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Standby shutdown modes and feasibility analysis of molten salt experimental reactor
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Abstract [Background] Reactivity control design is one of the main contents of reactor neutronics design. Molten
fluoride mixture was used as fuel in molten salt reactor (MSR). Due to the particularity of nuclear fuel, molten salt
reactor is different from traditional solid fuel reactor in reactor design. [Purpose] This study aims at feasibility
analysis of shutdown modes with emphasis on the standby scheme. [Methods] The shutdown modes includes
discharging fuel salt, injecting neutron poison into the core tube, changing the composition of fuel salts, changing the
number of graphite cells. The 2 MW thorium molten salt reactor-liquid fuel (TMSR-LF1) model was taken as the
reference reactor, and the calculation was completed by using Monte Carlo N particle transport code (MCNP).
[Results] The analysis results show that injection of neutron poison into the core tube was a good alternative to
shutdown the reactor when the control rod cannot be inserted into the core. The adjustable composition of fuel salts

was the characteristic of MSR itself, thus, adding BF;, LiF-BeF,-ZrF,, LiF-ThF, to fuel salts was a good way to adjust
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the reactivity. Changing the number of graphite cells could also shutdown the reactor. [Conclusion] The analysis of

this study can provide technical reserves and theoretical reference for the shutdown modes of molten salt reactor.
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Fig.1 Schematic diagram of computational model

HEAL T B SCHER 2 18] S HOT L A SR A £
PrEAE I F Az 1] B A 1A SRR AR A SR A AR A
F3L 124 R A SR PR B il TR % 0 4 )7 o A7 S
e rb (LI, DR AT S8 A 1 5 A s A P SR BR
I FLIE , T R 1 R R AUIE , UE B4R 4.0 cm, JiIE
FLBE 10.0 cmo HEL TSR IX AR 230 em, N

180 cm. [FIBY , f4 SR M4 LA ThREIETE , oA 14,
Q4.3 A SN TS HIEIEIE , 64 T#. S#. O#1Z [ T
T EETE , 104 FURIEE , 114 SEIGRE i e
HOEIE, Rt BE EFNEN44 em . 11 ADIhARE
THIE Y R EIR A S BB R, X T A8 0
PREENIZAT A S R B 48 , FE 40 il — [B] %
ESSUE N

HE SR FH WA R RE S Jg5 3R K] 4 B 23 N LiF-
BeF,-ZrF,-UF, ( B /R L N : 65.39%-28.34%-4.72%-
1.55%) , & kL N0, ‘& % E N 19.75%, 'Li F &
99.95%, B FE N 2.345 g-em™. 1EAFIR AR, %
JEN1.785 g em™,

TMSR-LF1 #5135 8 2 B 4L SR I il iR (5 HE R
G (128 38 41 SH) AT IO PE 3R, 55— 1E HE R
G A 3R HIAE , Horp 34 SN AMERE IR 7 A
Fi , AT S 07 1 42 1) Th B R 52 HE T RE L AL G Th 2R
TR EEAME RS AME R FEAME VB K
BN IBAT JG % DA SEI6 R i S5 B 56 1) s N
AR B AME 5 55 AT HE R G A 2 AR A, B 2#.
M AR, BATIS HED R

TMSR-LF1 A2 B 6l 42 R MPE R 2 000%107°, #%
WA EL R A HER L /N T =1 000x107°, ¥ 2515 HERS
HE ST S50 B O 550 °C o ASHIF T 10 4% 452 3k 7 4
N AEHE R G, A5 R RS K TR
BN, 211 000x 107 [ Jso o7 P ¢ Mz, DRk, 78R FH 4
FfEHE T RAEGUT , L5 N2 000x107° f Je b
A RET LA S HEEIR

TMSR-LF1 [ 45 5 #E & 79 v = B £k, LiF-
BeF,-ZrF,(E IR H N £ 65%-30%-5%) s s il £ , LiF-
UF, (BE IR EE R : 72%-28%) 5 ¥ %L £, LiF-ThF, (B
IREE N :72%-28%) . TMSR-LF1 X 44 £h HER: 4 1)
TkHE FE 75 2. 1 5, A 2 SR P i 3 SR VR N TS
BhEL TR B ERERRL Eh FE AN B Sh e ok R B k), B
A B B B8 3 LiF-BeF,-ZrF,-UF,. & A H#E
O W5 s PR 5 S 2 k) SR s FLIR L TE B —2P
DRI FEAE 4k Sy NS INEE , 1T H AR 3 i sl
JE , PIAH JE T N HECS , WU S B s i I 2 K
A FE PRI I I, SSOR B s n 36 i 2 1 77 =X
i I N HEIR T . 2 75 B e Rz 4T, BT LS It VR
NS INELER LiF-ThF, (77 72 1 .
1.2 HEF&E

2 FE RIS R SIS HE T U 25 A I S 2 e B i

070603-2



TAEANEE 8 35 S U0 HE 2 FA5 HE T S8 T AT PR M

MR SR PO R Bl A SR I MCNP A2 7 25 73
B MCNP R 7 2 56 [ 985 4 ] i 55 307 (6] 2 S 0 =
(Los Alamos National Laboratory, LANL) Jf & ] —
MBS R P IREEA T s T E T AR .
MCNP F2 PN R S HE B, RENS Se Bt iR AR 0]
PR R AE ARG R R L P S5 5 T AT o %R
3 B HE T = L 0 T AN RN HE R G RE I 4
HH T A RO B AR K RE S R B2 AT L T
P AR AR A A SR R

2 FHERN

S HE R I 51N A7 B A LA HE L Rk ] —
SE WS HEIR B o X R HE SR UL, B D LA, 1B
AR A HER R £ B e b TR B R
JR 53 SR A SR T A S T R AR SR
X LR e 7 A B 2 75 XS P R AT R
06T J52 N7 A A, Sk M 3 £ S i B 45 HE I
YR R EHEAT AT A B
2.1 HEgRRIER

HESRA) £ 158 HE 7 20 3 B e i e A HE S 9
X AR, A5 s o7 HE Ak I SR A B3 B ERIRES
HEBRRL Sh 2 SR MR 1 2 R e 2405
HH B 1 2 ) 9 R L TR VA R GEAN RS S AE AR R
SN S R S it /) Lie] e i gl DT N
AT DA R 3 HE R HE R B b, AF A SR HE AL TR I
Fit BT HE S E G A AR ThRE A B BRR ER AR
HALFTB = . (2, HEBRRL 2 R 48 1078 5 1)
T )& 75 L 1] (MSRE [ HE 54 V4 1@ 1 i #4F J5
(RIS TE) M 5 minD ™), HERRRL b i 2 B 75 B2 1), T A

HeRk i — A H T E 25

2 SRS s B il R R 2 v AR AL, [ R A
HE O SR X i T S, BRRE L T RE 2
145 cm i, 1 HE R 1 AR R R 2D , HE s
21N B2 000x 107, Rk HE R 56 4% R 2 s B HE {5

Reactivity / 107°
L4
[=3 [=1
(=3 (=3
(=] (=}
T T T T T

1 1 1 1
100 120 140 160 180 200
Fuel Salt Height / cm

B2 kB RRL B e AR AL
Fig.2 Reactivity curve with fuel salt height

22 EEFIEANFFEY

g e R AR R, T DA R R
BUHA Dy e B BN SRS TR A NS
RIS —Fh 7 e AT CLAE BRI
B £, A% %k B NaBF,-NaF (JE /R EE A = 92.0%-
8.0%) - LiF-ThF,. LiF-BeF,-ZrF, X = Fft /f 4 #F 58
% . H ¥ NaBF,-NaF 4 MSBR —[a] % [{] ¥4 #1750,
J#5 52N 385 °C, 550 °CIHN ¥ %% F£ 5 1.86 g - cm™; LiF-
ThF, 4% £ 562 °C, 562 °CIs 125 N 4.58 g+ em™;
LiF-BeF,-ZrF, ff] ¥4 £ 445 °C, 550 °C It} (1) %5 &y
2.14 g-cm™,

®1 EERIANDTFHYXRNERFE

Table 1 The effect of neutron poison injection into tube on reactivity
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Table 2 The effect of boron trifluoride concentration on
reactivity
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SR AR A,
Partial pressure Effect of

/107 mol-cm™ /10° Pa reactivity / 107
0.2 1.38x107 -1093
0.4 2.76x107 -2 166
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1.0 6.90x107 -5387

2.3.2  UhngEd:

TMSR-LF1 1247 #1 () H b5 £ , /& 5 35 LiF-BeF,-
ZrF, 5 inh 5 LiF-UF, iR & . @i dsimahsh, i
AF H AR Eh R IR, B R N . (R A
HArEh Ao AL ER, nT DARRE H Fr 3k h E & TR IREE
ISR G BER H B

% TMSR-LF1 Ji A 3% 2 AR FUA 2.0 m®, J8 i
SRR 0.143 m® )7 N4l 8 LiF-UF, , {8 HE 55
AN 2 0001075, I B UF, BE R ¥ N 1.55%.
EXFERY b, AR HEA DN 0.146 m? [ 35 L 1), UF, i
IR FE Uk /D 0.1% , HERS SOBNPE B 1 527%107°; 24 2%
N 0314 m* B, UF, BE /R B 0.2% , HES R
FEAE TR % 3 228%107°, I BEMERSHE , FF-A 288 BIRIIG
TR GRS S N HEIEAT , AT DA A HE Y I
Bl £8 LiF-UF,, 34 b0 UF, BE /R BE A5 s I HE P
Tt HE PNV ISR SR HEC SN 1D 5 1) L3R 3 o
2.3.3  UimEkE:

Bl 2 R T IR US4 BRORLE R LS N &L £ LiF-

&3 RMERY RN
Table 3 The effect of adding LiF-BeF,-ZrF, on reactivity
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Table 4 The effect of adding LiF-ThF, on reactivity
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Table 5 The effect of graphite element replacement on
reactivity
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