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Nuclear safety analysis of molten salt reactor criticality with changes in 'Li abundance
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Abstract [Background] Molten salt reactor (MSR) is one of the six internationally recognized and recommended
fourth generation reactors, which is different from conventional solid-state nuclear fuel reactors. It is necessary to
analyze the relationship between "Li abundance and nuclear critical parameters in order to manage MSR core design
and nuclear safety supervision. [Purpose] This study aims to model a molten salt reactor with reference to
engineering practice, and analyze the impact of different "Li abundance fuel salts on the reactivity of the MSR, as
well as the changes in nuclear critical parameters by simulation. [Methods]| Firstly, a MSR with engineering practice,

i.e. the Molten Salt Reactor Experiment (MSRE) designed by Oak Ridge National Laboratory (ORNL), USA, was
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referenced to establish MSR model with mass abundance of nuclear fuel salt *°U assigned to 20% (enrichment of
20.2%) instead of the 33% enrichment designed by MSRE. Then, based on the established model, Standardized

Computer Analyses for Licensing Evaluation (SCALE) code was applied to iterative calculation for quick and

accurate obtaining of the "Li abundance value at the critical state of the MSR core. Finally, in-depth exploration of

calculation results was conducted from the perspective of applicable laws and regulations for the safety analysis of

MSR. [Results] Simulation results show that the reactivity of the MSR increases with the increase of fuel salt "Li

abundance, and the rate of reactivity variation of the MSR is also related to 'Li abundance. At the critical "Li

abundance (i.e. around 99.98%), for every 0.001% change in 'Li abundance, the reactivity changes by more than

0.05%. [Conclusions] Based on the analysis results of this study, the abundance of "Li has a significant impact on the

k.; of MSR, hence it is necessary to choose an appropriate ’Li abundance for safety analysis of MSR criticality.

Key words Molten salt reactor, Fuel salt, Abundance of "Li, Nuclear criticality, Nuclear safety
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Fig.1 Layout of MSRE core cross-section (black is graphite
rod)
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Fig.2 Diagram of cross section dimensions of porous channel
core
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Fig.3 Flowchart of critical calculation iteration
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Table 1 MSRE fuel salt nuclide ratio and code

%% Nuclide FCEL Proportion  #% 7% Nucleon number
F 1.468 0 19
Li 0.650 0 6,7
Be 0.291 0 9
“Zr 0.026 1 90
Zr 0.005 6 91
Zr 0.008 5 92
“Zr 0.008 4 94
Zr 0.001 3 96
U 0.001 8 235
=y 0.007 2 238

2.1 LFIR¥IELIEE

100% =52 "Li AAR KB FE PR REAE . AT
HERS RN N BEAR 2 ma s 1.626 m B — N FLIE RS
0.034 m i, k. 9 1.075, & DAE G 7. el #RK
BB RMARIN 1.30 m® B 8N 2 938 kg, HE it &
Bl N 150 kg, BP0 RN 30 kg RN 2
PR

=2 100%FEE'LiMk,
Table 2k, with 100% abundance of 'Li

T H Ttems ¥U/E Value

AR EY Tterations 0

1A R B Tterative parameter 1.000 0
HELSH E Core height / m 1.630 0
HES2 4% Core radius / m 1.000 0
FLi&>}-4% Channel radius / m 0.033 7
M2 58 Grid half width / m 0.046 7
%2 % Window half width / m 0.700 0
WAL ERAFT Fuel volume / m’ 1.30
#RK]LE: 57 B Fuel mass / t 2.94
S5 5T &2 Uranium mass / kg 150

ke 1.075
Frn7H 2 Standard deviation 0.001 02

2.2 TBR¥IMELIEE

90% FFZLi AR FRRFHEAE . dblr, kA

0.074. IHHE W3 R,
23 ARERLIEE

WA & 3 55 ik, AT UOAIHSL. L
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Table 3  k_, with 90% abundance of "Li

T H Items H{E Value
IEARIREL Tterations 0

"LiF ¥ Abundance of 'Li/ % 90

"Lific . Proportion of 'Li 0.5850

°Li it Lt Proportion of °Li 0.065 0

k., 0.074
b % Standard deviation 0.000 07

F R P, k,=1.075>1; T 'Li F R P, k=
0.074<1. WER A (FEEOP, =P, +0.618 x
(P, - P,)=0.962, )L}, k24 0.120.

BEAT 55 2 YOERIM . BULi £ N PR k=
1.075>1; 1 'Li F & P,=96.2% I , k,=0.120<<1., H{
AR B CF D) P,=P,+0.618 x (P, - P,)=
0.98541, It , &, N 0.203,

WIGERCHTTE LR, B BEE %2 =7, K 4
MBERETESHE R DS EHEEA K
RO

*4 TREIFELiMK,
Table 4 k_, with different abundances of "Li

R E BRI LidE Lifit bk Lifit bk kg PRk %

Iterations Iterative parameter Abundance of 'Li/ % Proportion of "Li Proportion of °Li Standard deviation

1 0.962 000 96.200 0 0.625 200 0.024 800 0.120  0.000 12

2 0.985 410 98.541 0 0.640 500 0.009 500 0.203 0.000 21

3 0.994 430 99.443 0 0.646 400 0.003 600 0.344  0.000 42

4 0.997 870 99.787 0 0.648 600 0.001 400 0.571 0.000 65

5 0.999 190 99.919 0 0.649 500 0.000 500 0.800  0.000 88

6 0.999 690 99.969 0 0.649 800 0.000 200 0.948  0.001 00

7 0.999 880 99.988 0 0.649 920 0.000 077 1.022  0.00098

8 0.999 810 99.981 0 0.649 880 0.000 125 0.992  0.00104

9 0.999 850 99.985 0 0.649 930 0.000 095 1.009  0.00097

10 0.999 840 99.984 0 0.649 890 0.000 107 1.004  0.00100

11 0.999 825 99.982 5 0.649 886 0.000 114 0.999  0.001 00

12 0.999 832 99.983 2 0.649 891 0.000 109 1.001 0.001 00

13 0.999 829 99.982 9 0.649 999 0.000 111 1.000  0.001 00

3 BUERNE RN AT 12— : : : : :
DAMSRE 8 )y 5%, Bl K<) 23, il it 1O 7

T 225 FLIE A S8 HE 0 U F A 20% B, Foak 2 0sl .
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B (RIS I o T 100%  FE 'Li, k4 1075, B 00 O mtmeeti . . e

T UK T G2 K 1 0, Fo A8 FA AT Re 5 808 )
I 5 B e B HE JE AR o Iz, A R 98 2 i B
99% =& LA "Li A3 AT REFZ M AZ SRR U 1 A 7R
FH 2100 3 808 SR HETLVE G 5

W 5 s, 2RI FE 4L =E N 99.98% it it
2 R AR A R i R Cb 2 R R ), BiZ B h 28
P s S S I S0 "L FE AR T SR AT DU SR

4 k 5LiEEER
Fig.4 Relationship between the £, and the abundance of "Li
NHE BB L . Bk, 809 L L, R
99.92%~100% ) "Li = J& i Bl , {5 FH 46 B i - 550 o
L T A5 UL "L = BV B A 99.95%~99.99% X
U IR AR e N 2 R R T I A S
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Table 5 The relationship between abundance variation of 'Li and reactivity coefficien

"Li B X ] LiF AN /0.01%  RMPERRAE /107 P2 LI A1 0.01% (1 THEAN E
Abundance range of 'Li  Abundance change Reactivity change SRR /107 Calculate uncertainty
value of 'Li/ 0.01%  value of 'Li/ 107 Reactivity change value /%

corresponding to an average "Li
abundance change of 0.01% /107

0.900 000~0.960 000 618.00 51981 84 0.02

0.962 000~0.985 000 236.08 33 682 143 0.03

0.985 000~0.994 000 90.18 20225 224 0.06

0.994 000~0.998 000 34.45 11 578 336 0.11

0.998 000~0.999 000 13.16 5021 382 0.15

0.999 200~0.999 700 5.03 1955 389 0.19

0.999 700~0.999 800 1.19 465 392 0.20

0.999 810~0.999 830 0.17 75 434 0.20

0.999 825~0.999 828 0.03 13 515 0.20

0.999 828~0.999 836 0.08 39 471 0.20

0.999 800~0.999 900 0.45 168 370 0.20

0.999 900~1.000 000 1.19 486 410 0.20
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5590x10° (BB THEAME L) 5 460x107°) , 1 HRI% Il ¥
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2 110%10™).
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(9 I N7 8 AR AR A AE 759% 107, K T 22 % v 7 40 % o
TP S — RSB RN
99.99%, KL 1 /2 1% 18 99.97% , 2 fill e &5 J B 1 4%
) 25 PR AR A2 TR AL AT, WA 7R B SE B R b T 3
CNEAZ I T rT R S S I 3 B K 2 1R /e — L
I FORAS , e S HE RIS iR, A G K

2) 4 Li F FEAE 99.92%~100% 3t il A% 4k, , X6 B
() PR AS A AE 3 201107, K T MSRE AR #44)
BB o 5 0 2 HE S PR 2% R Li oh 99.92%, it
HRE L BRI BL 100% , WA 1E S 87 HE 5 £ IRONE AN 8
BYCTE I I S 1 100 R0 5 4 4 R o S B 36 R L o T
100% , Bt #0244 18 99.92% , | 17145 B ‘22 4= {5
HEMEAE RS . R, A T I B ], 15 2
HEBERL L FE LN KT 99.92%

3)% 'Li F E1E 99.78%~99.97% Ju [ A4k, , Xif |87
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SR LA F B AR Y B AF AE R 225 , MSRE Js b 4 45
il e — < 6% 1) i A 428 R PR AN (B A T2 (M |l ot = AR
(R R A, 5 J5 B HE A S 428 B oG S o

[ B, AR 40 T 08 18 B R 5 1) B ™, 745
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BN IR, B B R RHE T G S, BT L 3

EEAE B i e » 3 B s B AE 5 N TR A iy , [ HE
O 5N S A R E AR FRAEL A5 15 0 26 3 T
38 N T RUE A s BB AT B Bo T “Li v FEL R
1115 5 BULi = T 45 152 HE M I i 125 00 11 R
o RAVEIEHAFN, & s AL 0 20T A 5K A% 24 4
JRRBITLE M [X I ki i AT B Beg ARt

4 4518

ASE HE TE HE S 1 k5L E R R AT T
FU, F T SCALE6. R 7l T —EBFHE &
BIUE R I A4 0F T L E T E 5, G FHRE
PR 2R AT BT A, R 22 4 M A A B e IR
AH OB H P . N TR HE S e S AR
R

DLi A 52 10 A7 WU N, (AL =
X RO R ke B E ), R A IE K L
FRRAEFE LR R R &R B IEY B G 5t
ek, 28— MRAE KT 99.92% A& &iFE ). KA
FAL) B T HE Y, L 3 B ] LI Y (99.97+0.02)%
3 Bl Y

2)7Li = sk v U 2% k) 5 TR A RO B AR Bk,
Ko "LiSEbrF S B IHEA L, s S w2 E
PIRTEM . "L F R 5, A T RE T B0 R HE SN
T, FECE MG A B0 I F 5 7L B R A, S R
HEA ] REAE 2R HAth 2 500 R ER 4 4F T kil
FIE 5.
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