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Development of an Educational Monte Carlo Method Code
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Abstract
We developed an educational Monte Carlo method code, "S-Monte" for photon and neutron transport calculation.
By using Microsoft Excel VBA, the code is compact, intuitive to use, and has a user-friendly interface. Verification
calculations were performed for dose evaluation and radiation shielding problems of gamma rays by comparing with
the PHITS code. Benchmark calculations were also done for neutron multiplication factors of nuclear reactor cores.
The S-Monte code has an auxiliary function to estimate the positions and intensities of environmental radiation
sources. The code is open for the public, and is useful for both students and trainees.
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Fig. 1 Geometry of analog Monte Carlo calculation.
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Fig. 2 Calculation method of particle moving distance
in Monte Carlo method.
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Fig. 3 Angle dependent scattering cross section.
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Table 1 Elements and isotopes in library.

H, C, N, O, Na, Mg, Al, Si, S, Cl, Ar, K, Ca, Cr, Mn, Fe, Co,
Ni, Cu, Zr, Mo, W, Pb, 2¥U, 238U

Table 2 Group structure and dose conversion factors.

Dose conversion
Upper energy | Lower energy
Gr. (eV) (eV) factor )
(uSv/h vs 1/em?/s)

1 5.00E+07 3.00E+07 0.1715
2 3.00E+07 2.00E+07 0.1370
3 2.00E+07 1.40E+07 0.1110
4 1.40E+07 1.20E+07 0.0922
5 1.20E+07 1.00E+07 0.0818
6 1.00E+07 8.00E+06 0.0701
7 8.00E+06 7.50E+06 0.0644
8 7.50E+06 7.00E+06 0.0623
9 7.00E+06 6.50E+06 0.0597
10 6.50E+06 6.00E+06 0.0560
11 6.00E+06 5.50E+06 0.0530
12 5.50E+06 5.00E+06 0.0503
13 5.00E+06 4.50E+06 0.0476
14 4.50E+06 4.00E+06 0.0447
15 4.00E+06 3.50E+06 0.0415
16 3.50E+06 3.00E+06 0.0376
17 3.00E+06 2.50E+06 0.0335
18 2.50E+06 2.00E+06 0.0292
19 2.00E+06 1.66E+06 0.0253
20 1.66E+06 1.50E+06 0.0228
21 1.50E+06 1.34E+06 0.0211
22 1.34E+06 1.33E+06 0.0201
23 1.33E+06 1.00E+06 0.0181
24 1.00E+06 8.00E+05 0.0148
25 8.00E+05 7.00E+05 0.0127
26 7.00E+05 6.00E+05 0.0112
27 6.00E+05 5.12E+05 0.00979
28 5.12E+05 5.10E+05 0.00907
29 5.10E+05 4.50E+05 0.00856
30 4.50E+05 4.00E+05 0.00763
31 4.00E+05 3.00E+05 0.00632
32 3.00E+05 2.00E+05 0.00452
33 2.00E+05 1.50E+05 0.00315
34 1.50E+05 1.00E+05 0.00228
35 1.00E+05 7.50E+04 0.00168
36 7.50E+04 7.00E+04 0.00149
37 7.00E+04 6.00E+04 0.00141
38 6.00E+04 4.50E+04 0.00130
39 4.50E+04 3.00E+04 0.001195
40 3.00E+04 2.00E+04 0.000940
41 2.00E+04 1.00E+04 0.000453
42 1.00E+04 1.00E+03 4.22E-05
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Fig. 4 Calculation flow of S-Monte.
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Fig. 5 Estimation map of radiation source position.
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DHBER DT LROBIENRE 2 I TW5. S-Monte
WX HOIRBALD =%, RO 3 HEOMIEEZHET 5.

(1) $8%5% #4(pass stretching)

(2) v ¥ 7 b=V v b(Russian roulette)

(3) 7 F 1 Z' W (non-absorption option)

BB TIE, AT 2RBERREpE b LI, &
Wi SIS (1-B) 2 BME LT, i A A3 K & M ik 4 5 it
THLEORIGZEWS L, #IE»OEWERICEES 2
K HEled. —F, KNFORELWERET D, kit
DNEIR 2 R 5 A I XRA9) T, fEN TRIGT D%
BT BUGHIER b (1-pE 27 - TV B 72 (20) THIE
T5.

W' = Wexp(—BZ,t,). (19)
W' = Wexp(—BZ;t,)/(1 - pB). (20)

a7 yA—Lby hTE, R OER WH—EM W,
RN (F7 4V MEIK 105, TEICEETXD) ITho
Te GBI OB OB & 9 2 03E T 95 M A ELE
EEAVWTIRODFETHD. Ww, & ERIERL, & =
WIW, DEEITBIR AR T T 5. & < WW, DEEITH
TOEMEREL, TORTOELWE W IZRT.

FET T u SRR T, BaRKISHEWGS, k7R
WINE S ZRZ LTYH, RTrOBHEETET, Bl
Ni=E R, RToBHE#ETS. 2O, K10
BH WIZEIS WAL TNT A ETEST D.

3. WiEEE

S-Monte {3 HED 3 TG 21T 5 728, v Mt &
OV - D 3R + 7 £ (radiation - dose) 715, KfifE(adjoint)
FHEL, Bk o B £ (multiplication) FHE N FRETH . S-
Monte D FHHIEFESL Table3 IZF 5. Aa— FTHH
AlEER y BV ERHMEA O E T A 77 D B LTV D
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Ly RO T A ERRHAETA T T EAET
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Table 3 Calculation functions of S-Monte.
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(a) Calculation geometry of dose evaluation (vertical)
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(b) Calculation geometry of dose evaluation (horizontal)

Calculation Neutron+

) Gamma ray | Neutron
function Gamma ray
Radiation- dose © O O
Adjoint © O O
Multiplication - O O

©: Feasible. Library is available.
O: Can be carried out with macro cross section data or library.
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Fig. 6 Dose rate evaluation of environmental radioactivity.
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Table 4 Gamma ray current into regions [unit: 1/cm?%/s].

Location

. 1 0.0~0.5m 0.5~1.0m 1.0~1.5m 1.5~2.0m
in building

Upward 4.50E-07 5.51E-07 4.39E-07 3.25E-07
Downward 1.80E-09 0.00E+00 1.80E-09 9.00E-10
Rightward 4.02E-08 1.44E-07 2.33E-07 2.42E-07
3.2 EMETH

—i7 0.2m @ Pb ¥£721% Fe DI HFKRD LR ET D
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ENDRVWDEEZ LN, WSS FHE/ROEYE
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Fig. 7 Dose rate evaluation of radiation source.
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AT ZORETIE, S0 (core) DRI il fH #(control rod:
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Fig. 8 Core configuration of model 1.

Table 5 Cross sections for model 1  [unit:1/cm].

gl s | s | vi [50-9 [ 500
Core region
1 | 2.24E-01 | 8.53E-03 | 9.09E-03 1.92E-01 | 0.00E+00
2 | 1.04E-01 1.58E-01 | 2.90E-01 2.28E-02 8.80E-01
Reflector region
1 | 2.50E-01 | 4.17E-04 | 0.00E+00 | 1.93E-01 | 0.00E+00
2 | 1.64E+00 | 2.03E-02 | 0.00E+00 | 5.65E-02 | 1.62E+00
Control rod region (withdrawn)

1 1.28E-02 | 4.66E-05 | 0.00E+00 | 1.28E-02 | 0.00E+00
2 | 1.21E-02 | 1.33E-03 | 0.00E+00 | 2.41E-05 1.07E-02
Control rod region (inserted)

1 8.52E-02 | 1.74E-02 | 0.00E+00 | 6.77E-02 | 0.00E+00
2 | 2.17E-01 1.82E-01 | 0.00E+00 | 6.45E-05 3.52E-02

Table 6 kefr of the benchmark calculations (model 1).

Reference S-Monte

Case 1 0.9780 0.9774
(Void) F0.0006 F0.0012

Case 2 0.9624 0.9611
(CR) F0.0006 F0.0008
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HBRmIZ BCs KA Lichd, BENOZERMR R



BEMOE T A m BT PP 21— I S-Monte DR %

Fig. 9 ISR THRICHEB DRBED v BRERNRIT L 0 =T
L. FEITEROBE OR#Ear 2z U—1) 1Tk DH#L
EOEREYHLIEL, EMEEED TV (Fig 10 5
M) . S DICRFAE - BRERAa — RERBIIZFIAL,
BT ANBEOHRICERAT L E LMD,

Dose rate
(uSv/h)
0.4

0.3
0.2
0.1

5
m0-0.1 m0.1-0.2 0.2-0.3 m0.3-04
Fig. 9 Gamma ray shielding effect of building.
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Fig. 10 Examples of teaching materials.
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Microsoft @ Excel VBA # % Z & C, Excel % f]H
LTV EANDFEMZ ECTA A h—L{E¥ER L, S-
Monte OEWIENFIRETEH 5. S-Monte [T HEs ORRER
DOHRBIRONE L BMELZHET I2HELAEL TS, £
7o, FHEERO AT % XYZ EREIZIRET D70 & — & H
EHIIZ L, & 5612, Excel VBA OHREA HWTEMEIAR
BLOGHEREZ T3 2 888 b 35 LT 5 (Fig. 5
(b), Fig. 6 (b) &HR).

MATXSLIB-14 7 A 7 Z U /bR = — K TR H A HEZe

y BB B ORI T 7 AV ELERR L, #iFR O 37Cs 12
X AHBNOERBEDFE, Pb 721X Fe M KD IE
MEEHE 21TV, FHF4 PHITS & Ebilge L T 224 R 3T
MoFERES. £z, NURTIFOHRRAF~v—7
MIREZ AT U, A RO ROV TR Y REE
EITZAAHT EHHER L.

L%, REBREOHBFIHEMAT S L &I, S-Monte %
AR - BA L, BRIET ORSERIC L D ERREDOFE
MoOFEZEZREIZHLEAT23HETH 5.
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