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A Study of Safety Margins in Criticality Safety Analysis

of a Dissolution Process
%
Toshihiro YAMAMOTO and Masayuki SHIOTA

Department of Fuel Cycle Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 12, 1993)

Criticality safety analyses were executed for a batch type dissolver
model changing such parameters as fuel burnup, with/without FPs and/or
minor actinides, temperature and chemical components of fuel solutiom,
fuel pitch and diameter of fuel rods. The results showed that the
effective multiplication factor decreased by more than 0.1Ak, 0.15Ak
for the burnup of 30000MWD/T and 48000MWD/T, respectively compared to
fresh fuel. The EXistencé of fisson products decreased the effective
multiplication factor by more than 0.054k, but the effect of mimor
actinides was slight. By taking into account of the fuel material in
solution, temperature rise of the fuel solution and the irregular
arrangement of fuel pieces, the neutron multiplication factor decreases
further. Its study evaluated the safety margins between the safety

assessment model for a dissolver and the real process.

Keywords: Dissolver, Burnup, Fission Products, Actinides, Effective
Multiplication Factor, Criticality Safety Analysis,

Safety Margin
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%1 ORIGEN2-82 7 — Fick 3 PWR BUK OB AR (R FEREE)
B (10%/cm®)

TH 1338 r—2 1 =2 2
30,000  MWD/T 48,000  MWD/T

U-23 . 64076E-04 3. 42129E-04 I.B786TE-04

Uu-23 .22651E-02 2.18612E-02 2. 14897E~02
PU—-23 . 000COE+00 1.11368E-04 1. 34881E-04
PU-24 . 00000E+00 4, 32838E-05 8. 12420E-05
PU—24 . 00000E+00 1. 69366E-05 3. 24654E-05
PU-24 . 00000E+00 5. 37936E-06 1, B4853E~05
C5-13 . 00000E+00 4. 42045E-05 6. 33751E-05
ND-14 . 00000E+00 3. 08731E-05 3. 95831E-05
ND—-14 . 00000E+00 2. 46531E-0% 3.54350E-05
SM—-14 . 00000E+00 1. 07T443E-07 1. 18429E-07
SM=-15 . 00000E400 8. 31694E-06 1. 30358E-05
SM-15 . 00000E+00 4. 26009E-06 5.64981E-06
EU-15 . 00000E+00 3. 10818E-06 5. 04892E-06
GD—-15 . 00000E+00 1. 50904E-07 3. 86358E-07
NP-23 . 00000E+00 8. 76419E-06 1. 88709E-05
AM-2 4 . 00000E+00 4. 05358E-06 B.12082E-06
AM-—24 . 00000E+00 7. 42408E-07 4. 43399E-06
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#2 BREOBEFIHREER O

PR B WIERGEEEL Iwt¥  MSERES: K, 15°C
: LR
e | Rets [ o/t 30000MWD/T |  4B000MWD/T
U+Pu L | 0.84220.0048 | 0.7205+0. 0039 | 0. 6708=0. 0036
1 inchk | 0.903120.0039 | 0,7834:-0. 0042 | 0. 7287£0. 0037
5227k R4t | 0.9479:0. 0040 | 0. 80670, 0041 | 0. 75880. 0034
U+Pu+| #&L 0. 67610, 0036 | 0. 6048+0. 0032
FP 1 inck | \ 0. 71990. 0039 | 0. 6478+0. 0029
sakEs |\ 0. 754320, 0033 | 0. 6651 0. 0031
U+Pu+| %L 0. 722420, 0041 | 0. 6551 0. 0034
77F=F [1 inchk 0. 7682:-0. 0043 | 0. 7120%0. 0037
FAKRH \ 0. 7973+0. 0033 | 0. 7345+0. 0035
U+Pu+| &L \ | 0.665520.0040 | 0. 6001:+0. 0032
FP + |1 inchk \ | 0.712020.0034 | 0. 64520. 0030
7272 F | RAKRS 0. 74330, 0034 | 0. 6674+0. 0031
%3 AREOERIERER O
PR MK WNIRRREL LWtk MSWESE: MEMERSBRON, 15°C, 400g(UtPu)/ £
KRR
wEHaR | Rtk 0 MWD/T 30000MAD/T |  48000MWD/T
U+Pu ML | 0.7287+0.0047 | 0. 61730. 0038 | 0. 57030. 0030
1 inchk | 0.8179+0.0041 | 0. 684920, 0036 | 0. 6468=:0. 0030
=47k 24 | 0.87650. 0045 | 0.7336-0. 0031 | 0. 6864 +0. 0029
U+Pu+| %L 0. 5847£0. 0036 | 0. 5149-+0. 0028
FP 1inchk |\ 0. 644920, 0034 | 0. 57110, 0029
=ekgat] \ 0. 67690, 0036 | 0. 6107£0. 0031
U+Pu+| &L 0. 6106-0. 0033 | 0. 5649+0. 0033
77F=F |1 inchk 0. 69130. 0036 | 0. 62880. 0034
KRS \ 0. 7264 0. 0036 | 0. 6743%0. 0033
U+Pu+| %L \ | 0.573520.0034 | 0.5106+0. 0034
FP + |1 incvk \ ] 0.6369:+0. 0032 | 0.5587+0. 0031
775z ¥ | BAKRY 0. 67740. 0034 | 0. 60040. 0029
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£4 AEMEOERHBEER B

PHR #AKt  IDRAMGEREL. Iwty ZONEES: HEMERNBRON, 15°C, 4008 (U+Pu)/ £
EEE
PR | Rk 0 MWD/ T 30000MWD/T |  48000MWD/T
U+Pu | 4L  [0.779620.0043 | 0.65470.0043 | 0.61430. 0030
1 inch’k | 0.85900.0042 | 0.725040. 0040 | 0. 67090. 0033
=47k AT | 0.9167+0. 0042 | 0. 77050, 0031 | 0. 715810. 0031
U+Pu+| 4L 0. 6174%0. 0032 | 0. 5528+0. 0034
FP 1inchk | \ 0. 6829+0. 0036 | 0. 60780. 0031
smakRS |\ 0.7180%0. 0034 | 0. 63820. 0032
U+Pu+| %L \ 0. 65240, 0035 | 0. 6022+0. 0034
77F=F[1 inchk \ 0. 7159+0. 0038 | 0. 6540+0. 0033
FAKRH \ 0. 76420, 0032 | 0. 69900. 0038
U+Pu+| #&L | 0.6087+0.0034 | 0.54160. 0027
FP + |1 inchik \ | 0.6692+0.0036 | 0. 59970, 0027
7 5= ¥ | TekREHE 0.7096+0. 0031 | 0. 62450, 0027
%5 BREBOERHFER 0
[PWR e oBmAREES. lwth  JEWeES: K. 100C
LR
mEHLE | REtk 0 MWD/T 30000MRD/T | 48000MWD/T
U+Pu | #&L | 0.8169£0.0048 | 0.703520.0043 | 0.6516+0. 0036
1 inchk | 0.888320.0044 | 0. 761220. 0037 | 0.7134:0. 0035
47K A | 0.9218+0. 0044 | 0.7909+0. 0033 | 0. 7492+0. 0038
U+Pu+| %L 0. 65340, 0035 | 0. 5825+0. 0028
FP 1inchk | \ 0. 70860. 0033 | 0. 6348:0. 0029
sakER| \ 0.7A11+0. 0034 | 0. 6633+0. 0031
U+Pu+| &L \ 0. 6937-£0. 0040 | 0. 6473=0. 0038
72 %= F |1 inchk \ 0. 748210. 0036 | 0. 69070. 0034
=@k RA \ | o0.7832+0.0033 | 0.7329%-0. 0031
U+Pu+| &L \ | 0.6486+0.0034 | 0.57880. 0030
FP +[1 inchk \ | 0.7020+0. 0033 | 0.6258+0. 0031
77 5= F | RAKRE 0. 733040. 0038 | 0. 6542+-0. 0034
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£6 BRBOEARTEER O

PR M FINBRAIEL Wty VRS MREREERIN, 100°C, 4008 (U+Pu)/ £
KXhMER

peHas | ke 0 MWD/ T 30000MWD/T | 48000MWD/T
U+Pu ML | 0.70840.0038 | 0.56530. 0032 | 0.5206=£0. 0032
1 inch/k | 0.78780.0046 | 0. 64710. 0033 | 0.5942:£0. 0034
5247k 4t | 0. 848510, 0041 | 0. 6948£0. 0034 | 0. 64060. 0027

U+Pu+| %L 0.52070. 0035 | 0. 47400. 0030
F P 1inchk | \ 0. 59560, 0031 | 0. 5373+0. 0026
smekrst | \ 0. 64510, 0032 | 0. 5762-0. 0026

U+Pu+| #&L \ 0. 5529+0. 0034 | 0. 5086+0. 0029
77F=F |1 inchk \ 0. 63740, 0034 | 0.59230. 0028
E2kRs \ 0. 6813£0. 0031 | 0. 63480, 0032

U+Pu+| L \ | 0.5240%0.0033 | 0. 4631£0. 0029
FP + |1 inchk . | 0.5920+0. 0037 | 0. 5225+0. 0029
7 F =K | RAKRS 0.639620. 0030 | 0. 56710. 0025

#£ T BREP SRR O R IEE B DE

PREHERR:U + Pu  PRBEFE:30000MWD/T  BRHEES: 7K
T —

) KSR L T2k E
0.5 0.5443+0. 0033 0. 6809+0. 0038
L0 0. 633410, 0041 0. 748910. 0037
1.5 0. 6501 40, 0040 0.7954£0. 0041
2.0 0.7161x0. 0041 0. 8052x0. 06036
2.5 0.723210. 0042 0. 8098 +0. 0035
3.0 0. 718340. 0041 0.7994+0. 0037
3.5 0.7102+0. 0039 0. 7906 £0. 0033

8 BRIy FORPERFBEERICTALE

PREERE : 30000MWD/ T

FHRER: /&K 15°C

by ME(um)
MEER Rattk 9.29 (PWR) 12.5 (BWR)
&L 0. 7205+0. 0039 | 0. 7214£0. 0040
U+Pu |1 inchik 0.7834£0.0042 | 0. 7801£0. 0040
TR E 0. 806710, 0041 | 0. 8034+0. 0042
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