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Abstract

A nuclear design concept for a high-converting pressure-tube type LWR (HCPLWR) core
using once-through thorium fuel cycle was proposed as an advanced thermal reactor.
Calculated conversion ratio in HCPLWR is much higher than PWR or CANDU. In this paper,
the other fuel cycle performance indices, such as proliferation resistance, transmutation
efficiency, and radiation hazard in spent fuel were evaluated for this design concept.
Performance indices for the proliferation resistance were measured by BCM, TG, and SNS.
BCM of seed fuel from HCPLWR was 11.08 kg which was much less than 1450 kg of PWR
and 12.78 kg of CANDU. BCM from blanket was 13.66 kg. Therefore, proliferation resistance
was not favorable than the conventional LWRs in the aspects of plutonium composition.
However, TG and SNS from HCPLWR spent fuels were much higher. For the evaluation of
transmutation efficiency, index of effective fission half-life (EFHL) was used. EFHL in seed
and blanket were different each other. EFHL in blanket region is much less than those in
PWR or CANDU. Radiation hazard index from spent fuel is much less than from PWRs
because production of spent fuel is much less in high-converting core.
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of = fission cross- section

o, = capture cross- section
djf = fission cross- section
d{ = total cross- section
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1. Reactor type

Reactor type

RTR RTR ATR ATR |HCPLWR|HCPLWR
PWR CANDU
seed blanket seed blanket seed blanket
Burnup
7 300EFD 100 40 100 44 1715
(GWth-d/tIHM)
U-233 0 0 0 0 0 0 0
Feed
fissile U-235 224582 63161 710.76 578.89 102199 | 110960 | 3273.10 249.23
amount | 5, 539 0 0 0 0 0 0 0
(k9)
Pu- 241 0 0 0 0 0 0 0
U-233 0 0 635 0 689.72 0 35873
Discharged
fissile U-235 32404 22165 128.35 128.45 174.88 77.06 1978.03 50.63
amount Pu-239 | 36185 215.11 16.64 2331 75.06 95.25 192.91 57.07
(k9)
Pu- 241 108.98 16.87 555 897 2228 3557 17.17 22.19
2. Reactor type FIR Fissle Gain
Reactor type
RTR RTR ATR ATR HCPLWR | HCPLWR
PWR CANDU
seed blanket seed blanket seed blanket
Burnup
45 7 300EFD 100 40 100 44 1715
(GWth- d/tIHM)
FIR 0.35 0.72 0.21 137 0.27 081 0.67 1.96
Fissile Gain(%)| -6461 -28.18 -78.65 37.46 -73.36 -19.11 -33.15 96.05




3. Reactor type

BCM, TG, SNS

Reactor type

RTR RTR ATR ATR HCPLWR | HCPLWR
PWR CANDU
seed blanket seed blanket seed blanket
Burnup
45 7 100 40 100 375 1715
(GWth-d/tn IHM) S00EFD
Pu- 238 fration 0.01653 0.00087 0.065 0.120 0.03100 0.07696 0.01837 0.11924
Pu- 239 fration 049616 0.67305 0.465 0.383 048104 041783 0.80445 0.44932
Pu- 240 fration 0.25715 0.26116 0.225 0.150 0.26770 0.17801 0.10804 0.14679
Pu-241 fration 0.14819 0.05234 0.155 0.147 0.14161 0.15476 0.06263 0.17119
Pu- 242 fration 0.08199 0.01258 0.090 0.201 0.07865 0.17244 0.00651 0.11346
BCM (kg) 1450 12.78 14.26 1545 1457 15.20 11.08 13.66
TG (W/kg) 12.16 3.64 39.38 69.91 2042 4575 12.74 69.58
SNS (MBg/kg) 0.2781 0.2401 0.3776 0.4555 03261 0.3666 0.1472 0.4505
TG (W/BCM) 176.32 46.52 561.56 1080.11 297 .52 695.40 141.16 950.46
SNS (MBg/BCM) 403 3.07 5.38 7.04 475 557 163 6.15
4. Reactor type
Reactor type
RTR RTR ATR ATR |HCPLWR|HCPLWR
PWR CANDU
seed blanket seed blanket seed blanket
Np-237 (year) 459 3.14 5.82 5.35 3.68 337 6.24 2.83
Am-241 (year) 138 0.85 177 159 1.15 1.03 2.80 0.77
Cm-244 (year) 9.69 158 10.6 10.1 6.76 6.16 9.24 9.04
MA 0.2 % Np-237 Am-241Am-243 Cm-244 = 56/ 26/ 12/5
5.
I sotopes Pa- 231 Np- 237 Pu- 239 Pu-240 | Am-241| Am-243 | Cm-245
Ty, (year)| 3.2x 10% 2.1x 108 24,000 6,000 458 7,900 9,000




6. ( for 8,037 GWD )
PWR CANDU HCPLWR
Effective operation year (year) 9.7773** 11.2435* 11.2435*
Consumption of T horium (ton) 0 0 14.017
Consumption of Uranium (ton) 588.773 1071.567 149.216
Consumption of U-235 (ton) 13.718 7619 22.007
U-235 Mass in spent fuel (ton) 2.6834 2523 16.271
Actual consumed U-235 Mass (ton) 11.034 5.096 5.736
* : Availability factor 0.95 **  Availability factor 0.8
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