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Abstract

The spent nuclear fuel is burned during the planned cycle in the plant and then generates elements
such as actinide series, fission products, and plutonium with a long half-life. An ‘interim storage’ step
is needed to manage the high radioactivity and heat emitted by nuclides until permanent-disposal. In
the case of Korea, there is no space to dispose of high-level radioactive waste after use, so there is a
need for a period of time using interim storage. Therefore, the intensity of neutrons and gamma-ray
must be determined to ensure the integrity of spent nuclear fuel during interim storage. In particular,
the most important thing in spent nuclear fuel is burnup evaluation, estimation of the source term of
neutrons and gamma-ray is regarded as a reference measurement of the burnup evaluation. In this
study, an analysis of spent nuclear fuel was conducted by setting up a virtual fuel burnup case based
on CE16x 16 fuel to check the total amount and spectrum of neutron, gamma radiation produced. The
correlation between BU (burnup), IE (enrichment), and CT (cooling time) will be identified through
spent nuclear fuel burnup calculation. In addition, the composition of nuclide inventory, actinide and

fission products can be identified.
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Fig. 1. Nuclear spent fuel generation in korea: for graph (2019)

Table 1. Nuclear spent fuel generation in korea: for table (2019)

Burn up Generation Ratio Cumulative generation
(MWD/MTU) (bundle) %) (bundle)
0~10,000 6 0.03 % 6
10,000~20,000 1,300 6.74 % 1,306
20,000~30,000 1,527 7.92 % 2,833
30,000~40,000 4,726 24.52 % 7,559
40,000~45,000 6,432 33.37% 13,991
45,000~50,000 4,170 21.63 % 18,161
50,000~60,000 1,116 5.79 % 19,277
total 19,277 100 % -
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Fig. 2. Nuclear spent fuel generation trend line: korea standard case(blue line)

and swedish case(red line)
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Table 2. Spent fuel standard burnup case from Korea
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Table 3. |E effect case(Less/STD/Excess)

Gy | 339 | 375 | 402 | 438 | 47585
Enrichment 3.1 3.5 3.8 42 4.65
(%) (Less) ) (STD) ’ (Excess)
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Operation: 12M(360d)
Power: 37.2 MW

Operation: 16M(480d)
Power: 27.9 MW

Operation: 18M(540d)
Power: 24.8 MW

Overhaul(50d)

Overhaul(50d)

Overhaul(50d)

Operation: 12M(360d)
Power: 37.2 MW

Operation: 16M(480d)
Power: 27.9 MW

Operation: 18M(540d)
Power: 24.8 MW

Overhaul(50d)

Overhaul(50d)

Overhaul(50d)

Operation: 12M(360d)
Power: 37.2 MW

Operation: 16M(480d)
Power: 27.9 MW

Operation: 18M(540d)
Power: 24.8 MW

Cooling time

Cooling time

Cooling time
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Fig. 3. Total production with respect to burnup, enrichment and cooling time until 100years (left: neutron sources, right:

gamma sources)
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Fig. 4. Total production for each fuel with respect to BU, IE and CT(left: neutron sources, right: gamma-rays)
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Fig. 5. Total neutron source intensity(sf=spontaneous fission, a,n=alpha-n reaction), Pu and minor actinides formed
during burnup(CE16x 16, STD)

Fig. 6 Total gamma source intensity (CE16x16, IE=3.8%)
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Fig. 8. Total neutrons/sec/MTU, dependency on Initial
Enrichment
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Fig. 10. Total spectrum of power effect case at BU=40.2GWd/MTU (left: neutron, right: gamma)
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Table 5. Total neutrons at each power period

CE16x16(Total Neutrons/sec/MTU)
20yr 12M 2.76E+08
: 16M 2.74E+08
cooling 18M 2.73E+08
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Table 6. Total gammas at each power period

Fig. 11 Comparison of Impurity effect(Gamma
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HHE QIALE BI5H] Slate] A 7HA) 24 w25
ATt 1% R A 2490 Aaw Ak E5] 54
A 547 918w e Eofof g

CE16 %16 Ci/MTU at discharge
Cs137 Cs134 Eul54 Error
12M 8.69E+04 9.07E+04 3.93E+03 0.88% | 57% |  0.8%
16M 8.62E+04 8.58E+04 3.90E+03 (Reference)
18M 8.58E+04 8.31E+04 3.87E+03 -05% | -32% | -0.6%
Table 7. Correlation coefficient and determination coefficient for burnup Relation
CT(yr) a b R?
Sy 1.949506 12.77345 0.995071
10y 1.944287 12.6072 0.99508
20y 1.931194 12.28902 0.995087
50y 1.856719 11.51336 0.995189
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Table 8. Correlation coefficient and determination coefficient for burnup relation with cooling time

a al b
value 0.018391 0.517478 -6.7306
R? 0.993779
Table 9. IE effect respect with FA types
I CE16x 16 Error(%) WH14 x 14 Error(%) WH17 %17 Error(%)
S5yr 10yr 20yr 50yr Syr 10yr 20yr 50yr Syr 10yr 20yt 50yr
3.10% | 21.4% 20.9% 20.0% 19.9% | 22.1% 21.5% 20.6% 20.5% | 20.0% 19.4% 18.5% 18.5%
3.80% | 0.2% 0.6% 1.2% 0.4% 0.4% 0.0% 0.6% 0.2% 1.6% 2.0% 2.6% 1.7%
4.65% | 19.9% 20.1% 20.3% 18.5% | 19.3% 19.5% 19.8% 17.9% | 21.1% 21.4% 21.6% 19.7%
BU =ad *et(y) + b 5)
o] g olglo] 78 by WENE 7 B
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4.8 E
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Table. 10 Relation expressions for major gamma-ray
emission of specific nuclides— Cs—-137, Cs—-134, Eu-154

Y(BU)=aX(Cs137)+b a b
value 4.6590E-04 4.6059E-02
S.Deviation 1.2460E-07 1.0936E-02
R? 0.99999907
Y(BU)=aX(Cs134)+b a b
value 3.1037E-04 1.3314E+01
S.Deviation 4.1957E-06 3.7529E-01
R? 0.997629929
Y(BU)=aX(Eul54)+b a b
value 6.7674E-03 1.3401E+01
S.Deviation 1.7299E-04 7.0738E-01
R? 0.99157714
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