, respectively, Warlous types of
specimens such as round compact tension, insert sharpy, tensile specimens will he
ingerted in the capsule, 98M-0ZI capsule will be irradiated in the CT or IRZ test



holes of HANARC at 290+10°C up to the fast neutren fluence (E=082 WVl of
90210 (nfem?),

1. 4 2
AR E s 4 OEd {9329 SIUEE 0EstH F5 A AR
“HI} ZA}EJ_} E‘J‘}E AL BEE Jﬂ%*ﬂ% = 4E AP EFIT e J0E (123]
sty HE (Capsule) TAMBAAE
HAE U=ET] ZHE_I :’é.‘—?—, st E &3 G0nWolA  2F fYZHe] AR ETIS R
RHEJ‘} A HAZRAAH £ WA WE FHEA FATY 7HEx10"n/om’™]
Z25tA HEE WX #3Y AR P PR F2AME oF E EUHE Jhesith
Ef’_}, g L8l AMEANE Ohdst 2A 23 83 HEE £ Sl 2= el 7K
SET A AAdeR B SIT [{4]

01T Bao Tl B "33 4AdAME STUEE CET AR ZAAEE AT HeS
=2 2 JE=EcR s Hild FAIAEE ATHss HA A2 Hib
Hat Jgs AMAcz AYstd, sz FAABE AFEsY 9TM-0IE Ess
4 . AZstgch, 9IM-0IK BES sUE 240 CT ¥ IRz AP HEZxeE
ZAEE AlEo] A, HEEA T2 SHUE FAAEE HE JE2EH
g U AT tiAE 292 20 =W He U=, 1210 A2SIHE B2 £ Az
AE fEvso B2 ¥&2] 2% Hile] IR AES 2EEY 2 YA

0|8 HiE2E Fld I AgEH U fﬂi”‘% (Fold Ao @=2H B F
Az AlEste WEEAE ZAMEES "®IER] T 8M-EK Eess
A HEEED 2 fs EAd AT 9-0E #Hes RAANEWA EEE OfAs
HA o] 2ot A ZA2Dol M2 o|Z2A8 A 02 al] 4, fHs uE U
Z wrgkoz o] AW 2ol Ha 4, FEW AT HA 0EE T EE
AAMHEe] AT HATE TE SBM-0ZK HssS SUE CT 22 B2 RANAIEIZH
g ZARELD 290+ 10cH A AR Y=EER L 409 HALEE0 E24A
ZAPF0] 7 26210% (nfem® (E>0.82 MeV) 014H0MA] FALE of "olL},

Z. 98M-0ZK #s= HA - AF

=4 HAR UHEY AHEE zAAEE IH
A= stUEE 0EF Hz: AMREIAMAEE BT
Hego e 25t £BE AL STM-01K Fs 2
HAlmm=] 3TS 316 ~AHE2 Fs=4 WR=s E2E LUF
Me ZAAEEY ERs FtUER %*—5._%?101]«’\1 e 2l
FEEH, & o8 Aoz FzTss HAMEIHE HE £ E
27 Zlzd £35q EAF F fsg AHAFZHs EFT wixdZioA Az
STM-01K Fe< B] stUE i #{AE CT 3 IR2 ZAMAES
BAHN FA A AB0] dEHoz 2oz H BM-0ZK &
48 ARss ASSHA A

1" = o] sUHE CT AEedM 2AAEHE 24 Az &9, Hsu
He AL, 38 &8 5 ZAMAE 249 HEe oo 42 %4 B H



U F T WIE ZUSH YR J"eE FE 4 BHY ZAERE AR
S0l I7ME:F, FsWE He Y0 F0pE22F, AJ5H =0 AZ4+F
S7tEte 2EE €A EAMIEMA BUE £ H2W, A 2ARE g SIS
HiAHez FAzetdnh ol g8 TE Fs AR 5L 4 EES
0125t A4 o]ZA 2 Blusty FAE L

Hes A A7 HAMEs &2 ZAMAE HasSd JIEFHH s
N2EAZS £FT F 0l OE FUE ZAAEEAHE gamma heating rate
TEE FdH2=z PO T, FHEE 0ET TxE BEE HAEH AEEH
YHENAY FAHEE BIE ZTHez 3 AZdEsed 98M-0ZK Besd A9
Mol AlER =Rz E s HHAZI] A Ay EAMH0 oo AL

HA FesW ZFYudE AERLY] ZRE Z

A FEZEY 280+ 10C2 H A8
Fstd 212 ARE JEL2E MY AE HAE T E, 0F ZAE sk WCNP
HAMIEE 0BTt A4S Beg AAHEHLY zamma heating rate 2E=
Zo] [f] A4stET 08 J22E2 5 gamma /0] HlupdA 22 o6
Nohd = 2w B E 1A= round® Compact AJHE WA§TE2H, TS O
AEE SHREA &TF WA A HZ StETE 3L, oS S0 A
HHE 2 AEWIAE BU gamma @0 =2 345-9oME o] EXI g3 E
FAEEE BE 27 9 4 AEE B4 YW REHsS THLER BAWRIESE
SHETH oI T AEz] Fe EAc SHUE ZAAE S A
: FBge ZAAANEE EF +2 AAdoe] 4SE v A}
; AZ £ 2WAs} Hs 2=
2] gamma heating 2E & AW
22 fY Wz EAL HMIEY GENGTCE  0]E5HM
try-and-error BEE Whilem SIWE)ATE SwAL AT AAEE (lmmE
2 ot T
2]

IMore g

=]

nE o
o
H1 ool X2
o o
1o xg
-
=
HU
UlH r_':i. 1]
—:.f L
=
i
|2
by 02t
o
"
Hope
c
e
rH
|.|-|
bl
it
IH
o
.
=
>
Ao
K om
rln
>
B

(ST T e
e
-

i
r_EI:
'
o,
Hi
g
Hil
M
e
|
Hu
=2

HEES HH HZTHLE @
UHEIAL ZAMEE FHIE F
gt o] EA-AL Fs N2 FEE Hz29
FEE, 9 FE60mmE STE 316 AHEE
A, o 2 s RAAEL ELE G
12t 2250, & g =gie=E
TEHH, WHEH ZUE ESAHE EItH ZANE
AFHELY, FHsuds A OFAY "HIE H3
Ionitor(F/WIZT 22F 1, 3, 842 Al Holderol FTUEN Alme I F A
oM AtEE o do|g
98M-0ZK Capsule= 2@ © THRW 7§ 1 Zo] dd 3] FAAHO
ZAE] gtk 19 E round compact tension AlE 0], 2340l = sharpy nsert @
pre-cracked v-notch (PCVHN) insert A|®O], I M= sharpy insert, tensile,
small punch, magnetic Barkhausen effect (WMEE) Al® T £ 32978 AlT0]

e

p
g2 o o

£l

g

LR )
il
H2 o2 o i o orheoop
re ox 0
Wy gy LE L
e e Moo
a2 12
(W]
[mu]
o
=
¥
£
e
=

e A
M
i
H

12

pull By

n'
K
ol o

e
=
|



FUDHTE O% hs ATE 28 AHg 9T AHSE vonetchE ZEIHH AEA
Tfsls B &< 0ld A 2T AHER A %

EE SABDE class 32 RPV AEE T &

HEE BE HAARY FF 45%7 ¥ &
Az o|ch

3. FF 2AAE AY

SEN-0ZK Fes oA Fad Zael T, FsdE ¥ As=dAL =4 2
HEERS Wy Y He leak AlE, heater ¥ FHWE J@d 2L HSE7L sk
ZEZAe dHE A S Hg ddd EZot 24 288 Aon, Feo 0s
3 AlEZzds EF WSSt & SIUE CT F<£ [R2 2AMAEE o ZUEN
FAEE 0xi0cold FARAEE oFoith Hes FHEA ZAES AR
UHEIE] 40 AT %HI} ZAyF 7262107 (nfem®) (E=082 MeV)IS
JIFe® #ted 1-90210% (nfem®) WSl ZFEE 2ot ZAANEE &2 U=
g2 el g gdA BEne d2AXHs AL F FegIUIAE
Ao Fz2YHE Caskd YA IMEF AEE ol&do sHAE otk IMEF
A2 woelAd z AP AJEE A" ¥ F/ME EA B 28 YR I

JNEE JIE=2E 5l ZueE
THEE HARe] YHEIAME AIEEH MERE] EHE4 ZRAEE BIE ATEs
Qan-0ZK)S dA - M e En-02K Fes JI24As sz ZAAEE
Edner o Az Ud"HEI|AL] RAAES ZHoE 4 HEEZH 222 FHLE
CT ¥ [RZ FAMEZo Tuxol dZziem :'.EAHI@@] 2= QIN-01KE HES
22z SHETh 98M-0ZK Hss AN s AE AR S vhE o bk
AETH 28 FasW AHE My 0]lBEE T 58] J=H '5'_1 Avho] Bt oint
9AN-0ZK HE2 SR CT £2 [R2 2AMEZAH AL A0+100C, 247
ZAVZ (E=082 MeV) 90x107 (nfem® 7HA] 2 AME o F@olr}

L

=  97c  MRMA AT AT IVAEE ZAABELAsMHEEEE
f

VA YTOE +WH I2ANY YwUyry,

—

1, Z+8 B4, KAERI Report, KAERI/RRE-1510/34 (1995),

iR
d
gl



£ Z3E

=45, KAERI Report, KAERIYRR-1760/96 (1397),
. ELM, Choo et als, Desizn of a new capsule controlling neutron flux and fluence
and temperature of test specimens, J, Kor, Nucl, 29(2), 148 (1997),

4, IMTE Iradiation Handbeook, JAERI, 1994,

. EMR BReport (End of Manufacturing Report @ HANARD E2E AT #S
(PI-01KD), Fa-Ka-970826, 3 2is), 199743 6&),

cHETE, 2EAS 5HE FAFE s A, KAER ?lsE1 A,

KAFERI/TR-1249/99 (1999),

A

u, 95kI-0ZK

19983 112,

LEDE

A
=

Alm

RLIHEES

aj

1=, HAN-RR-CR-98-74,

EME BReport (End of Mamufacturing Report @ HANARD E2E AT #S
(N-0ZKD), FA-IKA-990103, tHEETix), (199949 1&)
Takle 1, Specimens loaded in the 98M-02K capsule,
STAGE | SPECIMEN Dl M(rEnl\rlns)l ON MATERIAL | NUMBER | REMARKS
1,5 Round Bar F16x120 STS3M 1 Nudear
Propertiesof
3 Round Bar F10x120 STS3 1 HANARO
Round Bar F10x30 SA 508-3 2 o
, | SmallPunch| F89x09 “ 50 Irradiation
Tensle 5x0.94%25.4 z 14 SASOOCS 4a
Small Punch F 3x0.25 “ 87 RPV )
Sharpy 3.33x3.33x18 SA 508-3 12 by
4 | MBE 3.33x1x18 “ 12 HANJUNG
TEM F 3x0.01 “ 70 (Co)
Round Bar F10x30 “ 2




Core configuration of HANAROG,
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Fig.?2 Details of irradiation test of 97M-01K capsule in HANARO CT heole,
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Fig. 3 Schemcatic wiew of irradiation capsule for REV(Beactor FPressure Wessel) materials,
(C=center, T=top, B=bettom)
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Figd Drawing of HANARD capsule (980-02K) for the irradiation of BPYV material,



Fiz. 5. Photographs of the specimen leaded in the 98N-021 capsule,
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