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Abstract

The objective of the irradiation test of DUPIC fuel at HANARO is to obtain the
data of in-core behavior and evaluate the nuclear, thermal and mechanical performance of
DUPIC fuel. The irradiation of DUPIC fuel will start at April 25, 2000 for about 2 months,
and the burnup of 2,000 MWD/MTU will be attained for this period.

The pre-irradiation examinations for DUPIC fuel, such as visual inspection,
dimension measurement, He leak test and microstructure observation, was carried out.
The post-irradiation examination items for the irradiated DUPIC fuel are planned to be
the NDA test, visual inspection and dimension measurement, as well as the analyses for
the fission gas release, the microstructure of pellets and the distribution and shape of
imbedded nuclides.

The DUPIC mini—elements were fabricated in the DFDF (IMEF M6 cell) using the
G2 rod of the G23 spent PWR fuel assembly stored in the PIEF pool, which was
transported from the Kori Unit #1 in 1986. For the HANARO core calculation, the initial
composition of DUPIC fuel was estimated using ORIGEN-2 code based on the burnup
history of the G23-G2 rod. The design features of DUPIC pellets, the mini—element and
the irradiation capsule, were supplemented considering the characteristics of DUPIC fuel
and the results from the irradiation test of the simulated DUPIC fuel performed in 1999.

The nuclear, thermohydraulic and mechanical characteristics of DUPIC fuel under
the normal operation condition were evaluated for the safety analysis on the HANARO.
Using these results, potential accidents initiated by DUPIC fuel were estimated, and
Safety analyses on the locked rotor and RIA accidents were carried out in order to
assess the integrity of DUPIC fuel under the accident condition initiated by the
HANARé. Based on the results of these safety analyses, the supplemental

countermeasures for securing the sufficient thermal margins were set up, as well.

At the last, similar overseas and domestic cases were introduced.
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ZAL Al A dAEE 1986 18] 1 7125 o|F o] @A PIEFo|
Agslel e AFE ARFdds FFAG) A8BGE olgdhd
DFDF(IMEF M6 A)ol| A A|z% DUPIC 3¢S mini~elemente] t}, DUPIC 4 Z A
o] vt o] & YE(=10.784 g/om)e] 94% Y W 2ZH A 1719) FAE 886gelH, 1
°]e] DUPIC A S mini-element 72 % A& o3 2o}

O U-235 : 5905 mg/g

O Pu-239/240/241/242 : 4768 wg/g, 2.219 mg/g, 0.668 mg/g, 0.575 mg/g
O Mini-element 3 &3 2 5% vt7] : Zircaloy—4

O Mini-element Z°] : 199.82 mm (Endcap Z°] %)

OHA5# W4 € F4 : 1080 nm, 0.66 mm

O W 7b2 2 48 @ He, 13 7%

(O Mini-element T4 : spacer, 22 Z(5), spacer, plenum with spring

(O Element assembly 74 : 3 7l €] mini—elements

232 ZA &4

3 719l mini-element2 T4 ¥ element assembly S FAF Al E A Ae
of do] 2Yg ohg, stz el A 715 =71 319 OR4 A AlE FollM =

Aste A ZAF 2AE TR 2o

O FAFE ¢ 8vr2 OR4 Hole
O z7] 24 5 H&¥
MCNPE AH&-3to] mini-element7} AA24 9] F4lolA 125 cm ol A3 7
%9 H&Ede A A3 3 )9 mini-element & 7HE 2 AFEE Yehdle

mini-element?] 3ht2 2ol Ul Ads o Hd A& 4 Hdl A€ 47



~ 72 =& ;. 22 MW
- Alols A=A 0 600 mm

- AAE AX @A AF
- H@ AEE 0 4366 kW/m
- ) A&E : 50.09 kW/m (Hot Spot)
=4 A4E 1 AEH (VENTURE Al4h)
- "W MEE 0 5382 kW/m
- FHd A& 55.04 KW/m
EE dAax ¢ 2,000 MWD/THM
Wz % 0 96 ke/sec
4 ord 1 04 M
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ZA g5 " A A E mini-elemento] €& AEiet 2F {FFE &% 2 )

MetE ol gstel AR @ AL A3t o4 Rk QoW o] Relo tha A

W =4, B3 PA F8 4% 2 Ee ZAFAY RS 45 Yelstel 27
]
2.5.3 Al

22 % mini~element?] A7 2 Zo] A Zo] Tl thste] FAF Ao =

A A%k vl @y,

2.5.4 HAEL 71A (fission gas) ¥4
_‘E]

ZAFE ol mini-element Woll AAH AEFD 7|AE ¥ ETQ drilling 59 W

yoz 3

ol

st 2T F 7Ae] 4EES £4%

255 AR wA ¥z

ZAZ A% WA FE AH B gAm)

o B 2e B9E

=)
Yo
r ol
[
{o
rE
olo
ol
fillo
=
E
ol

S
N
do
o

S

d
e
ok
£



O 249 27 2 2% 739 27 2 ¥, 29, 23 4

oL
W
2
Y
N
o

So) sy nA Tz DD
sdze v2ae A v

2 oA §7 $4

AAgel ulA Fx % bubble, mini-element £H ] ¥ ¥4 T4 B
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Code AlAMA] 2y -scanning EA X9} ¥ 3517 Y3l Aixe wel AR E

Astel WA o|F Walol ge} HREAAZ o] 57 F, S5 B4 we] o3
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3. DUPIC mini-element & 7|

3.1 DUPIC £7ZAA) AA
3.1.1 DUPIC £2AAN ZA

DUPIC 22A1& 18 1 37|25 $£9 AH¢F4A2 24 1986d0] PIEF
2 ol$dte] AFL Ut G23 AHSFAAR APA G2 AAREZ L o] &3t
b},

A ZF

LS

G23-G2 #AE%e Ad 2 44 Az o]Fe ggy g

O 71& A4
-1 1 37] 14x14 3 dd= LA
- Fuel rod & 179 7}
] 555321 %
HA BF AAE (BRA): 35502 MWD/MTU 4 F7) ~ 7 7))
- &Y 1986, 10. 24.
- PIEFZ o]

!
By
N

|
™
ol

oy

g 1990. 6. 1.

O Az ¥

- Cycle 4 : 261.17 EFPD

= Overhaul : 51 days

- Cycle 5 : 320.99 EFPD

- Overhaul : 84 ciays

- Cycle 6 @ 28841 EFPD

~ Overhaul : 75 days

- Cycle 7 : 286.70 EFPD

- Total EFPD: 1157.27 days

O GHA=E 54
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- Stack length: 3,667 mm

- Rod length: 3,885 mm

- DUPIC 98 AlZol A4 %% 285 m(3heh) ~ 3,300 m(Ae)
-7] B-29] average burnup: 34,770 MWD/MTU

o

|
>

2] average specific power: 30.045 MW/MTU

-z

& 7]

olAke] G23-G2 s HE AY E A4 o|#EG 7|2 xEE 3t ORIGEN-2
=2 A4S DUPIC £2A 2L £ 3-19] el & 3-19] FA| 3 24
2 AE BE WE 2 A Aol ol dF Fx7t 1 g/MT-sample |41 &

NE stk

Ry

O 32 55 < 10E+0 : 313 tharolA A
O 10E+00 < 12 =¥ < 10E+02 : Bk o] & 4w M=
(Cd, Gd, Eu, Sm, U, Np, Py, Am, C

O 8% 55 > 10E+02 : RE Z& Ay

o

3
(g
2
8
£
33“;

O, #F $=71 1 vjtoloj= @R o] 4 2 Sm-151, Eu-152 %
Gd-157& x=A At A 12 dFoz A9

DUPIC ®jdgel shta 24} A9 Baste] Ba s ZE AN olgs 2

e 24 2R 870 FEHNE AFSVe nesel A

_12....



£ 3-1 DUPIC &g =4 24 A7 (&9 g)

N 14 2.20E+01 PD 104 2.32E+02 SM 147 1.85E+02
(o] 16 1.19E+05 PD 105 3.59E+02 SM 148 1.69E+02
(o] 17 4.83E+01 PD 106 3.36E+02 SM 149 2.97E+00
(o] 18 2.74E+02 PD 107 2.07E+02 SM 150 2.80E+02
F 19 9.51E+00 PD 108 1.42E+02 SM 151 1.15E+01
NA 23 1.33E+01 PD 110 4.66E+01 SM 152 1.20E+02
MG 24 1.42E+00 KR 84 1.06E+00 SM 154 3.48E+01
AL 27 1.48E+01 KR 86 1.77E+00 EU 151 1.22E+00
SI 28 9.88E+00 RB 85 1.04E+00 EU 152 2.34E-02
P 31 3.11E+01 AG 109 7.05E+01 EU 153 1.14E+02
CcL 35 3.20E+00 ChD 110 9.28E+00 EU 154 1.15E+01
cL 37 1.19E+00 cb 111 7.14E+00 EU 155 1.97E+00
CA 40 1.72E+00 cbhb 112 5.19E+00 GD 154 2.43E+01
v 51 2.64E+00 CcDh 114 7.38E+00 GD 155 1.02E+01
CR 52 2.99E+00 CD 116 2.28E+00 GD 156 5.99E+01
MN 55 1.46E+00 SN 116 8.83E+00 GD 157 1.05E-01
FE 56 1.47E+01 SN 117 7.76E+00 GD 158 1.80E+01
NI 58 1.42E+01 SN 118 8.42E+00 GD 160 1.68E+00
NI 60 5.80E+00 SN 119 7.84E+00 TB 159 2.48E+00
ZN 64 1.70E+01 SN 120 8.84E+00 u 234 1.78E+02
ZN 66 1.01E+01 SN 122 8.61E+00 u 235 6.20E+03
ZN 67 1.49E+00 SN 124 1.17E+01 u 236 3.61E+03
ZN 68 7.00E+00 SN 126 2.53E+01 u 238 8.38E+05
RB 87 2.27E+00 TE 128 1.02E+00 U 239 0.00E+00
SR 88 3.25E+02 TE 130 3.30E+00 NP 237 4.60E+02
SR 90 3.59E+02 | 129 1.66E+00 PU 238 1.44E+02
Y 89 4.24E+02 CS 133 1.04E+01 PU 239 4.76E+03
ZR 90 1.56E+02 Cs 135 3.43E+00 PU 240 2.01E+03
ZR 91 5.49E+02 CSs 137 8.16E+00 PU 241 5.99E+02
ZR 92 5.95E+02 BA 134 1.60E+02 PU 242 4.51E+02
ZR 93 6.69E+02 BA 136 2.00E+01 AM 241 5.57E+02
ZR 94 6.92E+02 BA 137 3.35E+02 AM 242M 1.72E+00
ZR 96 7.45E+02 BA 138 1.19E+03 AM 243 9.49E+01
MO 92 1.23E+00 LA 139 1.13E+03 AM 244M 0.00E+00
MO 95 6.87E+02 CE 140 1.15E+03 AM 244 0.00E+00
MO 96 3.78E+01 CE 142 1.05E+03 CM 244 1.82E+01
MO 97 7.24E+02 PR 141 1.04E+03 CM 245 1.08E+00
MO 98 7.46E+02 ND 142 2.59E+01

MO 100 8.52E+02 ND 143 7.16E+02

TC 98 4.45E-03 ND 144 1.24E+03

TC 99 7.06E+02 ND 145 6.22E+02

RU 100 8.73E+01 ND 146 6.44E+02

RU 101 7.04E+02 ND 148 3.44E+02

RU 102 7.08E+02 ND 150 1.65E+02

RU 104 4.98E+02 PM 147 3.82E+00

RH 103 4.10E+02 TOTAL 1.00E+06

- 13 -



3.1.2 DUPIC &ZAA AA

—

IMEF M6 gtAdolA 24 FH2E A=z 7}F3stE DUPIC 22 A& tg3 2

& AA At w2k dA F2 BF AFE AAH AzE Aol

. EA94 2 26 B9
4% aANAe 284 Wl BAUE 2 Bagel g B2 o8

g stefokstn] SeEAlo] BrbsH 4R ALl o@ AhE WA B,

F. A% 2 AR
ZAA %8 DUPIC 22A9 A AQe 29 3-10] Jehuileh 2249 =
We 13 um AARTH FElck s AP FF D 2715 FAlstolor BT

2AA ) AEE o2 YT 85 ~ 97 % o]l o]ojof st}
. na =3
nA Ao AL Alols T Al o s)wc)

O vlazg® £2 dxte] £4 o2

O dx =7
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10.55 £0.01 ————»
«—0.6+0.4
06753

1

0.42+£0.08

}4__—10.0 +20 —/_.‘\

a9 3-1 YR ZAIAEE DUPIC 2724 A4

(&9 mm, FHL 01 TIR ol We] A7 ©F)
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3.2 DUPIC mini—element 4 #]
3.2.1 Mini-element 27

7] #4€ DUPIC 29 9 24 9L $oto] 51 A8 7162 1)

)y
o
oft

° 2 71&2| DUPIC 2o #AE ZAMA Y& mini-elemente] A S Rslo] o

glo

¥ zo] DUPIC & s AZAA 2 A AP S ¢1¥ mini-element®] A4 AL& 2

gstRen, olg 2¥ 3-20 HERAAH.

(O Cladding Material: Zircaloy—4

O Cladding Inner Diameter: 10.80 mm

O Cladding Thickness : 0.66 mm

(O Gap size between pellet and cladding: 125 mm
QO Pellet diameter: 10.55 mm

| N

A LD

I 10.00 mm ‘

10.80 mm

2% 3-2 DUPIC & & ZAMAE -8 mini-element 72 Al

_16...



(O Pellet length: 10.00 mm

oldel AY 2 H 2H™ 3-1° EAEA &L 7]ek AL st A o]n]

ZAA 7] B QL=DUPIC 29 #d 82 A 2% mini-elemente] A Y3 5 5tcH6].
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3.3 4 2% (QA)

DUPIC 18 AZAA 2 mini-elementd] A4 2 Az g T2 5

ze ged e A BE 2A0 748 Ao

of\

7]

O ZAHI8% He ¥& @A (QCI-01)

O 98% W He 712 &3 £4 (QCI-02)

O &% nmpl &4 9 =38 A4 (QCI-03)

O B¢ mAl A% AAF (QCI-04)

O Mini-element 25 ZAF (QCI-05)

O ZAHAFE DUPIC &4 54 AAF (QCI-08)

dof e FA BF BA FRR AY 2o B@ PAE AN ske] 7 A
¥ #5o] g@ FA 2F 71E2E UEAA 224 2 mini-element® AZHH O
=

o, A4 A 2 Ax AIGE geY Az BaAMd 7= o
O +4 A4 52 B1aA (QR-00-01)

(O DUPIC #ddg A24A Azx BiA (QR-00-02)

(O Mini-element AF HIA]
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4. ZAMAIEHE Bz A 2 M=

ARG Aee s ddme A AFE ol &3t AME3A top, bottom
R FTAHE FEL SIUE ddge] AAE a2 AEAT7]. stz Ads A
Alet Goldt &L stz 18 7] 98 F Al &FuF FF2E E tube Wiol
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4.2 FAZ Be 2A 873 AF

o [

DUPIC 29 S8 FA Alde HFHoz a5 &2 34 IMEFE

7_(4
ol%Hol o7 AA 5L phA AEolth FW ZANRE 7] FAH ZAAHIA
ASE AES IUE ASSHAoE, A% F4L A5 eI 2L Aue 54
et

(1) Mini-element®] lower housing
- W73 AlgE O FAE 20 ol A 15 mmE # A
@ 8% 44 holeg oA ¥WIEgoz WA
- "7 AR @ lower 2 upper housing® FAE SY935A T
@ da%e 3d WA
(2) Mini-element®] upper housing
- A7 AE: FAE 10 molA 15 m2 ¥ A
- ¥ AR lower 2 upper housing® FAE EdsiA

(3) Mini-element2] housing support

- ¥ Agh O Zeol& 239.34 mol A 2346 mE A
@ 49 € 78 AHE FEHE d¥or W7
- W% Abf: @ housingg A A dte 7l5E 2 BIod Holg

@ 973 =3 A UE 2 A7 8olstA A=A &)
A%
(4) Mini-element®| endcap A
- A7 A EY 98-S gy oz WA
-~ W7 A lower housing®] holeol A A8 %9 314 WA 2 97
ZHg §olstA st A%
(5) Mini—element®] space block

- A7 Algk ZdolE 5 molA 10 mE H7A



- A7 AT 88 FY Al 93 28E &oldtA sl AF

(6) Upper support tube
- ¥ Abgh 12«4 mnel 3 7Y slot& 1075 mme] 3 7l sloteZ WA
-~ HZ Ab slote] ®o]lE W3F©] mini-element assembly? EE7}
| ZAL 712 F olEHA =S 7] AF

(7) Top guide spring

- 7 A spring9] WS #AduE HElE M A 3 ZHolrt 3.7

- WA AV FAF 717F & spring©] top guide & out tube?] slotoll A
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4.3 =4 23T (QA)

DUPIC 3% A A @& Rige] 44 € A=z g F2 1
=

o|N

7]

AN
o

s
A717) kel thgel FA we AWM wet 2y

¥ F AAE AN
O DUPIC 24413 Test Rig 28 Aat 3 A X(QCI-00-03)

T S ZAY R AE e AR

AN E F Y3t} 2AN S Rigel Be

9 B3 712e DEARG 24 A4 L AZ AGE el B s)EH ol
sich.

O DUPIC ZAFAE Test Rig AlX B4 (EMR)
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~Olt
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o
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Tz
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1o
T
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2
o
ol
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2
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t
>
2
o
)
>
2
Ht
Ju
N
g
2
r o
ftd
2,
=2
g2
o2
ol
ok

g 71AA AN FE3] T o= APES] FES WA Yok galst
AR Bgo] sEE o] AbE W] FAstE EFEC] WHA o BF &7

=
Urbm 2 Ae] WAL At 714 sl ol A% BARY. 24 2

€ A g NHFEF © 018 mk
Ar(H0)Z A A e A =152 mk

olgh Zo] grgx HAHelM Ped A LF71eAIA AT 20L& EF

1) MCNP$} VENTURE®S &9 ®lx
MCNP+= 7138184 ndgo] Agg ¥4 e HE =24 d4 odyx 9
o & AAFEI} 300K A2 A=
Z F3hE]| 3 ORIGENT o] 4 7]5E zte uE A4 3=9e] dA 4L
A2M Fa8% 5 ok 2322 R 4o dix ERE AFH e wgg 5
sithe 3AI7E ol ool wet A &H FA A A ddaE BF A) dAs8
o] ZALE OR4el %t DUPIC A1 88 A€ol FAH dota 7t s DUPIC ¥
Are MEHe AIYT
AolE X9 Wl WE HE 4,

& W¥ A&EL 3719 DUPIC dlda%e AEdS JTd glold, A &4%
B E M 52 28E Role AE Ad8ES 9udth. ®=3% hot

Foll A&l F 16709 AAE pelletToAA 7MY & 28 =2

FNFFU

Spoto] EI b'u 051
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% 5-1 AME9 8l 23
o 3 We o ey HoiEH g Hy A& Hot ;i;t;nuk] B MCNPe]
2l =] % Wyl % | fsd
MCNP { HANAFMS o5 MCNP | HANAFMS' | B MCNP | % 2.%°
300mm | 31.81 29.32 -7.83| 32.88 30.00 -876| 40.13 | -25.24 5.48%
30mm | 31.16 30.04 -360| 32.14 30.73 -439§ 3784 | -18.79 6.12%
400mm | 32.81 31.69 -3.42 | 33.30 32.42 -264| 3724 | -12.94 5.75%
450mm | 36.49 34.44 -5.61 | 37.51 35.23 -6.08| 4132 | -14.74 5.34%
500mm | 38.83 38.40 -1.11 | 40.21 39.28 -230| 45.77 | -14.18 | 5.37%
550mm | 42.22 41.19 -2.431 4281 42.14 -157| 46.42 -9.22 5.24%
600mm | 43.66 42.77 -2.04 | 44.30 43.75 -1.23} 50.09 | -12.66 4.92%
a @ pellete] o 42
b : Radial Form Function
Bame | AojRex 1 2 3
HELIOS N/A 0.98 1.00 1.02
MCNP 300 0.98 0.99 1.03
350 0.96 1.01 1.03
400 0.99 1.00 1.01
450 097 1.00 1.03
500 097 0.99 1.04
550 0.99 1.00 1.01
600 O 98 1.01 1.01
¢ % Q& = {(HANAFMS HuEe%e] A2/ (Hot Spotol A2l H4&4) - 1) x 100
ol& pelletg& YEATE F 5-19A4 B vlel o] MCNP9 stz o] w4 e

A A (HANAFMS) 25 Aloj&o] ¢

gom, ol Aoy AFo] BE
b Aol e @

F1 99 hot spotoll A 9] %

r°"

F AEY

= gol Wl AY AgelMel Fo] EopAn

(o]
2439
I v w3

A& Hol A MCNP7F =

2 & Ko

Aojgel Ao wa} vha Aol 7}

RO, -2524% ~ -922% W 2xE HAFIL )
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2) A HdA AEY vix
st =4 #eE AAZ ol &8t A W TA = F A 1A 4F7) 2F
A Aol fresh clean DUPIC Al &4 78&o] AAE ] Qv 7RSI =49

ALE ¥TE 27 513 2tk 94 =49 YABE 2EE ol Yo}

o,
=
2
2
2
2
ol
e
o
S
S
=)

2

o
ox
o
AL
\
N
rir
ue
rlo
g0
N
B
Ao
2
2z,
e}

B
1)

oy
K
1o
Mo
rN
br

A& AojF 300mmel A 500mm7tA] vE Al 4k}
F 5-3% Xe %3} Aol sl vlmg Zolth Xe L3} Aol E Ao g ol
350mm ©|3t2 g 7be deo] §17] W&o 300mmol alM e A4tsta] gl &

. el DUPIC 855 A%
Ao A4%(%U-235) £X

p .
A
=



T 52 Al #AE FAH =43 H 4o MEE v
Aol A% BT 48 Aogage BHdEy
9% HOT & |Burned Core o 3 HOT & |Burned Core; = a
Fresh Core | & No Xe % &% Fresh Core | & No Xe % &
300mm 29.32 34.32 14.58 30.00 35.11 14.58
350mm 30.04 35.12 14.48 30.73 45.93 14.47
400mm 31.69 37.08 14.54 3242 37.93 14.54
450mm 34.44 40.42 14.79 35.23 41.35 14.79
500mm 38.40 45.30 15.24 39.28 46.34 15.24
550mm 41.19 42.14
600mm 42.77 43.75
5-30l= Xe X3} AElE AEE ghol & 5-1914 7143 hot spotol| 41 €] MCNP$+
VENTUREY 25 zEste o A&8E ALt
I 5-3°A FHd d&E¥S E 5-1oA4 4% MCNP FHu pellet &3
HANAFMSZ Al4hg o 2859 A&y Z3ete Aol MCNPY fsd & %
BH o2 uelste] A4g geld. Aols A= 300mmel Ao g o2 9,
T 5-3 Xe ¥3o]| E A& ¥
Ae Ad A& AvzHBe B A&
A o] & )
2] %) Burned Core|Burned Core| 9% Burne; Core Burned Core 9% RS
& No Xe & Eq. Xe | &3 No Xe & Eq. Xe g I}
300mm 34.32 3511 4954
350mm 3512 37.27 576 35.93 38.12 573 | 4981
400mm 37.08 39.33 5.72 3793 40.22 570 | 4885
450mm 40.42 42.85 5.66 41.35 43.82 563 | 54.14
500mm 45.30 47.97 557 46.34 49.06 554 | 60.24
550mm 51.69 52.87 61.29
600mm 53.82 55.04 66.12

a: No XewW2] sl
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&9 = 3511 K¥/m x 1/(100 - 25.24) x 100 x 1.0548 = 49.54 kW/m

oltt. ol A A d vkt 2ol AlojFo] JAEHol wal AlE dre] HEHo| Fo}
Aw T WHS AL, AojE A7 600md w Ho) o HEHHA
ANE¥)2 66.12k/m7F Do} o] &L 1999d kel A ¥E 2o DUPIC dd&
o] A oy HEEA 63.74 W/moll H|ste] 373% AE Fomz FA of o

sy 4% sj4d mTQ FEMAXI-VE Abgste stuz zal 71z %
DUPIC &85 < 448 AL st

DAl s 3 BEd 9 X X

dAEE vz &4 E=e 19999 £8E 29 DUPIC dldg ZA A9
S ZAZ2 39 39 FX A F 49 < UtE FASRG L AR DUPIC &
Az e A AE 71T Bt ddEE StUE AoE AA R ol Agste dEE
e st 2olA AFTE AE(F 5-0F FudAck 4 i mini-elementZF 3

A FollM H) MEHE EolE mini-element(DUPIC #1)& A A3sls]ch
ZAF 717 F AAAY F4 Hd X e 176ITE EAEILH, o] 2k
ddEE AZAY §5HQE8T)RT obF @ gto g dHAHE dF Ut
5-2). 4Z2A ) FH 25 E 423T 2 2ZAY 2B EA AFNM A
7 FFEE MAA ¥ RS BN AT A AFH(OYE 5-)EFEH & F UL
ZAY 2EEE RAFI Y £E, 95
W eEE 662CZA4 ONB 2%(125C) o

i

—

W, 24} 712t B BAZH 42 A
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Temperature(dey. ()

1600

1400

1200

F 5-4 G ZA 71 F Alo1E Y fA] H old g
mini-element ¥ T HA&Y
Z A 712F | Rod 1% M £ 3 (kW/m)
() (mm) DUPIC #1 | DUPIC #2 | DUPIC #3
0 350 38.12 36.430 37.270
1 360 38.54 36.832 37.682
2 370 38.96 37.234 38.094
3 380 39.38 37.636 38.506
4 390 39.80 38.038 38.918
5 400 40.22 38.440 39.330
6 410 40.94 39.126 40.034
7 420 41.66 39.812 40.738
8 430 42.38 40.498 41.442
9 440 43.10 41.184 42146
10 450 43.82 41.870 42.850
—aiCm(al|ne Temp. ——-Llinear Heat Ra!ei w > r—o-b,
| slnin
Irradiation TimeDay)
O 5-2 FAF AR IR F AR tuR & BEd uE
224 T4 2=

.-31_.

400

Linear Heat Rute(KWrem)



—8—gap size |

e A R

Gap size(mic)
8
|

Irradiation Time(Day)

249 53 24 A" 71 F A4 Sz 21 2o ne
A A%

Mo
2o

ZAF A" 717 ¢ DUPIC A4 a7 3H4 AE3(66.12 Ki/m)2 2 39

F 4 7HE AAsT T 7t R o9 Z& 2 Sl A= DUPIC &2 A 9]
T2A 2249 d4 §8382668C)2ch o™ 5-4).

3 A AEE A DB U 25E 796 CEA ONB 2%(125C) |3t g &

ﬂ‘,

ks

=

wtetA, DUPIC g e AL 713 5 §A 286 223l e g S99

st AF A 200 [Pae] 4 Aot W] 7S 9632 ke/sEA, ol = 3
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3000
—e— Centerline Temp..
—e—Surface Temp.
2500 oz 25178, 25315 .5 2539.8 ;_.2520.3 28447 23 # Ll SIS S ¥ LA
/ / ¥ Radr s + J2442.6 2405121446.6
+ |2355.5 & R3549
v 22p3.3 /’ 228f.1
/' 2140.7 s pisva /~ b13g /. 21§6.4 /' 2147.4 /' EARARE:

2000 e / / F—2013-8 2065, Farrr Sopggy [ | oree | = 2200205
S "'l‘w!?.%% CERPRAW.E IV NP RREL Y X / /
4 ’\. R’01.4 N Eq!),fz
R 1768. : 27388 ~et 7605 e 78
=
<
2
5 1s00 R P JUS R I [ SRS DO IS
]
<
)
=
§
=~

1a00 -

800 . N . Wit Fowless

Ftamlant ot P I SLEL SRER PO I SLNAT N PR Bl Ot SR Y Bt SRR N P RLARETRN P RS B ER s N Pl f R D L
o »  39.9 =YX ~%39.48.9 TWIT36.9 - W3538.5 - W39 359 =¥89.99,9 - 8309 - ¥3FI0.G

Irradiation Time(day)

aY 54 A dEEor g 224 FALE € ZYU 2%

5.2.3 71418 5A
7}. 53 57 &4
DUPIC Mini-element ¥ Z2¢] $& A4 2 A3 & 52U KWUe A+

A% S|BY 4A 712 A BB $HS =4 PR primary

12

membrane stress(M), primary bending stress(B), 23 i secondary membrane
and bending stress(S)E 73 4+ v}
DUPIC Mini-element 3| &% 22 A& E Zircaloy-4 FE2o| W3t &8 $4

2 AA ZIEAE e 2k

O Yield strength (Rp0.2): 41458 MPa
(O Ultimate tensile strength (Rm): 535.75 Mha
O 2A 71#A
- M
- M+B

min{0.9Rp0.2 / 05Rm) 267.83 M~
min{1.35Rp0.2 / 0.7Rm) 375.02 WP
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- M+B+S = min(2.7Rp0.2 / 1.0Rm) 535.75 M
DUPIC Mini-element 3| &3o] s &8 AAA (maximum equivalent

stress) @ o] & 9 HA 7IFA ¢} ¥ 2 minimum safety marging F 5-5¢] A

2] &} ot

¥ 5-5 DUPIC #ds IEF &8 AN 25

Stress Category Admissible Stress|Max. Equi. Stress Min. Sa.fety
(MPa) (MPa) Margin
' M 267.87 2.11 126 .82
M+B 375.02 444 84.43
M+B+S 535.75 6.29 85.12

J. de® o9 a4
DUPIC 9%l 7148 ASS 437 5t 2% 45 538 A
2 4% W7t 2= FEMAXI-VE Agsigon, 24 A9 24 2 24 s

qt ¥ B 2e) Ridge WHol Aol TAHD 9% &g BolFu o
sAAS HEDe] BN ATl nE vBpe] 3L ANY AINTY 5-6)
MPa, Axial Stressv 12.5 MP, Radial

ZAL 717¢ 5¢t Circumferential Stress= 17.0
a2 Equivalent Stress®l A% 14.6 M= vebyio,

Stress& 0.7 M,
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Ridge Height ( am)

0.8
0.6
0.4

0.2

|—a—Ridge (max) |
| —— Ridge (top-mid) |

.
A NENARBEEEEEGAASANNCGSOACGEEN0AEEBRARNNN NN OGEE0CABERNN NRORSERNRASNY L.2.8.1.8.8.4.§.0.8.0.8..1

0
S I T S A T A N I R SRR R U
0.2
0.4 | —— -]
-0.6 e
0.8
-1
Irradaition Time (day)
29 55 24 AY 7 F A4 sz 21 2o we
Ridge ¥ ¥
20 —u— O— Circom. Sess |
| —t— Axial Sress
; =0~ Aadial Sliess
15 l—°—Euuiva,S|ess

Stress (MPa)

= T
ARERAET
VIV O VI VAN V I VY BV B VR | I Y

Irradiation Time (dav)

AN 717t & QA Uz £d 24
]
o

3
=]
g BE¥X
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ZAF 717 T AZA S} 5B A DL AElolA I EF 9] Ridge
b #Y 976 m WGl olFoigod, sEy Adu i
9.76 pm WHF TASFATHE 5-7). o] BIde LAA} v E o] BAPo 2N
B Z3foln,

A 8 A AR5 8 vAE 2479 §¥ FIE Circumferential Stresse] 7
< 51.4 W, Axial Stress= 36.2 WP, Radial StressE 18.6 W, Equivalent Stress®] 7
$ 701 W2 UERRTHIE 5-8). ol £ZA% W BB Bt ARPoRH @

BEe AoeA B AE9 A9Rd 24 dega o

o, AA" AAA
DUPIC 91d& ZAAEE Aol tia 1% A8e ANse thes 2e 7
22 95390

O #AESF 14 ~ 185 Hz
O HY AFE 5 ~ 50 um

ORMS AZE 12 ~ 14 ¢m

ol’det Aol 27t SR AL APl P el VAR AHPAHE St

G dds o wmstel Sy,
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Ridge Height ( am)

40

35

30

25

20

15

10

Sress (MPa)

'—u— Ridge{max)

B | —e— Ridge(top-mid)

wonooou

A
A A 0.q
R 1o 10 O R U1 PP 20 70 pz 28 24 7t 7 2N f L

[ N A A ]

5
B gm0

’ ;%:n:»-.- = 7

IFTRTRTR

a9

Irradiation Time (day)

5-7 A HE

2ol 4 9] Ridge ¥ ¥

200

150

(=3
(=1

i —o—Circum. stress :
|~—s—Axial stress
i—o—Radial stress i

i —x-Equiva stress | -

(5]
(=]

Irradiation Time (day)

A AEHAMY &3
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5.3 DUPIC & dg9 2% AL #F2 A 2 fllx 371

oXx

5.3.1 DUPIC &89 2% RIA 75

5.3.2 & #Hr)

[e]
“

o, ZAAE R g e 1§ AP Z3tol w2} DUPIC idg e 7[AA AA

44 e DUPIC #1489 54 24% Fotod 9588 AQHS
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20

Time (sec)
I8 5-9 RIA Alx 84
Time (sec)| center, p {surface, p| inner, ¢ | outer, ¢
0.0 2551 369 166 79
1.0 2558 394 167 79
2.0 2579 401 170 80
3.0 2613 410 174 81
3.5 2635 415 176 82
4.0 2659 420 178 82
4.1 2663 420 178 82
4.2 2665 419 178 82
4.3 2665 416 177 82
4.4 2663 413 176 82
4.5 2658 409 174 81
5.0 2606 381 163 78
5.5 2532 357 152 74
6.0 2459 341 146 72
7.0 2319 316 136 69
8.0 2181 296 128 67
9.0 2043 279 121 65
10.0 1905 265 115 63
12.0 1634 242 106 60
14.0 1386 223 99 58
16.0 - 1178 208 93 56
20.0 896 184 84 54
% 56 RIA Al Al 244 2 g&EFd 25 A3
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Time (s)
2% 510 HE & 33 Az HY
Time (sec)| center, p | surface, p| inner, ¢ outer, ¢
0 2551 369 166 79
1 2550 399 180 95
2 2508 378 171 91
3 2359 335 152 83
4 2212 308 140 79
5 2065 287 131 75
6 1917 269 124 72
7 1768 254 117 70
8 1619 241 111 68
9 1475 229 106 66
10 1340 218 102 64
12 1105 200 94 61
14 924 184 88 59
16 792 171 83 57
20 624 152 76 54
¥ 57 HX & 3&F Al A 42A 2 FEB2Y &%
W 5}
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DEC

IN

DUPIC slioig =M ZHHEZ 2|8t ORIGEN ¢# XI=

BURNUP OF G23-G2 FUEL & ASSY HARDWARE
CROSS SECTION LIBRARY = PWRUS, 4 CYCLES
-1 = G23-G2 PWR FUEL WITH IMPURITIES (1 MT = 1000 KG)
WARNING: VECTORS ARE CHANGED WITH RESPECT TO CONTENT.
THESE CHANGES WILL BE NOTED ON RDA CARDS.
5 1,0E-10 7 1.CE-10 9 1,0E-10 -1

000

DECAY LIB XSECT LIB VAR. XSECT
0 123 601 602 603 9 5 0 1 38
PHOTON LIB

101 102 103 10

ITIAL COMP. OF UNIT AMOUNTS OF FUEL AND STRUCTURAL MAT'LS
READ FUEL COMPOSITION INCLUDING IMPURITIES (1000 KG)
-11 -1 -1-11

IRRADIATION OF ONE METRIC TON OF PWR FUEL

-1101.0
1 1 1
1 CHARGE
130 30.045 1 2 42 BURNUP= 3,932 MWD/MTIHM
261.17 30.045 2 3 40 BURNUP= 7,899 MWD/MTIHM
312,17 3 4 40 DECAY FOR 51 DAYS
540 30.045 4 5 4 0 BURNUP= 14,789 MWD/MTIHM
633.16 30.045 5 6 4 0 BURNUP= 17,607 MWD/MTIHM
717.16 6 7 4 0 DECAY FOR 84 DAYS
861 30.045 7 8 4 0 BURNUP= 21,957 MWD/MTIHM
1005.57 30.045 8 9 4 0 BURNUP= 26,329 MWD/MTIHM
1080.57 9 10 4 O DECAY FOR 75 DAYS
1266 30.045 10 11 4 O BURNUP= 31,937 MWD/MTIHM
1367.27 30.045 11 12 4 O BURNUP= 34,980 MWD/MTIHM

-10 = IRRADIATED FUEL AT DISCHARGE
12 -10 0 1.0 '
-10 -10 -10
xxxxx QUTPUT MODULE =®x=xx
CALCULATION OF ORIGEN2 V2.1 - PWR FUEL - STANDARD BURNUP (PWRUS)
1 MTIHM 3.21% UOZ:BURNUP=35, 000 MWD/MTIHM, 4 CYCLE
-10 1 0 1.0
zxx¥x DECAY MODULE OF FUEL MATERIALS#x%#xx
DECAY OF SPENT PWR FUEL MATERIAL (G23-G2 FUEL, 34,980 MWD/MTU)
DISCHARGE

PR gowe e
wNO- . . .
I ===X=]
NoOUEeWNE
00 ~30 Ui W N
GRS NS NSNS NSNS
cooocoOokm

o= O
3
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OB B BB RN

DEC
DEC
DEC
DEC
RDA
OPTL
OPTA
OPTF
out
Mov
END
922340
030000
080000
130000
200000
250000
290000
480000
740000

150 8 9 5
2000 9 10 5
50,010 11 5
100.0 11 12 5
OPT CARDS HERE

4*8 3 8 3 8 7 8 2*8383 87 7«8
4*8 3 8 3 8 7 8 2*8 38387 7%8
4*8 3 8 3 8 7 8 2*838387 7«8
12 1 -1 0

-10 1 0 1.0
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317.1 922350 32100,0 922380 967582.9 0.0 FUEL
1.0 050000 1.0 060000 89.4 070000 25.0 FUEL
134454, 090000 10,7 110000 15,0 120000 2.0 FUEL
16.7 140000 12,1 150000 35.0 170000 5.3 FUEL
2.0 220000 1.0 230000 3.0 240000 4.0 FUEL
1.7 260000 18.0 270000 1.0 280000 24.0 FUEL
1.0 300000 40.3 420000 10.0 470000 0.1 FUEL
25.0 490000 2.0 500000 4.0 640000 2.5 FUEL
2.0 820000 1.0 830000 0.4 0 0.0 FUEL

623-G2
IMPU
IMPU
IMPU
IMPU
IMPU
IMPU
IMPU
IMPU
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825 3 ms#e J[AN 23 Ha
%

% This program calculates the stresses of DUPIC fuel
% cladding in HANARO research reactor.

% (Ref: -SPAN-C Manual, KWU)

%

RAW DATA OF CLADDING TUBE

A A

d_To = Cladding outside diameter [m]
d_Ti = Cladding inside diameter [m]
% spac = Distance between fuel rod axes (spacing) [m]
% len = Vibrating length (spacer distance) [m]
% mass = Mass of the fuel rod per length unit [Kg/m]
%
clad = input([’ Input cladding outside diameter [(mm],’
‘\n cladding inside diameter [mm],’
"\n distance between rod axes [mm]
‘\n length of mini-element [mm],'...
‘\n and mass per unit length [g/mm]:" ...
‘\n (default: 12,12, 10.8, 32.82, 199.82, 0.156)". ..
‘\n > ')

if isempty(clad)

d_To = 0.01212; 4_Ti = 0,01080; spac = 0,.03282;
len = 0.19982: mass = 0.156;

else
d_To = clad(1l):; d_Ti = clad(2); spac = clad(3):

len = clad(4); mass = clad(5);

X 0
=]
o

OPERATION DATA FOR CLADDING TUBE

N N

% Pin = Inner pressure of cladding tube [MPa=N/mm"2]

% Pout = Outer pressure of cladding tube [MPal

% Ti = Inner surface temp. of cladding tube [degree-C]
% To = Quter surface temp. of cladding tube [degree-C]
% Tf = Coolant temperature [degree-C]

% rho_C = Density of the coolant [Kg/m"3]

% etah_C = Dynamic viscosity of the cooclant [Kg/m/s]

% v_C = Velocity of the coolant [m/sec]

B3

oper = input([’'Input inner pressure [MPal,’

\n outer pressure [MPal,’

‘\n inner surface temperature [oC],’

‘\n outer surface temperature [oC],’

“\n coolant temperature [oC], ...

‘\n and coolant velocity [m/s]:’...

‘\n (defa?lt! 0.12, 0.4, 132.9, 68.8, 40, 11.67)"...
"\n > 1)

if isempty(oper)
Pin = 0.12; Pout
Ti = 132.9; To =
= 11.67:;

= O 4[
68.8; Tf = 313-273,15;
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else
Pin = oper(1):; Pout = oper(2):
Ti = oper(3): To = oper(4); Tf = oper(5):
v_C = oper(6):
end
rho_C = 9.931e2; etah. C = 6.821e-4:
%
% PRINT CLADDING SPEC AND OPERATION CONDITION
%
fprintf ( NN\ R R X R R AR F AR KA AR AR XA AR XTI KR RIRR KAk RN R )

fprintf(’\n STRESS ANALYSIS ON CLADDING TUBE OF DUPIC MINI-ELEMENT'):

o fprintf (s R R TR RS I RA I NIRRT ERRE LRI AR RRR A R%% )

fprintf (' \n\nCladding Material: Zircaloy-4 (Stress Relieved)’):
fprintf (' \nCladding Outside Diameter: %10.3f mm’, d_To*1000);
fprintf('\nCladding Inside Diameter: %10.3f mm’, 4_Tix1000);
fprintf (' \nVibrating Length: %10.3f mm’, len*1000):
fprintf(’\nMass per Unit Length: %10.3f g/mm’, mass);
fprintf (' \nPressures:’);

fprintf(‘\n Cladding, Outside %10.3f MPa’, Pout):
fprintf('\n Cladding, Inside %10.3f MPa’, Pout):
fprintf (' \nTemperatures:’);

fprintf('\n Cladding, Outside %10.3f oC’, To):
fprintf('\n Cladding, Inside %10.3f oC’, Ti):
fprintf(‘'\n Coolant, Bulk %10.3f oC’, Tf):
fprintf (' \nCoolant Velocity: %10.3f n/s’, v_C);

%
% DATA CALCULATED FROM RAW AND OPERATIONAL DATA

% I = Areal moment of inertia of the cladding
% ld_ratio = (Vibrating length)/(cladding outside diameter)
% Re = Reynolds number of the coolant flow

d_h = Equivalent diameter [m]

B S

Equivalent diameter for PWR and BWR channel:

e N

d_h = 4x(spac”2-(pi/4)*d_To"2)/(pi*d_To):

xR

But, the channel shape of DUPIC mini-element is
different from the above.

22 N

% d_h = 4=xarea/(2*pi*(rf+Rc)); S = pi*(Rc"2 - rf"2):
% ->'refer to "Heat Transfer Coefficient.xls”

%

M = (pi/4)*d_To*rho_C:

I = (pi/6d)=(d_To™4 - 4_Ti™4):

ld_ratio = len/d_To:

%

Rc = 1.068e-2; rf = d_To/2;

xarea = pi*(Rc*Re-rf*rf);

d_h = 4=xarea/(2*pi*(rf+Rc)):

e = rho_Cxv_Cxd_h/etah_C:

® X

1

% MATERIAL PROPERTIES OF CLADDING TUBE
% (Stress Relieved Zr-4)
%
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M =a+ b{T-c) * T: degree-C

NN

Yi, Yo = Modulus of elasticity of the cladding tube [N/mm"2=MPa]
-> a=99,408; b= -65.4; ¢ =0
* Range of validity: RT - 500 degree—-C

B

Rp02i, Rp020 = Yield Strength (R_p0.2) [N/mm"2=MPa]
->a=455; b=-0.5; ¢=20

3N D

Rmi, Rmo = Ultimate Tensile Strength [N/mm”2=MPa]
->a=530; b=-0671: ¢ =20

NN

Ati, Ato = Coefficient of tangential thermal expansion [1/degree-C]
-> a = 3.7099e~6; b = 1.48%e-8; ¢ =0
* Range of validity: 100 - 600 degree-C

B

E R

Aai, Aao = Coefficient of axial thermal expansion [1/degree-C]
-> a=5057e6; b=0,¢c=0
* Range of validity: 100 - 800 degree-C

BN

ASM, ASMB, ASMBS = Admissible stress in category M, M+B and
M+B+S, respectively [MPal

RN

Poison =5 0.3;

Yi = 99408 - 65, 4=Ti;

Yo = 99408 - 65, 4xTo:
Rp02i = 455 - 0.5*(Ti-20);
Rp020 = 455 - 0.5*%(To-20);

i}

Rmi = 590 - 0.671%(Ti-20);

Rmo = 5380 - 0,671*(To-20);

Ati = 3,709%e-6 + 1,485e-8%Ti;

Ato = 3,7099%e-6 + 1.485e-8xTo;

Aai = 5,575e-6:

Aao = 5, 575e-6:

ASM = min(0.9=*(Rp02i+Rp020)/2, 0.5%*(Rmi+Rmo)/2);

ASMB = min(1.35*(Rp02i+Rp020)/2, O.7*(Rmi+Rmo}/2):
ASMBS = min(2. 7% (Rp02i+Rp020)/2, 1.0*(Rmi+Rmo)/2);
fprintf (' \n\n\nPERMISSIBLE STRESSES (DESIGN LIMITS)'):
fprintf (' \n ")

fprintf('\n Design Temperature: %10.3f oC’,
(Ti+To)/2):

fprintf('\n Yield Strength (Rp0.2): %10.3f MPa’, ...
(Rp02i+Rp020)/2):

fprintf('\n Ult. Tens. Strength (Rm): %10.3f MPa’, ...
(Rmi+Rmo)/2):

fprintf('\n Design Limits:’}:

fprintf('\n M = MIN(O. 9Rp0.2/0, 5Rm) %10.3f MPa’, ASM):

fprintf(’'\n M+B = MIN(1.35Rp0.2/0. 7Rm) %10.3f MPa’,ASMB);

fprintf (' \n M+B+S = MIN(2,7Rp0.2/1.0Rm) %10.3f MPa’,ASMBS):

fprintf (' \n\n * M: Primary membrane stress’);

fprintf(’'\n B: Primary bending stress’):

fprintf{ ' \n S: Secondary membrane and bending stress’):

%
% STRESSES FROM EXTERNAL OR INTERNAL OVERPRESSURE (Category M)
%
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% SPti = Tangential stress of inner surface

% SPri = Radial stress of inner surface

% SPai = Axial stress of inner surface

% SPto = Tangential stess of outer surface

% SPro = Radial stress of outer surface

% SPao = Axial stress of outer surface

% delta = diameter ratio of external to internal diameter

xR

delta = 4_To/d_Ti:

SPti = (Pin-Pout)=(2*delta*delta/(delta*delta-1)) - Pin;
SPto = (Pin-Pout)=((deltaxdelta+l)/(delta*delta-1)) - Pin:
SPri = - Pin:

SPro = - Pout:

SPai = (Pin-Pout)=(d_To*d_To/(d_To*d_To-d_Ti*d_Ti)) - Pin;
SPao = (Pin-Pout)*(d_To*d_To/(4_To*d_To-d_Ti*d_Ti)) - Pin;

fprintf (' \n\n\nSTRESSES FROM EXTERNAL OR INTERNAL OVERPRESSURE (M)’)

fprintf (' \n ")

fprintf('\n Tangential stress (inner surface): %+9.3f MPa’,...
SPti);

fprintf('\n Tangential stress (outer surface): %+9,3f MPa’,
SPto);

fprintﬁ(t\n Radial stress (inner surface): %+9.3f MPa’,...

fpr?giizf\n Radial stress (outer surface): %+9.3f MPa’,...

fpr§§£§z:\n Axial stress (inner surface): %+9.3f MPa’, ...

fprzgiigz\n Axial stress (outer surface): %+9.3f MPa’,
a0);

N

°

THERMAL STRESSES FROM RADIAL TEMPERATURE GRADIENTS (Category S)

»®

% STti = Tangential stress of inner surface [MPal
% STto = Tangential stress of outer surface [MPal
% STr | = Radial stress [MPal

% STai = Axial stress of inner surface [MPal

% STao = Axial stress of outer surface [MPal

% Poison = Poison’'s ratio (0.3 = cont.)

%

STti = Yi*Ati/(2*(1-Poison))*(Ti-To)...
*(1/1log(delta)-(2*delta*delta)/(delta*xdelta-1));

STto = Yo*Ato/(2=%(1-Poison))=*(Ti-To)..
*(1/1log(delta)-2/(delta*delta-1)):

STr = 0:

STai = STtix(Aai/Ati);

STaoc = STtox(Aao/Ato):

fprintf (' \n\n\nTHERMAL STRESSES FROM RADIAL TEMPERATURE GRADIENTS (S)’)
fprintf('\n ")

fprintf('\n Tangential stress (inner surface): %+9.3f MPa’,...
STti):

fprintf('\n Tangential stress (outer surface): %+9.3f MPa’,...
STto):

fprintf('\n Radial stress : %49 3f MPa’, ...
STr);
fprintf(‘\n Axial stress (inner surface): %+9.3f MPa’,...
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STai);
fprintf('\n Axial stress (outer surface): %+9.3f MPa’, ...
STao):

2N

STRESSES FROM BENDING VIBRATIONS (Category B)

NN

ASSUMPTION: fuel rod regared as a hinged beam
¥ conservative compared with the more realistic assumption
of a “garland vibration” (clamped at both ends)

N e

% Amp = Amplitude (contains a conservativity factor of 3)
% SBt = Tangential bending stress [MPal

% SBr = Radial bending stress [MPa]

% SBai, SBac = Axial bending stress [MPal

%

SBt = 0:

SBr = 0.

u = sqrt(M/(YixI))*v_Cxlen;

beta = M/{(M+mass);

Amp = 3*(d_To/pi”“4)=((u"1.6*1d_ratio”1.8=Re"0.25)/(1+u*u))=. ..
(beta™(2/3)/(1+4xbeta) )*{d_h/d_To) 0. 4%25e-4;

SBai = abs((24/5)%(Yi/(len*len))=*Amp*d_Ti):

%

u = sqrt(M/(Yo=I))=v_C=len:

Anp = 3*(d_To/pi"4)*((u"1,6%1d_ratio”1.8*Re"0,25)/(1+uxu))*. ..
(beta” (2/3)/(1+4*beta) )*(d_h/d_To) "0, 4*25e-4;

SBao = abs{(24/5)%(Yo/(len*len))*Amp*d_To):;

fprintf (' \n\n\nSTRESSES FROM BENDING VIBRATIONS (B)'):

fprintf('\n ")
fprintf('\n Tangential stress : %9.3f MPa’,SBt);
fprintf(‘\n Radial stress : %9.3f MPa’,SBr);
fprintf('\n Axial Stress (inner surface): +-%6.3f MPa’,SBai):
fprintf(’'\n Axial Stress (outer surface): +-%6.3f MPa’,SBao):
%
% TOTAL AND EQUIVALENT STRESSES
%
% Total = (sum of each component)/2
% Equivalent = sqrt{0.5((St-Sr)"2+{St~Sa)"2+{Sa-Sr)"2))
%
% Mt = Tangential total stress of category M
% Mr = Radial total stress of category M
% Ma = Axial total stress of category M
% MBt = Tangential total stress of category B
% MBr = Radial total stress of category B
% MBa = Axial total stress of category B
% MBSt = Tangential total stress of category S
% MBSr = Radial total stress of category S
% MBSa = Axial total stress of category S
% EM, EMB, EMBS = Equivalent stresses in category M, M+B and
% M+B+S, respectively
%
" Mt = (SPti+SPto)/2:
Mr = (SPri+SPro)/2:
Ma = (SPai+SPao)/2;

MBt = (SPti+SPto+SBt)/2:
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MBr
MBa
MBSt
MBSr
MBSa
%
EM = sqrt(0.5=((Mt-Mr) 2+ (Mt-Ma)"2+(Ma-Mr)"2)):

EMB = sqrt(0.5%((MBt-MBr)"2+(MBt-MBa) “2+(MBa-MBr)"2)):

EMBS = sqrt(0.5#*((MBSt-MBSr)"2+(MBSt-MBSa) "2+(MBSa-MBSr)"2)):
fprintf (' \n\n\n**x* XXX XXLXXXXXTEXEREX )

(SPri+SPro+SBr)/2;

(SPai+SPao+SBai+SBao)/2;
(SPti+SPto+SBt+STti+STto)/2;
(SPri+SPro+SBr+STr)/2;
(SPai+SPao+SBai+SBao+STai+STao)/2;

nmnn

fprintf(’\n MINIMUM SAFETY MARGINS')
fprintf(’\nxxxzxzxzxxxzxzzxzxzxxxxx’)
fprintf (' \n\n MAXIMUM MINIMUM ) :
fprintf(’\n STRESS ADMISSIBLE EQUIVALENT SAFETY' )
fprintf(’\n CATEGORY STRESS STRESS MARGIN ):
fprintf(‘\n (MPa) (MPa)’):
fprintf(‘\n ")
fprintf (" \n\n M %10, 2f %10, 2f %7.2f", ...

ASM, EM, ASM/EM) ;
fprintf('\n\n M+B %10, 2fF %10, 2f %7.2f", ...

ASMB, EMB, ASMB/EMB) ;
fprintf('\n\n M+B+S %10, 2fF %10. 2f %71.28", ...

ASMBS, EMBS, ASMBS/EMBS) ;
fprintf("\n\n\n"):
%
% Output the result to a hardcopy
%
fname = input([ Type the output file name:’, ..
‘\n(default: stress.txt) > '1,'s’):
if isempty{fname)
fid = fopen(’ stress.txt’, 'wt'):

else
fid = fopen(fname, "w+’);
end
fprintf (fid, ' \N\DH S xR R ERE AR RE MR I RARRI RS AT R ARG oA R L xnx )

fprintf(fid, ‘\n STRESS ANALYSIS ON CLADDING TUBE OF DUPIC MINI-ELEMENT'):

. . ’ ’ .
fprintf (fid, \nA*r e e e R R R R R R RA TR R R CE A AL TR IR R RT R g R k%% )

fprintf(fid, '\n\nCladding Material: Zircaloy-4 (Stress
Relieved)’):

fprintf(fid, '\nCladding Outside Diameter: %10.3f mm’,
d_To*1000);

fprintf(fid, '\nCladding Inside Diameter: %10.3f mm’,
d_Ti=1000):

fprintf(fid, ‘\nVibrating Length: %10.3f mm’, len=1000):
fprintf (fid, ‘\nMass per Unit Length: . %10.3f g/mm’, mass);
fprintf(fid, ‘\nPressures:’);

fprintf(fid, ‘\n Cladding, Outside %10.3f MPa’, Pout):
fprintf(fid, ‘\n Cladding, Inside %10.3f MPa’, Pout):
fprintf (fid, "\nTemperatures:’);

fprintf(fid, '\n Cladding, Outside %10.3f oC’, To):
fprintf(fid, '\n Cladding, Inside %10.3f oC’, Ti):
fprintf(fid, ‘'\n  Coolant, Bulk %10.3f oC’, Tf):
fprintf(£id, '\nCoolant Velocity: %10.3f m/s’, v_C);

fprintf(fid, ‘\n\n\nPERMISSIBLE STRESSES (DESIGN LIMITS)’):
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fprintf (fid, '\n

fprintf (£id, "\n
(Ti+To)/2):

fprintf (fid, "\n

Design Temperature:

Yield Strength (Rp0.2):

(Rp02i+Rp020)/2):

fprintf(fid, '\n
(Rmi+Rmo)/2);
fprintf(£id, ‘\n
fprintf(£fid, ‘\n
fprintf(£id, ‘\n
fprintf (f£id, ‘\n
fprintf(fid, '\n\n
fprintf(fid,'\n
fprintf(£fid, '\n

fprintf (fid, ‘\n

Ult. Tens. Strength (Rm):

’

Design Limits:’)
0.9Rp0. 2/0. 5Rm)

M = MIN(
M+B = MIN(1,35Rp0.2/0, 7Rm)
M+B+S = MIN(2. 7Rp0.2/1, ORm)

* M: Primary membrane stress’):
B: Primary bending stress’);

l);
%10.3f oC’,

%10.3f MPa’,
%10.3f MPa’, ...
%10.3f MPa’',ASM);

%10, 3f MPa’', ASMB):
%10.3f MPa’', ASMBS):

S: Secondary membrane and bending stress’):
fprintf(fid, ‘\n\n\nSTRESSES FROM EXTERNAL OR INTERNAL OVERPRESSURE (M)'):
")

fprintf(fid, ‘\n
SPti);
fprintf(£id, "\n
SPto);
fprintf(£id, ‘\n
SPri);
fprintf(
SPro):
fprintf(£fid, '\n
SPai);
fprintf(£id, '\n
SPao)

f£id, ‘\n

Tangential stress (inner surface):

Tangential stress (outer surface):

Radial stress (inner surface):
Radial stress (outer surface):
Axial stress (inner surface):
Axial stress (outer surface):

%+9,3f MPa’,
%+9.3f MPa’,
%+9.3f MPa’, ...
%+9.3f MPa’, ...
%+9.3f MPa’, ...
%+9.3f MPa’, . ..

fprintf(£id, "\n\n\nTHERMAL STRESSES FROM RADIAL TEMPERATURE GRADIENTS

(8)"):

fprintf(£id, '\n

fprintf(£id, ‘\n
STti);

fprintf(£fid, "\n
STto);

fprintf(£fid, '\n
STr) -

fprintf (£id, "\n
STai);

fprintf(£fid, '\n
STao):

Tangential stress (inner surface):
Tangential stress (outer surface):
Radial stress
Axial stress (inner surface):

Axial stress (outer surface):

l);
%+9.3f MPa’,

%+9.3f MPa’, ...
%+9.3f MPa’, ...
%+9.3f MPa’, ...
%+9.3f MPa’,

fprintf(£id, ‘\n\n\nSTRESSES FROM BENDING VIBRATIONS (B)"):
) .

fprintf(fid, '\n

fprintf (fid, '\n
fprintf(£id, "\n
fprintf(£id, "\n
fprintf(fid, ‘\n

Tangential stress

Radial stress

Axial Stress (inner surface):
Axial Stress (outer surface):

fprintf(fid, '\n\n\n#xzzxxzexxsxsxxrerxexesx’ );
fprintf(£id, ‘\n MINIMUM SAFETY MARGINS'):

fprintf(£fid, "\n\n

(
(
fprintf(fid, "\nxxzxzxzxxxxxxxxxxexxxxxs’ );
(
(

fprintf(fid, "\n STRESS
fprintf(£id, '\n CATEGORY

fprintf(£fid, '\n

%9.3f MPa’',SBt):
%9,3f MPa',SBr):

+-%6.3f MPa’,SBai);
+-%6.3f MPa’,SBao);

MAXTMUM MINIMUM' ):
ADMISSIBLE EQUIVALENT SAFETY' );
STRESS STRESS MARGIN' );
(MPa) (MPa)'):

fprintf(£fid, "\n

s
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fprintf (£fid, "\n\n M %10.2f
ASM, EM, ASM/EM) ;

fprintf(fid, '\n\n M+B %10, 2f
ASMB, EMB, ASMB/EMB) ;

fprintf(fid, ‘\n\n M+B+3 %10, 2f
ASMBS, EMBS, ASMBS/EMBS ) ;

fclose(fid);

%10, 2f
%10 2f
%10, 2f
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25 4 Locked rotor AlZ SHAMES 95t HEATING U™ X2

DUPIC Pellet Locked Rotor analysis at 66,12 KW/m

* mini-element in element-assembly for lock rotor

* dimension, 10.55, 10.80, 0.66t, (30micron gap)

* Units: J, Kg, s, mm, C

* Time limit, Axis, Initial time, Temp. unit, Net energy, Convergency,

Output

3600 4 00 1 0 O O
REGIONS

1 1 0.0 5373
11 0 0

2 2 5.373 5.40
1 0 O 0

3 3 5.40 6.06

1 0 O 2

* 1 cal =4.186 ]
MATERIALS

1 Fuel 0.001 10.25e-6 4186 -5 0 -1
2 Helium 0.4186 0.177e-9 5190 -6

3 =zircaloy 0.0138 6.56e-6 293

HEAT GENERATIONS

* fuel (W/mm3)

1 0.7244 -4

INITIAL TEMPERATURE

11-3

BOUNDARY CONDITIONS

1 3

0 0 0-0 -0.008416

2 1 40.0

4.47¢-2 00001

=7

XGRID

0.0 5.373 5.40 6.06
9 1 3

ANALYTICAL FUNCTIONS

TABULAR FUNCTIONS

* Specific heat of Fuel

1

~-273.15 0.0 -260 0.003 -247 0.0032 -238 0.009 —-100 0,043 0.0 0.056
@ 100 0.063 200 0.0675 400 0.0722 1200 0.079 2000 0,082 2700 0.083
* initial temp distribution

W #

.0 2551 .6 2528 1.19 2459 1.79 2337 2.39 2151 2,98 1887 3.58 1542

@ 4.18 1155 4.78 776 5.37 391 5.40 166 5.62 136 5.84 107 6.06 79

* power increas(30%) from data

4

01141150959 1.60.8171.70.61 1.8 0.464 1,9 0.371 2 0.307
@2.10.264 2.2 0.234 2.3 0,214 2.4 0,203 2.6 0.203 2.7 0,195 2.8 0.195
@ 2.9 0.189 20 0.189

*Thermal conductivity of fuel

5

27 4.44 127 3.96 227 3.56 327 3.25 427 3.01 527 2.87 627 2.84 727 2.81
@ 827 2.72 927 2,60 1027 2.48 1127 2.36 1227 2.26 1327 2.18 1427 2.12
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T1
T2

T1
T2
T2

T1
T2
T2

T1
T2
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@ 1527 2.07 1627 2.05 1727 2,06 1827 2.08 1927 2.13 2027 2.20 T2

@ 2127 2.30 2227 2.41 2327 2,54 2427 2.69 2527 2.85 2627 3.03 T2
@ 2727 3.22 T2
*Thermal conductivity of He

6 T1
25.0 3.59e-4 48.9 3.76e-4 100 4.07e-4 200 5.07e~4 500 6.96e-4 T2
@ 1200 1.055e-3 2500 1,587e-3 T2
¥ Chaange of flow

7 T1
010.10%02090.30.860.40.82050.80.60770.70.75 T2
@0.80.730.90.7110.691.10.681.20.661.30651.40.641.50.7 T2
@1.6 069 1.70.691.80691.90,7200.7 T2
PRINTOUT TIMES

1 2 3 455 67891012 1416 20 0]
TRANSTENT

120.0 TR
0.01 1 TR1

®
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H2E 5 RIA AT M2 93 HEATING 28 X2
O Steady-State Analysis

DUPIC Pellet RIA analysis at 66.12 kW/m (steady)

* mini-element in element-assembly for RIA

* dimension, 10.55, 10,80, 0.66t, contacted

* Units: J, Kg, s, mm, C

* Time limit, Axis, Initial time, Temp. unit, Net energy, Convergency,

Output

3600 4 000 1 0 0 O
REGIONS

1 1 0.0 5373
1 1 O 0

2 2 5,373 5,40
1 0 O 0

3 3 5,40 6.06

1 0 O 2

* 1 cal = 4.186 ]
MATERIALS

1 Fuel 0.001 10.25e-6 4186 -5 0 -1
2 Helium 0.4186 0.177e-9 5190 -6
3 zircaloy 0.0138 6.56e-6 293
HEAT GENERATIONS
* fuel (W/mm3)
1 0.7244
INITIAL TEMPERATURE
1 40.0
BOUNDARY CONDITIONS
1 3
0 0 0 0 -0.,008416
2 1 40.0
4 47e-2
XGRID
0.0 5.373 5.40 6.06
9 1 3
ANALYTICAL FUNCTIONS
TABULAR FUNCTIONS
* Specific heat of Fuel
1
-273.15 0.0 -260 0.003 -247 0.0032 -238 0.009 -~100 0,043 0.0 0.056
@ 100 0.063 200 0.0675 400 0.0722 1200 0.079 2000 0.082
¥ initial temp distribution
3
.0 2139 .6 2116 1.2 2047 1.81 1929 2.41 1760 3.01 1543 3.61 1288
4.21 1006 4,81 714 5.42 426 5.43 344 5.45 253 5.46 150 5.76 123
6.05 96 6.35 70
Thermal conductivity of fuel

827 2.72 927 2.60 1027 2.48 1127 2.36 1227 2.26 1327 2.18 1427 2.12
1527 2.07 1627 2.05 1727 2.06 1827 2.08 1927 2.13 2027 2.20

@
@
5
27 4.44 127 3.96 227 3.56 327 3.25 427 3.01 527 2,87 627 2.84 727 2.81
@
@
@ 2127 2.30 2227 2.41 2327 2.54 2427 2,69 2527 2.85 2627 3.03
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T1
T2
T2

T1

T2

T2
T2

T1
T2
T2

T2



@ 2727 3.22
*Thermal conductivity of He
6

25.0 3.59e-4 48.9 3.76e-4 100 4.07e-4 200 5,07e-4 500 6.96e—4

@ 1200 1.055e-3 2500 1.587e-3
STEADY-STATE

2

%
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(OO Transient Analysis

DUPIC Pellet RIA analysis at 66.12 KW/m

* mini-element in element-assembly for RIA
* dimension, 10.55, 10.80, 0.66t, (27micron gap)

¥* Units: J, Kg, s, mm, C

¥ Time 1limit, Axis, Initial time, Temp. unit, Net energy, Convergency,

Output

300 4 0.0 1 0 0 O
REGIONS

1 1 0.0 5373
11 0 0

2 2 5.373 5.40
1 0 0O 0 :
3 3 5.40 6.06

1 0 O 2

* 1 cal =4,18 J
MATERIALS

1 Fuel 0.001 10.25e-6 4186 -5 0 -1
2 Helium 0.4186 0.177e-9 5190 -6
3 =zircaloy 0.0138 6.56e-6 293
HEAT GENERATIONS
* fuel(W/mm3)
1 0.7244 -4
INITIAL TEMPERATURE
11-3
BOUNDARY CONDITIONS
1 3
0 0 0 0 -0.008416
2 1 40.0
4. 47e-2
XGRID
0.0 5.373 5.40 6,06
9 1 3
ANALYTICAL FUNCTIONS
TABULAR FUNCTIONS
% Specific heat of Fuel

1
-273.15 0.0 -260 0.003 -247 0.0032 -238 0,009 -100 0,043 0.0 0.056
100 0.063 200 0.0675 400 0.0722 1200 0.079 2000 0,082 2700 0.083

initial temp distribution

W * @

.0 2551 °.6 2528 1,19 2459 1.79 2337 2.39 2151 2,98 1887 3.58 1542
18 1155 4,78 776 5.37 391 5.40 166 5.62 136 5.84 107 6.06 79

4.
power increas(30%) from data

14135 .2510 .25 25 .25
Thermal conductivity of fuel
7

N0 O 8

@ 2727 3.22
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4.44 127 3,96 227 3.56 327 3.25 427 3,01 527 2.87 627 2.84 727 2.81
827 2.72 927 2,60 1027 2.48 1127 2,36 1227 2,26 1327 2.18 1427 2.12
@ 1527 2,07 1627 2.05 1727 2.06 1827 2,08 1927 2.13 2027 2.20
@ 2127 2,30 2227 2.41 2327 2.54 2427 2.69 2527 2.85 2627 3.03

e ey



*Thermal conductivity of He

6 T1
25.0 3.59e-4 48.9 3,76e-4 100 4, 07e-4 200 5.07e-4 500 6.96e—4 T2
@ 1200 1.055e-3 2500 1,587e-3 T2
PRINTOUT TIMES

1 2 3 3544.142434.44555567891012 1416 20 0
TRANSIENT

1.20.0 TR

0.01 1 TR1
%
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O & &8

HANARO DUPIC 5 pellets EXPERIMENT 2000.3.23 2nd DUPIC fuel safety analysis CANDU
ci-10.80mm thick-0.66mm ;
&INPUT IPRINT=20%1, IFEMRD=0, SBU=5000. ,GR=5, ,R1=5.,

IWFEM=0x%1, 20%0, 7%1

1

1
1.080
1
0.042
0.042
0.1

458,
468,
459,
542,
661.

461,
472,
462,
546,
661,

471,
469,
545,
661.

437.
427.
505,
611,
661.

436.
426.
504.
610.
661.

416.
409.
483.
542.
633.
661.

417,
410.
485,

8END

1.

(

.001

.001

04

3
212
0.0

1.0
394)

NN

NNNRNNRNNRNNNNNNNRNRDNRDNNNNNNNNNNNNNNNNDNNNNNN

1.

.01E13
. 01E13
.01E13
.01E13
.01E13
01E09
01EQS
01E13
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01E13
01E13
01E13
01E0S
01EQS
01E13
01E13
01E13
01E13
01EQS
01EQS
01E13
01E13
01E13
01E13
01E13
.01E09
. 01E09
.01E13
.01E13
01E13
01E13
01E13
01E09

01E13
01E13
01E13
01E13
01E13
01E13
.01E09
. 01E09
.01E13
.01E13
.01E13

01E09”

055

0.0

1.00

0.0

313.

313.
313.
313.
313.
313,
313.
313,
313,
313,
313.
313,
313,
313.
313.
313,
313.
313.
313.
313.
313.
313.
313,
313.
313.
313.
313.
313.
313.
313.
313.
313.
313.
313.
313.
313,
313.
313.
313.
313.
313.
313.
313.
313.
313.
313.
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COO000000000000000000000000000000000000000000

0.022 0.95 5.0
0.0 0.0 0.5

0.1

63

4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 0 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 0 0 12.77
4 -100 0 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.°77
4 -100 0 0 12,77
4 -100 O 0 12.77
4 -100 0 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 0 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 ~100 O 0 12.77
4 ~-100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 O 0 12.77
4 -100 © 0 12.77
4 -100 O 0 12.77
4 =100 O 0 12.77
4 -100 0 0 12.77
4 -100 O 0 12.77
4 ~100 O 0 12.77
4 -100 O 0 12.77



6.96 543.49 2,01E13 313, 0.4 -100 O 0 12.77
19.68 633. 69 2.01E13  313. 0.4 ~100 0 0 12.77
39.84 661. 20 2,01E13 313, 0.4 -100 0 0 12.77

0.1 0.001 2.01E09 313, 0.4 -100 O 0 12.77
37.92 0.001 2.01E09 313, 0.4 -100 0 0 12.77
0.0 633.21 2.01E13 313, 0.4 ~-100 O 0 12.77
11.28 586.96 2.01E13 313, 0.4 ~100 O 0 12.77
10.56 633. 07 2.01E13 313, 0.4 -100 O 0 12.77
50. 64 661.20 2.01E13 313, 0.4 -100 O 0 12.77
0.1 0.001 2.01E09 313, 0.4 -100 O 0 12.77
168,00 0.001 2.01E09 313, 0.4 ~-100 O 0 12,77
0.0 401.73 2.01E13 313, 0.4 -100 O 0 12.77

3.12 474.78 2.01E13 313. 0.4 -100 1 0 12.77

4.56 532.11 2.01E13 313, 0.4 -100 1 0 12.77

6.24 574.18 2.01E13  313. 0.4 ~100 1 0 12.77
22.08 647.14 2.01E13  313. 0.4 -100 1 0 12.77
37.44 661.20 2.01E13 313, 0.4 -100 1 0 12.77

STOP
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Abstract (15-20 Lines)

The objective of the irradiation test of DUPIC fuel at HANARO is to obtain the data of
in-core behavior and evaluate the nuclear, thermal and mechanical performance of DUPIC fuel.
The irradiation of DUPIC fuel will start at April 25, 2000 for about 2 months, and the burnup of
2,000 MWD/MTU will be attained for this period.

The pre-irradiation examinations for DUPIC fuel, such as visual inspection, dimension
measurement, He leak test and microstructure observation, was carried out. The post-
irradiation examination items for the irradiated DUPIC fuel are planned to be the NDA test,
visual inspection and dimension measurement, as well as the analyses for the fission gas
release, the microstructure of pellets and the distribution and shape of imbedded nuclides.

The DUPIC mini-elements were fabricated in the DFDF (IMEF M6 cell) using the G23-G2
rod. For the HANARO core calculation, the initial composition of DUPIC fuel was estimated
using ORIGEN-2 code based on the burnup history of the G23-G2 rod. The design features of
DUPIC pellets, the mini-element and the irradiation capsule, were supplemented considering the
characteristics of DUPIC fuel and the results from the irradiation test of the simulated DUPIC
fuel performed in 1999.

The nuclear, thermohydraulic and mechanical characteristics of DUPIC fuel under the
normal operation condition were evaluated for the safety analysis on the HANARO. Using these
results, potential accidents initiated by DUPIC fuel were estimated, and Safety analyses on the
locked rotor and RIA accidents were carried out in order to assess the integrity of DUPIC fuel
under the accident condition initiated by the HANARO. Based on the results of these safety
analyses, the supplemental countermeasures for securing the sufficient thermal margins were set
up, as well.

At the last, similar overseas and domestic cases were introduced.

ZA" 719)= |DUPIC Fuel, mini-element, Non-instrumented Capsule, Irradiation test at
(10 stoj g 2]) |HANARO, Safety Analysis, Linear Power




