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A Neutronic Feasibility Study on the Use of the Pb-Bi Coolant
in the KALIMER Core
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Abstract
A neutronic feasibility study based on the breakeven KALIMER core has been performed for the

replacement of sodium coolant with Pb-Bi coolant. Larger pumping power and coolant-to-fuel ratio are
needed because of its heavy weight, small conductivity and specific heat owing to the harder neutron
spectrum. However, Pb-Bi coolant have good -characteristics in aspects of breeding ratio, burnup
reactivity swing and coolant void reactivity in comparison with those of Na coolant. In this study, we
analyzed the neutronic characteristics of the Pb-Bi cooled breakeven KALIMER core by changing the
core height (100cm, 110cm, 120cm) and the lattice pitch-to-diameter ratio. The result shows that the
reactor cores have the breeding ratio of 1.0~1.13 and negative coolant void reactivity for 100%

voiding in the deriver fuel and satisfy the design limits.
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3 2. pitch/diameter E-&of] wE = W-n| AR A WA Zeln w4 FQ AW AF% vl

iﬂ
_iatr}\] 1.3-100 [ 1.4-100 | 1.5-100 | 1.3-110 | 1.4-110 | 1.5-110| 1.3-120 | 1.4-120 | 1.5-120
B Y
Average Breeding ratio 1.05 1.07 1.03 1.00 1.10 1.06 1.03 1.13 1.09 1.05
Refueling Intervals(months) 18 18 18 18 18 18 18 18 18 18
Burnup Reactivity Swing (pecm) | 897 955 1341 1647 | 617 1001 1311 | 356 731 1034
Max. burnup (MWD/kg) 120.7 | 122.0 | 1219 | 121.6 | 113.3 | 113.1 | 112.8 | 105.9 | 105.7 | 105.3

Peak fast fluence (X10% N/em®)| 3.071 | 3.327 | 3.149 | 2.986 | 3.121 | 2.957 | 2.806 | 2.940 | 2.787 | 2.648
Max. Power Density (W/em’) 342.91 | 297.09| 260.00| 232.32| 275.70| 241.06| 214.78| 257.53| 225.13| 200.01

Coolant void reactivity (pcm)

BOEC 7179 | -388.4 | -527.1| -653.7 | -278.6 | -407.1 | -526.9 | -179.9 | -291.3 | -402.0
EOEC 7513 | -207.7 | -301.9 | -390.6 | -116.7 | -198.8 | -280.2 | -30.0 | -98.6 | -172.3
Fuel temp. coefficient (pecm/TC)

BOEC -0.569 | -0.416 | -0.390 | -0.366 | -0.425 | -0.398 | -0.372 | -0.431 | -0.404 | -0.384
EOEC -0.589 | -0.432 | -0.408 | -0.386 | -0.438 | -0.414 | -0.390 | -0.443 | -0.418 | -0.400

1.3-100 41 1.4-100-41 1.5-1002] 1.3-1102] 1.4-110%2]

FNZE | FE | FNE | R | FR | FE | Fx | Y | F)x | g
U-235 432 41.1 434 414 135 41.6 48.8 46.6 49.0 46.9
U-238  [30021.7 |29812.5 |29778.2 |29578.3 |29508.0 |29316.8 |33280.4 |33063.7 |33037.6 |32829.9
PU238 28.6 29.4 37.2 38.1 482 492 27.6 28.4 35.5 36.4
NP237 12.7 12.8 11.9 12.0 11.1 11.2 13.3 13.4 12.4 12.5

PU239 2547.1 | 2562.7 | 2618.3 | 2627.4 | 2681.7 | 2685.1 | 2750.7 | 2772.0 | 2831.3 | 2845.8
PU240 740.7 7474 861.1 865.5 9942 | 996.2 744.7 753.0 861.7 868.1

PU241 69.3 68.7 82.7 81.7 97.6 96.2 67.0 66.5 79.6 78.8
PU242 43.8 442 61.4 61.7 84.6 84.8 38.9 394 53.8 54.2
AM241 38.9 40.5 512 52.9 66.1 67.9 38.6 40.3 50.4 522
AM242M 35 3.6 4.8 4.8 6.4 6.4 3.4 3.5 4.6 4.7
AM243 9.0 9.1 13.6 13.7 20.0 20.1 7.7 7.8 11.4 11.5
CM242 1.3 0.8 1.7 1.0 2.1 1.2 1.2 0.7 1.6 0.9
CM243 0.1 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1
CM244 5.2 5.1 8.1 8.0 12.4 12.2 4.1 4.1 6.4 6.4

CM245 0.9 0.9 1.4 1.4 22 22 0.7 0.7 1.1 1.1




C A BE AAE (Kg) (A1)

1.5-1102=4] 1.3-1202=2] 1.4-1202=2) 1.5-1201=2]
Fx | #% | F% | T | x| | Fx | F
U-235 492 | 471 545 | 22| 547 | 25| 548 | 527
U-238  132769.1 |32569.9 |36531.7 |36308.7 |36286.4 |36072.2 |36020.4 |35814.5
PU238 457 46.7 27.1 28.0 347 35.6 443 453
NP237 11.7 11.7 13.9 14.0 13.0 13.1 12.2 12.2
PU239 | 2904.7 | 2913.3 | 2950.6 | 2976.9 | 3039.8 | 3059.2 | 3118.7 | 3132.0
PU240 9913 | 9956 | 7548 | 7644 | 870.1 | 877.9 | 997.0 | 1002.9
PU241 93.7 92.5 65.5 65.2 775 76.9 91.0 90.0
PU2A2 73.3 73.6 357 36.2 48.8 493 65.9 66.3
AMDAL 64.8 66.7 39.0 40.7 50.6 524 64.6 66.6
AMIM 6.1 6.2 34 34 45 4.6 6.0 6.0
AM243 16.7 16.7 6.9 6.9 10.1 10.2 14.5 14.6
CM242 1.9 1.1 1.2 0.7 1.5 0.9 1.8 1.1
CM243 0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.2
CM244 9.6 9.6 3.5 3.5 53 53 7.9 7.9
CM245 1.7 1.7 0.5 0.5 0.9 0.9 1.4 14
¥4 x4 B AAF S vl (Kg)
1.3-100 | 1.4-100 | 1.5-100 | 1.3-110 | 1.4-110 | 1.5-110 | 1.3-120 | 1.4-120 | 1.5-120 | H]x
U-235 -2.09 -2.02 -1.95 -2.20 2.13 2.05 229 | 22 215 | #
U-238 20922 | -199.98 | -191.16 | -216.72 | -207.72 | -199.20 | -222.96 | -214.26 | -205.86 | *
PU238 0.81 0.88 0.95 0.83 0.92 1.00 0.85 0.94 1.03
NP237 0.10 0.05 0.02 0.13 0.08 0.04 0.15 0.10 0.06
PU239 15.61 9.07 3.34 21.28 14.55 8.53 2625 | 19.40 13.21
PU240 6.68 4.41 1.95 8.31 6.37 422 9.53 7.83 5.95
PU241 -0.59 -0.99 -1.45 -0.44 -0.80 -1.20 -0.35 -0.66 103 | *
PU242 0.41 0.32 0.16 0.46 0.41 0.31 0.47 0.46 0.40
AM241 1.60 1.69 1.76 1.67 1.78 1.88 1.72 1.85 1.97
AM242M 0.03 0.03 0.01 0.04 0.04 0.03 0.04 0.04 0.04
AM243 0.09 0.07 0.04 0.09 0.09 0.07 0.09 0.09 0.09
CM242 -0.54 -0.69 -0.87 -0.51 -0.65 -0.81 049 | -0.61 0.76 | *
CM243 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CM244 -0.03 -0.07 -0.15 -0.01 -0.04 -0.09 -0.01 -0.03 006 | *
CM245 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01




xS AT EE
1.3-100 =4 1.4-100=41 1.5-100%=4 1.3-110%=4 1.4-110%=4
BOEC EOEC BOEC EOEC BOEC EOEC BOEC EOEC BOEC EOEC
beta k/beta-eff
Group k
1 2.461 2.438 2.510 2.484 2.555 2.527 2.455 2.434 2.505 2.481
2 18.090 18.012 18.489 18.395 18.878 18.771 17.995 17.932 18.380 18.301
3 15.152 15.098 15.245 15.184 15.323 15.259 15.147 15.098 15.243 15.188
4 35.731 35.779 35.558 35.615 35.394 35.457 35.769 35.809 35.599 35.648
5 20.937 21.004 20.713 20.791 20.502 20.586 20.978 21.036 20.757 20.825
6 7.629 7.669 7.485 7.532 7.348 7.400 7.657 7.692 7.516 7.557
Beta-effective|0.0033824 | 0.0034092 |0.0032936 | 0.0033249 |0.0032140 | 0.0032483 {0.0033976 | 0.0034198 |0.0033085 | 0.0033353
35 AT EE (A5
1.5-110=4] 1.3-120=4 1.4-120%=2 1.5-120 =4
BOEC EOEC BOEC EOEC BOEC EOEC BOEC EOEC
beta k/beta-eff
Group k
1 2.551 2.525 2.450 2.431 2.500 2.479 2.546 2.522
2 18.755 18.664 17.922 17.870 18.298 18.230 18.659 18.579
3 15.328 15.268 15.142 15.097 15.241 15.190 15.327 15.273
4 35.438 35.493 35.798 35.833 35.631 35.674 35.474 35.523
5 20.548 20.623 21.009 21.060 20.791 20.852 20.586 20.654
6 7.381 7.427 7.679 7.709 7.539 7.576 7.408 7.449
Beta-effective|0.0032283 | 0.0032583 | 0.0034093 | 0.0034280 | 0.0033200 | 0.0033433 |0.0032140 | 0.0032675
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