Mo-99 HEU

A Study on Nuclear Design Methodology for Fission Mo-99 HEU Target
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Abstract

In this study, a nuclear design for a fission M0-99 HEU target was performed. A reliability
of MCNP-ORIGEN code system used for target design was evaluated. M0-99 production
amount predicted by "MCNP-ORIGEN" was consistent with that by "M CNP-Analytic Eq."
within 1.6% difference. A parametric study was done for the optimization of fuel thickness,
Mo0-99 recoil loss rate to the variation of thickness, target cladding materials, the thickness of
irradiation guide tube, and barrier materials. The key parameters which affect the Mo-99
yield ratio and surface heat flux were fuel thickness, cladding materials, and recoil loss rate.
The most effective fuel thickness was shown to be 20 in case of no barrier tube. Cintichem
target loaded in HANARO without modification could not satisfy the safety limit such as
reactivity worth change limit and ONB temperature. The UO: electro-deposited target coated
with 10  Ni barrier material in a dimension of 50cm axial length and 11 fuel thickness
satisfied the all design constraints and produced radioactive waste 4 times less than that of
original Cintichem target.
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1. M o0-99
U Loading : :
: Yield Ratio Max. SHF Max. SHF
Ih')c“- ’ta(‘g@)let (Ci *Md gU) MW/ m?) ( /110 ) (/10 )
10 2.70 3454+ 04387 0587+ 0.0235
20 5.39 30.99+ 04525 1.113+ 0.0548 -10.3+ 183 89.6+ 10.8
30 8.09 29.00+ 0.4698 1451+ 0.0730 -64+ 211 304+ 8.33
40 10.78 27.17+ 04510 1867+ 0.1307 -6.3+ 225 28.7+ 104
50 13.47 2488+ 04155 2.120+ 0.1168 -84+ 226 136+ 94
60 16.16 23.71+ 04102 2432+ 0.1321 -42+ 235 147+ 84
70 18.84 2261+ 0.3889 2.732+ 0.1553 -46+ 239 123+ 84
80 2153 2224+ 04114 2920+ 0.1723 - 16+ 250 70+ 85
90 24.21 2091+ 0.3074 3.147+ 0.1504 -6.0+ 231 75+ 78
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where, So : target fuel outer surface area

ro : target fuel outer radius
p : fission fragment recoil range
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0.0 29.00+ 0.4698

2.0 28.83+ 0.4613
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S. HEU

5.1 Cintichem

HEU Cintichem
Cintichem
, 304
93w/ o U3:0s
. 3.175¢cm,
0.076cm . 4.14 HANARO
OR-3 Cintichem 14 Cintichem
5.1.1
5 Cintichem
0.2473% 0.1334 %A p On-power Target Loading

(transient)

5. Cintichem
- OR3, 5 o
Axial Fuel Fuel Thickness U Loading Total U Reactivity
Length | O.D () (g/target) | Loadin Worth
(cm) | (cm) gerg @ | @ap)
50 3.023 65 215 43 0.2473+ 0.1334
OR hole
, @Qar 2.6 . 376 ,
Bulk Boiling ,
ONB (Onset of Nucleate
Boailing) DNB (Departure form Nucleate Boiling)
Nusselt (7)
1
N,=0.036 R%%P *(D/L)"*® (18)
6 SHF
2.349M W/ m? ,
377 ONB 146 57 Cintichem

HANARO OR



6. Cintichem Target SHF

AT M o SHE Max. Temp. ( )
ax.
(Tin'Tout) (MW/mZ) Clad. Fuel
() Outer Surface Outer Surface Inner Surface
2.6 2.625+ 0.0735 377.12+ 96 497.39+ 10.0 508,51+ 10.0
5.1.2
Cintichem
Cintichem
7  Cintichem M o0-99
5 6 day reference . OR 2 30,000 Ci
8 . 0.75 ,
05 , SUS 6kg
7. Cintichem Target M o-99
Production Yield Ratio + 1o Annual Production
(Ci *Mad/ gU) (Ci *Moalyr)
. . . With With
T otal Production With Recoil Loss 1 OR Hole 2 OR Holes
2235 + 0.16 2166 + 0.16 14,793 29,586

8. Cintichem T arget

Uranium HLW LLW Clad. Amount
(9) (& 1yr) (¢ 1yr) (9)
860 1525 104.0 5,336
5.2 HEU
9 Cinctichem SUS
, 5-1 5-3
UO: . 5-4 5-5
(N1) UO:
9 , 10 11
5-1 5-3 OR
, 50cm 10 11
UO: 5-5 0.2911+ 0.2667 %A p

, 137.70+ 5.3



. OR3, 5 Total
Axial Fuel u ’ o
Length T hickness L oading LoaLtinng React(%gypv;/orth
(cm) () (g/target) (@)
10 458 9.15 0.0733+ 0.2578
11 5.03 10.07 0.2524+ 0.2667
50 12 550 10.99 0.3344+ 0.2827
10 458 9.15 -0.0291+ 0.2558
11 5.03 10.07 0.2911+ 0.2667
SHF
Max. T emp.
M ax. ()
SHF
(MW/m?) Clad. Fuel
0.S 0.S |.S.
0.788+ 0.039 139.05+ 5.2 175.62+ 5.6 176.12+ 5.6
0.830+ 0.043 144.67+ 5.7 183.22+ 6.0 183.81+ 6.0
0.859+ 0.050 148.54+ 5.7 188.45+ 6.1 189.11+ 6.1
0.796+ 0.040 138.74+ 5.2 175.21+ 5.5 17532+ 5.5
0.788+ 0.041 137.70+ 5.3 173.80+ 5.6 17391+ 5.6
5 days Irradiation
Yield Ratio Production
(Ci **Mo/gU) (Ci *Mayr)
produced effective wiht 1 OR hole | with 2 OR hole
3054+ 047 23.956+ 047 3519 7,022
29.93+ 046 24.025+ 046 3872 7,745
2947+ 046 24.099+ 046 4237 8,475
30.66t 0.47 30.66 + 0.47 4421 8,842
30.48+ 0.47 30.48 + 0.47 4,834 9,669
5-4 5-5 .
325 , 22.2 , 6kg
Uranium HLW LLW Clad. Amount
()] (¢ 7yr) (¢ 7yr) @)
183.2 325 22.2 5,836
202.4 35.9 245 5,836
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