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Design and Fabrication of HANARO Instrumented Capsule for
Irradiation Test of Reactor Vessel, Core, Pressure Tube Materials

Fol, AT, EAN, AR, e, 0%, B
B2
g f47 90% 150
8 o
Fa AR ATL A4 AL ML GNA A7 RRREY

FAF AFE dARGE L], =4
g B 52 4Ed As5e 2ASEES Hrkstad duE AGAHE00M-02K 3

& 2tk AEe FoAAE AES A 4 & 439 2
& 125 7|Eo® 3tk 00M-02K &S 9z ¢ga7149
S 200110Ce] 2XolM =Alslz] ste]l AAEA oM, 00M-03K
EAA7E M2 g2 =4AA4859 stainless steeld FFEE 4HET A5
1 1- C

=

iRy SlEI 7 AabEl 5de] FxE Hol ow, FAMAE F FAAH
en 9 A S 2A57] 9kl 14749 AW 2 5789 Ni-Ti-Fe/ALO; 44 =Y
HE AAsArh. 00M-02K s+ 922 =587 AEZ A2E small punch, small

tensile, MBE(magnetic Backhausen effect), ABI(automated ball indentation), 1/3
PCVN(pre-cracked V-notch), Charpy, 22]3 PCVN A1# Zo] &= A}t 00M-03K #
& gl =AAERE AlFE tensile ¥ TEM Aldleo], shiee td@Az=2 Alzte
CB(cantilever beam), 3% (growth), TEM, tensile, CT(compact tension) A o] #| <
FAEAt. F O AES SUR IR2 ZAAFFAA AR RAREFel  Zbz Hu
3.0x10"(n/cm®), 1.0 10”(n/em?) (E>1.0MeV)7}#] ZAME o 4o T},

Abstract

For the irradiation of the RPV(Reactor Pressure Vessel), reactor core, and
CANDU pressure tube materials, HANARO instrumented capsules(00M-02K and
00M-03K) were designed and fabricated. The capsules were designed to have
standard 1-hole or 4-hole specimen structures in the thermal media. 00M-02K
capsule was designed to irradiate RPV materials at 290=10C and 00M-03K capsule



was designed to irradiate reactor core and CANDU pressure tube materials at
350£20C and at 300E107C, respectively. There are 5 stages having specimens and
independent electric heaters in the capsule mainbody. 14 thermocouples and 4 sets of
Ni-Ti-Fe/Al:Os neutron fluence monitors were also inserted in the capsule to
measure the temperatures of the specimens and thermal/fast neutron fluences,
respectively. Various types of specimens such as small punch, small tensile,
MBE(magnetic  Backhausen effect), ABI(automated ball indentation), 1/3
PCVN(pre-cracked V-notch), Charpy, and PCVN specimens were inserted into the
00M-02K capsule and tensile, TEM, CB(cantilever beam), growth, and CT(compact
tension) were inserted into the 00M-03K capsule. The specimens will be irradiated in
the IR2 test hole of HANARO at 290+10C up to the fast neutron fluence (E>1.0
MeV) of 3.0x10" and 1.0x10” (n/cm?), respectively.
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Table 1. Specimens loaded in O00M-02K capsule.

o RERE ] 31
1 ¥ PCVN 870 435 % 29)

A ¥ Charpy 87K

A28 AH Case 2270
~SP : 10x10x12 147}
ST : 10x10x30 471
3¢ A flux A4
~MBE: 10x10x14 27} 1o flux
“ABI : 10x10x28 271

¥F PCVN 17}

1/3PCVN ¥ %4-(10x10x55) 47
g |V J10x10x55) 471 1/3PCVN 21748 %%
¥ Charpy 474

5% #% PCVN 874

g A 48871




Table 2. Specimens loaded in 00M-03K capsule.

TR Ald 2 A N Al AR B A5 H 8l
1 Tensile (76x15x1)" 4x10=40 Square Bar 47} |Cr-Mo, STS316(LN%),
(G™25.4x3.7) (15x10x76 mm) |STS321
9 Tensile (76x15x1) 4x10=40 Square Bar 47} |STS316(LN), STS321,
A (G:25.4x3.7) (15x10x76 mm) |STS304(NGY, STS316(LN)
- . .~ |Square Bar 17} B} .
A5 Tensile (76x15x1) 1x10=10 (15x10x76 mm) STS304(YGY)
CB® (38x3.2x4.33) 1x6 = 6
Square Bar 17§ -
- Al H
CrowthLenath o (10x10x1 14mm) Zr-25Nb (A1 #/Case)
(76.83x3.86x0.81)
3 | Tensile (76x15x1) 1x10-10 |Pauare Bar 170 \poan e
(15x10x76 mm)
4x4x(X) |Square Bar 470 - Az
— t— —~ \li
TEM (@ 3x0.1) 70 (5x7.5x24 mm) Cr-Mo(X+= 3~57F A19)
Growth(Circumf.) 1x9 = 9
(38.23x6.35x2.59) ~ 7 |Square Bar 17} Az
— \q
Growth(Length) Lt - 4| (10x10x114mm) Zr-25Nb (41%1/Case)
(76.83x3.86x0.81)
TEM (93x0.1) 1x15=15
T2 P
Tensile(Circumf.)
ol ¥ = Bar 17 =
FEH | o0axdse (Grazay) | D2 T 2 [Sauare Bar U 1o o (931 /Case)
- (20x20x114mm)
Tensile(Length) Ixd = 4
(44.7x12.7x4.33 (G:12.7x4.32))
CT® (21.25x18.4x4.33) |1x12=12
Tensile(Circumf.) 1x19=12
(40.04x15x2 (G:12.7x4))
Tensile(Length) Square Bar 17§ o
5 = Zr-25Nb (A ¥ /Case)
(471275433 (G1o7xazon| 3 = 4] (20x20x114mm) [ ase
CT (21.25x184x4.33) [1x9 = 9
3 Al 25174 =A(170) + T2 381
1 : all dimension in mm, 2 : Gauge F-i-9] #Ho] € &
3 : LN=low Nitrogen, 4 : NG=nuclear grade
5 YG=Yonggwang archive, 6 : CB=cantilever beam
7 + UC=Ulchin archive, 7 1 CT=compact tension




00M—02K CAPSULE

00M—02K CAPSULE
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Fig. 1 Drawing of 00M-02K capsule for irradiation of RPV material in HANARO.

(Before Modelling) (After Modelling)

Fig. 2 Calculation model for 4 hole structure of 00M-02K & 00M-03K capsules.
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Fig. 4 Gap determination at Stage 1 of 00M-02K capsule (SA508 RPV steel).
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