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Analysis of Post-Irradiation Experiments on
the Core Fuel composition of the Fast Experimental Reactor
“JOYO” MK-1

Kenji Yokoyama*™, Tomoyuki Jin**
Abstract

In the development of fast reactors, it is important to verify and improve the prediction
accuracy of isotopic composition change by burnup. In this study, post irradiation experiment
(PIE) data of fuel assemblies irradiated in the experimental fast reactor "JOYO" MK-I core was
analyzed. As the isotopic composition after irradiation had been measured in the PIE, the
authors selected to evaluate the rate of change of atomic number density (RC) by burnup. The
RCs strongly depend on the error of the initial atomic number density. Therefore, the authors
evaluated RCs based on the sample regression constants with the linear-square method in order
to remove the dependency on the error of the initial atomic number density.

The analysis was carried out for all the available ~ 80 point PIE data on core fuel sub
assemblies. In the analysis, the 70 group diffusion calculation with 3-dimensional Tri-Z geometry
model was performed by using the nuclear data library JENDL-3.2, and the burnup calculation
considering neutron spectrum in the irradiation position was carried out. As a result of the
analysis, calculated value agreed with experimental values within 2--10% on the main
nuclides, such as U-235, U-236, U-238, Pu-239 and Pu-241. However, it is necessary to
upgrade and verify the analysis method by using these PIE data since there is a room for
improvement of the analysis models.

On the other hand, the nuclear data library effect was also evaluated by using JENDL-3.3.
It was found that JENDL-3.3 increased both RCs of U-236 and Pu-241 by ~5% due to the
revisions of U-235 and Pu-240 capture cross-sections. In the future, improvement of the
analysis model and quantification of the error will make it possible to apply the PIE data of
“JOYO?” for the verification of these nuclear data.

K Reactor Physics Group, System Technology Division, OEC, JNC
#%% NESI Incorporation
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#3.1-4 (1/2) PIET—42 M5 H#E L -URUPuD ¥IEA B GL{AFE B L
() Vo MAR GRS R
B A#ERLLE [a/0]
umy b i — - PIE/BIE
WET—2 PIEF—4&2h ST
U-234 — 0.126 —
EU0004
U-235 23.095 23.077 0.999
U-236 — ¥ 0.212 -
F—a2% 17
U-238 76. 905 76.585 0.996
U-234 — 0.130 -
EU0O12
U-235 23.226 23. 316 1. 004
U-236 - 0.199 -
T—H%: 5
U-238 76. 774 76. 355 0.995
U-234 — 0.130 —_
EUC013
U-235 23. 256 23. 207 0.998
U-236 — 0.217 —_
F—H% .28
U-238 16. 744 76. 446 0. 996
U-234 - 0.130 -
EU0014
U-235 23.276 23. 239 0.998
U-236 — 0.214 -
T 5
U-238 76. 724 76. 417 0.996
U-234 - 0.132 -
EU0015
U-235 23. 256 23. 246 1. 000
. U-236 - 0.206 —
T—A%: 9
U-238 76. 744 76. 417 0.996
U-234 - 0.134 -
EU0O018
U-235 23. 327 22.970 0. 985
~ U-236 — 0. 286 —
F—a2%: 6
U-238 76.673 76.610 0.999
4 U-234 £ U-2361=DW\TIE, ST — 2 ICHEHEMSEE S TULVEL,
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#3.1-4 (2/2) PIET—42Hho#E L1=URUVPuD ¥ BB SI{A#E R L
(2) Pun¥NERRIGLA#AR L
R A#ERLE [a/0]
Puow #iE — — PIE/SLE
BlET—4 PIEF—4hSH#E
Pu-238 0. 081% (0.079) * (0. 979)
PU8230 Pu-239 78. 373 78. 546 1.002
Pu-240 18. 651 18. 639 0.999
Pu-241 . 377% 2.233) % (0. 939)
T8 20 23 2. 239
Pu-242 0.518 0. 503 0.971
Pu-238 0. 091 (0. 075) (0.818)
PU8231 Pu-239 78. 386 78. 407 1. 000
Pu-240 18. 643 18.775 1.007
B Pu-241 2.372 (2. 236) (0. 943)
T—a2% 27
Pu-242 0. 508 0.508 1. 000
Pu-238 0. 091 (0. 088) (0. 966)
PU8232 Pu-239 78.578 78. 607 1. 000
Pu-240 18.584 18. 680 1. 005
Pu-241 2.237 2.121) (0. 948)
F—2% . 7
Pu-242 0. 509 0. 504 0. 991
Pu-238 0.071 (0. 093) (1. 304)
PU8244 Pu-239 77.328 77. 868 1.007
Pu-240 19.513 19. 680 1.009
Pu-241 2. 541 (1. 809) (0.712)
F—a%: 6 !
Pu-242 0. 548 0. 551 1. 005
Pu-238 0. 101 (0.132) (1. 302)
PU8251 Pu-239 76. 862 77. 428 1. 007
Pu-240 19. 796 19. 429 0. 981
Pu-241 2. 654 (2. 459) (0.927)
F—4A%: 5
Pu-242 0. 588 0. 552 0. 940
Pu-238 0. 101 (0.118) (1.162)
PU8253 Pu-239 76. 832 77.372 1.007
Pu-240 19. 826 19. 717 0. 995
. Pu-241 2. 654 (2. 226) (0. 839)
T—3%: 6
Pu-242 0. 588 0. 567 0.964

X Pu-238LPU-241ITD\TIE. MAEZERTALENHY. ERTI 0 v T4 07 LTHHME
REHET D EMNTERL,
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FAE BFERCRE

AETIL, AIETRAZFIEIZ LR - T, PIEITATRERESTOPIE F—FRESICH LT
RN EE LR ER L, BRICHTI2RHAEITO,

41 Da4vT42TI2&kBEEHER

A I-1CEPIET —Z RBIT 5 RFEBEERMROERMESL FL. 1-2 1R UL HEEZTT,
Fz, BA1-3IZAPIET—FRICBITARBES Y ORTFHEEL(LED C/EEERT, 72
B, LRRORIZIISEFERE LT, IRPIEY L I LE2EHTIEE2Yy F, Uy NEOPu
v MM, BEREWMEBEZRTIFLT FLA, BREESOFEREZFETORLE,

AIEE TICRA LB, ZNHDET —F R TOFMIT, MHHERAECER T 8%
DT, Pu-238, Pu-241 LIAADEZREICOWTIL, BT 4 v T 4 VT EITOEROEE 2> HRRE
Ebl- v ORFHEE2FIMET 5,

4.1-1~4 Z U DR FEEEERCEREBED T 4 v T 4 V76 JFHLER) 27T, 2hbd
DEMPBEB EBY, U-235, U-236, U-238 I22oW\WTid, BWESEEZTL, EREOIFTHoXx
BINESWZ ERGND, BB, TDT 49T 4 TORERNS U-234 1ZIEb & NRKE WV &
GIND, R I-4ITRLIZERY | U-234 OFRITFER /NS BBRICK VY BIZEAT5
DT, PIEBRENREL RDDIIHREEXLbND, —JF, U-236 bIIMERIZ/NZ VA, EHE
DL U-235 NOBRBEIC LIV AERTIEBZRET D LICRD2DT, BIEREPEETETWS
LotEZBND,

FENT, B 4.2-1~3 IZ Pu DR FEEELCEREMED 7 + v T 4 76 (FF.LER) 25
T INDDENGTHND EBY Pu-239 [FRWVEMRELZ R L TWD Z &R 505, —H ., Pu-240,
Pu-242 122V T, Ho2E R KRELERERXH TV B2V, Pu-242 1250 THE, & LTH
BEIZ KV Pu-241 OAERMT 5 Z & THMNT 2MEMIZH 253, Pu-241 OFHFBRITH 2% & /hE W
e, THRBERERE LN TWRWATEEMERE VY, —F, Pu-240 {225\ T, #IHHER DK
W Pu-239 NODEMBPETH LD, HOBREORERENHEMR TE TND LHRFEND A,
ZORRENOMOLPOFERIZEVPIEBOIEL2ENKREL RotbDEZLND,

PLEo X 91z, U-235, U-236, U-238, Pu-239 |[Z2W T, 74 v T 4 V7 ORENS ., BIEHE
ODEBREFERL +0RBIEEENMEOLNTVWD Z L RERTE T,
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4.2 C/E {EDFFI#ER

R4.2-1~4 2, BFOERICEBIT S CEEOFMERKROELDER L, BB, ZZITRLE
FERIL, JENDL-3. 2 ICEDS AT ORER TH D, Tz, RiTid, HEEE, BESEEL LT #
NEN, 74T 4T THRONTZEROBEEICT H8EEER L, C/EEBEL L TRLAER
AREBRELAIEREOEBRMOESRTH S, 2B, Pu—238 & Pu-241 IZoWTiE, 74 v T 4>
T&2{To>TVWRVWOT, T —F AILBT 5 C/EEOERTESEER LI, C/E#EEL LT, C/E
EDIXODENORDIIEEREE R LTz, £72, Pu-238 & Pu-241 (2O T, #IHMREE T
BERTLIBEPZTENTVWEDOT, BIRERTILNERS D, T OBEEITREEE IIKET 308,
BIEOFM (RKRBEEE) TIXZh T, 2.5%, 3.6%TH5D (¥&3.3-1 BH),

INODRNPOZNDEEBY, 74T 4 T TREVWERMEL TR L- X E-TE U-235, U-236,
U-238, Pu=239 IZ DWW T, N T, i#TE L b BB W—EKZ2 R L TW5A, 777 L., U-235,
U-238 ITBERREITIL AL & ENE N BRFHMER B/ NHMRER S H D L RE 2 ENTE 3,
Fio, BT —F R EICFHMEI LT Pu—241 I22W T, C/EEDIT LX)l S -38351T 2
~12%TH Y | PIHHMAREICER T 2BENKH %L T, BEOGHHEANTITE—HLTWS L
RHEZENTED,

MOBBIZHONWTIZ, EREDOT 4 v T 4 VIIRBERRKREVDO T, HEMELDOD—FHEIZHONT
FLLBRLTLDHDEVERDILZVWA, BIERENRKEVO THEZEDHETIZIE—K LTS L
RDZENRTED, 728, Pu-238 [ZBAL TiX. C/EEDIE L 2 & NIEFIZ KR E < | C/E EDOFHIE,
C/ERBEL BIZEALERDORVMEL 2> TLE->TWVS, ZORKE LTI, HlERE, tan
EZOWMBREELTCVWBEEZIONS,

ULDERNL, 74 9T 4 v 7 TiMEEN-BEL RO RBIERZELT I LI TE RN
bOD, FELRFETIIR~10%ORERZTHY . #HEEOTHLRBRETHD, ThbORE
6 PIE 7 — % ZRIEIC L DR T HREELRL % 5HE T 5 MR FIEORIEIC 40 2 2B EH
brLEZLND,
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4.3 SATSUHR

TAT7VRERD7=D, £4.3-1, &4.3-212FnFh, JENDL-3.2. JENDL-3.3 2% % C/E
EFHEREREZE LD TR L, 2B, TUOHDORTITBEL LT, BIEED 7 4 v T 4 v 70 b
FEL72IZo X I ESSERBEERR L 2. R441TT.54 75 VR L LT JENDL-3. 3
WL AEHBEEE JENDL-3. 2 IZ L A HEBEEDOHZR LT,

I Tk, EREEDP RN S CEHEME L BIEEO—BER BV (U-235, U-236, U-238,
Pu-239, Pu-241) IZHEB L CERT D, B, TNOLDORMLLENDEBY, FA T IV HED
FLRNOMEBERFEEIZ/NESL, BIZEB L TWABERIZOWTIZ 1~2% & /NEV,

ZNHDORNG U-235, U-238, Pu—239 IZOWTIET A 7T U RIERITH 1%L NEVWZ LR T
&5, —H T.U-236,Pu-241 IZDOWTIE, EB L BRIBUDT A 7T VR EHE->TE Y, JENDL-3. 3
S LT, BFEEEEARIRESFMMSNDZ LiThkhd,

U-236 JR FBEEZLRIIH L TRERBRELZFOOIT U-235 OWBHEME TH Y . Pu-241 i
FHEEZRICXN L TRKERBREZFODIT Pu-240 HEBIEE TH D, Z0-D, H4.3-1 L
B 4.3-2 Ic 22, U-235 SEITERE. Pu-240 BEWERO S (75 VMOKEER L, =
NOORNG, MErERE LS b 100eV~10keV DFEEL THEBAIK & RUETRITON TV D Z L B
Do

U-236 12D\ Tk, SEIOFETFE R HIZ, JENDL-3.2 D FNERE L O—ERBWEH IR
D205, SEIOFNIIIEFER— A TH Y HEBRERREVWEEZ NS Z L ohEFO BRI
DERERELBETERNVEEZIOND Z LR EDNDL, BRETMELE 1Z2-TELT, SEORK
R7EZT 6, U-235 EWTEMAEIC DWW T, JENDL-3.2 & JENDL-3.3 D E¥H 5 NIE LW aZHIET S
TEIXTERNWEE XD, F7z, Pu-241 IZ2WVWThH, JENDL-3.3 OFNERMEEL D—FHNR WX
IR Z B8, U-236 & REERICAEIORE R T2 5 Pu-241 HBUTEBEIC DWW THIELZ T 5 Z &1
TERVWEEZ S,

—7F., BIEBREZEDOBEANOIX, U-236 OREBRELI T 4 v T 4V TICX DM D 3%~9%.
Pu-241 IZFIHIMEARRZICER T 2RENKHN UL FTMENTEBY . T4 T TV DEIT LD 5%DED
FRAEIZAE 2 D FIREMED T2 H D 2 & DR TE 72,

S, FATET VOFEHEIZ L » THRITEE DR L& XV MR REREOFMEITH Z & T,
BABRBRT — Y 2T — Y OREICKMRT A ENRTED L EXDLND, 12EL, TEH] MK-I
DORHERBRT — X 130 20 FRNCHE SN b D TH Y M H THRORERELHIMET 3
DIFFELVEDE, 20D, 5%iF. SEIOBRN TR T Z LN TELIMAEL., i
DODRABRRRT —F ICEHATI2ONRNEEZ D,
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£4.2-1 RFBEEELEDOC/EE (Fdid : JENDL-3. 2)
s EtHfE(C) REREE) o/ | ESIE | RRE | C/EE
EE il R? 15 ilal R RE" | IRE" | B_E™
U-234 | -0.729 | 0098 | 0883 | -0527 | -0.243 | 0.761 1.383 3.7% 155% | 16.0%
U-235 | -3.053 | -0.175 | 1.000 | -2.949 | -0.207 | 0.997 1.085 0.2% 1.4% 1.4%
U-236 | 59.249 | 10243 | 0991 | 57.379 | -0533 | 0.974 1.033 2.6% 4.5% 5.2%
U-238 | -0482 | 0038 | 1.000 | -0521 | -0.127 | 0.985 0.925 0.4% 3.4% 3.4%
Pu-238 | — - -— — - -—= 0.257 -—= -—- | 1473.1%
Pu-239 | -1.756 | -0.039 | 1.000 | -1.692 [ 0.001 0.979 1.037 0.3% 4.1% 4.1%
Pu-240 | 0377 | 0.191 0988 | 0450 | -0.058 [ 0.651 0.838 3.0% 20.3% | 205%
Pu-241 | -—— -== -== - -—= -== 0.894 -~ -— 6.0%
Pu-242 | 1679 | 0077 | 0999 | 1309 | -2.273 | 0815 1.283 0.9% 13.2% | 13.2%
#£4.2-2 RFBEBHEECEDC/EME (FrhR : JENDL-3.2)
wiE 5t HAE (C) REAE(E) G/E S+ﬁ1§ EE&{E C/Efl
Bz 2 R? EE s R? RE RE" | RET
U-234 | -0.750 | 0.125 | 0992 | -0942 | 0594 | 0.705 0.797 3.1% 215% | 21.8%
U-235 | -3.169 | -0.031 | 1000 | -3.037 | -0.124 | 0.999 1.044 0.7% 1.2% 1.4%
U-236 § 66.339 | -2.201 | 0988 | 61.902 | -6.606 | 0.989 1.072 3.6% 3.4% 5.0%
U-238 | -0483 | 0023 | 0999 | -0523 [ -0.182 | 0.986 0.925 0.9% 4.0% 4.1%
Pu-238 | -— === - — -—= - 2.098 - -— 117.3%
Pu-239 | -1.711 | -0.088 | 0.999 | -1.624 | 0.150 | 0.991 1.054 1.1% 3.1% 3.3%
Pu-240 | 0543 | -0004 | 0.999 | 0532 | -0.170 | 0.789 1.020 0.9% 17.2% | 17.3%
Pu-241 | -— -— -== -== -—= " 0.921 ~= - 1.8%
Pu-242 | 1824 | -0.067 | 0997 | 1956 | -3.940 | 0.876 0.932 1.7% 125% | 126%
+4.2-3 RFREEECEDOC/EE (WL : JENDL-3. 2)
s FH{E(C) RERE (E) C/E E’rﬁ{*ﬁ isﬁ{E C/E{E
e i/l R? 15 il R RE RE" | RE
U-234 | 0719 | 0143 | 0971 | -0506 | -0.371 | 0418 1.421 4.8% 32.7% | 33.1%
U-235 | -3.088 | -0.446 | 0995 | -2966 | -0.381 | 0.993 1.041 2.0% 2.3% 3.0%
U-236 | 60.173 | 21687 | 0.972 | 59.147 | 3.605 | 0.979 1.017 4.7% 4.0% 6.2%
U-238 | -0480 | -0002 [ 0999 | -0532 | -0.154 | 0.960 0.902 0.8% 5.7% 5.7%
Pu-238 | -— - -— — -— -— | -0.87 -== -—- | 336.5%
Pu-238 | -1760 | 0132 | 00998 | -1.688 | 0.210 | 0919 1.043 1.3% 8.2% 8.3%
Pu-240 | 0415 | 0920 | 0382 | 0533 | 0115 | 0402 0.771 353% | 33.8% | 48.9%
Pu-241 | -— -— - -—= -— - 0.962 - - 11.5%
Pu-242 | 1694 | 0777 | 0930 | 1201 | -1.321 | 0652 1.410 7.6% 20.3% | 21.6%
®4.2-4 RFBEEELEOC/ERE (W : JENDL-3. 2)
s HHfE(C) RERE(E) o/E §+ﬁ{*ﬁ iﬁﬁfg C/E{E
faE iz R 5 i)y R RE RE" | RE
U-234 | -0.718 | 0058 [ 0951 | -0462 | -0.741 | 0.186 1.552 6.1% 55.9% | 56.2%
U-235 | -3.108 | -0.623 | 0989 | -2.985 | -0.485 | 0.984 1.041 2.8% 3.4% 4.4%
U-236 | 62.655 | 23.313 | 0936 | 59.810 | 8.635 | 0.898 1.048 7.0% 9.0% 11.4%
U-238 § -0482 | -0023 | 0997 | -0548 | -0.195 | 0.943 0.880 1.6% 6.6% 6.8%
Pu-238 | -— -— -— - -— -— | -0.453 -—= —= | 1143.5%
Pu-239 | -1.751 | 0220 | 0994 | -1587 | 0.254 | 0912 1.103 2.1% 8.3% 8.6%
Pu-240 | 0.486 1350 [ 0275 | 0607 | 0.661 0.435 0.800 | 434% | 305% | 53.1%
Pu-241 | -— -—= -== - - - 0.916 — -— 7.3%
Pu-242 | 1.768 | 1.090 | 0870 | 1.349 | -1.157 | 0.632 1310 | 103% | 204% | 22.9%
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#£4.3-1 C/EfEMNFE LS (JENDL-3.2)

fag Fhg ﬁiiﬁ &g
C/EfE |EERBRE'| c/EfE [EBBRE| c/ElE |EBBE] Cc/ElE |ERmEE”
U-234 1.38 16% 0.80 22% 1.42 33% 1.55 56%
U-235 1.04 1% 1.04 1% 1.04 2% 1.04 3%
U-236 1.03 5% 1.07 3% 1.02 4% 1.05 9%
U-238 0.93 3% 0.93 4% 0.90 6% 0.88 7%
Pu-238 0.26 — 2.10 — -0.87 — -0.45 —
Pu-239 1.04 4% 1.05 3% 1.04 8% 1.10 8%
Pu-240 0.84 20% 1.02 17% 0.77 34% 0.80 30%
Pu—241 0.89 — 0.92 — 0.96 — 0.92 —
Pu-242 1.28 13% 0.93 13% 1.41 20% 1.31 20%
* ERED Iy TAUTRE
$%4.3-2 C/EfENFE L (JENDL-3.3)
el FEhR Bt i BT %
C/EfE |Z=B®M\E'| c/EfE |REBMXE"] C/Eff |EEBBRE| C/ElE [EBRE”
U-234 1.34 16% 0.74 22% 1.35 33% 1.52 56%
U-235 1.05 1% 1.06 1% 1.05 2% 1.05 3%
U-236 1.09 5% 1.13 3% 1.07 4% 1.10 9%
U-238 0.93 3% 0.93 4% 0.91 6% 0.89 7%
Pu-238 0.28 — 2.32 — —0.97 — -0.48 —
Pu-239 1.03 4% 1.04 3% 1.04 8% 1.09 8%
Pu-240 0.91 20% 1.07 17% 0.83 34% 0.86 30%
Pu-241 0.94 — 0.97 — 1.00 — 0.97 —
Pu-242 1.31 13% 0.95 13% 1.44 20% 1.34 20%
*: RERIED T4V TAV I RE
£4.4 S4TSR (JENDL3.3/JENDL3.2)
Foly | Bk | @bl | TR
U-234 0.97 0.93 0.95 0.98
U-235 1.01 1.01 1.01 1.01
U-236 1.05 1.06 1.05 1.05
U-238 1.00 1.00 1.01 1.01
Pu-238 1.10 1.11 1.12 1.07
Pu-239 0.99 0.98 1.00 0.99
Pu-240 1.09 1.05 1.08 1.07
Pu-241 1.05 1.05 1.04 1.06
Pu-242 1,02 1.02 1,02 1.02_ |
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