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Abstract

Inventories to be disposed of, reference burnup, and source terms for CANDU spent fuel were
evaluated for geological disposal system design. The historical and projected inventory by 2040 is
expected to be 14,600 MtU under the condition of 30-year lifetime for unit 1 and 40-year lifetime
for other units in Wolsong site. As a result of statistical analysis for discharge burnup of the spent
fuels generated by 2007, average and stand deviation revealed 6,987 MWD/MtU and 1,167,
respectively. From this result, the reference burnup was determined as 8,100 MWD/MtU which
covers 84% of spent fuels in total. Source terms such as nuclide concentration for a long-term
safety analysis, decay heat, thermo-mechanical analysis, and radiation intenity and spectrum was
characterized by using ORIGEN-ARP containing conservativeness in the aspect of decay heat up to

several thousand years. The results from this study will be useful for the design of storage and

disposal facilities..

Key words : spent nuclear fuel, source term, geological disposal system, high-level waste,

reprocessing, radioactive waste
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Fig. 1. Accumulated Amount of Spent Fuels as a Function
of Time
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Table 1.Bumup Distribution for Spent Fuels in Wolsong Units

Discharge Burnup Distribution (MWID/MtU)
Wolsong Usit
Mean Standard Deviation
Unit 1 6,923 941
Unit 2 7,005 1,123
Unit 3 6,858 1,249
Unit 4 7,010 1,188
Total 6,987 1,167
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Fig. 2. Burnup Distribution for Wolsong Unit 1.
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Table 2. Actinide Concentration at Different Cocling Time

i

Cooling Time after Discharge (yr)

-159-

Nugclide
20 30 40 50
234y 7.958E-01 1, 129F+00 LA3BE+00 | 1.723E+00
B57 2,008E+03 | 2.009E+03 2.010E+03 | 2.010E+03 |
2361 7.761E+02 | 7.772E+02 | 7.783E+02 | 7.794E+(2
238(J 0.847E+05 | 9.847E+05 9.847E+05 | 9.847E+05
U 9.875E+05 | 9.875E+05 9.875E+05 | 9.875E+05
ZNp 3 314E+01 | 3.611E+01 3.9526401 | 4,317F+01
238py 4,444F+00 | 4.107E+00 3,796E+00 | 3,509E+00
39py 2.507E+03 | 2,596E+03 2,595E+03 | 2.594E+03
2d0py 1,086E+03 | 1.085E+03 1.084E+03 | 1.083E+03
A1py 1,035E+02 | 6,385E+01 3.938E+01 | 2.420E+01
242py 770RE+01 | 7, 708E+01 7.708E+01 | 7.708E+01
Pu 3.868E+03 | 3.82GE+03 3.799E+03 | 3 782E+03
1AM 1.6818+02 | 2.048F+02 2,258E+02 | 2.372E+(02
22mAm 3.436E-02 3.271E4R2 3.114E02 2,965E432
23Am 3582E+00 | 3.579E+00 3,576E+00 | 3.572E+00
Am 17176402 | 2,084E+02 2.204F+02 | 2.408F+02

Table 3. Fission Products Concentration at Different Cooling

Time
Cooling Time alter Discharge (yr)
Nuclide
20 30 40 50

HCs 1467801 1,465E-01 1,463E-01 1.462E-01
¥Cl 3.296E-01 3.296E-01 3,296E-01 3,290E-01
7Ge 1. 228F4+00 1, 228E+() 1, 2285+ 1, 228E+0
i 4 2, 065E-02 1,614E-02 1,262E-02 9. 863F-03
0Sr 7.945E+01 6.211F+01 4 855E+01 3 795E+01
94Nb 1.4528-04 1,452E-04 1.451E-04 1.451E04
PTc 2, 106E+02 2.106E+02 2.105E+02 2. 105E+(12
107p] 6, 184E+01 6, 184E+01 6. 184E+01 6, 184E+01
12680 3.572E+00 5.571E+00 5.571E+00 5.570E+00
1265h 2.647E-07 2.647E-07 2.647E407 2.646E-07
129] 4,775E+01 4 77SE+01 4, 775E+01 4 775E+01
135Cs 3.002E+01 | 3.002E+01 3.002E+01 3,002E+01
B7Cs 1.970E+02 1.564E+02 1,2418+02 | 9.850E+01
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Table 5. Photon Spectra and Intensity at Different Cooling

Time

Energy range

Cooling Time after Discharge (yr)

(MeV)

20

30

40

50

0.0E+00 - 2.0E-02

1.764FE+164

1 402E+16

1. 120E+16

8.995E+15

2 0E-02 - 3.0E-02

6,990E+15

5.482E+15

4 230E+15

3 447E+15

3 0E-02 - 4.5E-02

6,183E+15

4 816E+15

3 775E+15

2.967E+15

45802 - 7 0E-02

2.576E+15

2. 144E+15

1, 798E+15

1.520F+15

7.0E-02 - 1.0E-01

1.278E+15

9. 894E+14

7. 717E+14

6,034E+14

1.0E-01 - 1,5E-01

6,507E+14

4 919E+14

3. 779E+14

2.928F+14

1.5E-01 - 3.0E01

2.185E+14

1.695E+14

1.321F+14

1.031E+14

sc-M3V)| 3.0E-01 - 4.5E-01

9 316E+13

7.155E+13

5.578E+13

4 359FE+13

45801 - 7 OE-01

2. 515E+15

1.901E+15

1.580F+15

1.254E+15

7.0E-01 - 1, 0E+00

1.924E+13

1.068E+13

6, 997E+12

4,888E+12

1.68+00 - 1. 5FE+00

8.810E+12

4 128F+12

2, 202E+12

1.313E+12

1.5E+00 - 2 OE+00

4 456F+11

2.492E+11

1.506E+11

0 798E+10

2. 0E+00 - 2, 5E+00

2.863E+09

2. 201E+09

1.719E+09

1.343E+09

258400 - 3, 0400

8,9959E+00

4 224F+06

3. R16B+06

3 460406

3.0E+00 - 4. 0E+00

3. 202E+05

2, 767E+0S

2 453B+05

2 238E+05

4 OE+00 - 6.0E+00

8, 860F+04

5. 880F+(M4

5.207E+04

4 746E+04

6. 0E+00 - 8.0E+00

7.851E+03

6, 7158403

5.937E+03

5 404F+03

8 JE+00 - 1 1E+01

5 9O8E+()2

5.124E+02

4 526E+02

4, 117E+02

Total intensity

{neutron/sec + MilJ)

1.337E+15

1. O55E+15

8.373E+14

G.O72E+14

Table 6. Neutron Spectra and Intensity at Different Cooling

Time

Energy range

Cooling Time after Discharge (yr)

(MeV)

20

30

40

50

1,00E-11 - 1,OOE(8

1.566E+(2

1,399E+02

1.284E+02

1.206E+02

1.00E(08 - 3,00E08

2. 425F+(2

2,073E+02

1,833E+02

1.669E+02

3, 00E-08 - 5,00E-08

3.319E+02

2,817E+02

2.475E+02

2. 240E+02

5.00808 - 1.00E-07

4 453E+02

3. 768E+02

3 A0F+02

2,.9798+02

LOOEQ7 - 2, 25E-07

7.905E+02

6,898E+02

6. 209E+02

5. 738E+()2

225607 - 3.25E-07

1.093E+03

0,614E+02

8. 713E+(2

8. 097E+(2

325607 - 4.00E07

1.217E+03

1. 066E+03

9 626E+02

8,918E+02

4,00E07 - 8 O0E07

1.487E+03

1.293E+03

1. 160E+03

1.070E+03

8 00E-07 - 1.OOE-06

1. 770E+03

1. 531E+03

1.368E+03

1.257E+03

1.O0E-0G - 1. 13E06

1.903E+03

1.644F+03

1.460E+03

1.345E+03

113506 - 1. 30E06

2.015E+03

1.738E8+03

1.5349F+03

1. 419E+03

1.30E-06-1,77E06

2.232E+03

1.921E+03

1. 708E+(3

1.562E+03

1.77800 - 3.05E-06

2. 727E+03

2.338E+03

2.072E+03

1.890E+03

(retrons/ | 3.056:06 - LOOEQS

4, 285E+03

3.0518+0%

3. 218840312

R ZANSE LY

s - MEV) | LOOE05 - 3.00E05

7.332E+03

6. 217E+03

5.455E+03

4 934F+03

3.00E05 - 1. 00E-(4

1.444F+04

1.271E+04

1,149E+04

1.064E+04

LO0E-04 - 5,50E-04

3, 118E+04

2.715E+04

2.435E+04

2 2408+04

5,50E-04 - 3,00E-03

7.225E+04

6, 268E+04

5.603E+04

5.141E+04

300803 - 1, 70802

1.731E+0%

1, 508F+0%

1,353E+05

1.245E+05

170802 - 100801

4 083E+05

3 SSEE+05

3 190E+03

2,934E+05

1.00E01 - 4.00E-01

7.560E+05

6.554E+05

5.856E+05

5,372E+05

4,00E-01 - 9. 00E-01

9.730E+05

8.407E+05

7.491E+05

6,855E+05

9,00E-01 - 1 40E+00

9. 926E+05

8, 637E+05

7. 740E+05

7.113E+05

1.40E+00 ~ 1.85E+00

9.678E+05

8,651E+(05

7.919E+05

7.397E+05

1.85E+00 - 3.00E+00

8.849E+05

8.341E+05

7. 042E+05

7.630E+05

3 00F+H00 - 6 43F+00

2.086E+05

1.878E+05

1.720E+05

1,616E+05

6.43E+00 - 2. 00E+01

3 320E+03

2.644E+03

2. 182FE+(3

1.867E+03

Total intensity
(newtron/sec - Mill)

1.337E+15

1.085E+15%

8 375E+14

6,672E+14
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