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Abstract

By way of studying the nuclear characteristics upon the changed reflector design of
KALIMER, it was possible to understand the neutron behavior at the core outside and,
in consequence, the optimum reflector design was found out after the analysis on the
impact of nuclear characteristics in the active core. The reflector material was replaced
with Pb and Bi rather than the Inconel-600 alloy, and this new reflector design was
applied to the KALIMER Breakeven core and the TRU Burner, respectively. The
research used the K-CORE system developed by Korea Atomic Energy Research
Institute (KAERI) to analyze the change of nuclear characteristics.

As a result, it was found that the neutron flux of the core increases with the use of
the Pb and Bi reflector under 25 KeV in the Breakeven core and under 10 KeV of the
TRU Burner, respectively. In addition, from the burn-up calculation, for the Breakeven
core, the K-effective increases about 40 pcm at the beginning of equilibrium
cycle(EOEC) and 10 pcm at the end of equilibrium cycle(EOEC), and the Breeding ratio
increases 2% over the whole cycle. On the other hand, for the TRU Burner, the
K-effective increases at BOEC, it does not increase at EOEC. Taking all these results
together, it is concluded that the new reflector design achieved by switching materials
has a positive effect on the nuclear characteristics of the core; however, it is not great
enough to promote to adopt a new design.

Though Pb is evaluated as an optimum reflector material, only the nuclear
characteristics were highlighted. The change of reflector design would have to be
decided also with due regard to the thermal hydraulic and mechanical characteristics,

and economics.
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2" 1. wAbAle] 7185ty

Reflector

Reflector

Coolant

¥ 1. Breakeven =219 HbARA] Pin Size WA wE 54 Hs)
Original =7 i %

Breeding Breeding Breeding

Days k—eff R k-eff R k-eff R
Ratio Ratio Ratio
0.00 1.01102 1.05665 1.01088 1.05938 1.01184 1.04023
116.25 1.00862 1.05514 1.00852 1.05781 1.00921 1.03907
232.50 1.00632 1.05210 1.00625 1.05466 1.00672 1.03671
348.75 1.00410 1.04905 1.00407 1.05150 1.00430 1.03431
465.00 1.00194 1.04590 1.00194 1.04834 1.00195 1.03186

% 2. Na-cooled TRU 44419 WALA] Pin Size W7o mE 3 EAH3]
Original =7 i %

Breeding Breeding Breeding

Days k—eff R k-eff R k-eff R
Ratio Ratio Ratio
0.00 1.02753 0.73490 1.02744 0.73618 1.02856 0.72690
77.50 1.02098 0.73722 1.02094 0.73849 1.02176 0.72931
155.00 1.01453 0.74180 1.01453 0.74303 1.01507 0.73407
232.50 1.00819 0.74626 1.00823 0.74747 1.00850 0.73872
310.00 1.00195 0.75061 1.00203 0.75179 1.00204 0.74325




3. HF AAd HArA e AAA

- ASSEMBLY DATA

Pins per Assembly 61
Duct Material HT9
Duct Wall Thickness(mm) 3.70
Duct Outer Flat to Flat(mm) 157.00
Duct Inner Flat to Flat(mn) 149.60
Active Length(cm) 100.00
Reflector Element Length(cm) 346.80
Gap Distance between Ducts(mn) 4.00
Assembly Lattice pitch(mn) 161.00
Assembly Area(cr’) 224482
Upper Gas Plenum Length(cm) 132.50
Upper End Plug(cm) 254
Lower End Plug and Shielding(cm) 111.76
Overall Assembly Length(cm) 44217
- PIN DATA
Pin Material Lead or Bismuth
Pin Overall Length(cm) 346.80
Pin Diameter (mn) 18.80
Pin Pitch(mm) 18.85
Pin P/D Ratio 1.002
- VOLUME FRACTION(%) (AT 458.1C)
Pin Material 67.62
Coolant 15.82
Structure 16.56
Coolant Reflector

Duct

rE

Cladding

ApA| o] 718ted




¥ 4. Breakeven =4 #HARA] RG] oA 2FE HT flux

Group | Inconel-600 Pb Bi Pb S7H4(%) |Bi 5718(%)
1 1.7373E+17 1.7367TE+17 1.7368E+17 -0.03% -0.03%
2 4.5360E+18 4.5393E+18 4.4502E+18 0.08% 0.10%
3 9.6672E+18 9.6773E+18 9.6741E+18 0.14% 0.13%
4 1.8041E+19 1.8070E+19 1.8075E+19 0.26% 0.27%
Average
Flux 5 1.6688E+19 1.6750E+19 1.6748E+19 0.47% 0.46%
6 8.9166E+18 8.9245E+18 89122E+18 0.10% -0.05%
7 5.8903E+18 5.9620E+18 5.5915E+18 1.22% 1.04%
8 1.2814E+18 1.3225E+18 1.3199E+18 3.20% 3.00%
9 | 96064E+17 | LIOZBE+18 | 10971E+13 14.77% 14.20%
¥ 5. Sodium cooled TRU 144l AR RG99 A 258 H flux
Group | Inconel-600 Pb Bi Pb 71&(%) | Bi 5715(%)
1 3.4806E+17 3A971E+17 3.4990E+17 0.47% 0.53%
2 9.0860E+18 9.1375E+18 9.1489E+18 0.57% 0.69%
3 1.6722E+19 1.6796E+19 1.6819E+19 0.11% 0.58%
4 2.5400E+19 2.5578E+19 2.5598E+19 0.70% 0.78%
Average
5 1.9828E+19 2.0001E+19 2.0002E+19 0.87% 0.88%
Flux 6 8.9498E+18 8.9789E+18 8.9665E+18 0.32% 0.19%
7 5.2091E+18 5.2838E+18 5.2807E+18 1.53% 1.37%
8 1.0217E+18 1.O721E+18 1.0745E+18 4.93% 5.16%
9 5.6310E+17 6.8006E+17 6.8725E+17 17.20% 22.05%

% 6. Pb-Bi cooled TRU A4

Al

8wk ) Redele] oy

aF9 H flux

Group | Inconel-600 Pb Bi Pb 5718&(%) |Bi 57H&(%)
1 2.7589E+17 | 2.7666E+17 | 2.7676E~+17 0.28% 0.32%
2 8.5004E+18 | 8.5311E+18 | 8.53838E~+18 0.36% 0.45%
3 2.0965E+19 | 2.1034E+19 | 2.1059E+19 0.33% 0.44%
4 3.1317E+19 | 3.1489E+19 | 3.1504E~+19 0.55% 0.59%
Average
5 21727E+19 | 2.1863E+19 | 2.1862E+19 6.24% 6.20%
Flux 6 9.3916E+18 | 9.3913E+18 | 9.3776E~+18 -0.003% -1.04%
7 5.0632E+18 | 5.1259E+18 | 51174E~+18 1.24% 1.07%
8 9.0319E+17 | 9.8235E+17 | 9.8548E~+17 5.61% 5.94%
9 2.7368E+17 | 3.7720E+17 | 3.8468E~+17 37.83% 39.56%




Al
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3 7. Breakeven

of FaRSHAS B S W

Inconel Pb Bi
Breeding Breeding Breeding
Days k—eff . k—eff . k—eff .
Ratio Ratio Ratio
0.00 1.011027 1.056650 1.011437 1.074170 1.011508 1.072650
116.25 1.008627 1.055140 1.008873 1.073210 1.008935 1.071710
232.50 1.006325 1.052100 1.006461 1.071170 1.006515 1.069710
348.75 1.004104 1.049050 1.004179 1.068970 1.004225 1.067550
465.00 1.001947 1.045900 1.002009 1.066630 1.002047 1.065250
% 8. Breakeven =419 F4 w4 AAUA
Inconel Pb Bi
Burnup Reactivity Swing Over Cycle 89640 pem 930.22 pcm 933.42 pem
090 % o 093 % o 093 % o
Average Breeding Ration Over Cycle 1.05057 1.07000 1.06855
Maximum Power Density Over Cycle 34291 W/em® 309.84 W/cm® 309.83 W/cm®
Enrichment Modification Factor 190 1.11 1.12

¥ 9. Breakeven =419 WztA 7|3 A4 W3}
Inconel Pb Bi
not void 1.011027 not void 1.011437 not void 1.011508
BOEC . BOEC . BOEC .
void 1.029428 void 1.031863 void 1.034261
not void 1.001947 not void 1.002009 not void 1.002047
EQEC . EQEC . EOQEC .
void 1.018273 void 1.021934 void 1.023518
¥ 10. Sodium cooled TRU H&Xx42 FEZujAS 2 Z24] Ws
Tnconel Pb Bi
Breeding Breeding Breeding
Days k—eff . k—eff . k—eff .
Ratio Ratio Ratio
0.00 1.027536 0.734902 1.027725 0.732420 1.027802 0.731719
77.50 1.020987 0.737223 1.021119 0.734763 1.021187 0.734065
155.00 1.014537 0.741800 1.014611 0.739384 1.014670 0.738695
232.50 1.008199 0.746265 1.008217 0.743892 1.008268 0.743211
310.00 1.001959 0.750614 1.001923 0.748281 1.001965 0.747609
¥ 11. Sodium cooled TRU 4 %4 F8& =4 AAJAA
Tnconel Pb Bi
Burnup Reactivity Swing Over Cycle 2484.29 pem 2505.85 pem 2508.88 pem
248 % o 951 % Ao 951 % o
Average Breeding Ration Over Cycle 0.74398 0.74158 0.74090
Maximum Power Density Over Cycle 44962 W/em® 45321 W/em® 45352 W/em®
Enrichment Modification Factor 166 1.66 1.66




¥ 12. Sodium cooled TRU a4l WA 71344 Azt

Inconel Pb Bi
not void 1.021345 not void 1.027725 not void 1.027802
BOEC . BOEC . BOEC .
void 1.038879 void 1.042618 void 1.044214
not void 1.001308 not void 1.001923 not void 1.001965
EOEC . EOEC . EOEC .
void 1.019136 void 1.020641 void 1.021392
¥ 13. Pb-Bi cooled TRU 44l a5 ulA5 2 F20] ¥
Inconel Pb Bi
Breeding Breeding Breeding
Days k—eff R k—eff R k-eff X
Ratio Ratio Ratio
0.00 1.020467 0.762367 1.020527 0.760192 1.020575 0.759487
77.50 1.01579% 0.764275 1.015830 0.762114 1.015871 0.761415
155.00 1.011153 0.768024 1.011163 0.765888 1.011196 0.765203
232.50 1.006557 0.771660 1.006541 0.769551 1.006568 0.768878
310.00 1.001992 0.775186 1.001951 0.773101 1.001971 0.772442
¥ 14. Pb-Bi cooled TRU f4xA T8 =4 AAAA
Inconel Pb Bi
Burnup Reactivity Swing Over Cycle 1806.85 pem 1816.67 pem 1819.25 pem
181 % o 182 % Ao 182 % o
Average Breeding Ration Over Cycle 0.76979 0.76766 0.76698
Maximum Power Density Over Cycle 36458 W/em® 36550 W/em® 366.71 W/em®
Enrichment Modification Factor 198 197 197
¥ 15. Pb-Bi cooled TRU d4xA WA 7|&gAT Hs)
Inconel Pb Bi
not void 1.019802 not void 1.020527 not void 1.020575
BOEC . BOEC . BOEC .
void 1.019753 void 1.021381 void 1.021423
not void 1.001399 not void 1.001951 not void 1.001971
EOEC . EOEC . EOEC .
void 1.001853 void 1.002248 void 1.002952
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