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1) Plutonium recycling in PWR
(D Dirty Pu benchmark: J. Vergnes (EDF)
@ Better Pu benchmark: H. Wiese (KfK) and G. Schlosser (KWU)

Pu ®#E% Table 112, ®IVEFTIVA Fig 1 ICRY . sHETLEER. BEAT v
TEDR . RUEERT7F_NEFPs BRBOLEKRETH S,

BNE. B, FRHEI - FRUEF—754 75 ) —iZ2Tid Table 2 789, X
7o LBV O S B EDFHIT DT D Table 2 [IZ/RT,

Table 1 Plutonium composition

PuE{LE | Pu-238 | Pu-239 | Pu-240 | Pu-241 | Pu-242
Dirty-Pu 12.5% 4 36 28 12 20
Better-Pu | 5.5% 1.8 59 23 12.2 4

r=0. 4750cn |

r=0. 4095¢ii |

- 1.3133cm ———

S PE: Bg?=0

Boroni# £: 500 ppm(B-10= 18.3%, B-11= 81.7 %)
Power: 38.3 W/g

Burnup step: 0 - 50000 MWd/t % 18534

Fig.1 Cell geometry



Table 2 Summary of participants and information about resonance treatment

Institute Country Code Data Base/Library No. of
Groups

ANL USA VIM ENDF/B-V infinite
BEN Belgium LWRWIMS 1986 WIMS 69
BNFL England LWRWIMS 1986 WIMS 69
CEA France APOLLO 2 JEF-2.2 CEA 93 172
ECN’ Netherland } WIMS-D JEF-2.2 SCALE 172
EDF France APOLLO 1 CEA 86 99
Hitachi Japan VMONT JENDL-2/ENDF/B-IV 190
IKE 1 Germany CGM/RSYST | JEF-1 45
IKE 2 Germany MCNP 4.2 JEF-2.2 infinite
JAER! Japan SRAC JENDL-3.1 107
PSI 1 Switzerland | BOXER JEF-1 70
Psl2 Switzerland | CASMO 3 ENDF/B-1V 40
Siemens Germany CASMO 3 J70 70
Studsvik Sweden CASMO4 JEF 2.2 70

ANL:  continuous energy Monte Carlo, shielding of unresolved resonance

BEN: selfshielded cross sections of Pu-239 and Pu-240

CEA: self- and mutual shielding for the main U, Pu and Zr isotopes, local effects

included

CEN: selfshielded cress section

ECN:  all actinides, fission products and Zr are self shielded

ENEA: continuous energy Monte Carlo

HIT: U, Pu, Am and Cm isotopes are selfshielded

IKE 1: self- and mutual shielding for the main U and Pu isotopes, by performing

an ultrafine group cell-calculation
IKE 2: continuous energy Monte Carlo, no special treatment of unresolved

resonances
IPP:  selfshielded cross sections of U, Pu-238, Pu-239, Pu-240, Am-241

JAE:

products by performing an ultrafine group cell-calculation

JAE2:
SIE 1:
TOS:

continuous energy Monte Carlo
no information available
continuous Monte Carlo

self- and mutual shielding for all U, Pu, Am isotopes and many fission




HEDOFERIT. Figs. 2 & 3 kU Table 3IT5RENTNVS, Darty Pu Tl BREEHEA
T4%. REPT5% bDIES>ENR SN 5, Better Pu Tl ZDiIfo2&i3/hal
WhH, TORKEMITSDEIZ. WIMS % (CASMO 288 ) Da— RAVNSILfli% & 5
12HTHb, THIEEIT Pu—242 HBEPRO D FRIZER LT 5, $9 10F7HIZT
OB ERBKFON L FT -7l THEREINI L DI Pu—242 D 2.6eV 18
DHCEBIREERBL TN D TH D, B WIMS R0 I— FNid MOX BEHE %
BLUTWRENIHTH S, Table 2 1ITRTEDIZ. LU CASMO4 3 2D HdBES
NTHWEENHTET. F3ABOLAITHE Studivik(STU) EREY 7 by 7 —
(TSW) N2EBMUTHEEEZR Lz, LHL. £72053% bDIESDENEEL
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Table 3 Comparison of k, calculated for the dirty plutonium recycling benchmark problem

Bumup | ANL BEN BNFL CEA ECN EDF HIT

Gwad/t VIM WIMS WIMS APOLLO2} WIMS-D| APOLLO1| VMONT
B-V 1986 1986 JEF2.2 JEF2.2 | CEA86 J-2/B-1V

0.0 1.1324 1.1044 1.1043 1.1334 1.1313 | 1.1217 1.1396

10.0 1.0400 1.0398 1.0707 1.0707 | 1.0593 1.0777

33.0 0.9645 0.9645 0.9974 0.9974 ] 0.9863 1.0087

42.0 0.9405 0.9405 0.9716 09716 | 0.9626 0.9833

50.0 0.9208 0.9208 0.9497 0.9497 | 0.9433 0.9625

Burnup | IKE1 IKE2 JAE PSI1 PSI2 SIE1 STU/TSW

GWd/t CGM MCNP4.2| SRAC BOXER | CASMO3 CASMO3 | CASMO4
JEF1.0 JEF2.2 J-31 JEF1.0 B-1V J70 JEF2.2

0.0 1.1308 1.1319 1.1336 1.1304 1.1006 | 1.0995 1.1336/1.1321

10.0 1.0688 1.0718 1.0686 1.0454 | 1.0497 1.0747/1.0731

33.0 0.9949 1.0028 0.9974 0.9743 | 0.9868 1.0055/1.0037

42.0 0.9705 0.9799 0.9743 0.9493 | 0.9643 0.9827/0.9809

50.0 0.9507 0.9610 0.9554 0.9282 | 0.945 0.9641/0.9624
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Fig. 2 Comparison of burnup reactivities for the dirty plutonium benchmark
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Fig. 3 Comparison of burnup reactivities for the better plutonium benchmark
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a) FPs OEUO R : LB EBFI R, BEF 2 — . BT -7 FMEOHEN S 1 %
DEF B,

b) U—238 SLRRET 1 MR IC L A BR . BEBROTBHRDN S 05%.

O MEIERE A v v 2 FH: CEA RIBBYMAT 05%. KT 1% OFEEF kK,
JAERI & IKE 3BRBEFIRICII ZFBHRIIUC 12324 9y v 2 THREER
Nabitc, THUTDOOTIH, LNV Fo—RBERELTTI I & &MU
7o

d) fission energy release AEE{ AEEH. VHAR/EL 0.1%). Pu, Am.
Cm DT — 5. Am-241 DFEN L%

B E UTid, SR ANF -2 o7 AN O L AR EERSET Sl S hi

M. a) BEIA—FOIFAT 7Y —THREINTOBRENNT A —FITHRPH O, N
Fe— 7 RERE LB, HRE. BEM TA—BNEL, b) 7T —FmOHE
DHEHNKREW (JAERIJENDL-3.1) & IKE(JEF2.2) @ UO 4F.LDZ%) . ¢) MCNP 2
— FOIESBIBFIRI D H > BCEBIRNEBINZOI DR FRICEEAND
HEIRE L,

2) Void reactivity effect in MOX lattice

Ry F2— 27T Fig. 4 17T EHi1I230 X 30 B e oH L=< a/VERT

0T MOX #AEHE AR A D D AMINE U0 BB ESHER TR BHN TS, Table
AFRTEIICIBED PuBLLEDOBRENEZL SN TS, ZOMEICEL->T. KA F
RGBT Pu BALEED 12% DL EICiCiE B RIS B 2 &2 KRIET 5,

BINE. B, FRHED- FRET =754 75V — X2 Tid Table 5 {2787,

Table 4 Pu contents for three MOX assemblies

Uo2 L-MOX M-MOX H-MOX
U-235 3.35%EU
Pu 52w% 9.5w% 14.0w%
Pu-fis. 3.6w% 6.5W% 9.9w%




30x1. 26cm

UO2zone

MOX
orU02

10x1. 26¢cm

#5844 boundary condition=reflective
lattice pitch=1.26 cm, fuel pellet outer diameter=0.4095 c¢m,

Cladding outer radius=0.4750 cm, fuel and water temperature= 20°C,

moderator= water and aluminium mixture

Fig.4 Macro cell model for void coefficient benchmark

Table 5 Summary of paticipants for the void reactivity benchmark

Institute Country Code Data Base/Library No. of Remarks
Groups

ANL USA VIM ENDF/B-V infinite Zircaloy

BEN Belgium LWRWIMS 1986 WIMS 69

CEA3 France APOLLO 2 JEF-2.2 CEA 93 172/99

CEA4 France ECCOS52/ERANOS | JEF-2.2 CEA 93 1968/172

CEAS5 France APOLLO 1 ENDF/BV+ JEF1 CEA 86 99

CEN Belgium DTF4/DOT 3,5 MOL-BR2 40

ECN Netherland | MCNP 4.2 JEF-2.2 SCALE 172

ENEA ltaly MCNP 4.2 JEF-1 infinite

Hitachi Japan VMONT JENDL-2/ENDF/B-IV 190

IKE 1 Germany CGM/RSYST JEF-1 60

IKE 2 Germany MCNP 4.2 JEF-2.2 infinite

IPPE Russia WIMSD4 FOND-2 WIMS/ABBN

JAERI 1 Japan SRAC JENDL-3.1 107

JAERI 2 Japan MVP JENDL-31 infinite

JAER! 3 Japan SRAC/PIK JENDL-3.1 107

JAERI 4 Japan SRAC/MOSRA JENDL-3.1 107

Siemens Germany CASMO 3 J70 70

Toshiba Japan MCNP 4.2 JENDL-3.1 infinite
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@) FEH

Pu ) YA 7 IR F2— 7 HBTIE. MROHI LT Dirty Pu ZEFHEEHOIES
DEMKE (. |HCASMO #5272 — N Pu—242 3L RN R ORI S it - 72,
LU INEWREBUTHELKRHEI— FIIZIZ 2 ~3% OZEHNED . FPs DR DK
WRUET—7. U-238 DXBHEELERUBRHSHEEA v & 2B OMBEE IR
niz,

BREOBHEZHEEBA v v 2 1B O#IZ DU Tid. Cadarache & JAERI R IFIKE &
TEROHEDSH D, HIUWWNRVF—HBEUTHEERTIZ EEN T, ThHIZ
DNWTIHHEEE TA)aI— FMVP EFNTEE 32— F SRAC THAAREEIC
BFOTREA v VaBBEROSNED - T,

SRIDNR Y F2—7 DFHERIZ. PuBRRRFRS FRIEBEIKEOTHHEEBOE S
DENRKREKHET MDD T 4 — Ny I EEZ DITBBAERT — 7 OLEHENRN
B SNTTE 5 72,

EEXR

1) PM.Chantoin and ]. Finuecane:" Plutonium as an energy source: Quantifying the
commercial picture”, IAEA Bulletin, Vol.35, No.3, p38, 1994.
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Fig.5 Void reactivity calculated with pin cell model
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Fig.6 Void reactivity calculated with assembly model
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