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Abstract

The Minor Actinides (MA), a sort of long-lived and high-level radioactive nuclides is one of the
most important part in the nuclear spent fuel. The MA is harmful to the ecological system because
of its peculiar physical and chemical property. How to handle the MA in the spent fuel has always
been one of the most important issues in nuclear waste management all over the world. The MA
can be transmuted into stable or short-lived nuclides by neutron irradiation, and this is the most
effective way to manage those high-level wastes. The PWR is the main reactor type at commercial
operation in China, and the MA has a larger capture and fission cross section in the thermal reac-
tor, therefore the study on the transmutation of the MA in the PWR has an important significance
in China. This paper has used the DRAGON to build a simplified model of the AP1000 PWR fuel as-
sembly and calculated the impacts on the k-effective of the fuel assembly, the fuel burnup, the fuel
cycle and core lifetime when the MA uniformly mixed with the burnable poison or cladded on the
burnable poison. The results show that: when the MA is added to the burnable poison in the above
two methods, burnup level of the fuel assembly decreases and the fuel cycle of the core lengthens.
It also has an impact on the k-effective of the fuel assembly, extending the time of the fuel assem-
bly maintaining above the critical and has a favorable impact on core lifetime.
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1. 518

BEPRAE N SEAt 2 D R B R eI I 2k A, B (A OB BER H e bl AR s R B3R5 )
AR, AZRENE N e R0 T BB REVRAEIE J LA 2 BT 2 M ORTE A AR AE Rt I A0 A 47 Bk ok B 22
(IFEF o AELERZ FEE AT WITH) 27 AL K (K O R A% R (TR MA, 1 2PNp, 2% Am, 2¥Cm %5), ‘&A1
UM PR S, ERHIRK, BT R A REE BRI T KT BEEEAIRABRR, S
BRI T AR AR B SRR R BB A A% ot OB A R PR A T [ 1]-[3] - AR A% R A Ty S B AR L
MA FJR R B FliH1E 2030 47y 25.5 Wi, 2040 44 65.4 Wi, F| 2050 KA F] 236 Mo [K L0425 HRAK 5
ZAFHEI MA EORTTIEAERL, 7638 DRIERZ LSV AE 22 A5 8 I BEA_E RIAF AR

BEXT MA SEHX — 8, H AT E B B2 R 0 & - GARROR 4], BRI SREHE L s 85 S A% s v e
B, ek MANZ IR B IR, RJE R B ) MA B [ R HEN g e by R, R AR
AL AR RS, A B AR RS AU R R B E R, B A BRI U 1 A T E A
FEHAPAMERNZ R 2R, AT KRB R A 7 AT e U PE e R, il AR 15
LT RA R A IHMENEEEER, EARNRED IR g E M IR, At — 5
1l BRE R IR A T R [5]

2. B iER
2.1. AP1000 ¥&8Y

PorbpHE, PR, s 2R 3RS B I S B (ADS) KL e b YRR A4 b R K AR [6]-[8]
B H AT A ERrh TR BCRE AR D, HAGE SRR, B M TrkizE ;. ADS HEH BT At T 5
BrEs EREMEEATRBATIRIE A iR, WATEAREEAT . HTER SEEZAEE T, Horh i
HIRAR 2 MAEIAHER BOKHENBRE R 2, BORBEIEA . AP1000 S SiHE 158 F b = 22w AT A,
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ERE A EAR R FEARMER, R A AR Re sl daill ok e, fEath. Uk, &utSETr
M2 “ARHEXY A IR KL IR S [9], IR FT AP1000 XhAZ B4 1A T4 HAT R s B Bl st 3 X
HHYISEAAT

AP1000 PLZKAEA# EI50), A E kL, et kLN ZIRLO &4 HES N A R R4 11 2.35%.
3.4%F1 4.45%[1) 5 S H N [0 A0 o3 DX A B, 5 R 2EL A R S AR S 2L 28 S0 AT B e S rp . okl )
HHEC N X S T UG B N 2.359% 0K Z R, SECS AR R 0 2R ) N S X S AR 3, BTN PR Rk
PP IAERSINE o IXFERTRRR AT AT DU T HES DI 2, RGBS IRFEIREE, IR m AR BRI % . 4
TXRE T e — ORBHELAE B — AMRBHIERR , MR AP1000 = RO KR S, AP1000 #REMEFF (1K B N
18 4~ H[10].

Wil 1 fros, AP1000 HIHEE N 157 AR, ANRE SR IRRHE AR H 2 IXCHES Y, FEHES N
£ 17 x 17 950 o

2.2. DRAGON #2F

DRAGON #2742 H & K S RERIR R BB A o1 527, DRAGON F2 /746 45 5 118
PR RENE, I HOEHRAE T &AM 1R T . ZH A (0 55 28035 S A A0 B DA B st i % TR A 3% o AR
1, FTRERFEZ MU S 4008, B AR RIFRTHER B [11].

ASCERL AP1000 HECS N U-235 & 12N 4.45% IR NI FE 0T 5, HRHE APL1000 fi )b HE AR 21
PERIP IR 2R, FIH DRAGON F2 7 #8 G i Ak 1) S S HE L APRBE R, Fd%— s bel, SRS [ 77 2 4
BHAA I MA, 1853 TF 5 SIHEIZAT R HE N AR 124, Rl I R %% B AR AT A ]
w77t MA A3, FEFRARIN MA RN ke B HESIRFE . PRRHE I DAL HE TR I g, JF
HEAT HLE AT

AP1000 HIAELN U0, BREL, H5EM RN ZIRLO &4, KIENAHF . AR 264 HRIGE
B, BARRAEE BEAR N 9.5 mm, AHABPRRIARIE 2 R EE N 1.3 em, il 2 BioR.

3. AP1000 &% MA ZEitH

ARIGEIUT HF MA BINJ5: MA 51 MBI RE N, MA fEal R EVIFEANEZ . FIH
DRAGON &7 i HMSEHAAER I MA J5, B IZ AT I R R BG4 N 8 2 R R T % E R AL
MA B2 DL SR B e 784, FFSATAEBYI R ARSI MA FIBSEHAARET S BT LE, £16 MA
SRR ) Kere fEL HEC AL 3 LA R HE 5 77 T 5 M 3R 47 20 BT

AT MA BE L 2'Np. 2Am. *®°Am. *Cm. **Cm &ERNE, BN MA 5%
Wi 1 FiR.

MA 5a[ B8 SR AR, WINm MA 5 AT BREE I i &= 7 500 7308 30%. 60%- 90%, MA 7ER]
PREFYISME IS, 452 S )9 0.005 cm 1 0.025 cm. #JH] DRAGON F25 I BAFE R T+ 52 H R 2H 4
I MA J5, ek £ 3 5 28 2 (30, 2%Pu 1 24Pu) 1 1 3 MA & ('Np. 2Am. **Am. 2*Cm.
25Cm) ) SR TA% 25 FE B I T A AL 2R, N 3 21K 5 FoR.

Wt 3 B E 5 AL REHALEE R I MA R K5, U R T10% 5 B W R A8 1k, {3 2°Pu A 24P
FJR T A% 35 B A0 B S . 3@ 25U, PoPu. 2Mpu SR R E A ENIE TS, TR RN
5y 5475 [R5 R RFE B 11 R B R 5 R4 RIS R AT S R R LA, 75 BB L I AR IR B . MIs AT
[/ 18 /N F (540 R)IF, BARHA M FRFEIR FE W2 2 FioR.

MR 2 ATAL FEAGIN MA FITEOUR, Rt — AN B IR, et — MR A WS
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Figure 1. The fuel assembly arrangement
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Figure 2. The fuel assembly constructure
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Figure 3. 25U nuclear density of different fuel assembly
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Figure 4. 2%y nuclear density of different fuel assembly
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Figure 5. 2'Pu nuclear density of different fuel assembly
[E 5. BARHAHER 2'Pu R TFREET K
Table 1. Mass ratio of MA nuclide
2 1. MA P EERRELL
*Z % 237N p 241 Am 243 Am 244Cm 245, Cm
Lt 451 (%) 56.4 26.2 11.9 5.1 0.4
Table 2. Burnup of different fuel assembly after 540 days operation
7 2. IB1T 540 R & RRHAHRIAFERE
Jc MA 30% 60% 90% 0.005 0.025
35.63% 34.89% 32.97% 30.66% 34.72% 30.69%
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PO AL RO RAFEER 2 35.63%, J5 FRAF IX LE 2 APF [va) HE RS PN B XA 8045, 7E B A FEDIN B B R RL AL A
BENTF —AREE A TS BREHEARR I MA J5, HESIRFEIRE 200 . 43850 MA B aT REE4)
W, BEE MA BRINECGI S Er,  PAFEIR B BRI, 2 MA B2 IR TR E b, BEE 925
IR0, HAF R PRFETR B 2 PR AK . LRI Z BUAETE MA IITE LT, BAFEIR B IA ) 35.63% 1T 711, LT #AK)
FIAFETE A TR 2, WRRME AR B A v Gk SR I 1 5 2% 3R, (TS TGRS ME N [ o A7 DARAFEIR B iL F)]
35.63% M AE IR EHE I 25 1k i, 2500 MA 5, IRRHALF I IAREIR 1L 3 35.63% 0, ZHAFEGZhR T
IBAT RIS TE],  RUPRRHE AR R a5 3 P

W 3 A, AR AT REY N SRE RN MA, ISR RTEMANBEE I MA, Bk
AAFIPEIAA FE BIBRREFE BIER 2A Frae, I HEEE MA AR IS R 3g i, ORI K s (] 2 B2 36 % .

WL 6 2 E 10 AT, MA TEHENZIREE, 2'Np. *Am. *PAm (4 Big b, *“Cm. **Cm
R AMEERA D, SO ERE N . PORHLAE % B PR BT MA B3R B0 K205 4 PR .

# 1] DRAGON F2 7 FIAFE R 52 tH ARSI MA 5, AR TR) i ORHE AR A e 1B, 114
11 FIE 12 Fros. MA SHMREYASRE M MA 7E ] AFEM AN EREE Z I, BB R AR I 5 DL Y
IBATIIA), 404 5 FR.

MIE 1L, 12 s 5 sl e MA BISI IR NS AT AEE ) b BORRL AT 570 MA BIERRHA A
Eb, FEMNRHEAFIZAT ATAR I B s ke FOTHSEEE A ZE IR &, HARRBEAE I AL WT I K. BEE R
HAFBAT I HHERS  Kege (B 23880 T, ABVRIN MA BIRRBLEAE AR EE T8 MA BORRBLZELAT:, AR RN 8] 250
Kere (B 22 PR B /NG, RRHAL AR HERRAE I 5 DL B RIN (R EE R, M TR ARG IR B e, I HLbE
F MA BINECE] IR, ERFAEIm 5 LA B A7 I TA) 8RB AG,  BeA )T SE RCHE S T 1

MA TE N E I B T AEE D by, S AT MR RIS TV Kegr (B 23 EETE MA I B et (BT BT 1 B, I HLBE
FH MA GINE R, OB 4E R R I 5 LA (8] o piré d,  HER G It st A e, 8%
JZJE 79 0.005 cm i, ZERFAE I 5 LL_E I E] 578 MA I LR TR, b st A I sz LA K
Table 3. The fuel cycle of different fuel assembly when burnup is 35.63%
5% 3. PAFEIRE A 35.63%FT ARl A HF RO BRI H

30% 60% 90% 0.005 0.025

550 560 580 550 590

Table 4. Disappearance rate of MA nuclides in the fuel cycle

I 4 FEREEHAE MAZRIIHAR

237Np ZAm #Am 24Cm #5Cm
30% 25.82% 59.98% 32.84% —52.38% —198.83%
60% 25.52% 58.77% 29.22% —44.99% —170.70%
90% 26.04% 59.39% 27.53% —41.35% —147.13%
0.005 26.36% 60.04% 32.78% —52.35% —190.32%
0.025 21.44% 48.11% 23.62% —32.86% —163.90%

Table 5. The time of the fuel assembly maintaining above the critical
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Figure 6. 2’Np nuclear density of different fuel assembly
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Figure 7. 2!Am nuclear density of different fuel assembly
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Figure 8. 23Am nuclear density of different fuel assembly
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Figure 9. **Cm nuclear density of different fuel assembly
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Figure 10. #*Cm nuclear density of different fuel assembly
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Figure 11. K of different fuel assembly
E 11 BERHEER kg BT

A Wyppe

o

(WO, -0L)

A WDgpe

[u ki

(gWo/ 01>



DRAGON F - T-4842 MA [F)it 5Lt 5t

— FMA
1.15 ——0.005cm
——0.025cm
1.19
1.05
=
(0]
N
1.00
0.95
09 200 400 500 500 000
time/day

Figure 12. K of different fuel assembly
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4. ERE SR

AR DRAGON F2/7, #0577 a4k ¥y AP1000 BERHAPFEIA, BT T MA S50 ng) n] #k#
YIN AT MA TE ] REED AN E X B 7 =, XHRRHAE R B R R TAZ R, S BRORLE A DL ok
U ke (EAOFEIA . 25 R 1) BB b DUER PR 5 SRAn MA T, HERS A 2%Pu f #'Pu 451 iR
B, BORMA A P RREIRE S, HESHIRE RIS K, I HSR R R A K R, S2BEE MA R
IR INTHEHIE 2 2) MA BN R R AEEAE, Heb 2'Np. *'Am. 2PAm 3040 Sk,
24Cm. 2PCm IR KRN 3) MA SAIA BRI EY S, B IRSHEIZ AT RO, MA £
S RREHA A1) Kege (7= A2 5600, J5 B Kegr FUELAHEL T8 MA B 2208 TH iy, BORME AR SERRZE I L LA B 1)
], 2xHIl— @ AEK, o HES A 1 AR B e, JF HLBEE MA FIE LGl 3ok, Rk 1F
YERFTEIR A DL B R K, HESH BRI 4) 2 MAENEERMBI RS G, 952
JEJE N 0.005 cm B, BARHAPE4EREAEIRG A LA BRI A1 5 T8 MA B JLTAHTE, (H ke 2308 H FRE, XEHES
FHIRIF AR, (HEEE MA 952 5 a0, e 75 14 bR BE 2 465 o

gh4 LIRGER TR, MA LR W] R EE P35 S 1R A RAE AT R BRI A% 2 W0 Rl s I 2 T s s 0 )
T HES 5 R R A B 3G N, 2 (S RORMEL A B AFEIR FEDR /D, AT AE K T HES I RORL A A . I HLBEE MA
ISR BN, R I e KR B 2R K . MA DAFTRI s SN2 rT RS b G, B SN
BATRF ARG, X BRBHEAE Kee (B2 AER2H, 2 MA SR SRA R, BB 4E R R IR
FLOL B T 2 1K, 7E— @R B S A HES ) R A R . JF BRI MA
G, BESHERSEENZER, 1 2%Pu. *Pu. Cm 1 2°Cm &, it L, AP1000 SR HEEAE MA
A RE S, AREKEGEBUEDILE, =T —EmSE N E.
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