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Abstract

For the current demand of radiation field dose calculation of nuclear power plant, based on the
Monte Carlo method, the rapid calculation method of radiation field is studied by tracking and si-
mulating the particle transport and collision process, and three kinds of subtraction variance re-
duction such as splitting, roulette and bias sampling are adopted. At the same time, MPI was used
for parallel acceleration, and the radiation field calculation program NPTS was designed and veri-
fied. 15 MCNP5 critical reference questions were selected to examine the correctness of the pro-
gram in the critical calculation more comprehensively, 4 fixed source calculation questions were
selected to verify the correctness of the fixed source problem, and verify the parallel efficiency.
The results showed that the relative deviation of K.; was less than 5%o, and the neutron gamma
spectrum of 4 fixed source models was basically the same as that of MCNP5, which verified the ac-
curacy of particle transport. The computational efficiency is better than that of the MCNP5 program,
and the parallel efficiency of hundreds cores for model calculation is higher than 95%, which sig-
nificantly shortens calculating time of the program and provides a reference and basis for the es-
tablishment of a real-time three-dimensional radiation field calculation system.

Keywords
Monte Carlo, MCNP5, NPTS, Spectrum

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

AR, BEE T SEHLI R AN S S HE 4 HEES pin-by-pin RS4RI TR, 52K 7 ik sk sz B AL .
EEST T AL N HE 2 AT IRONHEIG S BRI T SRS B 2 W S A S e, [E B FAR 2 E A AL
WA T 4R 2R st S, i@ bR i MCNP. GEANT4. EGS. MCBEND. MONK /%)%,
[ B R TR B R WY RMC F2/F7[1], HPORISE & A5 B TR Bt IEYERRI T & SuperMC F2/7[2],
JEm R S TR ECERT SO IEE T R B IMCT s 1Ol PR GG AR P [3]. 1 E = 4EA% SR B4 05
HAUE, RHZER R INEERIH SR =42 % U R I s . s s o ot TR E g in
R, PR N = AR R B A TR T A SR A TR, H T N R [4].

ARSCERR H AT = YE% SRS A S R R TRET R, SO = 4E R A JUMT RS, DU s B4 S
WA, BEFERTE, BREER TS SRt R, RS PO R AT A, R A
Z.ORBNE. eS0T Z RTINS, SRH MPLREAT AT IR, Bt REiE— &G T4
ST E RS R EAR T NPTS, JERH THRG7 0 & v 5 R 7T
2. e RSN

AR T e W E IR BRI AR, R RITERMBR M i i . X Thr. o7k
TR, 5K IR AR BN RS T, AR KRR RS rE A, RIS ke A
BEALAS ERUE AR MG T, (E Mg, bkl s, R E. A RONE N S e T
[5]1[6] [7].
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T B AR ANERL T (1 7 S0 AR T, MTRRLF 7 A B B 2 AR R (LB FE T M. BT, IHSE), R
P AR IS BT BE AT B LA (8] JEHRL T I BB IE N P IR RS HhAE . s e
Bl REEAEI AR 4 R GETHS5 . @ E A PR SR R EEER, TN T RO, R
VORI S B HE I FH 5 [9] [10]

2.1 HTHER

FEL T BB TR, P ADE T AT R 7 T AN R AR AR AL, 0T s 1 AR DL 5 0 2L
TR AT A, T LA OB, g A R AL LR, iy AT T AT EE R s A
RAREAE, AL s 28 s +ds i) A AR 58— RRERE R p(s)ds A

p(s)ds=e % ds 6]
Hort = 2 % U P9 (R 5% 10 2 D0 AT 8 PT DA SR AR DA W o o v 5 A — VR RIERR 138 TRATRE
RARQ)ATI, ATLMFRI b7 OB L, R A R B N R A -

E= _[O' ez ds=1-e™ )
Horh g c[0), WIRARAISIUM [0.0) BEHLIIL A & A, T 24 5R(2) i LA oh TRy AT B
<, FNI- M EHN[0N MBI, BT =-ine.

DL RIS R R VAT AR, RIS A 1 “TedAs R R, DR SEHR
F Ray-tracking 77750 CAT I FEREATRSHEL, HFE RATEE S . Ray-tracking 7771 32 BIE B NE Z 5 FERL T
S AEZ)Z AT A R AE RIS 1K 5 vk rf s /AT BE B RIS A I A B [11] [12]. B R FAE RGP AL TOIRES
(F, E,Q,t,w) o AR FAET WIRAETT I Q B8 AT, 15 AT S AR AR, A RATEE R

f(|)=zt(r+|§z,E)exp{—ljzt(mlfz,E)dl'} (3)

FZRET, BRATEXNSAAE., ATHRE B ESEIATEEL R LR A RkE 2 B
B 77 sSCEEAT A2, R, DONFERFE Ui, MBS E0E — 2. XL ) T A 7 st AT B
A NRAEITE, @) ps:

IIZt(rH’Q,E)dI’—)kiZHIi+2t'k(l—klli) 0
0 i=1 i=!

i=1
Hob KRR S <1<, Hol | T LR AR R
i=1 i=1

Pl 1 gk T GATI 55k 22 J2 A0 IR 1977 2% P P ray-tracking 77 BEAT T BER , 06 R85 — AR,
EEBENLAL 2 (& M[0L) EWAI AR IBENLEY. 765, & B A FaBEE B =—n /5, . #51<1, A
N TAES — AR AR AEREOF L ATEEBSN 1 21> 1, MR TS — R AR R R Al
B AR AN B AT B 1 2 AR RITAL, FEAE R AR FFIATIRE, B A e R L T
EEHIR AT H.

2.2. AHEEIERA
AR T A BN S LT AR AR AR TR, 3T SRR B DU I AR R EAT Sl A AL -
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Figure 1. Schematic diagram of neutron flight
through various layers of medium
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Figure 2. Monte Carlo Method for particle transport
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3. THEIhEESCIY
3.1. EERTEIhEE

FF MC J5:1) NPTS #2755 (Neutron-Photon Transport Simulation program), 7E4b ¥ [ 5 J5 1 5 f
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Figure 3. Fixed source computing flow of NPTS Program
3. NPTS BFEMEEIRITHERIZ

3.2. IeFIHEIhAE

FEPIEATH R, NPTS T2 7 SR b 778 SN HE A ARG B 1) L, A AR T 53 32 23R o 4]
4 .

e 5 1) i LASR AR K JRFAE,  BIORAE TRz 7 FE AR AEAE . TH 5 K AR THE — BB 7 Py
REF AR RS TR P24, Horh — AR h 7 0 S AR A, SRl it 7 3R el R AR R
R BLEEH .

33. MAERTT

FE SRS A P72 B0 e W A A gt S T B2 v SRR [14]. NPTS R 7 ilad R e A fl

TR R
(T)=[dr[av[dtN(F,v,t)T (F,V.t) (6)
Hor, NOWREFHCEE, T iR
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Figure 4. Source iteration process of NPTS Program
4. NPTS BEFIELIRIENITTERE

NPTS F&/F i BRI /2L R w55 = 280807 Z 0I5 [15]. U143 24nT Lodd o7 73 240
A e i b o TR U S R g e o (A AR (1 e S A Rl E I X G AN b e AN R G
KGRI, 38R 4, R FRAOR 7 ALE, IR FERL B AR, CRUETH RS R To W, 10772
W E imp (EE) Rk 20T 2 H i @5 B nT e AT X I Gev, R R E K X 5k
HENE BN XS, R Dh— 2 MR AT, AFIERLFRCER R, IR FRRL T BB AR, fRAIE
TS RTo o VR ) 7 ) O (25 5 5 22 (009050 b [ SO R P 77 ), e R ) e O 2 AV P - LA
XA, AR RE RN T8 5 F AR SRR IRAL, e e i 38 R € in 25 A S TT
WA TR T B RE, BRARRL TR R 72, PRUE T4 R To -

3.4. FTHHESH

H B FH B AT g A2 D AR AER MPI AT OpenMP, % & OpenMP - E 4t 8 F 41 I 2 #%/% CPU
HATVHE, T MPI [FIR YA 2 & EHURIF AT, TERURE DT aiPEecs, 508 NPTS #2517t
FEF R, EHGEFEH MPI FATER, AT FER A 35 A K (master-slave mode), master 272 51 57 252 |
BUR BRI R, RN 2500, slave #EfE R sr it Big i f2 . BARSEIL b, OBNEHESE R ik
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KT B 28R AT ER G, B TR E T EE, BRI Z RS 54 CPU )
Mart, MRS KITHEAESS[16] [17].

THEIFARIT, BT 3R (R I 4 N ST B N SO A 2 380 0 b S LA T A58 + S8 )5 ik NARTE 3L,
master ()R TS FHBURATS, slave (T)FEIEZATS, ENERAE TG — A7 r=E—1]
LRBEHLER) TAE: 3 PR i g — AN AT 54 slave ERRRAICER B 15 B SRS RR
%% master 3EFE, master BEFENCEXLE(E R, WIHAHEE, NF—MUEEAES .

4. WHEENER SR
4.1, ImFTHEAE

NP NPTS BRI ST 5005 T ) 1) B, 3% HX 15 > MCNP5 & 717 1 I A i AT SR . I
FRIEVE RAE AR 53 J5 THHR 55 1 I8 [ SHE N I RE DL B ST E A R, R v e P X R G U
Pu 4 J&8 S LA . BTG ST, SRR AT R . B RS I SRR AE 77, TR R R
TR T RACERTHE D Re, g RN 1.

Table 1. K¢ comparison of NPTS and MCNP5
52 1. NPTS 5 MCNP5 B K XFEE

it MCNP5 Std. NPTS Std. FEXT Ml 22
FLAT23 0.99852 0.00072 0.997880 0.001131 6.41E-04
FLAT25 1.00165 0.00061 1.001976 0.001110 3.25E-04
FLATPU 0.99967 0.00069 0.999037 0.001014 6.33E-04
FLSTF1 0.98400 0.00122 0.985318 0.001715 1.34E-03
GODIVA 1.00070 0.00065 0.998741 0.000982 1.96E-03
GODIVR 0.99826 0.00075 0.999042 0.001252 7.83E-04

IMF03 1.00281 0.00063 1.001715 0.000968 1.09E-03
IMF04 1.00722 0.00062 1.006552 0.000954 6.63E-04
IMF06 0.99702 0.00061 0.996337 0.000963 6.85E-04
JEZ233 0.99965 0.00059 1.000083 0.000911 4.33E-04
JEZ240 1.00017 0.00057 1.000197 0.000846 2.70E-05
JEZPU 0.99990 0.00061 0.999331 0.000883 5.69E-04
UMF1 1.00042 0.00059 1.000697 0.000873 2.77E-04
UMF2 1.00018 0.00059 1.000055 0.000940 1.25E-04
UMF4 1.00471 0.00058 1.001943 0.000900 2.75E-03

MR LR ATUE X 16 NSRRI S i H 5, FEriH 545 R 5 MCNPS I SEEYI &
REF, LI SR Ko AHXS W ZE 29 /NT 5%0, 0UE 1 %A% 5 AL BRI 5 v ST RE A IEBA M

42, FITHETES

p104 A Ay [ HIKE 40 H 524 D RE T (AE = 0.01 MeV) R ELEEAY . KRR F NPTS 5 MCNP5 X i% i 7l
HEATREIS S, SR 5 AR, ATLE R PIRE TS AE R A 3, ARSI ) NPTS F2 i1 5
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Figure 5. Comparison of Gamma-ray Spectra from different programs
for P104 model

5. P104 IRBI A EEFH FMD e iL s Rttt

it — S H R FEAT BRI, JeF Bk P104 B3, RAZEIFE T NPTS 27 31T H AR
WAk, AR BIAFIATZECT BTHEI 8] 5 I RAT 2R, IHREERIE 2 fox, WIFTTHHRAET DA 1,
BB AT ZEE I, JFATRCR YT 95%, M 1 i SERIReR.

Table 2. Parallel efficiency of NPTS program
= 2. NPTS BEFHITHE

HATIZHL TSR] (min) FHAT R
1" 655.00 e
2" 326.50 100.3%
4 163.06 100.4%
8 82.26 99.5%
16 41.32 99.1%
32 20.64 99.2%
64 10.29 99.5%

1287 5.20 98.4%

VE L WRETHER A, 1R 2 O AR e AR, 2 2 tp I R S R R RS 2 NREROF
1T BB R KT HS 8158, 128 Bt EAEA S B R 6 %, 4% 2 Tk B[R] 4 5 S (R SRR AL

4.3. BEEIRTHEEIES

Be08i #5710y Be #1B}h 118 (AR, i MR T LA A3 52, DA [l o BRAAAE x el 7 17 0 (B A P A
Wl 6 Frnga th XY iR K, A RE R A AT, JRAhRE R 2%, BE T RN, MEMBER .
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Figure 6. XY section of Be08i model
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Figure 7. Comparison of energy spectrum results from different pro-
grams for Be08i model
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Wik 8 s

PR A ST e an 4 9 B IANMRIF TR A SRIE AR —S, NPTS #2275 MCNP5 #2715 45 5 AH
X} i 72 AENHE 5K 7 EUAEL Tl 22 AR /N T 2 4%, PR ARG i 22 B R 400 (B 55 Tk EUAB M 22 35 /N T 4 4%

FEO9i #H7 Mk T8 b iR, ZAR AR 5> 45 5 Be08i — 3%, UM C20i AL, PIANFEF
ZERXT LA 10 Fom. AR RS Fa A A —3, NPTS #2/75 MCNP5 F2/7 11545 FAH X i 2=
Y STk VA LU w22 5 ARAE 3 f5 22 LA, R AEDO i 22 B R A8 WHE 5 Ik v LU B I 22350 /T 4 % .
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Figure 8. XY section of C29i model
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Figure 9. Comparison of energy spectrum results from different programs
for C29i model
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Figure 10. Comparison of energy spectrum results from different programs
for FE09i model
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Figure 12. Comparison of Gamma-ray Spectra from different pro-
grams for SKYINP2 model
12. SKYINP2 158 H 55 i 5 gE i 45 R Xt
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