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Abstract

A safety analysis on the irradiation of simulated DUPIC fuel at HANARO was

performed. Thermal, stress, reactivity, thermohydraulic and mechanical analysis was

carried out in normal operation condition. RIA possibility and reliability of fuel was

assessed during reactor induced accidents. Temperature change and MDNBR was

analysed during the critical HANARO accidents. AH kinds of accidents of HANARO

was considered to evaluate DNB. Based on the results, the irradiation of simulated

DUPIC fuel at HANARO was concluded to be safe.
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1.

DUPIC
DUPIC

2.

2.1

DUPIC

capsule

- DUPIC

2.2 2.9] DUPIC

2.2.1

- ^ ^ : 10.91 mm

- 2}o] : ~ 10 mm

- <Q£. : 4 ~ 10 fi

, SIMFUEL1, SIMFUEL2)

2.2.2 Mini-element

f̂ fl ^ ^ : Type 316L stainless steel

0.89 mm, s]?$ 12.7 mm

^ : 0.0445 mm

ifl^- 7}±. ^ *J-^ : He 7}+, 17)

- ^ ^ : alumina spacer(5mm) 27fl +

+ plenum with inconel spring

1. Mini-element ^ 5 .

+ alumina spacer(5mm) 2?fl

2.2.3 Element-assembly ^ Capsule

central
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37)1 £) mini-eleraent(SEU5 SIMFUEL1,

SIMFUEL2).£. -f-^!^ element- assembly-fr

2. DUPIC J

2.3

24MW

22MW

20MW

488 W/cm

447 W/cm

407 W/cm

488

3.

3.1.1

ejection

3.1.2 HV-g-

MCNP5.

3.$]

OR47]-

OR47}

- A
^ ^ : 8.1 mk

: 7.4 mk (-0.7 mk)
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3 - f : 8.3 mk (+0.9 mk)

.^ 3 - f 7} w}-g-S. ^ l i ^ o ] 12.5 mk <>1

3.2

3.2.1 -g-

£: ASME sec.
- Type 316L£] 2 0 0 1 ^ -f-̂  o] -§-•$• lxf ^ -§ - -§ -^^ 108.9 MPa °J.

- s l^s j - ifli) Hi-^xHl -£]?}• ^-^(1*]- -§-^)^r 1.966 MPa 3.x) «)-§-

108.9 MPa Jlcf 4 ^ - .

§ 3 ( | g ^ ) f 4 ^ ) ^-^ : 175.2

-§-3 326.7 MPa

3.2.2

•• H ~ 18.5 Hz

: 5 ~ 50 //m

RMS Êl-=- : 2 ~ 14 ^ m

1 0 . 6 k g ( )

1-*1 **V55l4. ^ ^ ^ support A,

-£-^ cooling block^ anodize

3.2.3

7^XJ^ Sl-o]

- QA 2}-B-]t- ^.-gv mini-element^ x]}^£_

3.3

3.3.1

FEMAXI, GENGTC, HEATING^
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HEATINGS ^ ^ 1 -

24MW)

3.3.2 < i ^ S ^

^jrf 200 kPa^l <&^%M3\ ^ -^^r 9.632
oj 12.7 kg/s

4. ^ }

- MARS1- <>}•%••$: DUPIC ^ ^ ^ . ^ HANARO^l^ infl

- MARS : RELAP5/MOD34 COBRA-TF^] -f-̂ - SJE.5. RELAP5^1

^ ^ ^ 4 COBRAS] Jt4

4.1

4.1.1 ^ ^
7f) MARS

- DUPIC 2 4 xl"^-§- « I ^ S ^ HANARO

1 DUPIC *H<&S. 7)%~e: HANARO

4-8-&>°i
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8-65

m/s

4.1.2

24MW DUPIC 2120

128.7%FP^1-X] ^

I &

DUPIC

• % • • % •

Si4-

HANARO
MARSi

cf)

, HANARO

(125

j HI & IV<HH
4<>fl

4-3.°J ^ ^ 3 1 ^ 4

MDNBR

4-S-*l-c-
HANARO £Af A]

DNBlr
Grenoveld CHF tabled

DNB1-

s\

DUPIC

MDNBR^ A]
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f. DNBR
£- DNB 4 4 ^ £) ^ ^ H 4 4 W ^ <r Sil-5-.E..S. wliH-i- ^«l| ^ 2 ^ ] Knoebel

4"§-%v ^ - f MDNBR[3]̂ §- ^4 ^ S - 1 4 ^ 4 - Grenoveld CHF table
DNBRo] v\ i ^ ^ ^ 4 - 1 - ̂ ^ ^}^ : ̂  ^ ojcf. 5. 2^]^ DUPIC

HANARCHH

3.4.

- DNB # ^ H * | HANARO*fl̂  5 4 ^ 1̂ DUPIC

4.2 § |

4^- ^-^-1- 3. 3*11

4.2.1

4) -a

4)

7}

4) -̂s

44. 44/^
43.71-

4) 614 31^ ^4 ^ ^ ^ #431 31-̂
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^ .n_5 . MDNBR

431 4 I%FP

-2-5.5. MDNBR 4317]-

4)

4.2.2

7}-) 431

2%<H1

$2- 3-% 4317}

-^£- MDNBR5]

l^ =1-̂  431
4 3 1

•g-

ej-)

4.2.3 4~& 4
7}-) x)

MDNBR

MDNBR

^ 3 1 ^ 4317]-
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°\ 4J1^1 DUPIC £ 4 «j^S^ | H M - ^ ^ C : HANARO

5.

i-fl-g-

5.1

- i - lower housing^] j l ^ ^ l ^ l ^ - «J-°xb

DUPIC ^<
i:

- 5 . ^ set-screw^ $}&-& 4 ^ - 4 ^ ^ - .

: stainless steel type 420^f -f-f-

^ r 3mm ̂ 1^^ zjol-fe. JIXJ^1 lower housing ̂ I ^ -

- %v- lower housing^ ^ ^ ^ 0.4 m m ^ 7 ^ ^ ^ .

screw7]- o)^-§).^ 7^-f^ ̂ ^ - .

5.2

PCMI ^ 7 f <>}.
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plenum^

3] 4^ : ° ) zircaloy°J ^ y ^^ | -^ t - l

stainless steel type 316L5.^i

pen-

5.3

3.1.2

FEMAXI S ^ *

- FEMAXI 3.Z.

DUPIC

912

326.7

5.4 QA document

14.8 MPa#

193

mini-element

Helium

He

- QCI-01,

- QCI-02,

- QCI-03,

- QCI-04,

- QCI-05, Mini-element

- QCI-06,

- wp-oi,
- WP-02, 3:4*]^J-g- S.S] DUPIC

- QR-98-01,

- QR-99-01, mini-element

DUPIC

QA ^-^-fe-
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- QR-99-02,

- QR-99-03, DUPIC

DUPIC

6.

DUPIC

[l] °}Q4,

MARS 1.3 7flH> ^

[2] til] 7)^-, "DUPIC ^

KAERI/TR-1157/98,

[3] 4 ^ , "DUPIC

, 1998. 2. 8.

KAERI/TR-1108/98. Jul., 1998.

, Oct., 1998.

i .11, HAN-RR-CR-99-009,
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1.

Zr
Rh
Y
La
Ce
Sr
Nd
Ba
Mo
Ru
Pd
Te
Cd
Cu
Fe
Si
Ca
Al
Mg
Dy
Gd
Th
Na
K
Cr
Ni
Mn
B
U

SEU
70
1.5
6.3
4.5
25
5.1
21
11

<25
<25
<25
<5

<0.3
1.3
140
8

35
9.5
8.2

<0.1
2.4
3.8
530
20
44
22
2.3
<10

87.19%

SIMFUELl
0.36%
0.037%
0.072%
0.113%
0.24%
0.066%
0.56%
0.16%
0.33%
0.21%
0.13%

77
2.4
5.6
200
22
155
300
33
2.3
18
1.6
280

7 ••

25
14
1.6

<10
84.43%

SIMFUEL2
0.39%
0.039%
0.078%
0.127%
0.26%

0.074%
0.63%
0.17%
0.38%
0.24%
0.15%

48
2.7
5.2
84
25
25

382
3.6
2.3
20
0.6
290

8
28
13
1.5

<10
84.11%

2. HANARO DUPIC MDNBR

^E. JL^ 4 ^

MDNBR

Greoveld CHF Table

5.783

5.397

5.313

Knoebel 4 > : ?H

11.569

8.980

8.898
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3. HANARO

x-Ul- ° *

« 4̂ .

l)

2)

3)

4)

1)

2)

3)

4)

5)

6)

7)

8)

9)

1)

2)

3)

4)

5)

6)

1)

2)

3)

4 ^

71-IHH1 (Startup)

^ ^ # ^ - € r ^ (Steady Power Operation)

-i«J] (Setback)

X3A£ ^r^i^^l (Normal Shutdown)

•y^N-i- ^ ^ H M ! (Loss of PCS Flow)

- TPTH £ ^ 1 r 5r ^ 5 . ^ 3L̂ 1-

- OPOH ^ ^ ^ ^ =. 3L$-

$)*. ^j^J 4]-^ (Loss of Off-site Power)

"T" ]̂"^""§" S.'H^j'^s (Loss of Bypass Flow Control)*
ol*Hl-i- ^zHHl (Loss of SCS Flow)

y}Afxfl i^ z]-^] -f- ^ z | ^ j - ^ (Loss of RCS Flow)

71-f-^r-^ 4 ^ - (Startup Accident)*

^IH-o- ^ I # (Spurious Withdrawal of CAR)

4»%! ^>]^. 1 ] # (Experimental Material Ejection)*

^ = r Ti-°w (Cold Water Injection)

i | zi-xj] ^--g- Af JZ. (Loss of Coolant Accident)

6e*f ^ I ^ ^ S . J L ^ 4 J L (PCS Pump Seizure)

it"r- ^^r^IL (D2O Leakage)

^•"r- AQ 4 ^ 4 ^ - (RCS Pipe failure)

^45. ^Sofl^^ ^^S. fl̂ - 4^-

«l«dS *1#i£oti*l2] ^ 1 ^ 431

^]^1 (Design Basis Accident)

^J-^-.^. sf1^ (Beam Tube Break)

TT-O- 4 ^ 4 J 1 (Blockage of a Flow Channel)
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1. Mini-element
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RIA

1500

ft

I

2I93°Cat4.13sec

~ ^ \

~ Fuel centerline

Fuel surface

Cladding inner surface

Cladding outter surface

3. Qg

4 5 6

Time(sec)

DUPIC
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Pump seizure

2000

U- 1500
ID

ft

S
1000

500

2120.8°Cat 1.35 sec

Fuel centerline

Fuel surface

Cladding inner surface

Cladding outter surface

i . i . i . t , i

1.5

Time(sec)

2D 4. DUPIC
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Q
5.397 at 4.04 sec

t . i

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Time(sec)

5. £_Hir DUPIC DNBR
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Pump seizure

z
Q

5.313 at 1.32 sec

1.0 1.5

Time(sec)

6. DUPIC DNBR
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