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Neutron Flux and Th-U Conversion Ratio for Graphite-Molten Salt Reactor
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Abstract: The molten salt reactor (MSR) is the only one liquid-fuel reactor in six candidates of Genera-
tion IV advanced nuclear reactor, which is characterized by remarkable advantages in safety, economics
and sustainable development of the fissile resource and proliferation resistance of nuclear energy. A de-
tailed computational model using the Monte Carlo code MCNP5 is set up, in order to study about radi-
cal/axis neutron flux and the influences of the reflect thickness or blanket thickness on the conversion
ratio (CR) of the Th-U fuel cycle. Main results obtained in this calculation show that; (1) The neutron
flux distribution of the graphite-molten zero power reactor core is relatively smooth. (2) CR will in-
crease with the increasing of the thickness of reflector and/or the thickness of breeding region in a cer-
tain range and when it exceeds this range CR cannot get increased significantly.

Key words; molten salt reactor (MSR); Monte Carlo method; MCNP; neutron flux

MM SR R HEEBRKISERLRE — W R ME— 0 — SRR R N HE . R
(Oak ridge national labtoratory, ORNL) #& H "7, 5 Al 3 Y e K AN ) 2 HE SR i A A S AL B
Hi T b 7 2 B L % S RL R 1 R [ A A A F AL B 45 AL W B B BN B RS B S A S A
KRR AL IR IRCR S B RSO R AR D T A v A R R R AR SR
M2 E PR AZRE R S IR DA E PR A A ELIE R A A 1 AR RS L A HE
REIE IR (GIF) B 2 6 FES DU S e HE R 2 S SR B SR o3 — 55 B0 6 0 [ (A AR 52 o7 HE i

E&TH . EE LRS54 (201004811400 ¥ B35 H 5 5 58 AT 28 AL R R 2= LA BHIDL 55 3% % WURHIF (Y 1065-063) BF
BImE .

i HHA:2012-01-06; 81T HH1 :2012-03-20

BINEE A BORk B B 20487 . 1978 4F H A2 ,E-mail : tangxiaobin@nuaa. edu. cn,



776 (2RSS TS S NI S (1

RN

SRASTR] B A Dt 3L Xof 3 B Je 6 s oy M 1 4 B 5 3
IS LA 1 9 s 2R U T HE S N i
T ia T A RME R A Gl o B T SRR
B 7 B E R DE I SR S R ) R Mo
o A DL A IR S Th-U #4 [
(Conversion ratio,CRYB KR , A K E 5 )5 I RIE
MR S I TAE IR S %,

1 AE-RETFIHREERE

1.1 REHEEK

A S T I R — MR A R, R
(I AN A DURE FRRE AL JERRMTI SR Sy B R
B ARV HE N 4 195 mm, HAE 4 340 mm (1)
] A4S s fln e ] SRR IR Dy 30 P DX A R 3 B X
(TRIPR G FE XD R R V22 Bk Z
1.2 EHEREFEEER

T P AR RE R I RLZ0U Sy 32 8 25 bR 0 %
SRR SRRE Ry B i 43 BN 3R 1 s s BARHE T
HEF R A IE S 0 b AS 4540 . Bk = Z A fE K
800 mm [ 7500 S84, AR 30 mm, IR
20 mm, f7 S N BCE A B E R 40 mm DL#R
BB IR e 5K B 40 mm £ BB, TEMEX
Il A 5 P 55 0RE B B2 HE B O 2 T s AR 1
()R, 10 BRI A 10 Sy B, e iR b —
A SR R T 8] B HE 51 75 =243 4 800
mm {5 T DO L Ak BB A X TUART 45 A8 5 2 X
— B DX AE 3G AE XA AR A R A e SRR
He RS B B 3R 2 i . HAEAR A R4
PRI S A BB HILRA L1 52: 0,1
S A AL SRR BRI BT

1 OEERBREEES

IRy J5 ik o 4
wy 0.112 487 1
@5y 0.011 630 547
‘Be 0.160 072 239
VF 0.715 810 114

F2 HEEXESEM B

"Li 0. 048 562
‘Be 0.001 757
B2Th 0.610 749
“F 0. 338 932

1.3 REE.ZRERRE&KE
A1 SRR T R B R BN WA T
P X 5 XS g B A o AN IR B

RN R e Y =N A e D= D) 3
725 mm. N R R EEE Dy 630 mm . il 5 R
J¥ 8 100~600 mm . St i)z dr i 5E M n R h
700 mm, 75 2 5 2RI AR 0] N AR 35 D B
T 5 04 195 mm™ 10, S s AU M R 4
7R B E A 1 (b, o) iR

40

720

725 3 700
-

700 630| 1200

(c) #4 b HE A 120 2K T P
LR e s 2. A1 B S TR PR IX A7 3. 5 UK 4 BRI 5
5. 1k X L R IX 5 6. AT
BT - 5h % D SR A5 R R

2 HEERESH

2.1 PFEEIHE

AR SCR SR R % 7 S0 AR e 2 56 [ 3 347 BTt
BT [ 52 S 56 % T B S8 O PR T s AR
MCNP5, A TR T IBM & tEREIF A7 1157
-5 .l PGT O3 £ 5K 4 7% B MCNP 2 /7 5¢ 1
MRk %5 %5 B E 2 48~ Red Hat Enterprise Linux,

A EE X s (D AN AR AE S 5 DX A2 T
DX BE 5 (2) 58 58 DXCIRRE 4 O B BERRRL | [T R 35 1



%6 3

D et - 45 A0 SR M SO R 3R RS T A B e L

T

HE 5 X B R 600 mm AR, B AR T M X R AR
A 7 A6 TACHE B DX RS 5 (3) 34 B X R B Ay B JE SRR
H5ABYEHL R - 1, B G S XA RE
JE 600 mm ANAE , PR I P X AR I AR A8 20 B
DR, 3 iy AN ) 15 D0 R 38 Koo TS5 R AN
3R,

R B I K 21 3 RS T
ZHT I HEAT b S A IS DTSR . X 3 A LA
SRR - D) AN A7 LE S8 FE X 3, 6 88 06 M X S B R
410 mm , HAG R 5H ZE0H 1. 007 675 (2) &1 H %
RSB H 1 1.k B M X R
510 mm , 458 X JE B2 90 mm , H AT RO 5E R 50k
1..005 735 (3) HGFH DX AL X 42 Sy &1 FE SR RE | 32 BTG

P X3 R BE 540 mm, 858 X R BE 60 mm, HAg
WO RN 1. 003 8, HHELERILE 2,

W 2 ) JIT 7 o 76 TGk 15 5 DX oy HE P L 55 A
A H0 200 mm A AR () PR A Dl 4. 9 X107 R
FH/em® . G 2(b) 7 » B L (50 96 38 58 X 2 ]
HE PN B S HE S 0 200 mm Ab 42 18] T E
4.0 X 107" R F i /em®, W 2 (o) frR, & &b
(100 %) 388 78 X )52 0 HE N I 5 3585 vty 200 mm 4b
(4% 1) o T A R 3. 6 <10 KL 4L /em?,

F 4.5 4 B HER AR 1) b ) Ol OR Yy
SRS TR AE A AT T AR G B XL A (50 %0) 3
BELIX LA gk (100 %0) 38 7 X 3 Ffr 475 00 T 52 17 3 ) e
KAZ [i) 73 A3 A 5. 31X 10 KT H/em?

K3 AE-RETHEHKITEER

PR X 4% /mm 350 360 370 390 410 420
TR B X 0.913 05 0.922 58 0.962 91 0.974 78 1. 007 67 1.018 46
— 2 LR 0.747 89 0.759 07 0.818 14 0. 829 92 0.873 9 0.893 51
e R
P X 2K 42 /mm 440 460 480 500 510 520
JC ¥ B X 1. 028 44 1. 056 44 1. 063 85 1. 085 41 1. 089 48 1. 097 15
2 g RO 0. 907 02 0. 947 65 0.962 42 0. 996 75 1.005 73 1. 022 26
S5 FE R 0.886 32 0.929 63 0.943 39 0. 966 38
15 P X 242 /mm 540 550 560
Ay A LI 1.003 8 1.010 68 1.024 91
5.400E-4 60 4.550E-4
4.590E-4 20| 3.867E-4
3.780E-4 3.185E-4
pe 297084 200 2.503E-4
[ ! ) 2.160E-4 £ o 1.820E-4
Y. 504 ~ ol 1.138E-4
5.400E-5 4.550E-5
-40
L ) ‘ T ‘l. ) ‘ ‘ -60 ) . i . )
-40-30 20-10 0 10 20 30 40 -60 40 20 0 20 40 60
X/cm X/cm
(@) AEHEXE T FRRA (b) A 4L EEARRHRS0% 054 T3 A5
60 1 430084 i 000053 R TR o)
40 3.655E-4 % 0.000 25| .- + Jnét (100%)
a0l 3.010E-4 H; 0.00040} _~" .
g 2365B4 - Z 400 358" ™
S 0 1.720E4 W 0.000 30} “:;::113321::211:—;:‘,.
> 107584 = |t Hig,
20t 5 0.000 25) 4 Iz,
4.300E-5 # 0.000 20} 1
o1 = 0.000 15}
00 40 20 0 20 40 60 = 0000105720 30 40 30 60 70 80
X/cm U [ 5/ em
(c) EELEMBIER100%H T EE 1 B @ HEBH T FRRESAE

P2 A sl R 2 Dl RO S T 1 3 A [



778 RS RS S D NI a4k
R4 EEFTEERTIHIE 5 R s R R SR 9 =i R O DA NS i
T EE /Mt / BeK A/ TS SR 2 JEE B AT AR RCHR v S g HE Y e 48 L A T
A0 " eem ) A0 eem ) P X EA2510 mm B FE X AP 242800 mm (1) HE h 3
AR 166 POl ST b R S R R A R e S
RO O R ORI A — AR R R
4 R SRR A CR TR Z5 SR AN 3,4 iR .
®5 WEATFEERAHSE xi_
T ]?f/J\ﬁ/; %k{ﬁ; < 0.395 -
(10" eem™* (A0 'ecm ) 0.390 -
ToHg5E X 3.30 5.12 1.128 9 & 0385k
COPELIEMEE 215 327 L1276 " sl
OB R R 2.07 3.12 0.813 2 0375 1
0370
4.50 X 10" i F 8 /om? J% 4.25 X 10" i F %/ ozest *
em?, MHER L E)EE BP0 200 mm, 3 FE T 5 10 15 20 25 30 35 40 45 50 55
; R EEE/cm
PN WO A 1o 1 RGBT R T 712 B3 ek SEMRREER 50 06 I % e L B I 5 2 B A5 1k I
12.5% .18 196, B st A UL JC B 94 B X 2 7 HE 11 42 -
o) 380 J 43 A7 L 5 390 DU 3 F 4 1 o T welr
P-4, 5 L (5016 ) 14 A X871 % i o T osol
AT EG L (100 Y6 ) 15 5 X 52 1y HE 1) 48 1) o - 38 059
=i TR i 058 F
a2 (d) BT s 7R HE S 5 Bl A & & o057}
400 mmAb 5 B H - o A K . H Bl b 0.56
DA BE X RR A A . B384 5385 Hit B A 15 1) B 055
W57 hFEEAYSESHK 5K 5T 3 0.54 |
Rl HESEAR [ ol e AN S BEZY O 1.5 HL e o 03359015 20 25 30 35 40 45 50 55 60
T ARSI EE LY 1. 1, AR T A P 4 e [ BE /em
RS- () LAl HE S 3 LA 0 B S M AR R 4 B4 FUATRRSEIRRHE 100 V4 I He U B I S5 2 I g 25 )

AN X R R 3 B A - BR T R HE B E OO HE
WH oA R L 5]
2.2 Th-U #i#ktbitE

P2 Th J& KARAE AL W 7 5% A% b RL B A7 3k
)5 ) e 4 i o BB AR AR UL B Th J& —
Fa] DAAE A R AR il 2 AR Bk 5 1) T 22 BB IR R U L 0
ER HE ] DUAR 47 R 22 Th S 98k A, T
DIAE Ry 34 FE SRR T . Rt 8 3 HETh-U CR 13t
B HE S IR B OCHE 2 B R SO HE
BRI FE — > S RS AR T Bl 7 AR R Y B AR
AR - H

X FHEERHE . Th-U CR BT
AR L PP U A=A R Pu

HAER U

2.2.1 RAVEBRET B Hm

20 HE 1% B2 2 EH — 2 FCE R I A W A 7 T
IR AE B FE R B CUn Ay 88 458 A . BT s 382 1T DA

CR=

WE 3,4 7R CR Bl A& ST 2 0 J5 B2 14 in ifi
s AR BE 2 B 5 R R BE B 3G, CROAY 3 38032 i
RN S 3K SR PR O 20 R )2 R R B YRR B
BRI KR A3 v 78 B3k St J2 41 01 53 5 T LA
SRR [ 25, it i R B O DR 2 3k ] 7485 M e
SRR MG AN b s LA R
CR WJLFPAAE,

2.2.2 BERFEIEBILG YA

FE 3% M X 242 O 510 mm, [ 4 2R E N
400 mm [ JLART 25 #4) (%) HE 05 B Al b, A W7 o5 A8 1 A
X AP A2 TN [F) 38 58 X B R 3 5L (50 V) i Er
EL(100Y0) By CR, HHEL WA S5 .

WE S Br7R  CR Bl 5 4 58 DX 5 32 B4 14 i i 34
T s AFLRE 36 3 BB DX JBE 88 o L o g R /) 5 2 4
B X P R B 14 0 3] — 2 R BE R L CR B4 LA
AR o 3K B[R Sk 2 1 B X JER B 3 0 3 — a2 B R R Bl



%6 3

DGEk - %« A s RN R MR P 0d 5 R e 4 e 779

08r
071
0.6
05
04r
03+

CR

02}

o1 —— 55 (50%)
T —e— 4t (100%)
0.0

0 5 10 15 20 25 30 35 40 45 50 55 60
HEFH X #2242 /cm
Bl 5 gL-%h CR B 58 X 5 5 A8 1k K]

BRI RER 0 Hp 1 DR G DX PN S A7 The Jir I
W T SR AN T4 B8 XA SRR AT 0 6 A DX A
Th K WSO 2 5 AT AS BE e A e fheid 2

3 & i

AL SR B L MCNPS i T HL L
A1 58-I R T R HE I HE S B S O AR A ST
TR HE A R RE TG A LB RE ST 1 A R R RS Al
B )2 DA A B B i 2 0 A 285 F A L O 7
IOAS TR f S Ay | 58 B TN A AR R TR M HE
W F 3 A0 A Th-U B4 Lo 45 4 2 5 0 3T 5 0F
58, EEMRELMT -

(1) A7 S5 45 56 % Dy A HE Y o 30 1 0 A F D)
RO AT BN S H B AT AR SR R X AR R T
TN HE [ 4 2 S8 Ul D T RN HE L 6 A AN E
R MR R .

(2) 76— & J& FEJE E W, ) HE R Th-U CR
i S5 S5 )2 V0 496 B DX 22 DR e e o L3
TN 35 S T U /N o 24 S R R R A X 2 R
3t 1% T Bl SN HE B CR OB S 15 Bl S 5 )2 IS R A
B DX J2A TR R A B i B . A&l S TR L TE
P XA 510 mm, SO J2 R BE 400 mm (% JLAR]
S KL 10 HE S FERE b AN T AR G X AR AR 5
A TR 16 5 X JBE BE R A At (50 %) R 4L (100 %0 B A7
B IR R TR HEMCR 7T LIR30, 75, $2 55 T A%
WA

S E k-

[1] Rosenthal M,Kasten P,Briggs R. Molten salt reac-

tors—History ,status ,potential[ ] ]. Nuclear Applica-
tions and Technology.1970,8(2):107-117.

(2] BROCHR BRBEIE XU 5% L 55 B0 MG & 08 36 k9 B3 35

TiER R B e it L1 R F RE R = R, 2008, 42
(12):1103-1108.
Zhang Dalin, Qiu Suizheng, Liu Changliang, et al.
Nuclear calculation and program development for
molten salt reactor [J]. Atomic Energy Science and
Technology.2008,42(12):1103-1108.

(3] BKBEIE . 5RAAR, 95 0 L 55 7 ML 2 0 0 3 1) [ 22

Sk JRH 06 O B R BB S LT ). R T RE AL A R,
2009,43(B12) :64-75.
Qiu Suizheng,Zhang Dalin,Su Guanghui,et al. Re-
seach on inherent safety and relative key issues of a
molten salt reactor [J]. Atomic Enery Science and
Technology,2009,43(B12) :64-75.

[4] James A L. The fourth generation of nuclear power
[J]. Progress in Nuclear Energy, 2002, 40 (3/4):
301-307.

[5] David Le Blanc. Molten salt reactors: A new begin-
ning for an old idea[]J]. Nuclear Engineer and De-
sign,2010,240(6): 1644-1656.

[6] Ignatiev V. MOSART fuels and container materials
study: Case for Na, Li, Be/F solvent system [C]//
Proceedings of the 2003 ANS/ENS International
Winter Meeting (GLOBAL 2003). USA: Hyatt Re-
gency,2003.

[7] Nuttin A, Heuer D. Potential of thorium molten salt
reactors ; Detailed calculations and concept evolution
with a view to large scale energy production [ ] ].
Progress in Nuclear Energy, 2005,46 (1):77-79.

[8] Delpech S, Merle-Lucotte E, Heuer D. Reactor
physics and reprocessing scheme for innovative
molten salt reactor system[]]. Journal of Fluoring
Chemistry,2009,130(1): 11-17.

[9] Merle-Lucotte E, Mathieu L., Heuer D. Influence of
the processing and salt composition on the thorium
molten salt reactor[J]. Nuclear Technology, 2008,
163(3): 358-365.

[10] Mathieu L, Heuer D, Brissot R. The thorium molten
salt reactor: Moving on from the MSBR [] .
Progress in Nuclear Energy.2006,48(7): 664-679.



