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Table 1 Key technical parameters of the core used in the simulation

Main parameters Data used in this study
Thermal power (MW,) 710

Core height (mm) 930

Number of core fuel assemblies 108, 90, 198 (inner, outer, total)
Number of pins in core fuel assemblies 169

Core pin diameter (mm) 6.5

Core pellet diameter (mm) 5.8

Pu enrichment (%) 22,30 (inner, outer)
Number of control rods 19

Number of radial blanket assemblies 174

Number of pins in the radial blanket assembly 61

Radial pin diameter (mm) 11.7

Radial pellet diameter (mm) 104

Number of shielding assemblies 324

Number of assemblies for Se, Tc, Pd, and I (Type 1) 54

Number of assemblies for Cs and Zr (Type 2) 498
LLFP/YD,,volume ratio (1st row, for Se, Tc, Pd, I, Zr, and Cs)  70/30

LLFP/YD,, volume ratio (2nd row, for Zr and Cs) 80/20

LLFP/YD,, volume ratio (3rd row, for Zr and Cs) 90/10

LLFP/YD,, volume ratio (shielding assembly for Zr and Cs) 100/0




Table 2 Neutron capture cross sections at 0.0255 eV and resonance integrals'

79Se 932r 99TC 107Pd 129I ISSCS
Neutron capture cross section at 0.0253 eV (barn) 50.02 2.239 23.60 9.243 30.32 8.302
Neutron capture cross section of resonance integral (barn) | 108.7 18.20 3238 112.9 33.25 53.52
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Figure 1 Neutron energy dependency of capture cross sections of LLFPs. | Neutron capture reaction cross sections

are important for studying nuclear transmutation of LLFPs. The LLFP neutron cross sections are limited and need

their accuracy improved. The data plots are from JENDL-4.0u'.

Table 3 Integrals of the microscopic capture reaction rate with and without the YD, moderator

79Se ()3Zr ()9TC 107Pd 12()1 135CS
With YD, 122 x 10*® 2.52 x 10° 8.96 x 10” 1.48 x 10°® 5.09 x 10° 424 x 10°
Without YD, 5.86 x 10° 1.13 x 10° 531 x10° 8.90 x 10” 3.18 x 10” 201 x 10°
Ratio 2.16 2.23 1.69 1.67 1.60 2.11




Table 4 Evaluated parameters obtained from MVP output data for the LLFP transmutation calculations.

Natural Effective

3 . .
halflife  halfhe % broduction Transmutation SRY  Loaded” Minimum®
[years] [years] ? [%/year] [g/years] [g/years]
Max. 4.32 x 10°® 102.80 1
Se 327 x10° 15.6 3.20 4.20 x 10" Ave. 3.35 x 10° 79.72 54 1
Min. 2.39 x 10*© 56.95 1
Max. 2.98 x 10%® 521 11
PTe 2.11 % 10° 37.0 1.35 5.71 x 10° Ave. 2.82 x 10* 4.94 54 11
Min. 2.64 x 104© 4.63 12
Max. 9.27 x 10°® 2.84 20
107pg 6.5 x 10° 30.4 1.65 327 x 10° Ave. 7.59 x 10 2.32 54 24
Min. 5.97 x 10*© 1.83 30
Max. 9.05 x 10°® 5.42 10
1291 1.57 x 10’ 22.8 2.19 1.67 x 10° Ave. 8.26 x 10° 4.95 54 11
Min. 7.33 x 10%© 439 13
Max. 1.16 x 10*® 3.24 154
zr 1.53 x 10° 145.1 0.34 3.60 x 10° Ave. 1.14 x 10* 3.17 498 158
Min. 1.11 x 10*® 3.07 162
Max. 1.53 x 10*® 1.49 335
(1.80 x 104 (1.75)” (285)”
g 23 10° 165.2 031 03 x 10° Ave. 145 x 10 141 498 354
’ (3578)”  (0.14)° ’ (1.67 x 104 (1.62)” (308)”
Min. 1.40 x 10“© 1.36 367
(140 x 10%)? (136)” (367)°
Max. 531
(481)”
Total Ave. 559
ota (513"
Min. 585
(585)”

1) Natural half-life of the target LLFPs.

2) Effective half-life is defined as the time required for the residual amount of LLFP to decrease to half of the loaded
LLFP during the burn-up.

3) TR is defined in equation (5). Irradiation period is 20 years for ”Se, **Zr, *Tc, '"’Pd, and '*I, and 24 years (12th cycle
of irradiation and cooling) for '*°Cs.

4) Production weight of LLFPs in the core fuel during transmutation.

5) Transmutation weight of LLFPs in the radial blanket assemblies obtained by the calculation from irradiation periods of
(A) 0 to 2 years, (B) 2 to 4 years, (C) 18 to 20 years, and (D) 72 to 74 years.

6) SR is defined in equation (8).

7) Number of assemblies loaded with LLFPs in the radial blanket region (and radial shielding region for Zr and Cs).

8) Minimum number of radial blanket assemblies when SR = 1.0 is assumed.

9) When the irradiation and cooling method is applied.
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Figure 2 Changes in the weight of Se isotopes over 20 years of irradiation. Irradiation time dependence of the
variations of transmuted Se isotopes. One of the LLFPs, "*Se, is effectively reduced after 20 years of irradiation with

proposed method.
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Figure 3 Changes in the weight of Tc over 20 years of irradiation. Irradiation time dependence of the variations of
transmuted *’Tc. For the Tc isotopes, only *’Tc, which is one of the LLFPs, is produced in the reactor core. *Tc can be

reduced effectively by 20 years of irradiation with proposed method.
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Figure 4 Changes in the weight of Zr isotopes over 20 years of irradiation. Irradiation time dependence of the
variations of transmuted Zr isotopes. **Zr is one of the LLFPs, can be reduced by 20 years of irradiation with proposed

method slightly but with achieving SR>1.
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Figure 5 Changes in the weight of Pd isotopes over 20 years of irradiation. Irradiation time dependence of the
variations of transmuted Pd isotopes. One of the LLFPs, '’Pd, is effectively reduced after 20 years of irradiation with

proposed method.
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Figure 6 Changes in the weight of I isotopes over 20 years of irradiation. Irradiation time dependence of the

variations of transmuted I isotopes. One of the LLFPs, '*1, is effectively reduced after 20 years of irradiation with

proposed method.
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Figure 7 Changes in the weight of Cs isotopes over 20 years of irradiation. Irradiation time dependence of the
variations of transmuted Cs isotopes. *’Cs, one of the LLFPs, can be slightly reduced by 20 years of irradiation with

proposed method.
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Figure 8 Radioactivity of long-lived fission products (LLFPs) and minor actinides after reprocessing of 1 ton of
discharged nuclear fuel calculated by ORIGEN2’. | The radioactivity of all fission products dominates the total

radioactivity during the first 100 years. Long-term radiotoxicity is dominated by minor actinides and LLFPs.
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Figure 9 Reaction chain of Cs isotopes.
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