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Abstract

Pressurized water reactor can transmute long-lived minor actinides. In this paper, the characte-
ristics of transmutation MA on PWR fuel rods are studied via establishing BEAVRS core model, de-
signing MA nuclides coating patterns, making temperature cross section library by NJOY, and ad-
justing boric acid concentration. We also calculate the reactivity, neutron flux and spectrum, tem-
perature coefficients and other parameters at the critical state. The results show that there are
three loading patterns which are more feasible, and none of them have adverse effects on the core
safety performance. We list these three patterns as follows. Loading MA nuclides with coating
thickness of 0.0025 cm in 3.1% enrichment fuel area; Loading MA nuclides with coating thickness
of 0.0015 cm in 2.4% enrichment fuel area; Loading MA nuclides with coating thickness of 0.002
cm in the outermost and the second outermost area. This paper provides reliable data reference
for further calculation of transmutation rate and determination of optimal loading pattern.
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FERZ NV RO RS 5T, A% Bl B AR DR 6 e U M = SR B A i 20 e MR R R RIS, = MR
LG AL EEE 7 J B o = ORE 0T T PR 080 14 18 5 S B T K 7 e A P 4) (Long-lived Fission Products,
fai#x LLFPYLL X2 2'Np, *Am, *2Am, Cm, #°Cm 25 X4 %1% % (Minor Actinides, f&# MA) [1]. LLFP
A MA ez EE K, 220 EERZEA HBUREA BB A R IR KT . 70 B IR H R (P&T)
FEPERX LETRUR A% N Z KR A B R, ONREE R E T, 6 AT R, A AR AT
iR e R, AT X BB 11 5 5

AKXBUIT MA BZRWEARRHET T, HKHER BRSO e B 5 2 AL, X AT 26380
MA 45 70 2 TRESE bRtk . Hal S AP 4 Bk MA R SINHES 7 R IG BT : 1) MA
BEEMESREG . Z2RETH SIS ML RN MA R SRS SR G 0 HESHIE RN PR S)
K TEESEMES AR, I BRI RNE. 2) MA R EERRE b, DL T s A
A RN I MA HTJE, #ehmed, i FE— @R B, e, MA ERE
AR 1R 7 6] 5 IOSONE R TRBT R 46 B S ) R B i ke TR EEEIMER . 3) MA B R E BT R# )
KR, EHBFAFE, MA REHERS, RPETFHEOEZ, e RBIR, fmeett. 4 MA
(3 9= G AT L /B =S 2 i R Sl 1 P s WS A i 7)) A

PO AR K HEGE AR R B, USRI B4R 2 MA R N, K MA %R DLE SR 2 305 A HE
O, B EREEIT MA BRERE T . MA BR800 a8 x5 2 5 B RS 3%
5 B MR T AR W AL A SR B B A SR v A . AR SCBETE 9 B A R T B MA AR AR I NHERS, B
AiJE¥%t 15 Al MA 852 2B RSP TR O S . Xt 135 Aoy R4 SLIATEAR T, SR AT
R VSRR, BRI E. W OB RN R Z AN TR, 52 g
X7 SRR NR DA LN, MA Bk R B s TG ik, 0T SR HE = SRR HE AR 1) Tl sk
ProfAT A A EEE L.

2. BEAVRS 43

BEAVRS #RI ZHORIET TR A ], ©~&IET AN REEIA i AL b s ) — A AL, 2%
BHEIR . BENEIEThZRIB4T 1 B K ME S HEMETY . BEAVRS 4 # 5 Benchmark for Evaluation and Validation of
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Figure 1. Crosssectional view of BEAVR Score
[# 1. BEAVRS R #mE &

22. XESHENAE

ST AR Y2 A P (1 S 7K M v I R A N B Y SCHRE3], Bl C5G7 MOX Ak,
Hoogenboom-Martin LWR ZEH5 1R 36 1E[4], LA RTE RS R 5 N BB /K HERITE . BEAVRS 8 i 4t
JEE i 0 10 R /K S A B PR A SR AT I 50, vl 1V 2 2 AT v K HE B, T B8AE v R
M 7% . BEAVRS HER) EZRME S 55T 4% 1.

Table 1. Main specifications of PWR
=1 EKENEENESH

SR {1
e Th R 3411 MW
HeBATIE T 2250 Pa
XK 365.76 cm
PRBHEE A 4% 0.39218 cm
IREEE S 4% 0.45720 cm
TR B 975 ppm
U-235 EHE 1.6%, 2.4%, 3.1%
M 460 cm
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3. HHERFNA
3.1. MCNP 18F

MCNP F25H T =455 24 UM/ i 7. 67 B EEE & FO6 T/ FHis n /s,
T B ARG AR . 7518 MCNP5 #4J% BEAVRS HEMSHERL, (1 FE &S

3.2. NJOY &R

NJOY [5]/2 3 E LANL KA 1 —/MEEHE A FE K AF, 7725 MCNP. ANISN (—4iHF - e Fiia s
F)« WIMS (Mt 7G-SR 7 ) S5 A 3 v 4% % AL Bl 22 . 948 MCNP $iis 22 Fh (R A% 5 s hn 5 38, 765
B E A F, R NIOY F2/7HE R = A [FHRLE £ F Al it MCNP # FH ) ACE (A Compact ENDF)#%
A% HE .

4. MA IR T
ASCHEEL MA 2R DU (R AR, B R AR MA R MZ T3, o b AT e
FevE ot se, AN,

4.1 ETEEMNTA

BRBHE B N 21483008 U0, MR RS LSS & SR SE, ST A2 KGR 0.39218 cm, 0.40005
cm, 0.45720 cm. ASCEHEAER )T AN REFEE NS 0.39218 cm A4F, 7E 0.39218 cm N #i#EAT
AFEE T MA ZREZ, WEEINEARAE, HEWmE 2 Fox, AR5, SEXERERRE
HERER MAKE., BAXBARAR. FAOXBARRES SR,

[ e
A
W o
Figure 2. MA transmutation target configuration

2. EIEAELEHE

PRI BAT 195 21 i AR A K HEAE 33000 MW/t FREVENARE N HEL VR MA B A% R tefil[6], W& 2.

Table 2. The ratio of MA in discharge LWR
2 2. BRIKHEEIRIF MA EiZRBIEEH5)

E JFi & L (%)
Z"Np 56.20
#Am 26.40
#Am 12.00
#cm 5.12
#Cm 0.28
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4.2. BT R

MA R IR R LR E MA SRR, RN R — N EER R, E2 1 MA
NN KBS S S HE AR S S A [, B A RAR S R TR 82 T (1) MACRHIAAS B T30 4
AR WU BT 15 MORRIE DT %, BRI LARE & B R R . RO R i 3 41 .

Table 3. MA coating thicknesses on fuel pellets
=3 TR E MAEREE

B8 J2 )R B (cm) B2 242 (cm) BEJ=Ah A2 (ecm)
0.00002 0.39216 0.39218
0.00004 0.39214 0.39218
0.00006 0.39212 0.39218
0.00008 0.39210 0.39218
0.0002 0.39198 0.39218
0.0004 0.39178 0.39218
0.0006 0.39158 0.39218
0.0008 0.39138 0.39218

0.001 0.39118 0.39218
0.0015 0.39068 0.39218
0.002 0.39018 0.39218
0.0025 0.38968 0.39218
0.003 0.38918 0.39218
0.0035 0.38868 0.39218
0.004 0.38818 0.39218

4.3. ETED R

NBEARSEBRFNE I FEE SRS A ENE, BRDREIE M 264 MR &S8R
ARSI ANHESS, TEREA A RIERE 3 FrRHES el 8 £ o XA el e W a4 A, Bt
AHHAR 9 M TR, YT 4.
5. MA B95| A\ 3 HERN 43514 RO 20
5.1. MA X E%1E5E E FrI N

T IR U G BN R T S o BT R BBERUE N Jy: 7R AT RE 2 LRI MA B R B L T 6
HERSPERERE A AN, R EUAH A MA VR0t 52475 400 T HE S A 808 B8 IR 1 e K 7 %6 [ 7] ©A1 MA B35
IR 25 FE N 11.2 glem?, BAFARIEASHE I 242 N R, AR RIGLAAS, v 0.39218 cm, JH1EX A
365.76 cm, UERAREREE T MA % R B0 = (kg) M

M, = nx(0.392182 —-R? )><365.76><11.2><10’3 1)
BEAMRORLZELA: A A B 5T 52 (k) A :
M, = 264M, = 264 x nx(0.392182 —R? )><365.76><11.2><10_3 )
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Figure 3. Burnable poison assembly distribution in BEAVRS core
[ 3. BEAVRS AT IR BSR4 3 E

Table 4. Distribution schemes of MA transmutation targets
F A MAEBTHRGRAR

YIES iRt
1 3.1% 5 FEE X SRR
2 2.4% ' R FE X SRR Y
3 1.69% % S XM )2
4 1.6%7 3.19'% 4 XS RHE L=
5 1.6%F1 2.4% % HEJE DX IR HEE 2
6 2.4%F01 3.1% & 2L X MR LR 1 2
7 BEAHES X R 2
8 AN RIS — A1 X IR 1
9 B4 T RRTR AL P R R 2

X & T ST AR A R LR, SRR 3.1% AR R 64 s 2.4% % SRS R EARL AL
64 1: 1.6%'& G MIRRHAN: 65 A FIRAREYIBRLAA: 92 Ay R4 RIS 4k Bl X SRR AL 72 A
WRYEAN [ HEAT 7 SR REASHR A, BIAT 20 TR B3 MA B 2 (1 i i

BT 9MATRITR, ¥ 9 Ml 7 BiR 15 B MA $E)2 B2 RS N AT, JLit 135 Fh
Bt s, HEEA AU S MA IINER SR ILIE 4.
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Figure 4. The relationship between MA loading amount and Keg
4. MA RHESHYLERBNER

i MCNP FR X 8677 RE N O A @I 1) BEAVRS BiBirh, THE FIR BT 7 22 (1 HE O 80
FEDR T etr SR HR] S BB N G MR RE R i fi /N (AT RO B B 0 T DB LA R T 58, &
TFEERE BB

HIEIRT RN, U758 1A 8 R ke MR R B/ NH LS, T3 2. 3T T8, TR T ke 20
iR, HAbTT SEBAER S IS . O SN 4 RS HE LA E e DU BT B, U R 1L 20 7. 8t
BT, Hoh, Tr5 146 3.1% 5 S IX IR LR (A R BETE TSR 2 1 2.49% w2 X IR PR
R Rt 5 7 SRR MBS X ISR R R AT R it 7% 8 Juse M AN AR DX AR
PRRA Rt T &8T5 RN 16 MR RGE, ST REMET R 1. 2. 7. 8 THRMMLEE.

5.2. MA BR L EIMEST

B 4 a5, B MA R RREEENIIN, AROEHEE 7RG, X3 MA B RE— SR E R
T INHERE VR o 8IS FRAIS 4 P05 SAN A ST TR B 0 B B2 A ke BB IR RS I MA
MREFIE. RAUEE RS IERUR N : 75 MA BRI EA K Z PG00 R 5 2 M BRI A 2077 i
BRI, BUAEHA ZIR P ERIR SR BN TR TR L TR 2 THRT. TR 8 MAZRBRMHLS
WEERIIR R R AR T 5. Bl 6. & 7 F1E 8.

AP, R 1 EE MA RINJE &N 425.027 kg, BIJEEE A 0.0025 cm H)¥it. LS G, S
MA ZINE R, MA B2 ATRE S AR A J 70 A R 0 vk B T, B BT B AR A A ik 31
KAE. (EEI FORAE MA RN EAZL 2, BrUAUREA 425.027 kg B S AL BUR N . [0S,
7% 2 EEL MA J N &R 255.347 kg, BEE A 0.0015 em #7772 8 R EL MA Z i &4 382.752
kg, BPJERE 0.002 cm ¥ttt 7R 7 HESREEXT ke FEMIR K, AFFE THESEER, &FFMITER.

5.3. Ihgg

ZHHR B S T, BE =R MA BRI R, M8 fE 3.1% KRk B AR B2 0.0025 cm
1 MA %38 1E 2.4% X SRR 1952 JE B2 0.0015 em (¥ MA #% 3= DAL TE S M L AN EE — A0l IX 3okt
P LR IE Y 0.002 em ) MARZE o 45T R 20930 xt = R B DL kAT 22 A PERE 7T
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Figure 5. The relationship between MA loading amount and
replaced boric acid concentration in scheme 1
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Figure 6. The relationship between MA loading amount and
replaced boric acid concentration in scheme 2
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Figure 7. The relationship between MA loading amount and
replaced boric acid concentration in scheme 7
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Figure 8. The relationship between MA loading amount and
replaced boric acid concentration in scheme 8
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Figure 9. The effects on core neutron spectrum after loading MA
9. MA 95| AXHHER S F RETE RIS
6.2. imBEE R
B IR ARAGIS T RETE L SOV T S AR A N A AR AR . BRI, SR HE TR A A TR
FERAARACIT , R B S B A . AR AR A T SRS R S S ) AR AR O S LR T SR, TR
TREE RH ORUFIR BE R B AU B [8] 2 /K HEVIFR B v A3 AR HE N 22—, 4700 P R O S S Frg i
AT 2 A R A HE K E .
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6.2.1. BAKIBERE
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Figure 10. The effects on core fuel temperature coefficients after
loading MA
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Figure 11. The effects on core moderator temperature coefficients
after loading MA
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