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Improvement of Evaluation of Irradiation Test Condition in JOYO
Takashi SEKINE*, Ryoichi KIT **and Takafumi AOYAMA*
ABSTRACT

In order to improve the calculation accuracy of the irradiation test conditions in the
experimental fast reactor JOYO, a three dimensional, continuous energy Monte Carlo code
“MCNP” was employed. The fission product yields (***Nd) in the instrumented test
assembly (INTA-2) which was loaded between the driver fuel subassemblies and reflectors
were evaluated in this study. The results from the “MCNP” code were compared with the
experimental values.

In the calculation of the “MCNP” code, the neutron source distribution data which
was calculated with the JOYO core management code system “MAGI” was used to evaluate
the neutron flux and spectrum inside the INTA-2 subassembly. The **Nd yields were
evaluated with the calculated fission reactions and the fission yield data from INDC-V?2,
The calcutated “*Nd yields were compared with the experimental values which were
obtained from post irradiation examination results. _

The ratios of the “MCNP” values to experimental values of ***Nd yields are about
0.99~1.00 of all pins. The “MCNP” code calculation values were within the range of the
experimental error. These results indicate that the irradiation condition of the subassembly
which was loaded next to the reflector can be evaluated accurately with the “MCNP”
code.

* Reactor Technology Section, Experimental Reactor Division, Irradiation Center,
O-arai Engineering Center, INC
*#* Irradiation and Administration Section, Irradiation Center,

O-arai Engineering Center, INC
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Hex-ZFZ TOHEBEREZERL =,
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e N
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2.1 ONAAERRE I SR B E R O AR

BEER1 | #eEEm2 | puEms =
e | RN Uy g T i
HEHEREAIE (mm) |289.6~294.2|288.5~293.0| 289.4~294.2 5 DL
2341 0.119 0.124 0.120 PIEIE
35 17.068 16.790 16.769 "
S 26y 0.121 0.121 0.115 "
3 238 64.292 64.547 64.518 "
18 238py; 0.193 0.159 0.182 "
B 23%py, 12.150 12.197 12,160 "
tE 240py 4.212 4.256 4.246 "
(%) 241py 1.136 1.074 1.159 "
242py, 0.709 0.732 0.731 "
Pus{LEE (atom%) 18.400 18.418 18.478 PIE &2 &
O/MLEE 1.96 1.96 1.99]  RsksAlE(E
REELL (%TD) 91.28 91.35 91.51 "
Nbwy RaE (mm) 8.546 6.548 6.546 "
~by FAE (mm) 1,903* 1.903* — P

FRER T RU2 [CDOVTHE, BBy FRICRENERET 2729,
BARLy MRS,
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#3.1 BEEPETICES N OHEINER

i 23577 | 28875 | 29py |200py | 241py | 242py
148Nd y N
*A{U ﬁu% 1.6716 |12.0816|1.6374 |1.9150]1.8062 | 2.0633
(%) |
(H# : INDC-V2)
%£4.1 INTA-2 £E5KD “Nd £ ERIERER
HITEA
Rl Ll 289.6~294.2 288.5~293.0 289.4~294.2
(mm)
148
CNdR T 5.128E+16 3.765E+16 4.428F+16
(atoms)
i 3.226F+21 2.487E+21 2.892E+21
(atoms)
N/ BLE 1.59E-05 1.51E-05 1.53E-05
% 5.1 “MAGI” OFETFIRIIVF—FHEE
# | Upper Energy | Lower Energy
1 10MeV 1.3534MeV
2 1.3534MeV 0.38774MeV
3 0.38774MeV 86.517keV
4 86.517keV 9.1188keV
5 9.1188keV 961.12eV
6 g61.12eV 101.3eV
7 101.3eV 0.00001eV




JNC TN9400 99-017

%52  “MCNP” |24 5INTA-2E & KD NAERE

HEERA
148 148 *2
BORER | (acionss oo | remaros | IR o
25y 4,492E-09] 3.816E+21| 1.066E+19 1.6716) 1.782E+17
28 1.024E-10] 1.438E+22| 9.153E+17 2.0816} 1.905E+16
239py 4.496E-09| 2.717E+21| 7.597E+18 1.6374] 1.244E+17
240py 9.913E-10| 9.417E+20| 5.806E+17 1.9150} 1.112E+16
241py 5.890E-09| 2.541E+20| 9.308E+17 1.9062] 1.774E+16
242py 6.920E-10] 1.586E+20] 6.827E+16 2.0833| 1.409E+15
&5t 2.236E+22| 2.075E+19 3.519E+17
MCNPEifi5 52 1.576+0.030
VONQER R/ B BTEX10 EHI 1.590£0.016
MCNPaFlfis SR/ =ikl 0.991

BHEHK?2
E: 148 148 2
BHBE | (2 onsaftoomut | (amarng | BORH | iR " et
235 4,393E-09] 3.757E+21]| 1.027E+19 1.6716] 1.716E+17
238y 9.906E-11] 1.444E+22| 8.899E+17 2.0816] 1.852E+16
239py 4.337E-09} 2.729E+21} 7.363E+18 1.6374]  1.206E+17
249py 9.155E-10| 9.523E+20| 5.423E+17 1.9150] 1.038E+16
#ipy- 5.708E-09| 2.403E+20| 8.524E+17 1.9062| 1.625E+16
#2py 6.404E-10{ 1.637E+20| 6.522E+16 2.0633| 1.34B6E+15
&k 2.238E+22| 1.998E+19 3.387E+17
MCNPEE{TiRS R 1.515+0.036
"ONd4 R R/ B BTHEX10° Rilta 1.514%0,015
MCNPEF{ilifs ./ RilliE 1.001

BEER 3
J] d 148 148 2
BB | (e toown | (e | PR | | " NesRE
B3 4.505E-09) 8.778E+21] 1.059E+19 1.6716] 1.770E+17
38 8.069E-11| 1.454E+22| 7.295E+17 2.0816{ 1.519E+16
29py 4.454E-09| 2.740E+21| 7.589E+18 1.6374| 1.243E+17
240py 7.869E-10| 9.567E+20| 4.682E+17 1.9150] 8.967E+15
#4Tpy 6.075E-09] 2.611E+20] 9.868E+17 1.9082| 1.881E+16
22py 5.552E-10] 1.646E+20| 5.685E+16 2.0638| 1.173E+15
&t 2.253E422| 2.042E+19 3.454E4+17
MCNPEE{EiE 2 1.534+0.043
YONQER R ESRIERX10 s 1.531+0.015
MCONPER{#E R,/ R AME 1.002

*1 | B BN =S BRI X T 5 X F5IR (7.199d X 24h X 60 X60)
* 2 "UNGERB =SB NdE =




5.3  “MAGI” 12X BINTA-2E SO NAERE

235U 238U 239Pu 240Pu 241 Pu 242Pu
EF# (atoms/cm®) 4.051E+20| 1.534E+21| 2.962E+20| 1.028E+20| 3.068E+19| 1.750E+19
O BRIGE (reactions/s) 4.303E-09| 2.439E-09| 4.087E-09| 8.811E-10| 5.734E-09| 6.274E-10
5 B (reactions/cm®) 1.081E+18| 1.017E+17| 7.511E+17| 5.629E+16| 1.091E+17| 6.826E+15
VONAIESBIRE (%) 1.6716 2.0816 1.6374 1.9150 1.9062 2.0633
USNdA= Rk (atoms/ecm®) 1.807E+16] 2.118E+15| 1.230E+16| 1.078E+15{ 2.080E+15| 1.408E+14
BLEETHRELUD INdERE 1.50E-05

L10-66 QOP6NL ONI
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#5.4 “MCNP” 12 5INTA-2£5 A Fk (D H 5 55 e

PREESR
B B ENBRIGE Rby Moem#Bi V| BHBNEVOT| RER (%E,-;&)
(reactions/s/100MW1) DEFE ZI#H—(MeV) (Wiem) ™
235 4.492E-09 1.176E+21 180.88 148 (50.3%)
238 1.024E-10 4.429E+21 181.31 13 ( 4.3%)
23%py 4.496E-09 8.370E+20 189.44 111 (37.6%)
#0py 9.913E-10 2.901E+20 186.36 8 ( 2.8%)
24ipy 5.890E-09 7.828E+19 188.99 14 ( 4.6%)
242p 6.920E-10 4.887E+19 185.98 1 ( 0.3%)
& & 295+6 W/cm
BiHA (rBICKBER (H3%)2Fa0) 30446 W/em
MHER?2
S B BN BEGE Ay MomEEU|ESELEVOT| BHE (%i'r%;ﬂ)
(reactions/s/100MW1) DEFE FIFE—(MeV) (W/em) ™
V) 4.393E-09 1.158E+21 180.88 143 (50.4%)
28 9.906E-11 4,450E+21 181.31 12 ( 4.4%)
239py 4,337E-09 8.409E+20 189.44 107 (37.8%)
240py, 9.155E-10 2.934E+20 186.36 8 ( 2.7%)
2ipy 5.703E-09 7.404E+19 188,99 12 ( 4.4%)
242py 6.404E-10 5.044E+19 185.98 1-( 0.3%)
=) it 28447 W/cm
BN (rfIck 3588 (WI%)22488) 29347 W/em
REEFE3
oI %ﬁﬂ&zﬁ% Ry Mem3Zz Ul BaBNsunT| RAE (’ﬁ-ﬁ%)
(reactions/s/100MWH1) DIFFE F A —(MeV) (W/em) !
235 4.505E-09 1.272E+21 180.88 161 (50.8%)
238 8.069E-11 4.892E+21 181.31 11 ( 3.5%)
239py 4.454E-09 9.220E+20 189.44 121 (38.1%)
240py 7.869E-10 3.220E+20 186.36 7 { 2.3%)
241py 6.075E-09 8.789E+19 188,99 16 ( 4.9%)
242py, 5.552E-10 5.540E+19 185.98 1 ( 0.3%)
) &t 31749 W/em
fRih (rBICEARS (W3%)2E2ST) 327+9 W/cm

* 1

BN NIE23" Y SN OTFHRFIFHRR N TH 596. OMWITEHE L 72,
ERE=BOERDEXRETEXEIBHL Y DI RIF—X1.6E-19(J /eV) X96.9/100
ELTRELE
*2 rRRICKDIRBESITOVTIE, EFENew-POPOPAIZ L 5:BR ¥ BIc L DRMEBE L7,



JNC TN9400 99-017

#5.5 INTA-28AE O ) 5 B R

mpEx | "*NdEREDC/ET VSN R R
HHIEL =8 (W/em) MDC/E

PAEESE 1 307 £ 7 0.991
PAEIER 2 293 + 8 1.001
+ 10 1.002

et SEE 327
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RIRBE

LA S AT LS
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INNNNNNNN
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ESEHBEFOEEDH
(RALIXB0.8MeVOHMFOREET L L)

1.0 :
0.8
0.6
0 |
0.2

0.0 =
10

TMeVDHREFNASL/-IBED

P

239 ‘
Py ey i N
D% SRR

.
<

10

-5

10™* 10°° 107" 107"
BRHPHEFOIRINF— (MeV)

10

0

1

10 10

X3.2 WattBlO PR+ AR ML

2

L10-66 00¥6NL ONf



RFFE2ALN (MW)

—— EFFRES (W) |

100 I RN T
- - hipalisi
80 ' EEREFIESE A (|96.9MW
60
EFPD=7.199day
40
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REEERRE (H)
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REFIRS Hlx(n/cmzls)

15
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10 , ,
=e=e-PRHER T (MCNP)
— — ~-AEEZR2 (MCNP)
--------- MEEZR 3 (MCNP)
MAGIH
1014
I
o DA R R B
102
1077 10°° 107° 107 1078 1072 19" 10° 10"

PEFIRILFE— (MeV)
0.1 "MCNP'IZL 2 HRBERME TOHRETFARY M



£hitF®E (n/cm?/s)

2.40

2.20
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1.60

1.40

1.20

1.00

15

X10
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VNG
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PREIE R 1
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