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Radiation Damage Simulation and Analysis of TMSR-LF1
Functional Channel Alloy Sleeves Based on Monte Carlo Method

LIU Yafen, YU Shihe, YAN Rui, ZHOU Bo, ZOU Yang, CAI Xiangzhou
(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)

Abstract: 2 MW thorium molten salt reactor-liquid fuel (TMSR-LF1) contains 7 alloy
sleeves for isolating fuel salt in the functional channels. Functional channels are located in
the graphite components of the core and suffering strong neutron radiation, leading to the
greater radiation damage. In this paper, the radiation damage for the alloy sleeves is
calculated and analyzed by MCNP based on the multi-group atom dissociation cross sections
processed by NJOY-2016. The characteristics of neutron fluence rate distribution in the cells
and sleeve of the central channel in the central graphite component of the core are analyzed.
Displacement per atom rate(Rppy) and transmutation helium production rate are calculated

in detail in the 7 alloy sleeves according to the fluence rate distribution results. The
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calculation results show that the maximum value of Ryp, in TMSR-LF1 core functional
sleeve is 3.0X 1077 s', at the central plane of the central sleeve, in the direction of 225°.
The maximum value of transmutation He generation rate is 2.43X10 ' appm - s '

(1 appm=1X10%), and it also occurs in the center alloy sleeve. The research conclusion has

important practical significance for TMSR-LF1 design and core optimization.

Keywords: TMSR-LF1; radiation damage; neutron fluence rate; displacement per atom

rate; transmutation helium production rate
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Fig. 1 Schematic diagram of TMSR-LF1

010601- 2



XM SF 4% FEFSERRR P )ik TMSR-LF1 Dy REALIE & 4 68 (0 48 R 15 0L 5 40

5100

FW T, N HBRA N 237 cm, HE AN
320 em, HESIE M XA F LT X EMRZE, H AT
A FLAE B A SRR 2 T A, AR ) 43 S R e 1 AN AE
SR AT SR AN 3 12 A B A SR A 5 Bl )
KR 5 R R A B AL, A SRR B AR
BHERFLIE ATy B AL Hob  BORHERFLIE A 244 A,
WIEEAAA 4 cm, FE DR 10 em; DIREFLIEA
114 1) 1 & 7 S FLGE A F b o £ 854
o, AR A T A1 BB T A R b, MRS M X ELAR A
M 230 cm, HELA K 180 cm,

HE S 32 A7 B R RE R 43 BT LIF (65, 00%0)
BeF, (28. 34%), ZrF, (4. 72%) , UF, (1. 55%), %
A BRORE U, R 19, 755, Li FE N
99.95% . 640 CH, BARHEE BN 2. 345 geem 7,
AL A B BE B My 1. 785 geem L, -3 4k BRI K
ABN 3.49x10 "K', BB A DR E N
630 °C ., HREE A 650 C.

1.2 iH&AHZE

AL FERHFER KPP MCNP Xf
TMSR-LF1 b A s & & E5E M h -+
B RR 0 HE AT BEEL 5 43 BT, MCNP J2 36 [ 3%
bl Bz = B B K 92 8 %= (Los Alamos National
Laboratory, LANLD H A THERY LK
KM EH 2032 hn sy, THT
TR T BT R A s ), R
TG AR 0 CRLAR R & 48 Fn i Il 7 &R 48)
4 11 S AS A, 76 A% BB L 8 IEOBE L R o 2 R A
AW SRR T B Y T R
Z B o AR om o & T O M Bl E
ENDF/B-VIL 1, ] NJOY-2016 # i fin T. #2 15
O B AN BRI G N A 4 0 A R A8 5 Rk
Sy HT B R R AE T B NI, y) 5O P2 A 9N
R R AR & W (n, o N ER A, X
DPA R84 He 7= A4 59 538k 75 hn DL % &,

DPA J& — A F5r S50, e T bk B (17 B8
JE ) R BEA R o R CRUN BRI 451
B ST BEAALECRE Ry, & XA BRI Ji T
BB R BRUAM R E T2 E N Rom

R "E tax
Roppa = :J ou (ED@(EDdE; (L
A

N e
Hrh o (ED R TRERE N E, B XN B9 I 5 85 A
B s (ED AR FIHERERE,. AP FREENR KR
H:E, HolEM B F B0 i fe 2 B E; A h &

A+, Wit ENDF/B-VIL 1 ¥F#r 53 77 15 2 fk &
/NTF 100 MeV 3145 AE 2 BRI 6 gumege CE D > T LT
%L\iéﬁﬁ Gdis(Ei)ﬂ%%%jq

o4 (ED :Z’%Jodmgeus» )

Horp, B o R RS A AR T 0. 88 L AR
XFE % g A i TMSR-LF1 & & & %
Hastelloy-N &4 A SS-316 P #1 R, Hp,
Hastelloy-N F T 45 £ HE 52 36 (molten salt
W E R, R A
NJOY-2016 2 57K B ENDF/B-VIL 1 34 85
JE (4 A 4 (3405 i ek 4 1T #% TMSR-LF1 A8 3% 45 1k
BN 86 #F L 155] 86 IR 7 B #Im 5 5 MCNP
TR R 86 FFrh 1 i R IEA T AL, n] oK R
FEAMECRY, HAN, R Ni(n, v R
A 70 N X BR 405 1 52 ) R F S T MCNP R
FERR T ORIGEN2 W& /7 MOBAT £ 5287 Ni
B Z P Ay,

Hastelloy-N & 4 48 He £ E B Ni 1
(n, ) RIFH, RAR Ni R 2 68% B Ni 1 26 %
% N1, Nin, v) A=A /9% Ni it (n, o) N
WHEEF= 4 He, Tl

reactor experiment, MSRE) ',

SNi+n—>Fe+; He (3)
oNi+ n—>)Fe +; He (4
%eNi+ n—>5 Fe+,He (5)

WAN, &4 B R AF He IR, £
™A

B4 on—>Li+iHe+ 7 (6)

ARICAEZJEB WIE A He PRt 4% "B

B R B B o 3X107°, FF ENDE/B-VIL 1 #

MY BCHE EE L A NJOY-2016 I T A2 ¥4 , F-F i MO-
BAT 18184 He 2%, RN

E ax
e :J V00 (ED@(EDE, (0
T AR R A5 1 BB PR IR 640 °C 3T

7E TMSR-LF1 i 213 T #E47 , %5 18 300 4> 2F 240 2
E K (effective full power days, EFPDs),

010601-3



%14 B

2V AV

DiEIE 7/

2 HEERSWR

2.1 86 FEEFHEMEME
A F R R E E 1) Hastelloy-N & 42

KGR SS-316 Pl #E, Horb, Hastelloy-N &
IR Rl g 1 s, &4 P.S.C #m%ﬂ’ﬂ
ﬁ%éﬁfﬂﬁd N AR EATE T R RN S,

53] Hastelloy-N 54 XA SS-316 19 86 F R
?ﬁ%ﬁ%ﬁﬁ,ﬁﬂlﬁ 2 fion. I 2 o] L WA AR
201 D B 0 0T 22 B AL/ Hoh L SS-316 A 4
T 7 AT A AE B BX (0. 03~0. 2 MeV) KT
Hastelloy-N & 4 J5L 7 &5 7 #% 1 .

% 1 Hastelloy-N & £ & £ AHH
Tab.1 Composition of material Hastelloy-N

Element w/107% Element w/107%
Ni Main components Mn =1.0
Mo 15~18 Si =1.0
Cr 6~8 Cu =0.35
Fe =5 B =0.01
C 0.04~0.08 w =0.5
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Fig. 2 Comparison of displacement cross-section

in 86 groups for Hastelloy-N and SS-316
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tube in No. 7 and No. 1 functional channel
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