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SUMMARY

An instrumented capsule was developed to be able to measure fuel
characteristics, such as fuel temperature, internal pressure of fuel rod, fuel
pellet elongation, and neutron flux, etc., during the irradiation test of nuclear
fucl in HANARO. The mstrumented capsule for measuring and monitoring
fuel centerline temperature and neutron flux was designed and manufactured.
And then, to verify the design of the instrumented capsule in the test hole, it
was successfully irradiated in the test hole of HANARO from March 14, 2003
to June 1, 2003 (53.84 full power days at 24 MW). In the year of 2004, 3 test
fuel rods and the 03F-05K instrumented fuel capsule were designed and
fabricated to measure fuel centerline temperature, internal pressure of fuel rod,
and fuel axial deformation during irradiation test. Now, this capsule was
successfully irradiated in the test hole OR5 of HANARQO reactor from April
27, 2004 to October 1, 2004 (59.5 full power davs at 24-30 MW). The capsule
and fuel rods have been be dismantled and fuel rods have been examined at
the hot cell of IMEF.

The dual instrumented fuel rods, which allow for two characteristics to be
measured simultaneously in one fuel rod, have been designed and
manufactured to enhance the efficiency of the irradiation test using the
instrumented fuel capsule. The instrumented fuel capsule(05F-01K) was
designed and manufactured for a design verification test of the dual
instrumented fuel rods. The irradiation test of the 05F-01K instrumented fuel
capsule will be carried out at the ORS vertical experimental hole of

HANARO.
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- o 2AA da Al¥: 1999.84 - 1999.104
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stz FEol 884 AR EE7IAGHATEA)
- 20000 BB 20051 129 27 A 323 FA}
(ZAVE  HTS/IP4, ZAFAIZE @ 20-30%, #&4 : oF 300mg)
02F-11K &8s AXAE BAAT A Y
- AARAZAY 2003¢ 3€ 1492 200349 69 14 7HA]
(¢} 53.84 EFPD, 24 MW)
03F-05K &= AZHE HARAS £AAE
HAAZAE 20043 49 272 HE 2004@ 109 1L 71X
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Z 31 3A5 AFH=02F-11K & 03F-05K) ZAMAE 7/

T 02F-11K 03F-05K
HANARO Power (MW) 24 24 7 30
Experimental Vertical Hole OR5 OR5
Irradiation Test Period 2003.3.14 7 6.1 2004.4.27 7 101
. . 24-1, 24-2 31-2, 32-1, 32-2,
HANARO Operation Cycle 251 259 32-3 33-1
Maximum Linear Power (kW/m) 53.2 50.1
Average Linear Power (kW/m) 49.2 46.3
Average Burn—up (MWD/MTU) 5,930 5,556
Effective Full Power Days 53.84 59.5
Measured Center Temperature (TC) 1,375 1,316

% 32 ddm AFNE02F-11K & 03F-05K)o ALdH AlA 38
At FF/ 02F-11K | 03F-05K Sensors
doag FARE 3 sets 1 set C-Type Thermocouple
dAEF Wy W3 - 1 set A=A + LVDT
MAg 42AA do|] ¥ - 1 set Hyg A + LVDT
F A A 3 sets 1 set SPND
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AAREFANE F sht2 Y, A5, dAdde o3 EHHE HdAR
ZA L% SPND(Self-Powered Neutron Detector) A&& 3 329 #Zo]
DAS(Data Acguisition System)S $3lo] #=5¢c}t T8 DASE S8t
AR ZAAE AEE 2™ 3379 2o N9R AFPE 29 A RIS HAE
Aoz FALEE 60° 180°, 300°, SPNDE 0°, 120° 240° fIAst=% 39
k. st E x4 ORS FALES AR o= F&o BEd 7HA7F 1A B3
Fe 124 ZlEez ol HEE 3uch oo o} 12A40° 715 E
Fom A 34, 7A, 114, SPNDE 1A, 541, 94 Wrakel $A3=% OR5
ZAEe) FAASRG AAAFT ZAAE ¢ I £, IR FHEE,
SPND A% 5& 29389 & & 33, ¥ 34, & 359 Zr}
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# 33 02F-11K &d s AZHs 23 Uz ¢4 F71 4 &9

e 27} N2t Sz 29
2077
24-1 2003. 3. 14 - 2003. 3. 28 14 ¢ 24 MW
242 2003. 4. 4 - 2003. 4. 18 14 ¢ 24 MW
251 2003. 4. 25 - 2003. 5. 9 14 ¢ 24 MW
25-2 2003. 5. 20 - 2003. 6. 1 12 ¢ 22-24 MW

¥ 34 02F-11K 98 AdAs dd88d 54 Jg qds FAH2:

AT E Ho g5 FAH 2%(C)

T/C #1 24-1F71 Hdi2x 1,375 C
T/C #2 24-1F 71~ A% 1,369 C
T/C #3 24-1F719 Hd = 1,177 C

& 35 02F-11K A g A& SPNDE Hdf A3

R SPND &d &4 7HmV)

SPND #1 25-1F 71l A Hx] ~4,892 mV
SPND #2 25-15F 719 H X ~5833 mV
SPND #3 25-1F71e A HU %] ~5284 mV

3.2 03F-05K s AFRE AAAFT 2N 47
03F-05K HA=E& AFQEe] HARZF g
2004 10¥ 197tA B34 o2 AT

AAAFZE 2 F s 28, Aoy 94X, ddr AL, ddal
st sl dds AHEA Hol W A
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B ooy 349 o ddn AFfEE 29 Al R3d JHAE JEos ddg
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T2 st} ool mwEk 12A41(0° 71 E)E 7IFeR MEAE 12430%, dddE
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I 36 03F-05K dds Adfds ZAANE U2 &d 77 € 29
S 474 A% | #uz a9
< AT 7]
31-2 2004.4.27 - 2004.5.17 214 24-28 MW
32-1 2004.5.24 - 2004.6.12 204 24-29 MW
32-2 2004.6.21 - 2004.7.6 16¢ 30 MW
32-3 2004.7.20 - 2004.7.26 74 24 MW
33-1 2004.9.12 - 2004.10.1 204 30 MW

I 37 03F-05K &g AARE stz &d

L
_

F78 Hd ddg FHL

3 5 =) Q% (Y
iz £92) (2 SO, Ao 353 )
31-2 1,246.16870 [24, 323]

32-1 1,108.88745 [29, 541]
32-2 1,316.31873 [29, 261]
32-3 1,034.20935 [24, 273]
33-1 1,307.26245 [30, 301]

% 38 03F-05K Az AZAE

suE ™ F71E Hd SPND &3¢

#Hd SPND %4 g

(mV)

[& 5(MW), Ao $ 2] (mm)]

SPND 141 (0)

SPND 142 (120)

SPND 143 (240)

612.1875 [24, 323]

636.250 [24, 323]

699.6875 [24, 323]

458.7500 [29, 540]

458.7500 [29, 540]

521.8750 [24, 467]

520.0000 [27, 262]

509.6875 [30, 3991

644.6875 [30, 320]

446.2500 [24, 370]

451.5625 [24, 370]

408.7500 [24, 371]

535.6250 [30, 428]

534.0625 [30, 428]

682.1875 [30, 319]
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¥ 39 03F-05K #ds AZAE stz &4
A3 LVDT &4 gk

F71d s £ZA Al

sz | B LVDTED) 233 (mV) [(FFMW), A1o1% 913 (mm)]
AT Hohak (27130) H gt
31-2 -1.54969 -1.60375 [28, 545]
32-1 -1.59125 -1.61594 [29, 577]
32-2 -1.59844 -1.61406 [30, 400]
32-3 -1.59812 -1.61063 [24, 379]
33-1 -1.56560 -1.17906 [30C, 304]

I 310 03F-05K ds AFAHAE 3tUZ 24 F71d IdsE yg o

3} LVDT 54 %

guz 98 LVDTGIOZEHZ (mV) [E3MW), A1°1% 93] (mm)]
A7 gk Aozt (2713

31-2 -1.97563 [24, 323] -2.18312

32-1 -1.97156 [29, 540] -2.17344

32-2 -1.93844 [29, 261] ~-2.13406

32-3 -1.99469 [24, 272] -2.13031

33-1 -1.94531 [30, 297] -2.13562
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4.1 __,Z_A]-/\]'G] _‘9_7(}
05F 01K

5o

i

Al

o

- SEA
5

9ol ch.

o)

7R ek E

« Fuel Rod @ :
Fuel Rod @ :
« Fuel Rod @ :
+ Fuel Rod @ :
« Fuel Rod ®

ddg FALES AARE YUY B 274
e L
dogg =

Jp‘r

. iy

3H(Fuel Rod @), (Fuel Rod ®)&
91g 3789
He&xeet 19
z} &9 Helium leak”}
67 olTALE AART
3709 solguule
% WSH¥ 3H(Fuel Rod @),

R T

06F-01K #1913t

ZFo| .

05F-01K #d=s A%

MA RS T A Fo

AR H

SPND 371 €]

G
==
K

A E 5 (Fuel Rod ®)2 A
A st Al ZF=st

3l

ot

=4
Hgl, e
E@ shtE Aot A3ATE 23554

b2 ORS ZEAEANA ¢ 464 EFPD &
Folr 1% Az 2

B KX
dds 244

L

_TL

LN

“AMAE 77
T W s
g4 o)},

Ao r ddn

T 3l
d

RIS W S

=, Zo]

Al & <}

R

N

1

A~
-
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of A8 AARAA2A(TY 415 39 4L S5t ZAAE 4B 7
a

& A Yol

2y 41 A3FTEY 29 42 sz Aol Ale)
ZAN Y LA ZAANE 4A AR

42 ZMAE 4A
o|ZANE ddEv e AT 05F-0IK dds AAPEL o4
£ 95t O3 2L dFeE FAPSF o, L AP Fo A
o O]FAGR AMALE A 2004 9.~ 2005. 2.
05F 01K &l AFREE 3y HE 2 A& HA(Q1AD
0 2005. 6. — 2005. 7.
o 0OF-01K #A&EH AP s A7 2005 2. —~ 2005. 7.
* 5F-01K #A2& AZdAs FF Az 2005 7 ~ 2005. 9.
e o|FALE AF sensor F7 ! 2005 6 ~ 2005 12.
o HAR 7HF : 2005. 9.
o o|FALE GARF &3 AAFH AlE ¢ 2005 100 ~ 2005. 11.
o olFAE ddrE =W H &3 2006 1. 13 ~ 7. 14,
e 05F-01K 35 AAdAE 938 AE & d&8 #7122
©2006. 8. ~ 2006. 9.
o Dol dARE FH : 2006. 9. 14.

o o]FAGE HAEF 2 Hold-Down Spring 73 F¥ol ©@& spap ring

- 13 -



I} temporary spring 7EAAA =943 1 2006. 9. 19. ~ 9. 24.

e Hold-Down Spring 7% Z 9ol W& snap ring? temporary spring

2k 2006. 9. 25.
e (5F-01K ¥d =

1 2006. 10. 27.
06F-01K <&
05F-01K <1

05F-01K A
o sz ¥ 4
o R A

43 ZAANE =7

sdng 7gee

ST dgold, JAT

o FUz 92Y
o FAME s
o]x%_g]

o 05F-01K &}

05F-01K A& 7

=
e guaes el F A

TAE 29 12006, 9. 27 ~ 9. 28
& stz g d s Ae(d3)

AANE =048 ;. sz bie] 2AA
&
ZAPA ()

46571 (2007. 01. 03. ~ 01. 26.), 23.2 EFPD
475 7] (2007. 02. 07. ~ 03. 07.), 23.2 EFPD

Qe B 2o
30 MW 7l
ORb5

RARAE A A HEE

610.78 W/em(A ol % 212 300mm)[57]
* QtAA BA Al abEE HY AEY 63845 W/em Bt Yor =z

FAE Aoz

p

o 23] 7|3k . 464

%371 A [8][9]
EFPD

A 46571 (2007. 01. 03. ~ 0l. 26.), 23.2 EFPD

e}
o sy &4 47F7] (2007. 02. 07. ~ 03. 07.), 23.2 EFPD

. A% 8, ¥d 5)
e SEETSIOLA B ZASHCIANE 2 RAEDS FE
3 zAbe] ool AR Asp@del TARA @3, I FY
g3 A mE 2AY A 24T F A 3ARF e T2
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- ddg FALE 2 1,350 T o3t
* o] ™ (2F-11K9} 03F-05K 8 AZAEY ZAAE A Agex
2 1,316 T7} S35 AU
- ddg 2% kAN B4 AdE g 9 zon, Aoy A& Az
Al H 2378 Toli ol HAFY £F§2EQ 2849 TRT @3

T & g TH Hu 2% | dds FA H1 2=
A4 A 105 C 2,169 T
RIA(A %5 AF Al3L) 110 C 2,378 C
HEE 3 Alx 136 C 2170 C

- ¥ds A
i b s
o O]FALE AART WF &H
- %714 elel] 1.2 bar(abs)®] Helium22 F35o 95
- A dax FAAHoER FAXYE F AdaEY UF "€ A

- 4o nAHE £ yds Aeod L=
+125 mk olgte]of atm, ofefe] e Hof wE
Zol 16 mkZ AFAE HFAAY BE A
172 49 9144

=y =7 o)A =gk 285 Aol (mk)

e FA 0.99276 -

e T& 0.99316 0.4

4H A= 0.99436 1.6

Beo] Ay HA 0.99416 14

. AYAn 54 2

C ZAAE 17 el 12 DAOR RAR FALE, 998 BULE,
AAEE g W, e 22A Zo| W, em SPNDY N5 E

_15_



- WRREY FUoR st AP 44Eo] WEHo 1h2) RMS
[e]
o

45 71 A9 FAHA

o 7| Y AW

AAE ARUEE Te3} 2ol 28] AA 2AABL FAART,

T ¥ 02F-11K 03F-05K
HANARO Power (MW) 24 24 7 30
Experimental Vertical Hole OR5 ORb
Maximum Linear Power (KW/m) 53.2 50.1
Average Linear Power (kW/m) 49.2 46.3
Average Bum-up (MWD/MTU) 5,930 5,556
Effective Full Power Days 53.84 595
Max. Center Temperature (C) 1,375 1,316
Irradiation Test Period 2003. 3. 14 ~ 6. 1(2004. 4. 27 ~ 10. 1
o A
- 953 YR BEEL o|dd ANl ATHE &45H FAY H
Ag AAWE02F-11K & 03F-06K) A std.
AAg o] AHE HAF e FHT ofHd ZAA Yol A3Ho=E
28 FY AdsE AFWE(02F-11K & 03F-05K)9] 29 5 Y3}

Jz__ﬁrkﬁii

B3 SPND9| & Axe 29 433 2] 60°% 300°¢ & °lF

71“5}% dAF B, 180°= = AR Eo], a8 0° 120°, 240°9

Rhodium type SPND7} F2EH A& ORS ZAtE ol ddg ALY E
o gz Aol <t ZhA] Wakol oF 104 30(FFH& 12AE 7]
THel HeF 14T Adeld.

- YR Ao A A3ATF 235540 A4 dAZAA 2D E THEe
AoldoAe stz o] AZDTTol 2353 2ol = =AM E &
AE AL 2 28 FADE AHFHOR FAAUFE £ Aon.
(14 41 & 19 42)

h
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oh g Jixie
4

SPND

Fuel Rod (vanadium)
0°

(SHE+0))
300°

SPND Fuel Rod
(Rhodium) (BB +L)2h)
240° 60°
Fuel Rod SPND
{(dummy) (Bhodium)
180° 120°

19 43 HAd5E I SPNDY A& 914

Ako] 3

olH FAAEY Agde ddm AZPsd FHE ddsEol dd
AdE oot F¥MY 05F-01K AR ARZAEAE o|FAZE o
daswol AFH. o|FAAE dAsETE ddel AR sensor’t 2z H
Aot

ol d ZAMAEY ZAgedEs 379 FAsFo] HAEHIOY FH
05F-01K #ds AZAsd e 27019 #ddsEo] Fad. wepa dd
B 2FA A5 F 1570EF x 57DdA 101(2% x 572 A&
o}

Helium leak7} &4 g oA L Ad5e2 29 Ads5S g &
28} A o

05F-01K A5 ARZfHEd 2&d Ads 2Z2AY 5 U3 T4
a2 449 Zo] sUR ddrm FAL J|FEoF 225 cmoll XS
2 ZAs9T. (o]d9 02F-11K+= -125 c¢m, 03F-05K& -25.09 9|
sttt [9]

ol

HANARO Fuel Assembly

02F-11K O5F-01K
4% O3F-05K

O 44 dU=
dAdg J|E
dAds 5w =
T A

o

H
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A

46 = A E

4 o c oo M =) Y
b T M = I
ol L o mﬂ - Ma =~ Jlo
ujn T D Hin — O a, W N 7o
17 T X° <
< S /o S L ok .
T = <1 ; Yy n
@ o L B NI S o b
W O o A Yo T N o 438
=K = & oo N ogom oy W o
i AN , T =~ 8 0 R s
- B © %o (2 o =
o m o -
o —_— =T apd] M —_ s}
= < 3 O e d R o o —
T ~ X o~ T o <
o ' Iy 10 —_ T
o} ® om G < oF w_a To 7 ok e o
R I = o 4 -
N — < = — Al ol
5 w oA T T mooop — R
T - _ _ _ T <
£} o T LR Mo T pw o 2 <
X — 0 o —_ XL —_
o Ho X - [ R r ~X
o T - )
oy N S o T ooonk W Y X A
R - - % EEE) No 2 N s ox —_
3 n —_ < o oA o i ol
do ®F 0 X O g B ; 3 !
oF —_ <) — o o Y T Anc
< T W T K T o = iy
o WP o T H L o 8 ™ 7
v %0~ = o|/ = o o & TN j £
— S N -~ CR S ofp X2
M_- = X 7w Ol L 9 Moo = 8 7 i T
" < T I S T~ S SN g
:Iﬁwl oK T _ = A é.o o MR Y joT N o) &o
L_O T N 53 o_mu XO ' ~ E:ﬁ {Ho | 1 of <& % o :L
- ' = — . ol W = i
R ) o My TN &N o o) o= 2 < - ny B-
—_— 7A _O — i —_ N & & ]
o} T 4o I o BR Ho N = S ®
AR ® 2w w0 RNl E
~ < o o o Mo A )
K Ho j_ﬁ o T o = 9 ~ E ® o W e ; o<
o X X B do W = S T M oF oF ofF 1 o oo
W oG &M AR T X TR BT W OW OB R R
X P e N g g W T TN T Uo7 s
O o W OB T OH Hom o5 N A o oy ior
Mo i B S o F R - noX
_ — —_— = T ga —_ — ~ -
o WX o ¥ = T BT o X
.G.c || ~ ]Lr
T OFL e . . N o
2y = he]
® ~
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A5 dds 8§ AFWEO5F-01K) A4 2 A=

51 fd=f AFAs 4A

deln 2ANY £ UQE AR FALE, YAEE s gz W
3 5)e 28R 2457 A% FALE WAL EANEET] 9
05F-01K A28 ARAEL A 4 FoA 7168 vhe} 2 ZANY AL

w2t A A Al 2ek o TH56].
O5F-01K ez & Adifse AT 238 5137 2oy, 2004d =0
ZAANHol F8 3F-5K A2 AFAUEF vade 2 o HdgE A3

& 23 HEES AT UeAE FYsd15 36]. 05F-01K A58 A7y
2 &let 1A H(bottom guide assembly, rod tip® bottom end plate® F4), ﬂ

T
T, B 2 hEe A 4FELE TAHHY At a8z ARREE A
& el et Hez Zz] - nAEtr] el BEH e OR clampE XA HE
A5 2E#Y OR 2AMFY ¥AA A nAHE R 2EHI} 9o
05F-01K gd s AFddee 8 ¥F R AL % 513 2.

iy

o

g':,f i £ g

=&t nam 5
= ==
e

: F __'

Jmrena | e e |

T

05F-01E [RSTRIAENTED CAPSULE F(R MUCLEAR FUEL TRRADIATION TEST : -

R Al il "

3% 51 05F-01K #dg A4dfE dA=A
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E 51 05F01K A& AANE] B 2 Fa44
HE &3 T A5 F8AY
01 Rod Tip 1 STS304 Zo] 10530 mm
. . . . STS304 (or : 1A
02 Rod Tip Fixture Guide Spring 1 Inconel X-750)| Wire 2 742.2 mm
03 Bottom End Plate 1 STS 316L 217 560 mm
04 Bottom End Plate Cover Stopper 1 STS 316L
05 Bottom End Plate Cover 1 Al 6061 2174 59.3 mm
06 Rod Tip Fixture Ring 1 Zircaloy-4 217 170 mm
27 56.0 mm,
07 Outer Tube 1 STS 316L W7 520 mm
08 Lower Support Tube 1 Al 6061 a% 216% rrrrll?;
09 Lower Housing 1 STS 316L 27 51.6 mm
10 Upper Housing 1 STS 316L 27 516 mm
11 Support Tube for Fuel Rod Cooling 1 STS 304 Zo] 216 mm
Block
12 Housing Support Rod 3 STS 304 o] 233 mm
13 Spring Washer for Housing Nut 3 STS 304
14 Fixture Nut for Housing Support Rod 3 STS 316L
15 End Cap Bottom for Fuel Rod Tube 3 Zircaloy-4 ;‘%%} 5558 $$
16 LVDT Holder 1 Al 6061
B . - Inconel X-750 A 1R
17 Hold-down Spring of Fuel Rod 3 or STS 304 wire 274 1.60mm
. ITS - e R 10
15 | Plnum Spring of Fuel Rod | 3| (S18,908 or | wire 514 190mm
19 Spacer 12 Al:0O3
20 Fuel Pellet 15 UO; pellet PWR3 9 5(17%17)
. Zo] 132.15(3) mm
21 Fuel Rod Tube 3 Zircaloy-4 ;§ 9.50 mm
3 835 mm
2 Fuel Rod Cooling Block 1 Al 6061 %"Jg 1890 mm
7Z1o] 21.0 mm
23 Top Connector Nut of Fuel Rod 3 STS 3016L 17 100 mm

_20_




(A %)

HS FEY T A= FaAY

24 Thermocouple(K-type) & Seal Tube 2 Inconel 600
24-1| Thermocouple(C-type) & Seal Tube 2 Inconel 600

25 SPND 3 -

26 Guide Tube of Instrumented Line 1 STS 316L Z o] 311.98 mm
27 Upper Support Tube 1 Al 6061 2 o? 4%11918%

917 56.0 mm,

28 Top End Plate 1 STS 316L 2161 1170 mm
29 Top End Plate Cover Al 6061 %o] 52%%) ek
30 Fixture Ring of Top End Plate Cover 1 STS 316L

31 Protection Tube 11| STS 304 P T gum,
32 Lower Fixture Slitggger of Protection 1 STS 304 917 700 mm
33 Upper Fixture S’I‘gg%ger of Protection 1 STS 304 917 700 mm
34 | Upper Fixture Guide of Protection Tube| 1 | STS 304 3% 47 mm,
35 Upper Fixture Guide Bolt of Protection 1 STS 304

Tube
Upper Fixture Spring Washer of

36 P Protection Tube 1 STS 304

37 Junction Tree 1 STS 304

38 Grapple Head 1 STS 304

39 Grapple Head Hanger 1 STS 304

40 Grapple Head Pin 1 STS 304

41 Pin Fixture of Grapple Head 1 STS 304

42 Adaptor for Cable Extension 1 STS 304

43A Cable Guide Spring Hose Ass'’y 1 STS 304

51A Fuel & LVDT Ass'y(pressure) 1 Inconel 600

65A Fuel & LVDT Ass’y(elongation) 1 Inconel 600

52 ol A48 AAnE FAAA A4
FAGE NARE JAA 1H 529 Zo] RAAIY F AdE UL

15 24, AdE FHLEY

I
2 o
rO
h

s OPI
=
o]



Ag HalAe ddd, dA4EE UGERE AsiMe ¢8A 2 LVDT, 9488
AdolEAE Yside BEA 2 LVDT7 44 AfLley, FA4E 48
SPND(Self-Powered Neutron Detector}?t 370 Aa]= vt Z2ln Al438s
o 2] o] ARG AlE AJEF I SPNDY HAF Hdstr] &) A4 HA
of AF A4dRTE AAsAt olFAFE HIRrEFH SPNDE 4Fvg A=
o] cooling block¥ &4 Zy@3ul

Ag 445 "M?W SUZEAEY FA4A
B @ D
/& r— N LV

r /g};}}; é}) 50 50 (52) ({55 (50 {57y (D) (el
@;@4 DD @bl 8

T i bo

Ae ddwd %‘“’e]ﬂﬂ uzddey 2444

55 B \Q\o@é} éa@

1Y 52 0OF-01K =AM Y S @3 s HEA 24
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53 olTAEE Ay AA L A

=~
FAAE F g Y] AAdRrElAM Fre

5 A 54 FA4E AT olFA

A4 ddEEe e Po| 63FE AAAN, 1 AYEE 19 533 2
TH55].

« Fuel Rod @ @ 3ds ¥U25¢ ddgy Yyt W3t =3

« Fuel Rod @ : &g F42x9 sdgy Yo W3l =4

« Fuel Rod @ : 3jdg W59 dldg AAA ZHo] W3l =A

« Fuel Rod @ : 195 FALE9} dds A~ZA do] W3} 574

« Fuel Rod ® : 3198 ¥H2%9 HAdg SHLE =4

. Fuel Rod ® : g g Z=Aergl sldg AGE ZNer =4

o] 6714 o|FAFE AAFTYE Fo @ Hds THLXT + HAgH Ut 9
3, @ A8 FAE + ddg 42Z4A Zo] ¥zl © ddg HHLE + AA
7 FAeER Y Y HAAgES Azsdnh Ay dA =

ge7 2o

o Z} o|FARE HAnT TR
UQ: &ZA 570, ¢FuY spacer, plenum spring s
o AE
sl g FAXE 48 Ctype A4 270

- dds dHeE 548 Ktype €4 274

- ddgs it S48 gEAe LVDT 1 set

- ddn AR dolst 48 WE A LVDT 1 set
o OFAANE ddAdak AA : Zrcaloy-4

o
FA 0 @950 mm, 0.57 mm

®
)
__I‘
!
)
o
e,

gy Adg gHewe Adg A4A Zo]l Wi =AH(Fuel Rod ®) ol
AdE dA5FANA Helium leak7t FAste] #H7star A 2o AT S
AAste] 05F-01K s AZ7go] FHstAnh 2o Adged o|SAAE
AR T A} BE AbFol T, A HdE diA LFUHALO)E st
Aok A2 $ Helium leak test® 33t Helium leak7} 9148 &3ttt

ol ZFA AR AE dMAgH ALEH IddagE dAdm HAAASZ Ao AlLH
02F 11K+ 03F-05K g 7Al4g&o] A48 ddns $9% o s

=1 =

2

5E

ﬂﬂu
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fowv, AHge Bi ® 5-29 v

%52 92 2B A
T % AL <
Type PWR 17 x 178 (KNFC A=)
External diameter 8.18 mm
Length 10.27 mm
Thermocouple Hole 1.48 mm(g)
A g Depth of Dish 0.13 mm
Curvature of Dish 12.83 mm
U-235 Enrichment 2.42 w/o
Density 10.498 g/cm® (95.8%TD)
Grain Size 9.35 um
Material Zircaloy-4
External Diameter 950 mm
- Thickness 0.57 mm
Length 132.15 mm
Gap (&ZAA 9 3 EH Ato]) 167 um
Filler Pressure 1.2 bar (Helium)

» The center temperature of the nuclear fuel & the (nternal pressure of the fuél rod
Thermocouple Fuel Pellet Fusl Rod Pressure Transducer LVDT

w.
,,,,,, RN

» The surface temperature of the nuclearfuel & the internal pressure of the tuel rod
Thermocouple Fuel Pellet Fuel Rod Pressure Transducer LVDT

Y/M'SA

B ] /s 5 7
i L

» The center temperature e of the nuciear fuel & the elongation of the fuel pellet
T Fusel Pellef Fuel Rod Elongation Detector LVDT

» The center temperature e of the nuclear fuel & the elongation of the fuel peliet
Fuel Pellet Fuel Rod Elongation Detector LVDT

> The center temperature of the nuclear fuel of the upper & lower part
Thermocouple Fuel Pellot Thermocouple Fuel Rod

19 53 ol AEE WARE 6FF
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5.4 ZANEE A7 A2 54 97}
7b. 13 7} (2005.07.26.)

olwlol ZAAY 9 (5F-01K AR AZUde] BRee ddzngos 3
FE7} 242 wio 22AZE 47 58 FUH A ol%h A NG YARY L
ANARE AAAE(02F-11K9 03F-05K)ell A X5 of stz =4 ORboll A=

o] 2003 3€¥3} 2004 4€l 53.84 EFPD(24 MW)2} 595 EFPD(24~30 MW)
Eok 747t AARFARS 9% 2AAYo]l A3Hen AR,

o

ANA8E & 4 FHAXE 19 449 o] 02F-11K Ad s AP &
A% Uz ddm FAYXNE 7IFoR 125 cmolfew, 03F-05K A=z
A€ol A5 -250 cmelfa, g 2AAE E 0B5F-01K dAds AA
€9 ZAgov 03F-05K Ad=E AAAE 2ot 2 A& (linear power) S o
7] 913t 225 cm& A& AT.

o] AARE AN AEHES Hristd HAHF xAL A|Fo] olFold
AeA Foatux AEE HJrte Pt A=3 Hrhe MCNPE AHE8HA
cd 2td A& ALS st stze] diEd A4 =4 2dE ol &3t
AA27F Xe HE ZHd Ag of dds Aa HEHoe] won=z B HY
AEE HItE fsted Xe BE AHe MCNP 4 =4 2d$ ol &3taint. o
Az P& AR X -225 cmE ot F X Fta Joenz Aol =
ol7} ¥g W wL AEFFo] AT &AH e Aol¥ A FAAM 5 cm
thol o] wre AojE A2l 250, 300, 350 mmolA A& S AASE Y. AR
3 o] FFH Aoy X 7t7bE 450 mmell dIIME HEHS Hrs
ot AE ddgg A2 WE SEEX HEUE AstEE 1 cm @9
g Aakste # 539 WERHATH
XA HIEE AT A AEHLS AN 2% =4 A ZFY ¥ 1

2. 2= MCNP AAF fsd(fractional standard deviation)

£33, A4 FdE =4 EFEE @ AFAAME ¢ F gleng
FFoRE 10 %E HAANAT. AHAAF BrHE A Hd A
A& e AojE Fol 300 mmolA 54517 Watt/em= Jelsttl 22 ZAIAE
AAs AZso dig Y H7HE 53T dAde HAd AE9

45 Watt/cmell A g Aoz Yelsiti31,4546]. webA 05F-01K A s

lo

I

A
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AZRee] Al A d&

o2 w2 iy BE T Wt geln

F 53 Xe 3} AHo &

g (W/cm) [1#H
[fsd: fractional standard deviation, 3tA M&= = Hd] = (1 + 2 = fsd) * 1.10]

e A W} o Folzl W& ny

Al g3 05F-01K &ds AFdfHEe] A

g2 ¥e

=
=

A o] 5 gdg A9 (Watt/cm) 7
91| 914 .
e
(mm) (cm) %1 %9 % 3 A7 | AdEsd |
~950 | 41503 | 38249 | 40427
240 | 41468 | 36637 | 390.77 45319
9250 -230 | 30714 | 36391 | 38780 | 40126 | ool | 53380
-220 | 42717 | 37294 | 404.32 :
-21.0 | 45319 | 42433 | 41452
~950 | 43086 | 377.86 | 39573
240 | 40615 | 376.03 | 40337 46449
300 -230 | 41614 | 37040 | 38905 | 40918 | (toC 54517
—220 | 43269 | 40521 | 41255 '
210 | 46449 | 40235 | 45476
~950 | 41869 | 36790 | 386.42
240 | 38709 | 37872 | 39467 -
350 230 | 40235 | 38472 | 3T2T7 | 30468 | (Lo | 53988
-220 | 401.88 | 37127 | 361.27 :
210 | 46059 | 412.07 | 41981
~950 | 37305 | 33908 | 33962
240 | 35637 | 34213 | 34765 43096
450 -230 | 37125 | 35517 | 34506 | 36353 | % | 50656
—220 | 39293 | 33559 | 336.31 '
210 | 43026 | 39362 | 39491

. 22 971 (2006.09.22.)
(1) e

12 F747F £ oY 05F-01K A7 AZHEL 3719 A8 o
A5 BoA 2709 AE HAAsEIH 19 2o dHds¥ oz AAY ua A
200613 11¥¢] IR1 ZArEol FTL(Fuel Test Loop)el AX¥7] W&o A =
4L AF7IEA DA IRl HX 2 FTLS Ay AAd8E 2x ¢ton FTL
o AlEAE Yl ALOsE H B #AS7 FTLY IPS(In-Pile Section)oll #A
He Aol

_26_



d4 54 Hrte dds el BAHE 2719 A8 He: &
7= MCNPE °| &3 Aoz s#sglon
& zdgstn ddsg PAed g AEH Bt
ol W 22Y3 FPstAnh At H8d =4 1L
otef o] ‘(Zhy&el veuiien, dAds fHao I =12 ofefio] ‘(W'
Bhufi S e

odk
2
kv

- OR34,6: o] dAEHTEHA
- IR1: FTLY A& & IPS

- OR5: 05F-01K
- oA AolE $A: 2507550 mm
- Xe 33

(h AAds Qe F8 54

O
).

- A g ddsrY Mg 2

- AlE Ads AFA] & BF T HA: 225 cm
- A Mg =T 242 wo

- o AdAgel A AlLOs

- A EH AA: Zircaloy-4

- A&E 9% AA: SUS 316L

O

Hgol Az AAHE ¥EFS nefsty Wsd did MCNP 223
A As B 7pAREe] A3 SPND7F ¢AStEE =4 RdolA

5° 3 Ag Aol siFact oo uwre}
AlLOsE @ e To AAgIE w4 ZFd| Jhrbo] ot

)
.
Z
-
rlr
<
A
oF
fo) U
2
X
bl
)
ok
ok
(o
tt
—
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olo
i

Ao AFAE +125 mk oldtefof stu, ofefo] UEhH Hof wrEE &
3E 549 o] 16 mkE AFAE VFAIY. ZE FFo i AE 4
AE 1/2 A9 AAolth

1)
rir

I 54 05F-01K &5 ARz vtex &%
S AA=E | W8 E Aol(mk)
Ae A 0.99276 -
Ae 9& 0.99316 0.4
4d A= 0.99436 1.6
2o dds AA 0.99416 14
(th 4%3
AY ddne AEHE Aoy AN m 2A wnen 9=
%ol % 4% 34 AAE 25 cm oldZe] ANAL YOoBR AojE ¥l
we W e dEel WA £ A5 ANE ANE 5 om BAR
TRl AEde Adadt Y sdegel HE¥e & WY FYPe
Wyl ASEE 1 om BT AZL Adsle] E 55 Ueidch %A
A 4% @A AEHe AN LA} w4 A Yo FF ms}oq =

28 JdFoz 10%5 BAFAH. HA HIHE A% 2o ﬂﬂl AdEge A
o] & o] 300 mmolAl 610.78 Watt/cmZ UElgth & Fxo ddg A
Zo] gk etHA BrhATte] oshd 63845 Watt/ecmell A ¢HA3 Aoz eyt
tH47]. FTL A48 IPS AX 9 g AA wAd 93t A A4 A=
ol 12% ZF7tstdAw 05F-01K A8 AR Hdl A d&EHS dA
A Bt ol FoX AEE By H4 doug wE 4HAd HurE & "dav)
gl K o571,
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% 55 Xe ¥3 AHY & Ao WF 5F-0IK HAE ARANE A=
g (W/cm) [2x}]

[fsd: fractional standard deviation, #4] A&3 = Hd * (1 + 2 * fsd) * 1.10]

A oy 5 Mg A& (Watt/cm) S
A A A A H:“ o
{mm) {cm) B 29 (_?,:_313) B0 F dl(fsd) e
-25.0 405.51 433.71 -
-24.0 369.86 438.71 - 490,56
250 -23.0 381.06 438.70 - 430.32 © 03' A7) 577.06
-22.0 429.25 451.04 - )
-21.0 464.83 490.56 -
-25.0 426.35 416.85 -
-24.0 401.95 404.88 - 59915
300 -23.0 41753 430.27 - 44541 © 0317) 610.78
-22.0 48421 461.84 - -
-21.0 488.06 522.15 -
-25.0 418.48 430.87 -
-24.0 408.96 397.73 - 490.12
350 -23.0 405.33 421.59 - 433.62 © 0341) 57590
-22.0 439.59 460.42 - ’
-21.0 490.12 463.09 =
-25.0 389.20 41771 =
~-240 388.06 407.07 = 468.47
400 -23.0 390.43 426.02 - 416.13 © 0370) 553.45
-22.0 42312 411.00 - '
-21.0 440.23 468.47 -
-25.0 402.12 38451 -
-24.0 393.20 383.04 - 46932
450 -23.0 381.42 383.17 - 403.45 © 03'37) 551.05
-22.0 419.11 408.48 - ’
-21.0 410.13 469.32 -
-25.0 380.47 359.96 -
-24.0 360.09 368.26 - 440.39
500 -23.0 358.79 360.32 - 378.60 © 03.58) 519.12
-22.0 352.32 387.73 - '
-21.0 417.65 440.39 -
-25.0 323.77 341.76 -
~-24.0 31957 342.19 - 39830
550 -23.0 333.56 34551 - 351.39 © 03'58) 469.50
-22.0 360.32 372.79 - )
-21.0 376.10 398.30 -
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o ZANEE HAEE EHESY A A¥ : HAN-IC-CR-05-036

o ZAANEE dUEH A5HA : HAN-IC-CR-05-036

o« ZAANEE AAEF He FE2AF - HAN-IC-CR-05-036

o YAFE ZANEE AGBe THYEAA 1 HAN-IC-CT-WP-06-001
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29 54 YIES WYRIG+YAR EU2E o|FAFR A8
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