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Fig. 1. (color online) Core cross-section of BEAVRS: (a) Fuel assemblies showing enrichment loading pattern and burnable

absorber positions; (b) instrument tube positions; (¢) control rod and shutdown bank positions.

(a)

B2 (MTEE) IMCT BAEEME () BORME KOS BUKBR; (b) WX 0y 2s S a8 A (o) HECHS P X B
Fig. 2. (color online) JMCT Model of BEAVRS: (a) Fuel pin and spacer; (b) fuel assemblies with the guide tube;

(c) core cross-section.
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Table 1. The eigenvalue for the HZP condition comparisons.

HZP RAFEHIFEREAN & S0 % / ppm IMCT 5 Ko 18
ARO(AIll Rod Out) 975 1.000479+0.000030

D in 902 1.0021740.000030

C,Din 810 1.001419+0.000032

A, B,C,Din 686 0.99991740.000032

A, B, C, D, Sg, Sp, Sc in 508 0.9983810.000032
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Table 2. Select control rod bank worth comparisons.

HZP RSFE S H4E N & SRR / ppm WEAE /pem MC21/pcm JMCT/pcm
D 938.5 788 773 770
C with D in 856 1203 1260 1258
B with D, C in 748 1171 1172 1162
A with D, C, B in 748 548 574 578
Sg with D, C, B, A in 597 461 544 543
Sp with D, C, B, A, Sg in 597 772 786 781
S¢ with D, C, B, A, Sg, Sp in 597 1099 1122 1107

R3O RPVERE RS R R

Table 3. Select isothermal temperature coefficient comparisons.

HZP REEFIERA  IGARE /ppm WEE/pecm-°F~1 MC21/pem-°F~1 JMCT/pcm °F—1
ARO 975 —1.75 —2.7 —2.2140.06
D in 902 —2.75 —4.3 —2.99 4+ 0.06
C, D in 810 —8.01 -9.1 —6.22 4 0.06
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Fig. 3. MC21, JMCT and measured results of radial detector relative power distribution (RPD) (axially

integrated).
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Fig. 4. Axial normalized detector signal: (a) Assembly B13; (b) assembly D10; (c) assembly C5; (d) assembly

L15.
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Abstract

J Monte Carlo transport code (JMCT), a new three-dimentional (3D) Monte Carlo transport code, is introduced
in this paper. The code is developed on the basis of 3D geometry infrastructure JCOGIN and composed of multilayer
modules. JMCT is capable of simulating the collision of particles with multi-group energy or providing energy data
libraries. Two forms of parallelism supported in JMCT are domain decomposition and domain replication. The code
has very good expansibility. JMCT Monte Carlo results have been compared with hot zero power (HZP) measurements
of BEAVRS benchmark model from the MIT Computational Reactor Physics Group. Included in the comparisons
are the eigenvalues, control rod bank worths, isothermal temperature coefficients, axially integrated full core detector
measurements, axial detector profiles, etc. The eigenvalues for the HZP condition with different control rods positions
and boron concentrations are calculated and the error is less than 0.2% compared with the theoretical error 1.000. The
results of JMCT for isothermal temperature coefficients are also listed together with MC21 results and measured data.
Each calculation for the eigenvalue is run by 1000 cycles in total, discarding 600 cycles, tracking 4 million neutrons each
cycle. It takes 5.3-5.7 hours to run on 200 CPU cores. The JMCT results of axially integrated radial detector relative
power distribution (RPD) and axial normalized detector signal are compared with the measured data. Power depressions
from grid spacers are clearly seen in the JMCT results and accord with the measured data. The JMCT results of axially
integrated assembly RPD power distribution are in good agreement with MC21 results, the maximum difference being
3.173% for 193 assemblies. So is the result of pin power RPD relative power at the axial elevation of peak power; the
minimum relative power RPD 0.278 of JMCT is comparable to 0.283 of MC21, and the max relative power RPD 2.422
of JMCT is comparable to 2.452 of MC21. The calculation for RPD is run with 3000 inactive cycles and 5000 active
cycles, tracking 4 million particles each cycle. It takes about 4.8 days to run on 200 CPU cores. Shannon entropy is
used to demonstrate that the fission source distribution is converged after 3000 inactive cycles. With the development
of computers and parallel computing, the Monte Carlo method can be used in reactor design instead of benchmarking

other calculated results.

Keywords: pin-by-pin, BEAVRS model, Monte Carlo, J Monte Carlo transport code
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