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Abstract

In order to realize ADS driven by high-energy protons, there are still great difficulties in technol-
ogy. While the technology of electron accelerators and thermal reactors are mature, eADS has the
advantages of ADS which has safety, economy, and excellent transmutation ability. The study of
electron accelerator-driven subcritical thermal reactor provides new ideas for spent fuel repro-
cessing. We use MCNP program to construct thermal reactor model on the basis of M310 reactor.
The research result is obtained by inserting MA into the core in tubular form and using the self
shielding effect. The results show that the introduction of MA into the electron accelerator-driven
subcritical thermal reactor has little effect on the core, and the MA loading amount is considerable.
The effect can be compensated by adjusting the boric acid concentration, and the collection of MA
transmutation products is convenient. This paper illustrates the feasibility of transmutation of MA
in an electron accelerator-driven subcritical thermal reactor, and provides a reference for safe,
economical and efficient post-processing MA.

Keywords

eADS, Electron Accelerator, MA, Transmutation, Safety

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

W R IE R REIR LS A R P ) BB G oy, ARSI “RUBR 7 BARIEERE S, Bk, 4. ARoh
RIEZHEA T SR ORI R EEA . T4, E/. fEiE. RHERZ LB EA B I,
AL AR SR Z AR = A AR Rk %, A% Fst = AR ) Z R K S T A B AN G . fEIX
FRIEDLR, RTF ZRORHE AR 75 R e Z BRHE AL FR 1 H R ARG Mok B K08 T .

IR 2 A A% PR 7 AR 1 B F3 A% R A T3 i A8 P ) 3 8- i TS P00 5 7 i TR W — A 28007 Vo
IR A 3 5% 3K 5 ) i 5 /R 48 (Accelerator Driven Subcritical System, ADS)ELA {1857 A 78 AR GE 1 A =1 1
ZATERE, I EHOA S FEAL IR Z SORET AR BB 517, e A AMRHIIE N SR BARBIE 58 ADS RS2 HI R,
Ay S LR RO Z ORISR 2. MELUAR PRI ) @, %FT- ADS (IR H,  H AT iR ARVE 2 H A fe
JRF MR B IR B G FERHE . AN, SRR I AR (s . TR RL R AR MR B i 1R A
W2 SRR, HArE PR b e T ADS 258 . Rk, ABFFRERRE T SR T IREI IR R R G
(Electron Accelerator Driven Subcritical System, eADS), FLSZHLJREFE Ny FIFH LN 2% H S S fe B T &
R, BRI S A WIEER S 280 e, SR 5 R E R A AR R3] A
T LA ARG R G ANE TR

eADS HH T IIEAS . 5 RIE S HESH s HA B I S — R R AR E, HER TRl
A, WBAEL, C&TZNH TV KEHE. WA RE, i LEMR. X HFheemsa. T
W CT R8s W0 DR RIERS R . S MRSt Arb MR AR G P AT AR B e
HEERZ PR, BRUCHT O T3 MA, AT HEA o 7 8 R TR bRt . A8 T MA 1
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FL 7 I 5 BT 1 U S 44 - HE R O SR AR S E 7E s FL 7 I A 55 A R 1 HE PR R I B AT 4
NEPZ IR MA 224, &0 @B E LRt 2%

2. HEGEMEFNA
2.1. REFERE

Z R R 2 (Monte Carlo, fEFK MC) /5 ik 3 AE MR G EU S, RE 152 AT AR 2 1 1 1) 4
B FEATUNE R )8, B T AR P REALIAE, TR AR R 2 MR G R A A . B J5 mT LAF)
FHIX A5 B (P FEAR VS SO THE, Wt %S T S b a) B AE , 18 21 A B AT 1056 b BRAf 5 14 1)
IR

2.2. MCNP 12F

MCNP 27723 [ Los Alamos [ % SE56 % ¥ & HIK B 2 T Rl FH 55 R P 72/ - MCNP B0 LA
BRY AT DA AT 3 = 4 (A i, 1 FLIG WAAT X B 7 T el — e sl — el 4l ne, 52 v] DL s ek ) DY 4
PRI A . B e B MR 7. s 7. MR 7 - R FEERE T BT - T - T
BT - RS, MCNP FEFE UL AT &0, MCNP FrfgiHE i T R REETE BN 0~60 MeV (38
(B 22 _EFR A 20 MeV), HLFRIGTFIILE 1 keV~1 GeV WA, HFER AT LTSI A R GL (I A
UG SY) T 1A B8 58 R B (kerr) [4]

2.3.NJOY 12FF

NJOY F2F7 5] #4 J5 45 ¥ ENDF/B & AR BEAT N Ll F s mOR B 2 BE R ki, S <2 %0
5 8E, i MCNP (Monte Carlo N-Particle Transport Code System)Z5 2 51 Ml JCHE - il V5 ¥ 20 AL Bl 2
Ah78 MCNP 2 7 AR 0 e o sk R i e R

3. BFIERSFIEEN ARG F RS (eADS) T

AR, FATEOR AT B B 7058 &3 1 B TR IR A2 800 2 eADS 7 K[6]. FL 7 Ik 59X 5)
Ol T A GE T BEE : Z0 A H A PR E P 1S ety R, PR BRARIBH J5 P AR I BURR S T T
PG 5T RAERN R A RN A b, P AR T3 AHES SRR A B U N, IRl 8
HEMABZAT, RBEAHEILE 1. ERNXIR T RGEAT BT, 8 ke P2HI7E 0.95~0.98 Y,
e rbr AT DU o 1 S AR R AEAT keogr RIS, BRORUE S BIHERTIZ AT, SORE SN HELE 5 78 VI 57 )
WRE o A7 RHHE AU E SO RGEN A T I ER S RGN T IEH R + #HR) R, kg /DT
1 MEWRE RGN E T80 BEI A b g gl BERAR OB AE B, /& Z R A AT AN b T
RUEFFRAZI o T — BAZ RSN R 1, AR NG IE, OV HERZ 1EI84T, R TR

S HE ) 2 4
‘&%ﬁ%ﬁ%%? PR T e FE T FZEEP%AD‘
R IpE £ Horp

PSRN L IR RN FE

Figure 1. Schematic diagram
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Figure 2. Target structure
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Figure 3. Burnable poison assembly distribution in core
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Wk ARG b T HES PR S5 M W22 M310 HERY . HESS il 3 P SR (R IRRL R . 3t
157 NEAZ 15 =< 15 HE51, Ho 52 20 3.1% & S FE BB o A AE AN L, 52 2H 2.4% & AR FEMRRLAE
FEAT 52 2H 1.8% & AR FERRBHA AR A XU AL N, ol A B 22 B ¥R AN AR L 17 x 17 IR,
JL 289 MMM A Hp el 264 NMREHEAL, 24 IRFHAEM 1 AARPFEERNESE . FEHATR
B PR Bk 7 ZE

T RIRIG T ARG, SHE IR ke 25 L5 HL 7 IR B8 77 A2 A FEL BRI 1], 7 PR SOBEHE )
PERUR B I . PRI HE RS T 22 B8 7 IR AN e 4L, IG5 O L 4 B0 b PEL ) e %
o FBrEE bR AR AR SRS H LA T LAY D R D 252 BT 0, $em TS 2 v, N —18
WAHMATENE 3 B,

3.3. HEREERREE B B ko B

o AW TERZ R R GE, ISR BN ORI e R SIS AT B LR 5, SR 23T ke $2HI4E
0.95~0.98 Z PN, FFIHI YT HEL H OB L RIEAT kerr HIVREE,  EORAIE S MIHE R 2 I8 AT, SOKG O HE
HERFAE R S BORAS

BT MA RININITE DL T, SRR B AT, 192000 ke WL 1o 141 4 0 keqr BEBIIVR PZ 1
ALK

Table 1. k. at different boric acid concentrations

= 1. TEWIRE AL EEK

W /ppm kegr (JOFE il 45)
800 1.04061
850 1.03310
900 1.02573
950 1.01789
1000 1.00924
1050 1.00392
1100 0.99558
1150 0.99046
1200 0.98251
1250 0.97768
1300 0.96931
1350 0.96484
1400 0.95675
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Figure 4. k. at different boric acid concentrations

4. TREITRE THARIEERK

R4 MCNP FE AU 45 R, EVERN, FRATESE 1300 ppm/0.96931 1 A FEHEMI A FEFI Kegro
4. MA RIMARBIEES TSI MA BT XSS IMAFER
RS A A I MA B 2E Rl R o 0 9], Wk 2 B

Table 2. The ratio of MA
= 2. MA &1 ERIELH)

*Z% 237Np 241Am 243Am 243Cm 244Cm 243Cm
JE A 57 5U(%) 56.18 26.40 12.00 0.03 5.11 0.28

4.1. ¥ MA EESREHSREE
HRIERRE MA BEESREIASRE, SREH MCNP 2P 5 H IS ke HRATIEBEMHENE ke
HBEATREEE, PR FCLCFP VAN MA 51 NHECHE AR G HE O 15200 K

Table 3. k¢ after mixing different concentrations of MA in fuel

= 3. BRHRATREIRE MA FRHESHASISERS

MA (%) Ketr
0 0.96931
1 0.82424
2 0.73318
3 0.66489
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HI72 3 AR I, f MA SRR EBGR G, BIERAIN 1%H) MA, HEEH) ke 2 KRR
AR T MA £ 3 XS K, BERRE5IN MA 753506 SN2 AR, B LARATTIA Y
PEARRSINTHEARTIAT o ARAE MA FE R 7 X BRSO KRS, Fefth 51 AT RN S5 4
e MA ] R IR SR S5 AR 2 ST G548 5 FE S INHERS . SRR AR S G5 i 23 ) | B ROz, ke 5
N MA S HERS S WA PR 5 B 21 B I

4.2. MA BiRAIREPEINER R KE

ATBAERYIE B N RO AN AT . aTRER ). AN KE KBS &, HREs
FHZSSIATE, AR AR 242 20 )2 0.2413 ecm, 0.4267 cm; K2 M43 7104 0.485 ecm, 0.5625
cmo NI MA JG Al R B IRR IR FF K2 AP 12 0.5625 cm ARAZ,  FERNEEA AT AN INAS [ 5 B ) MA 3%
2, EVEEE NN 0.485 cm, RSN EAR. WRIN MA BTG AT RIS MR S M 5 iR o
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Figure 5. Burnable poison rod structure before and after MA replacing part of water layer

5. MA B8k BRI RIS YIRS

I MA B ¥ nT M EE 0 S 1R 43 K E JG - T MONP F2 P BT RN MA A48 FHES I Kegrs
GERVIT R 4, MA SPEREHER kg KRR MK 6.

Table 4. The calculation results after coating MA transmutation materials in water gap of burnable poison rods

= 4. ATREMEKEFIRIN MA BEMREITEESR

MA P34 MASRER  AMASEERE TR

(cm) (cm) (kg) MA 4F 7= 5 () Ker WERE
0.485 0 0 0.96931 0.00024
0.49 63.72 1.8 0.96469 0.00024
0.495 128.10 3.7 0.96175 0.00023
0.50 193.12 5.5 0.95929 0.00023

0.485
0.505 258.80 7.4 0.95760 0.00024
0.51 325.14 9.3 0.95598 0.00024
0515 392.13 11.2 0.95439 0.00023
0.52 459.77 13.1 0.95319 0.00024
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Figure 6. k. at different MA outer radius
6. TR MA Sh12 RIS kegr

A4 R TAE MA SRR T ke 4b, BFIH TIEMANER T MA FIE8E A T 2 /D
IKHER MA 77 B (K HE MA 57~ 25T R 3L 1K 1000 MW K HESE™ 25 &2 30 i Z k). 45435
4 5K 5, aTLLE R RMEFEHESH2EE L) 459.77 kg I MA . RBHER ke tREEHITE 0.95~0.98 Z . 1E5F
NSRRI ERIE SN T, B—IA MA B ke BHERK, ZJ5RIRBEREET T2, 7]
DIEH, B MA SIECESIRIDAMESS, BT BRI 23 0] B BERRUS > MA REHESS ke (ORENA, AP 5725
A MA 78 N BEAR T-F MA B3 5EHRS

BN MA A4 NS ke 3B TR P R B ke, FVREEDRD BN 5 FR,
T I YD MESES AR AR FEFRATT AT LAAME 1N MA 5 SRR S B ARAY,, 3 B s s I HE (19 57008 B R B /&

Table 5. Partial Substitution of MA for Boric Acid
= 5. MA BRI IER

MA # il R 1) VAR BB AE Kege IS

MA 42 (cm) MA #h242(cm) Herh Ak 2 o r— A P2 D>

0.49 1300 ppm/0.96469 1269 ppm/0.96923 31
0.495 1300 ppm/0.96175 1247 ppm/0.96922 53
0.50 1300 ppm/0.95929 1229 ppm/0.96954 71

0.485 0.505 1300 ppm/0.95760 1215 ppm/0.96950 85
0.51 1300 ppm/0.95598 1198 ppm/0.96952 102
0.515 1300 ppm/0.95439 1187 ppm/0.96921 113
0.52 1300 ppm/0.95319 1172 ppm/0.96961 128
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4.3. MA BERTTHREY

F=FEIATTEN MA BRI, H 2 BT —F MA SRR SR b I 6E 1K
K7 NBARET GRS, TTIRTEEYI S MA N B REFTE 0.2413 cm, BB EAIANER, 2= H T
HTESER.
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Figure 7. Structure of rods before and after MA replacing burnable poison

7. MA BRI A SR EHEREH

HIF 8 AT AT, MA KR FIRICRE JI0E KT TREEY, XEHEDS ke ISE MBS BT AT 834, sk MA
AR 2 5 3 A M I A TR 1, A MA FEHERS R AR (RN, il 2 ar RS i e . A
MA BACTTIATE Y RE PR AR R BE A B T HERS A 22 4
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Figure 8. k. at different burnable poison outer radius and MA outer radius

& 8. NEFSIS MA SMER T ke TILITEE

4.4. MA ERE D AT REFY

TERT—Fh 5] N R, AT T /2 W a0 T BB AR RS, (HIXFrkE R MA
SERER M MAFYIRIMER . UL ERA TR MA B o nl Bayy, B pp s, A7
DL A PR b g 2D ot g S MEHE S IRE T . Bl TR MA A Al BREEII SR AR AR AR, s/ n] RS I o2
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B R MA IR, ATREEYI N EE 0.2413 cm AT MA 4h1% 0.4267 cm (REEAAE, S LK 9. 3RAT]
T TIZP N MA 253808 5 FIHERS ke, MCNP A2/ PSS W15 6 Fiom. W< 6 st wf
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Figure 9. Structure of rods after MA direct substitution for the burnable poison

9. MA BB RIS TR S R HRLEN

Table 6. MA direct substitution for the burnable poison
= 6. MA BB TTREY

TREEIP AR ATIRERMA AR MA Shaf12 MOMA R TR MA

(cm) (MA F242) (em) (cm) ket (ke) 2 B )
0.4267 0.96931 0 0
0.40 0.96351 288.51 8.2
0.38 0.96198 492.42 14.1
0.36 0.96109 685.87 19.6
0.34 0.95983 868.86 24.8
0.2413 0.4267
0.32 0.95950 1041.40 29.8
0.30 0.95921 1203.48 34.4
0.28 0.95908 1355.10 38.7
0.26 0.95873 1496.27 42.8
0.2413 0.95848 1618.80 46.3

4.5. ILMSIANGZAR

XU TS, ATBUA L MA AOWSOSCRTH EL AT AN K, 45 SR ELERIR S X S SR R, R
BHUR A 1% MA B2l ke KORFRAS, RN XA 7 0 B SRR AL, X R TEATF G 2R #
MA il SCEIRIFAHSESS, T B RN, ANERBINEATRBI ZSNIKZ, IR A7 TR
BN — A PR ER LA P (R JUAR FT IR TR R il MA B, SR S8 7R S IR S 2 AR ALY, #BRA
ATV JE IR TIE MA SRIEE T, AN E SRR, AT ZECE S S i, R 2
TP AL AT ATE VIR B G R BRIV AT ALY Kegr )R TR B PT LGB I KO3 VR R 1Y, 10 H MAL S8 e vT 44
FYALET, ERTREIIRR S, MA AR RE .
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5. &g

MCNP F2 15 07 F A5 2R Edfa 2 [ bz TREAUHSE N WT 1), ASCfE ] MCNP F217 7 M310 HERY [

fifi 2 BRI THERAY, th NJOY FEFF il fE B #lmi e, AU G TFERIT 1 A8 W7o X 5)
I S b T HE T AR MA B ATAT PR RIS 5L MA TR Kege FRISEME o BIFFEH) FH RIS B #A
THENTE % BR[O EU R DL ARl 7 e 7, 38 o v ok 2 9Kl 7 A A b 3 4 4 O i 5
WG FHEOS I ARG L, eADS IEEA ARSI S PTG E R, BIEASN
ZROBR MA %4, 250, @A ERIE T 255, RSN ARELTHER A MA FEHEN A IR ) LA
THFEE, #E—PIRT eADS HIEAfE
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