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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
fuel in HANARO. The instrumented 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 O03F-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 HANARO reactor from April
27, 2004 to October 1, 2004 (59.5 full power days 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 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 OR5 vertical experimental hole of HANARO.



i
il
v
v

-

o X
AMnﬂ%
of S oo w
o w Mo

Az 2AND A

3.1 02F-11K
3.2 03F-05K

12
12
12
13
13
14

& (05F-01K) ZAMAIE A &

F 7N

LA
- 1

3]
=

AL

Kl

I3
=

—_— — — —

4.1 ZARA

4.4 ZAFA

15
15
17
18
20
22

A=-8& AGHE(05F-01K) A 2 A=

a1l
=L}

2}

5

Al

A

mo
B

o

O

R

ks

53 Al

ﬂw_wo

B
N

7

)A
o)

i

54 A%

Nlo

o
B

25

.
ey

A 6 %

26

B
otz

o

_iv_



e

(02F-11K & 03F-05K) ZAFA &

PN
=

AL ME02F-11K & 03F-05K)<l

3.3 02F-11K
34 02F-11K
3.5 02F-11K
3.6 03F-05K
3.7 03F-05K
3.8 03F-05K
3.9 03F-05K

47

g2 A

A

o

22

9 A% B7

2]
&

=
i

&

o
R

32

W
Ny

=K

-
It

Ay
ar

L,
R
o

X
Nr

-
It

- 10

hyA
ar

4
ol

—

Nlo
m

B

o

-
It

- 11

v
Al
-
i

godl

ol

I
B

o

3.10 03F-05K

-
It

- 11
- 16
- 22

ToA Y

=1
=

58 AFHE(03F-05K) ¢ -3+

5 <)

5.1

22

- 15
- 18
- 20
- 21
- 23

2 (W/cm)
ZAFA

=

o

g AdHe 244
< (05F-01K) A =

5l o]

= ORS 2 & ol A AR

19 3.2 DAS(data acquisition system) 3}

=
1% 33 02F-11K
1% 34 05F-03K

a9 31

oF

,_._mo

s

o7
o
Ui

B/

ol

N

- 24
- 24



A 1A A2

TRIGA HA=E

-
1

AN o2

N

Akch AECLe]

3

_(H
#g2~ CEA®] OSIRIS

o]

=
=

hyA

Eis

il

TEAT

[10], & &

&
=

o) g8 A

NRU=

AR IR E

5|

-
o

3

3 = QLo 12-14], = ol A

P
T

)

tol skt A A 71

S

I AT e A

s}
A=y

"] 2}

jom, o] 9]

ay

Q&b ey,

BJE

—~
file)

AJr
il
Do

o

rvzel
.ZTV
il

il

o

o

)

-
=

fnt

7N

& el A9

SARERE W

3

of i

)o. 2 7]

&
=

9T A
stu4= ORb5

(G, A%

s

H

~

;OL
do

el
A
=
vAO

m
3

o

El

ZAFE ol A

53.84 EFPD(Sffective Full

2003 =]

Fel[16],

ol

o
=

AN

Nd

Power Days) &¢t

5

=
=

9} A A} <E (neutron flux)

.ZTI

o

= OR5& A 2004 4¢ 204

S

o ZANYE

B 20059 1049 1¥47bA 59.5 EFPD



02F-11K9} 03F-05K Az A& AA- A7 zAAd] 43S v
doz ddn AFUES o8 AN BE&E FES] Slste] R
SAR A e HAdR 5H& FAS] AT olTALE Hdnes A
Akl e, o] olFAEE HAREE A 3
< (05F-01K) & éﬂﬂ]-xﬂlké}%\gﬂﬂ ZAA B L Z2asls] 9E AFS sy
flste]l & WA E 2ol

w Haxe Al 2 FeAe RS o] &F Hdm ZAAY f‘zﬂ_%h A3
ol = 200397 20043 =l 77t 42838 02F-11K ¢}k 0 %
wo] AAASAE 23 Al 4 FolMe AA5E AT E05F- OIKH =
g A=, A S Aol AdsE AGAE0F-01K)9 ZA A 5 dds 4

)
& Akl Ws) A4z Zlssd o, A 6 Feldes dEs Vs An



A2 Ads 2ANE Y

Al
=
=2
>
i)
re
ﬂl
BN
>
ol
>
e
%
r o)
e
gl:l
>
r
.%
=
P—
D
>
0,
>
fru
il
o
ofo
r
BN
>
ol
>
o
_\'1_1‘

£ CEAQ OSIRISE ©| 4% A5 TR S £AA T
A3, e 745 o SuRE o8 AARAR 2AANRE TAG @ A

FAEE ABea, o ol §d AARZARY 2ANEL FPsT Yok w3
=

=

A AEE o5 A AR ZAARe] s AnE UE
Z1%e] AMATE 19949 9ANE FF7) AR AL T ARz A
g PARAE AA-AG @ 2ol FEel FARYoM2-4], AR
& 7% A

S éﬁl-ﬂ]’%}@, lggBd 549 AHATE AT 2A1YE 42
©) e}

, el s 711%?% HdF ds 2P RE TRIGA 9ARE
o] 83 CANDU & =il T2 dA8=443E 98 iun AECLY

Z,
=
-
il
o
o
N
>
>,
)
S
=
rot
COM L
ok
offl
rO
4
il
oft
rot
K
OSi
)«
@
td
o>
1o,
o
%2
=
m
il

24 2487 98 AR 48R £b oA zAE dARE 5
el AzAE] 9% A7) &l UE /1% AEsF ArH4] 19959 3

sttt olol whet 02F711K9} 03F-05K s AdAisdd oia AAASAES
Aoz #3339 tH15-17].
AAAA SRS o83 AAR] 2ANY AFES AWEW eI} Lo 8

= I~
oksk 4= Qi

3 1 2002.3 - 2007(H 8 =)
MalE dled 2 (DUPIC) s 7

|
=
re
B>
ol
e

-
kil
w  Pr
i)
2
=
(i3
EN
>
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- DUPIC, &2 A 9] AAaAd: 2004.2.2 - 2004.5
SMART(HIMET: High performance Metallic) 3 & FA} A&
- 12 A1 2001.7.4 - 2001.10.7
- 22k Alg: 2003.1.10 - 2004.2.20
- 32k A]¥: 2003.3.1 - (543 EFPD < #)
AT=E NF AAm AT =AY
S A 1A USE B ARt a8 19971217 - 199966
- A 12k RERTR U3Si> mini—plate 14413 1999.7.15 - 2000.3.28
- A 2% USi B SRt 1EY A28 1999617 - 2000.7.25

- Al 12 U-Mo &4 dgrhd A4A19: 2001.6.26 - 2001.8.24
= Al 22 U-Mo&#At 874 Azt A4A%: 2003.1.10 - 2004.1.20
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dAHA IdA sl AL stu® ORS FAbe oA 02F-11K
oF 03F-05K 15 A% Aes olgste] 28 +FHA & 3104 ®= nt
& 7k7F 2003 3€ 1445H 69 14744 st
Ug &% 24 MWelA 5384 EFPD &<t 03F-05K 38 A% e 20049
49 2797E 10¥ 19744 stz

=9 24730 MWellA] 595 EFPD &<t XA}
Agol @ Ak

i 31 #ds AFHE(02F-11K & 03F-05K) Z=ARAE 7H &

T A 02F-11K 03F-05K
HANARO Power (MW) 24 24 7 30
Experimental Vertical Hole ORb ORb
Irradiation Test Period 2003.3.14 T 6.1 2004.4.27 ~ 10.1
ANARO Opersion Cyce | B LE2 | G2 I®2
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 (C) 1,375 1,316
AgH AG7IeS QokslH ts F 329 o] 02F-11K AR A&l
Ae Ads FAHAREd FA4AS(neutron flux)E 438t o™, 03F-06K <1
5 AAEdAE dds SAHASE, ddas WdWsl, Ads A ZolW
3t aga SAAAESS SASAH

¢ A& (02F-11K & 03F-05K)oll A &¥ A% &

g T
A 7 02F-11K | 03F-05K Sensors
Az FAHASE 3 sets 1 set C-Type Thermocouple
AAsE Ut Hsh - 1 set 4= A + LVDT
AAs AFA o] ¥s) - 1 set M7 + LVDT
A 3 sets 1 set SPND
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A a9 329 #o] DAS(Data Acquisition System)S &
1 DASE F3dto] =¥ ZAMAE ARe a9 3337 2
Y A HI3d THAE Ve E FALEE 60° 1807
300°, SPND+ 0°, 120°, 240°%] Yxet== &ttt stz =4 OR5 ZAF3-l
FAE o= A& R 7FA7F 1A 5
HEZE sk ool whEk 12A1(0° 71®)E ZIsoe® AUl 3Al, 741, 114,
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ZAAE e stUE E9, ddn FASE, SPND AE 5 aoFsd v

3 3.3, 3F 34, i 359

Hcl—ts



1% 32 DAS std

(1) 24-1 F7)

(2) 24-2 F7]

(3) 25-1 7]
% 3.3 02F-11K s Ads A4

(4) 25-2 F7]

F 208 54 AR



¥ 33 02F-11K dd 5w AFRE ZAAE stz &4 F7] 2 &4
= o1 2} 7 SRR
*H 7]
24-1 2003. 3. 14 - 2003. 3. 28 | 14 & 24 MW
24-2 2003. 4. 4 - 2003. 4. 18 | 14 & 24 MW
25-1 2003. 4. 25 - 2003. 5. 9| 14 % 24 MW
952 2003. 5. 20 - 2003. 6. 1| 12 & 92-24 MW

3 34 02F-11K A= AdAs Adssd 54 A dds S4H=
AARY Ao dAdm T4 25(T)
T/C #1 24-1571 4 A= 1,375 C
T/C #2 24-1F7]9A A% 1,369 C
T/C #3 24-1F719 A A== 1,177 C

¥ 35 02F-11K A5 A< SPNDE FHd =H 3zt
Mg w SPND ] =4 3(mV)
SPND #1 25-1F7]l A H A ~4,892 mV
SPND #2 25-1F7]ol A HhA ~5833 mV
SPND #3 25-1571e A A ~5284 mV
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¥ 36 0BF-05K A8 AGAE =AY Sz 24 77 2 22
Sty =
o A7} 712k dm e
R
31-2 2004.4.27 - 2004.5.17 21 24-28 MW
32-1 2004.5.24 - 2004.6.12 209 24-29 MW
32-2 2004.6.21 - 2004.7.6 16 30 MW
32-3 2004.7.20 - 2004.7.26 7d 24 MW
33-1 2004.9.12 - 2004.10.1 20 30 MW
¥ 3.7 03F-05K Sl4® A474% stz ¢4 3708 Ao a8 $4e

SHE A7 [giﬁﬁfﬁiiiiﬁ%n
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 A% stz &7 #7148 Ad) SPND =47
Sz Fdl SPND ZA4 3k (mV) [FHMW), Ao} %21 A (mm)]
AT SPND 141 (0° ) | SPND 142 (120° ) | SPND 143 (240° )
31-2 | 6121875 [24, 3231 | 636.250 [24, 3231 | 699.6875 [24, 323]
32-1 | 4587500 [29, 5401 | 4587500 [29, 540] | 521.8750 [24, 467]
32-2 | 5200000 [27, 262] | 509.6875 [30, 3991 | 644.6875 [30, 320]
32-3 | 4462500 [24, 3701 | 4515625 [24, 370] | 408.7500 [24, 371]
33-1 | 5356250 [30, 428] | 534.0625 [30, 428] | 682.1875 [30, 319]
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F7I dAT A
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W3l LVDT =74 %

Sguz |HF LVDTE0 ) 247 (mV) [EHOMW), 40} %-$1 3 (mm)]
wAF7] Aozt (2713 Axzt

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 [30, 304]

& 310 03F-05K A= AGE stz *

3 LVDT =A 3k

4 708 gAmy 1

o

i

H

il

Fupz | ¥ LVDTG00" )F4% (mV) [E5MW), Al°]& 94 (mm)]
i # o 2k Aagk (271%)

31-2 -1.97563 [24, 323] -2.18812

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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FAR ZAAE T AR SAGEER TAH2E, ddaE s dds W
¥ o) BEAHor A5 A% olTARE ddmnETS AMAFS] AT
05F-01K AR AGAES Al 4 ol 7l ket 22 A A
uhet AA B A skl

qA=E ALAE 0BF-01Ke AA4x+ 19 513 Zow, 2004d ol

ZA Gl S 03F-05K AAR A& wustel B u dAsR

o

o
Y
oy e

S 9k RES A9 Y E EAsrH15 36]. 05F-01K HA2E 7
& 3tdk A - (bottom guide assembly, rod tip¥} bottom end plate® T4),
T, Ho¥ A}

Sghe] A 4FEe R FAH vk aRla, AR ES =
& o FtAAHo R A=A - A7 fste] Hod Feo OR clamp= 114 ¥+

AEel WA el AR SR AR Y

-t ——— -t ’qa-.__'"—.""-"g
B 3 e
-
EF P i A
o O TR R A

a9 51 A8 A€ (05F-01K) 2 A=



¥ 51 AA=5E AFME03F-06K) F+ 2 Fa44
H3 ] T A= FaAd
01 Rod Tip 1 STS304 7] 105.30 mm
. ) ) STS304 (or . )
02 Rod Tip Fixture Guide Spring 1 Inconel X-750) wire 247d2.2 mm
03 Bottom End Plate 1 STS 316L 217 56.0 mm
04 Bottom End Plate Cover Stopper 1 STS 316L
05 Bottom End Plate Cover 1 Al 6061 217 59.3 mm
06 Rod Tip Fixture Ring 1 Zircaloy—4 217 17.0 mm
07 Outer Tube 1| srsaeL | 178 560 mm,
W7 52.0 mm
217 51.6 mm,
08 Lower Support Tube 1 Al 6061 W7 46.6 mm
09 Lower Housing 1 STS 316L 217 51.6 mm
10 Upper Housing 1 STS 316L 217 51.6 mm
1 Support Tube for Fuel Rod Cooling 1 STS 304 216] 216 mm
Block
12 Housing Support Rod 3 STS 304 Z o] 233 mm
13 Spring Washer for Housing Nut 3 STS 304
14 | Fixture Nut for Housing Support Rod | 3 STS 316L
: - Zo] 250 mm
15 | End Cap Bottom for Fuel Rod Tube | 3 Zircaloy—4 217 950 mm
: J Aol 59.7 mm
16 Top Connector for Fuel Rod Tube 3 Zircaloy -4 217 950 mm
B . Inconel X-750 | . 1
17 Hold-down Spring of Fuel Rod 3 or STS 304 | Wire 278 1.60mm
) STS 304 or |wire &7 1.90mm
18 Plenum Spring of Fuel Rod 3 Inconel X-750 | free length 55mm
19 Spacer 12 Al:Os
A5 ddw
20 Fuel Pellet 15 U0, pellet (17x17)
o] 132.15(3) mm
21 Fuel Rod Tube 3 Zircaloy—4 217 950 mm
W7 8.35 mm
) 7] 189.0 mm
22 Fuel Rod Cooling Block 1 Al 6061 217 516 mm
Zo] 21.0 mm
23 Top Connector Nut of Fuel Rod 3 STS 3016L 217 10.0 mm
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 7] 311.98 mm
217 51.6 mm,
27 Upper Support Tube 1 Al 6061 716] 43148 mm
217 56.0 mm,
28 Top End Plate 1 STS 316L 716l 117.0 mm
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ME 5 R FaA9
217 57.1 mm,
29 Top End Plate Cover Al 6061 Z16] 20.0 mm
30 | Fixture Ring of Top End Plate Cover | 1 STS 316L
9173 427 mm,
31 Connector for Top End Plate 1 STS 316L 210] 345 mm
. 917 427 mm,
32 Protection Tube 11 STS 304 716] 96378 mm
33 Lower Fixture S’i:csgger of Protection 1 STS 304 917 70.0 mm
34 Upper Fixture S’,I‘E?lllj)ﬁe)er of Protection 1 STS 304 9171 70.0 mm
Upper Fixture Guide of Protection 17 477 mm,
e Tube 1 STS 304 o] 68.2 mm
36 Upper Fixture Guide Bolt of Protection 1 STS 304
Tube
Upper Fixture Spring Washer of
37 Protection Tube 1 ST 30
38 Junction Tree 1 STS 304
39 Grapple Head 1 STS 304
40 Grapple Head Hanger 1 STS 304
41 Grapple Head Pin 1 STS 304
42 Pin Fixture of Grapple Head it STS 304
43 Adaptor for Cable Extension 1 STS 304
44A 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

Adi, dd5e WdSAe Adid= 494 2 LVDT,

AGA 2 LVDT7E 22 A58l

A5 Hol54= fal~x Z AR 4
S48 SPND(Self-Powered Neutron Detector)”} 77}t 3 sets7F AA| ¥ =% o}
Aok 2P, AEE WelA e olsAEE A3 ¥ SPND9] 91A&

= R
Adatz] fla ARG A AF AEFSE ZAQlEddth olFAEE AF 3
= =

%3 SPND+ €515 AZe cooling block¥ 37
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b7
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o
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e UO; 22 A
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H
_ZT.
Ho

© 819 mm / 10.2 mm

o]

/
#

ﬁo

axe]

2)

e UO; 22
o UO, &2ZAA

: 10498 g/cm® (95.8 %TD) / 9.35 um

A7)

g

=/3%

=i
=

: 167 pm
2/ 42 He 714 /12 71%

71)

B

_19_
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54 ANd dAFE A&EH FJ}

olfHoll ZAIAE =E 05F-01K A5 AY Hsdd = dA5Tde= &
Tt 242 w/o 2AAZ 47 508 FAE AT o9 FY =
AT E AFAE02F-11K2 03F-05K)ol A= 5o} stz =4 OR5ell Fd s
o] 20039 3€ 3} 2004\ 4¥e] 53.84 EFPD(24 MW)$} 59.5 EFPD(24~30 MW)
S A7t AAATAEE A ZAA P AFHeR FHFHUT

AA7E) U FAYAE 29 549 o] 02F-11K A8 AF fA&9)
A% vz ddg FAYAES 71FoF 125 cmolloH, 03F-05K 3
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] %2

9o e AojE 911 250, 300, 350 mmel A MEES AR ZARA
g oufel FEAd AolE Aol 747k 450 mmoll WM = HEHS H7hsksd
toAE AdsEe dEde SUY SHEXY] W AdERE 1 cm 99 R
AE9S Ateto] & 520 YEbAT

HANARO Fuel Assembly

0Z2F-11K O5F-01K
03F-05K

-22.5
-25.0

o] 2u1E HEsga, A4 FdE =4 By d AFdAME & F glen=
10 %5 AAsArh A F7bs e Hd @A
mmol A 54517 Watt/cmz YEFTh H X ZAAE
AdAge] gk b HF7bE T3S Adde HAAHAEY
638.45 Watt/cmell Al bt Zl o2 vpelwtth[31,4546]. whebA, 05F-01K s
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¥ 52 Xe ¥3}
[fsd: fractional

ki3

JEle] 1 w4le] o
standard deviation, ¥4 =¥

=7 (W/cm)

R
= ZHd + (1 + 2 * fsd) * 1.10]

Ao & Ag AE9 (Watt/cm) )
1] 1] .
(mm) | (cm) 21 | ®2 | ®3 | #@F |[HAodsd)]|
-25.0 415.03 382.49 404.27
-24.0 414.68 366.37 390.77 453.19
250 -23.0 397.14 363.91 387.80 401.26 © 03'5 " 533.80
-22.0 42717 372.94 404.32 '
-21.0 453.19 424.33 414.52
-25.0 430.86 377.86 395.73
-24.0 406.15 376.03 403.37 464.49
300 -23.0 416.14 370.40 389.05 409.18 © 03'35) 545.17
-22.0 432.69 405.21 412.55 '
-21.0 464.49 402.35 454.76
-25.0 418.69 367.90 386.42
-24.0 387.09 378.72 394.67 460.59
350 -23.0 402.35 384.72 372.77 394.68 © 0328) 539.88
-22.0 401.88 371.27 361.27 '
-21.0 460.59 412.07 419.81
-25.0 373.05 339.08 339.62
-24.0 356.37 342.13 347.65 430.96
450 -23.0 371.25 355.17 345.06 363.53 © 08; A1) 505.56
-22.0 392.93 335.59 336.31 b
-21.0 430.26 393.62 394.91
5. ddE& AFWe Ax 4 FHLES
ARG AL S, NIRRT A 2 Az B3 FHERT J+
< O3 22 A g Ee] At
o B ZAAFE AFAE A% HAN-IC-DW-05F-01K-05-001
o FAR A PG AL AZ7)%AEA - HAN-IC-DD-SP-05-003
o AAm AR AFHE A A 1 HAN-IC-DD-SP-05-004
o ZAMFEE FAuE &4 YA ¢ HAN-IC-WP-01-2
o ZAAEE WARD SHAA3} 7124 1 HAN-IC-WP-01-3
o 2ANYE Adn g379 =2 A} 1 HAN-IC-CR-05-036
o ZANEE AAnE §HF A4 AF : HAN-IC-CR-05-036
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Abstract (15-20 Lines)|

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 fuel in HANARO. The instrumented 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 HANARO reactor from April 27, 2004 to October 1, 2004 (59.5
full power days 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 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 OR5 vertical experimental hole of HANARO.

Subject Keywords Instrumented capsule for nuclear fuel irradiation test,
(About 10 words) | 05F-01K, Design verification test,
HANARO, Duel Instrumented Nuclear fuel rod,,

Measurement of fuel characteristics




	표제지
	제출문
	요 약
	SUMMARY
	목차
	표 목 차
	그 림 목 차
	제 1 장 서론
	제 2 장 핵연료 조사시험 경험
	제 3 장 핵연료용 계장캡슐 설계검증 조사시험 결과
	3.1 02F-11K 핵연료 계장캡슐 설계검증 조사시험 결과
	3.2 03F-05K 핵연료 계장캡슐 설계검증 조사시험 결과

	제 4 장 핵연료용 계장캡슐(05F-01K) 조사시험 계획
	4.1 조사시험 목적
	4.2 조사시험 일정
	4.3 조사시험 조건
	4.4 조사시험 전 검사
	4.5 조사시험후 시험

	제 5 장 핵연료용 계장캡슐(05F-01K) 설계 및 제작
	5.1 핵연료용 계장캡슐 설계
	5.2 시험 핵연료봉 집합체 설계
	5.3 시험 핵연료봉 설계
	5.4 시험핵연료봉의 선출력 평가
	5.5 핵연료용 계장캡슐 제조 및 품질보증

	제 6 장 결 론
	참고문헌
	서지정보양식

