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Radioactive product analysis of a small molten-salt reactor in primary loop
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Abstract  [Background] Based on the research of molten salt reactor (MSR), a conceptual design of small MSR
core with thermal power of 100 MWt is proposed to meet the power supply demand of small area. By adjusting the
initial fuel load of the reactor core, the reactor can operate at full power for 1 250 days without refueling, and then
batch process fuel at the end of its life. [Purpose] This study aims to analyze the yield and source of radionuclides in
the main loop during such a small MSR operation by providing the constitutions, main components, and parameters
according to the burnup characteristics and fuel salt characteristics of the long refueling cycle. [Methods] The
calculation software KENOVI for three-dimensional Monte Carlo transportation program and burnup analysis
module Origen-S were employed to analyze the fuel consumption analysis module, the storage of radioactive
products in the main loop and the neutron energy spectrum and other neutron parameters. [Results] The computation

results show that the radioactivity at the end-of-life this small MSR is about 7.36x10" Bq, and the radioactivity of
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fission products in the end-of-life primary loop is about 5.89x10'" Bq, of which the inert gases, iodine isotopes and

the volatile fission metal account for 7.35%10"7 Bq, 9.56x10"" Bq, 8.17x10'" Bq respectively. The total radioactivity of

actinide nuclides is about 1.47x10'™ Bq, of which the **Np accounts for 98%. [Conclusions] This study provides

reference for radiation protection design and fuel reprocessing scheme of molten salt reactor.
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Fig.1 Schematic diagram of computational model
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Table 1 Main parameters of molten salt reactor
24 Parameter #{H Data
F#ATH K Thermal power / MW 100
itiE B 1% Flow channel diameter / cm 10.4
VLIE ] BE Flow spacing / cm 18
35 2 Average temperature /K 1000
U EHEE U enrichment 19.75%
"Li # % "Li abundance 99.95%
E R 10
Height of upper and lower plenum / cm
Fa IR (#1/#2) 2242 Control rod radius 2.665/3.5

A7 5 ) 1 JZ J5- FE Graphite thickness / cm 20
S ST Core size / cm $ 280 x H 300

Scale6.1 & 3¢ [F AZ U4 [ 52 5236 = - R I H T 1% %
Ao BT RO HERSS R T 1) 2 T RE B A, TT DASE A %
Sl TN [T e S NV TH /Y 20 S VT 20V e S M R
Scale [ H T 1& i v 5 D RE A B KENO-VIT 6 28
eSO AR 3@ 3ok A5 P AR 54 A 0 % b L AR
AT 5 2 HE S AT S AL, I HLgRAT = 4k 45 4 e B HE
B R RN BU 5. T Scale F£ 5 7 TRITON 4%
AL H ) AT A FE T AR, B D BRI RE a0 1 2 B
7N. 2 TRITON A& H 2 i t+ 5 7= AR R AL 1%, il
PRFETTH H AR Origen-S 1 FHZ AT RFE U 5.
BATF A AT S K A RS K T
BRI R LR =4S D il E A
b B s 2) Couple #% [f T+ % ; 3) Origen 4 #& 3 &
ﬁ.ﬁ[s]o
2 HERRITHE

100 MWt /N8 256 M =3 ] 5% 5 4 7= 4 3 ok
HFPANJ7TH -

D RSP FIP 2 TC 3K « S NI HE R 5 AR 3R
FER & T R AR N, 7 K R AR )

__TRITON
* X No |
(Bomami/Centrm/N i Tawl ‘-

I

Ksdrnpm/Newt/Keno
3 (o )
| Couple ]' -
. 4 _——Compele™—_
Origen-S | Assigned =
d - Materials?—"

[ es | L:[e_s»_‘-_;{:__»

Opus _}««-——-—4__::""(':0,-@313 Tittn_c_m‘;:- —
T Steps_—
_oteps.

End I

2 Scale 217 TRITON BEHGIEAT ARG TH 5L AOIAURE
Fig.2 TRITON control module flowchart for depletion
calculation

DIETEN % ey P A aE s Y/ I TP To - 7 Nl ok
ELA T A N HE RS 5 P 3 RO
Kl o

DA HNFTE AL < 5 R HE R B R RL £ R IR v
HFE LRSI . AEF P — 2y, m
$5 °Liv'Li*Be  "F, fEHF FHEIE T, & 72 4 *FU N 4%,
AN TS BRI L HE PR B A SR HERR R
AN ATk G B A E R AR 4 BN T AR5, AT
TEZ B AR IR B2, &0 T = A2 B A ik
SRR
2.1 LY

TEIS SR AT IR, R R 5 R A
Wi E , 53— 5 THT P % 4 25 A7 3R b 7 SOG4 AR
G5 E . TR 6 P B RIS 25 1 R 23 B B
R A R NI AT B A B AR . A SRR A RE
B 55 TR H P BREMIE IR KRBT ¢, A8 =) 3
AR S N LB A I AR R DA K B X R i 25
TS 1 A A % P R A T

HE SRR P TS PE AR S B A O 2 SR AR
W RKE T R0

070601-3



G e o —Fob /N TR 3 M 1) 3 (BT B TBU R 0 23 M

dN@—ﬁyNuw+§ViNm (V. (0) +

ﬂme+2m¢Mﬁw (1)

K N(OFRIRFF N ¢ 2] A% 2R i R T 50,

FRAZ TR A B A% SO IR P S5 AT 5 ¢ R R HEES N
IR L o RN IZ R T s 0,/ RN m
RAR B SIS AT« f, RN A% 3 ke R AR T AR [
LR P EL oy, RN R m R AR [N A
DX RAOEE T S Y Sp R A

15 R HE IS AT I AR v B A O P R )
RN L DIFHE AR DM FEAL R 3D &8
R TEIE . IR, & PR KA
FEREER TR, BT BRORLG 35 1006 U, RIS R A T
IS4G 4 SR LR 45 36t 2 TR v H e ], V2 AT
] A I A R LR B Lk T RO PR gk — P
R PS5 (4 H . ST AR A SR A 10t 1) 5 i By
N, S PRI 7 A U PR IV 2 3 B R U 1 2R
AERZFN | XFREE (R R o

100 MWt )4 #7530 D 3R 18 AT (1) 1 v 42
W TBO A T 2 BT 1) PR AR A D T 3 o . 2R )
TS 1 1 A SR I ) P S T, 1S AR A 22 HL
BEXRGTRE, BRI, R8P WU M sl 5
17 5.89x10"Bq.

7

6 |
25t
2 —=— Inert Gas
S 4 —e— Isotope lodine
I —a— Volatile Metal L
‘g 3 —v— Fission Product T
g |
o
2
T lpe—=—
-1

0 200 400 600 800 1000 1200

Time / d
B3 N R WU Y i L B I 1] P 324k

Fig.3 The radioactivity of fission products changes with time
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TESRAE S I B h 5 R R U U I
At b Y [R5 2% T 1 i R A I ] PRI A G R
8 TR, X THIIR R L R, U N R R R
SR HE RN 5, BE A RFEIN T2 o), TECH 1
I 25 T 8] 771 93 /) 5 25U H3 A Wi 3k Rl b - kAR I
ST Y 6 » BT LR AT B8 T80T 12 o B T HE % 22 1% D
/e TTPU BB 1 AR HE T 4R 38 88 T, 72 55 d
AU, 21120 dIEE U, R G TE—H
AT EFHAL, 1100 d 5, TEON PR B AR AE R N, (2
AN, FEAAL TR E -

XF TG B A% 2R P Th 2 3R LCE 977 9 Pa
BE IS ) AR A R AN 9 i o P Th EARFEMLFE I
() N AN (R A B MR AR N k2D , > Th 32 25
AR IR T AR R B R AR R U I K A N
1192 Pa MM FE NS 17 T4 G 2 3800 th P 3
A 92U (0JR 9127 d, I EL B 10 8 TF 462
2% , **Th () 48 B B K TP /™ &, X2 A

I 1 1 1
0 150 300 450

070601-5



G e o —Fob /N TR 3 M 1) 3 (BT B TBU R 0 23 M

NP ThE M ShHE o 2 R A FAB SRR A% S o

10" : T . r .
10”L:,£; :::—iﬁ: : iiiiii—
v v - o dhedeedcd
10 v i
- 10
[-=]
e 107 —=—U-232 E
E —s—U-233
g 0 —a—1J-234 ]
g —v—U-235
T e —e—1-238
: ’ -
10° 3
105 1 1 1 1
0 200 400 600 800 1000 1200
Time / d

8 Y[R 2 T 7% B I 1) P A2 1

Fig.8 The radioactivity of uranium isotopic varies with time

19 200

19 100

=0 |
19 000

L .
/!
]
/
]
]

18 900

- 410 &

18 800

18 700

Inventory of Th-232/
L CTT
|

Inventory of

L] Th—}%

18 600 —Pa-233

1 Ll
(=

Sy

18 500

0 150 300 450 600 750 900 1050 120072
Time /d

&9 »>Th Fl**Pa Jii & B I 7] (1) 35 A8 56 &
Fig.9 The inventory of **Th and **Pa changes with time

i 10 AT LU, e B HE I 5 S8 AT I, AR A
(TR PR VS B R Bk B TR =1 . 75 K I B HE
rh R R R TS FE 4008 7.36% 10" Bq, Hed il R A% &
(1) 5035 B 2 1.47x10" Bq, 24738 77 W 10 8 35 A
5.89x10" Bq. fERAZF=W, PSR B SIE 4
N 7.35%10"7 Bq, o 3 [A] B 24 A8 7 0 S S B Y
12.48%, 1 1) [A] £ 2= 1 3% FE 29 5 9.56x10"7 Bq, 5
16.23%, 7y 4% K 42 J& 2L 7 W) Cs St Ru U M7 5
214 8.17x107 Bq, i & [ B 2448 72 W Jo 3% 1Y
13.87%, IX L& S BB L= 5 Tl EE e A S
P L O .
23 AREFITEL

100 MWt Eh HEEig T I R R B 1 DL E 3= 22050
SEEARZ b B 7 A 2 P RO T A,
HNL POV PR R R, HLAE R A BT B ik
25 B A% F 753 iy DA R 6 T8 05 A e B 1R 7R AR ROR R
M, B AT R A AR R W O R AR R T
A R

n+"F—'"N+'He

8
7 J
= 6 ]
A
T s 1
£4 .
2
£
=2 —a— Total }
1 —e— Actinide Nuclide |
—&—Fission Product

L 1 1 1 Il 1
200 400 600 800 1000 1200 1400
Time / d

10 G247 I P e P A 3R v B A ) ) A2 4
Fig.10 Total radioactivity varies with time during operation
n+19F_’20F+’Y
n+"F—"0+'H

P 1129 NS PO F [HJBUR P i B RERARE I [7] A9
A, HIE 1 AR AHER PO, NG MR HETT 4R , 5t
BEETHE R, AT S WA, 70 B 08 11.2 s Al
713 so A3 WIAREATHBUR P IE BT ULLE 2.48%
10" Bq A11.97x10' Bq., {E /2 &A1 3 W e, B
A B I TBU A DA B i) 2 i M, ) HE A P TE A
BHRFZ IR . X T PO R IR, AH X T 5 P A, T8O
P BB A — N84, 9 1.80x10" B

‘Mr

g
o

—
th
T

—=—N-16
——0-19 7
—a— F-20

Radioactivity / 10'° By

ot
n
!

1 1 1 Il 1 Il
200 400 600 800 1000 1200
Time / d

11N O A12F JRCH 5 B R I [R] 22 4k
Fig.11 Radioactivity of "’N, O, *’F in source term varies
with time

I BRI IE IR IR R SRR B, G 4 b T
SR HIIRAS o AN T3 1 N R L Eh ot a vy P 35 v
FREWE B K 12 fro. B 12 7750, b7 is a2
S HPTE I X, R WZAR SR M — AN R g R, 3L
PR e X 1) L PR U6 2 B 20 B L PR IR S B0, i
- A8 XU S PR A 74 #1551 FLiBe O L4 W 15 3
M. HTEVIREZERFESESERE , 15
G ZI 8 AR A b B B R R B TS AR X
T o 8 5 SRR PRI AN BT RS , S0 R AN T Vi A A 7
YIRIFL 2, BBV AT AR K.

070601-6



72 R N

2021, 44: 070601

Flux for Unit Lethargy / 107 em s

0- . wl u ul ul | | ad L ul ul ul L al i
10° 107 107 107 107" 10" 10" 10° 107 10* 10° 10° 107
Neutron Energy / eV

12 FR R AR RRHEE W P 7 RETE
Fig.12 Neutron energy spectrums in the fuel channel at the
beginning and end life cycle
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