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Abstract

Minor actinide is one of the most important radioactive sources of Pressurized Water Reactor
(PWR) spent fuel; the mass fraction of 23’Np in minor actinide is about 50%. BEAVRS model is a
Bench mark for Evaluation And Validation of Reactor Simulations published by MIT Computation-
al Reactor Physics Group. BRAVRS is a full-core PWR benchmark based on a commercial nuclear
power plant that provides a detailed description of components in reactor core and measured
value of operating parameters. Based on BEAVRS model, we introduce three patterns of 23’NpO;
partial substitution for burnable poison B;0s3;. The simulation results of MCNP5 indicate that
237NpO0; partial substitution for burnable poison B;03 will decrease effective multiplication factor;
the trend of decrease will slowdown when the substitution mass increase. All three substitution
patterns almost have no effect on fuel temperature coefficient, but will increase the absolute value
of moderator temperature coefficient, that will enhance the safety of reactor.
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1. 518

MR TAEA 2R NHEE B RS, H Al BB TR SHER 450 &, Hrh Rk 80%. —&
SR 1000 MW IR HERRAELIET Y 25 MUZ KL, R GTTH H AT 2R R Z 00k 35 50, JF LA
1.05 JimEfEREIG N . SX AT iy O Z R SRR IR SR, 238 OR T B UM RS i), Rt
FLRE B IR R AR R A R A A TG iy e SO M Z SRR B T v, R R KT i R O AL R AE
122 . rp e o AT 1 B T A AR RE L IR B A A A% R, AT AR _E SEBILKA5: fi ve BC E Z HRRH 1
REPE . 72 Z SRR BRI i AR P AR R T SR I % 1 0.1%, (HA S ZIRVRHIBUR R ) 1 ORI,
MER B R IGE A 2'Np R H0N 50% /47 [1], HAEZEHIZ)N 200 Ji4E, 2 Z MR a 3 I S 2R JF
A2 K HE SRS Z RRH R L T IR TE, 25 Np A LAYE K s ep R i b T 88 Bl
W, X HAKE RcR D *Am, “PAm, *Cm, **Cm %, ®'Np M PRI IER T, &
PR E T, S AR 2N A AR /N S R R o RS S K A A 2 Np, TR
KRR Z MR 3 RS o AR CART BB 7E[2], 0T 28 0 30T S I 3 (R 52 M SR80 Tl A 540 »
DRI A SR 25" NpO, B 4 TR EE ) BLO5 15 %6, #R FCHBAR 2 Np %t FE /K HE (5 ) o

2. BEAVRS 1&E&I448 K MCNP5 353iE

BEAVRS AL JfRAG B L2 Be vh 5 S S HE ) /N 2013 4 T 7 FH e L M 8 7 () = 24 4 ME S vk
FEISKHERY, $R4L 7 PRARIHES S S BN RS B o HIEMESA KR ST B S8, a2 %
FrRPREFRAL. ] BEAVRS BT M AU TH SRR (45 R AT Al X ek

2.1. BEAVRS AR E N 4R

BEAVRS HEth K AR MEE /K HE Ve 1, HERSEE 193 £5 17 x 17 BIRELAE:, 7558 —IREMER T, 25U
BRI =XAAE, BEEDHAN 3.1%, 2.4%F 1.6%, HiEEEERREIEAA THEOANE, T E4E
FEAMR & B R A AR HE S NI A AT B, PRRIBE 3 E L 80.8 i, MEILH 1266 MR MEFYIE,
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MEN 12.5%01 B,05, HERSHAINE 3411 MW [3].
2.2. MCNP5 #4818 iF

AICHET BEAVRS 2.0.1 fitA, i MCNP5 EATASH AR, THHE T BEAVRS IR #hEF )%
(HZPYIRZS T HE G ROB A R, 2 A 0 (8 DA SR R % b 740 50000, FL71H5 800 48, Bk
WA T 200 1R, F£5 BEAVRS H24E 1 Sl o H LA HAR I SO P REEE AT X b . A 1
ATLAE Y, 4T BEAVRS 45 H A [R13% ill  1ei A TR AS T 1 Sl s i ok B A8, UL AR AR B A N 1% A
1.00000, ASCfFA MCNPS AL 45 REEATF S X AN EWAE, mAWZEN 0.28%. (EFEHIHHEANKZ M
HOLR, B RGBS T B8 E, 7F IMCT [4181 SuperMC [SIIX I ANFE - BB FAE Al ] DL X
—#ah. G 2 FETLLEH, T A EE GRS NS EREAE, A SO MCNPS IR 25 SR
L5 S E DA K AR AR 7 AR ME AT &, 5 SME 5 KR 2E 8 129 pem, /MR %4 3 pem. & 3
AIDAE H, 0 T HECRE B350, A SUEH MCNPS A FME Ha SEilfE, AT IMCT 1 SuperMC HIA5ALL
o PAERT LB HAC M ) MCNP5 X BRAVRS BRI @ A HERS, B — & a5 .

Table 1. The comparison of ke simulation results with different insertion mode of control rods
= 1. AEIEHIEEAN RS TS A BUEE E SR ET

IR AR I S 58 ) =2 ppm MCNP5 IMCT SuperMC

ARO 975 1.00003 1.000479 1.00032

Din 902 1.00184 1.002174 1.00204

C. Din 810 1.00094 1.001419 1.00139

A. B. C. Din 686 0.99893 0.999917 0.99995

A. B. C. D. SE. SD. SCin 508 0.99722 0.998381 0.99841

Table 2. The comparison of control rod bank worth simulation results with different insertion mode of control rods

2. NEHEHHEBNIRS TSN EEBEXT

PR A Pbl B EIEE,  MCNPS #HI#RNME/  IMCT IR E/  SuperMC #Ebi#i i/
“ pem pcm pcm pem
Din 788 753 770 779
Cwith D in 1203 1255 1258 1266
BwithC. Din 1171 1300 1162 1180
AwithD. C. Bin 548 462 578 567
SEwithD. C. B. Ain 461 346 543 532
SDwithD. C. B. A. SEin 772 808 781 791

Table 3. The comparison of temperature coefficient simulation results with different insertion mode of control rods
7= 3. TNEHEHIBBANRS THSIRE RBURIMEXT L

. PENEE el b1 MCNP5 7% 25U IJMCT &% 25 SuperMC &% &%
2 i R
PG RS pemC-1 pemC 1 bemC-1 pomC L
ARO -1.75 -2.10 -2.21 -2.58
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3. %'Np B AREY

BT = FINDO, B TR B,Os 7R, WP 1 R, ARSI B, SR
WE. S B HLH F TR ZNpO, AR T AEEY B,0, AR A 3L RE N IR, [R5
RATETIRE IR ZINDO, A1 B,Os MIELH, LUK AR M S AU IR & WS A . A U (R
AT R PR, SBIEIRNEAME . N VR ZTNO, SRS ), SRV ZTNpO, 7ERI A 1]
PREEIAMIL. BB B S AN B AR IR, BT ANEY ZTNpO, 2T A TR REMI A . =07 K 5 F 2
B ZINDO, B e AR AT A4 B0, LM T MAE IR B R 5 B AT UM R (R A, =
AT AR 44t 1266 HLIT kA5 U0 4 23 A7 B 4

RS2y il 5] B i A1 e PN T

Figure 1. The cutaway view of 2’Np partial substitution for burnable poison (Orange: Zirconium
alloy cladding; Light Blue: Water; Grey: 304 stainless steel; Green: Helium; Blue: B,0; Dark
Blue: Z'"NpO,; Black: Mixture of Z’NpO, and B,03)

E 1. %' Np BMATMEMSRNEEER: S488%; XER: /K; KE: 304 THN;
Fe: 85; K6 WIEEBO;:; Rikt: P®'NpO,; Ef: Z'Np0, N B,0; 4R &)

4. ®Np BT R B ARUEEER R M F M

ASCAEH MCNP5 20505 7 =05 30K, M 2'Np B B4 100 A FrfFdh, BL 100 24 N AR,
B & 1739 A T i R HECH RONTE R 9B iy 1739 2 7 RN A3 ] BR 554 B,O3 58 4 4 B 4t
N P'NpO,, =R RN FE-—R&. MCNP5 5 484 1%y 50000, Hit5 800 48, Brid#iaA
TEERE) 200 A, ARANZE R UWE 2 B

10007 e PR A X A R L
] A BTIR A A R %
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Figure 2. The effect of 2’Np partial substitution for burnable poison on kg
B 2. Z#AR P'Np B REXN GRUEER AT
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ME 2 FTRLEH, Bk, ZMO7RBEE P Np SRR, HEOH BOEE N TR, B
U, SRR A I b RIS R B T R AT AR BoOgo IR, =7 M 0 5 R 50l 28
R B 38 4 ot 55 5 0 B OB N T Ok, X |l T SRR B 1 BRSO SR, AT DI 2 e e
BT 3R AR (0 T AR UL 2 PT R 23 KOKIR/D R 43 B8 22 (M e R P, DRI AR SC s 82 B ide FH 1) 35 465t &y 300
AT, Y24 T—6 1000 MW bR K HE 2 Np £ 1) 22 5. thoh, £ =BT, B85
H AN G e 1R B2 DX T AN K, A8 5 0t A 285 B DR 50 s T s /N T 350 S0 B e T PN 0 A T [ SR
TR B BRSO B DR B S R B /), X AT RS B P 4 i AN AT R EE A B BE RO S B, B
AME T RAEEY) B0 B BRI b IR ST, 4 o Tl B R AR RS B, 5 BB A ) A
TIBEE K, AT 1 22 Np S5 250 5 DR A S
SRR R B (RN IR [E Il 7

XoFF = A7 T B R FE DB R R, R DUIE I AR S S T GG TR B, Ol A S EE IR I 5
223 MCNP5 [TH5, MESTEBATIRAS N, ARFIIREE Y 900°C R, I AWV B2 859 ppm. 48 # i
TN 300 AJTH, 7 SR SR BE L BAZ IR FE T G RS BN 4 R . AR SCREER T =07
ARSI T 51 2 T I TS PR B2 AT

Table 4. The critical boron concentration of different pattern on 300 kg substitution

=4 ZMERAREIRER 300 AFETHIEFMRE

Bredi I S804 P& fppm i A S i R
B518 772 1.00001
ST 775 0.99991
kg 788 0.99993

5. %'Np BT S HEE R B

BE RBUE WS Z AEVERE M E R AR, A FeHE R AR B FE AT S O O S N R R, N
PRBHE B R BB R R N HER T, XA RECL N FUE,  DUFRAIEHEE BT U
RN, T R HE S [ A 2 A

ATCAE = PP 47 A B s =S AR EE 300 AT, f# A NJOY #2724 T ENDF/B VILL AT R
XN E R RIAZEE, (EH MCNPS 235 vH5 T 25 7 SAH NI BE 3 B Y BRI R RIS 46 R &R
B, ECAFF$0100000, FLit5E 800 4%, BRiTHI4GHT 200 AX. WE REGHE LA I():
(ki —k )

0T ®

o =

e ar—— i E R
T—IR
Ketr—— R4 5 IR
5.1. *'Np B TR B3 BHE E R B

PREHE PSRBT S BRI, 6 IS HE I 2 A58 AT B BRI RS, SRR R K HE
PRBHE S 28N N—4~—1 pem'C 1 [6]. AL LA 200°C MK, ffiH] MCNP5 5 1 = fl B 7 20K B )i
4 300 A SR, 200°C#| 1200°C {5 A I BAEHEE &8 W 3 Fias.
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Figure 3. The effect of *’Np partial substitution for burnable poison
on fuel temperature coefficient

Bl 3. = xR RHE B R BEV S

M 3 LA, =R A AT T LR VS N, ORHR R R B U, A e e JL
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Figure 4. The effect of 2’Np partial substitution for burnable poison
on moderator temperature coefficient
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5.2. ®'Np BRI S HBLFIRE R B AR

AL IELE R BT BRI E RN R ), KR N HE IR 21T I D2 [ g a BB, SR
F 7K HE 18 A 7513 P R 2508 A—50~—8 pem™C T [6]

T EER MR, SIFERRHEE REONE, BB E A, R AR % B UCH AR, i A
PEFIBLE RBUET, BT EIIK, 2B 2 18 A AR AR A T A4k, DRl AR SO 3 T 56 (B [ 5 b
HES BRI TR NIST S AL AT 75 iR B /K35 B, #% I8 BEAVRS SURY PR (LM 5535, RS T
FARE T BRI E R . PR, ASCRL10°C B, A MCNPS 5 T = 8 47 2T & i & 300
AJTIE, 290°C 2 330°C G 4 (12 A 7R B2 R 8, il 4 s

M 4 draT DLE Y, =R 4y 5078 290°C £ 330°C 36 il P 12 AL R R8s i dl, B4 {1y
6 YL K HEAR AL 7R S RAGE . 7E T T BRI SE Bl ,  = R4 oy 01 A IR R B 4 HE
BRT IR HE, B9 T HEO R 24 . XU 2 NpO, SRR 2 4 SR 3 nT RS54 B,Os, ] LUINSRIE Ak
PR R ORI, AR T HES 22 4.

6. &t

A FTF BEAVRS A, ¥ 2:1# il MCNP5 X BEAVRS #3347 7iH45, 405 BEAVRS
SR DA Foth 2SR B R M b, B0 1 A SO AE R P . LU, X =Rl 2 NpO, 2 AR
053 B 4 S HE VT A EEY) BOs MU LT 7L, S H W R 451k

i BINpO, Z AR 2 B e JRHE TR EE Y BoOs T 5, ¥4 HER 1A HOMBE N R FE, RN
O 1) 7 S T AR AR X P T B = b7 22 W DLIE S PR AR AT A B Ak R A s 7 M E R I 7

BINDO, #h4r B TR B,Os 5, ASBECHEN I 2 2 fe . 7RIS TRV A, BREHEE 2%
JUP SR HECRFEAAS o T8I R RHMEAR K, IXIE— B FHIIN 1 HES A8 A 7RI 7 R 1t
BAONL, AT N T HECS I 22 4 1 Re
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