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A Survey of Nuclear Data Requirements through

the Uranium-Plutonium Fuel Cycle

Working Group on Nuclear Data for Nuclear Fuel Cycle,

Japanese Nuclear Data Committee
*
Editors: Hirokazu UMEZAWA and Kazuo HISATAKE
(Received January 28, 1982)

Since 1978, a working group has been set in JNDC and made a survey
of the potential needs on nuclear data over the uranium-plutonium fuel
cycle which has been developed in Japan. Current status on the uses of
nuclear data are reviewed in the various areas: Mining and milling,
enrichment, fabrication of uranium and plutonium fuels, spent fuel
reprocessing, transportation of nuclear material, radiation shielding,
environmental safety, actinides incineration study, reactor dosimetry,
and safeguards of nuclear material. A wide variety of data was required,
which were classified in terms of decay data, cross sections and fission-
product yields. The need of covariance file with the evaluated cross
section data was recognized. Furthermore, users in the various areas
were in need of reasonable data sets connecting with some computer codes
which could predict the amounts of actinides and fission products in the
irradiated LWR fuels. The requirements are summarized and desirable

actions for those are recommended.
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Table 3.4.1 Measured and calculated average activation cross sections in
a 252¢f neutron field

cross section (in mb)

reaction measured” calculated <g 7/<o > e
<om> <0c> ref. w ¢
197 Au(n,y)1%8Au 76.2  2.47% 76.50 a) 0.996+0.047 (0.069)
11510 (n,y) 1 610™ | 124.1 + 2.9 | 130.3 b) | 0.95240.043 (0.109)
115Ia(n,a' ) 151n™ | 195 +2.6%7 ] 189.1 c) 1.032+0.033 (0.077)
11310(n,n')11310™ | 160+ 2.5% | 142.7 c) 1.121+0.033 (0.077)
477i (n,p)*7sc 18.9 * 2.1% 24,06 d) 0.786+0.032 (0.077)
58Ni (n,p) 58cCo 118 +2.57 | 115.0 b) 1.026+0.035 (0.106)
S4Fe (n,p)>“Mn 84.6 t 2.47 85.58 e) 0.989+0.033 (0.077)
642n(n,p)84Cu 39.4 + 2.5% 37.31 e) 1.056+0.034 (0.078)
4671 (n,p)"bsc 13.8 + 2.27 | 13.46  d) 1.025£0.040 (0.080)
56Fe (n,p)S6Mn 1.450% 2.4% 1.476 b) | 0.092+0.057 (0.076)
487i(n,p)48sc 0.42 + 2.4% 0.4092 4) 1.026+0.071 (0.099)
27A1(n,n)2%Na 1.006% 2.2% 1.059 b) 0.950+0.076 (0.091)
197 Au(n,2n) 1 %8Au 5.50 £ 2.5% 5.646 a) 0.974%0.103 (0.144)

L . .
Calculations are based on the NBS spectrum representation bb|

*

Measurements performed by PTB Braunschweig, and reported by
- Alberts,W.G., Gunther, E., Matzko, M., and Rass, G., EUR 5667 e/f,

Part 1I (1977), p.131.
- Mannhart, W., NEANDC(E)-182U, Vol. V (1977), p.84.

using

cross section data from the ENDF/B-IV file, from the ENDF/B-V file

under preparation, and from recent experiments.

a) Mughabghab, S.F., Private communication to Mannhart (1977).
b) Magurno, B.A., BNL-NCS-50446 (April 1975).
¢) Smith, D.L., and Meadows, J.W., ANL/NDM-14 (July 1975).
d) Philis, L., Bersillon, 0., Smith, D., and Smith, A., ANL/NDM-27

(January 1977).
e) Smith, D.L., and Meadows, J.W., ANL/NDM-13 (July 1975).

** .. . .
The standard deviation comprises uncertainties of <o > and of the
spectrum, the value given in brackets additionally includes the
uncertainty of the o(E) data.
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Table 3.4.2

Non-threshold Reactions:

REACTION

611 (n,total He)
6Li(n,a)3H(*)
108 (n,total He)
13¢ (n,y) l%c
23Na(n,Y) 2%Na
30gi (n,Yy) 31si
“0Au(n,y) *lAy
45gc(n,Y) *6sc
50cr(n,y) Slcr
Sly (n,y) %%y
ShFe(n,y) 55Fe
55Mn(n,Y)56Mn
58pe(n,Y) >%Fe
58¢o™(n,Y) 5%Co

58¢Co(n, v)5%Co
59¢Co(n,v)®0co
63cu(n,v)®%cu
64N (n, ) NL
7lca(n,v)7%Ga
75As(n,v) ' %As
80Se(n,y)glse
8lB_r(n,y)BZBr
93Nb(n,y)9”Nb

LWR FBR MFR
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X Burn-up

correction
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X

)

REACTION

8o (n, v) %Mo
100yo (1, v) 1 0 1Mo
103Rn (n, y)104rN
108pd(n,y)109pd
109Ag(n,y)110Agm
11%¢d(n,y) ! 5cd
11510 (n,y) 116 0™
121gh (n, y) 1228b
133¢s(n,y)13%Cs
139.a(n,v) 140La
1525m(n,Y)1538m
151Eu(n,y)152Eum
1640y (n,y) 165Dy
175Lu(n,y)176Lu
176Lu(n,v) 17 7Lu

181Ta(n,y) 182Ta ’

186w (n,Y)187W
197pu(n, v)198Au
232Th(n,Y)233Th
233y (n,f)F.P.
235y (n,f)F.P.
238U (n,Y)239U
239y (n,f)F.P.

LWR

X

X

X



Threshold Reactions:

REACTION

(n,p) (¥

He(n,p) (%)
L4y (n,p) 1*C
19 (n,2n)18F
23Na(n,2n)22Na
24Mg(n,p) 2"Na

Al(n,total He)
27p1(n,p) 2 "Mg
2751 (n, o) 2"Na
2834 (n,p) 28a1
31p (n,p) 3lsi

S (n,total He)
325 (n,p)32p
345 (n,o) 3151
35¢1(n,a) 3%2p
1+SSc(n,Zn)“L*Scm

Ti(n,total He)
1+6Ti(n,p)L*GSc
“7Ti(n,p)“7Sc
4874 (n,p) *8sc

Fe(n,total He)
ShFe (n,p) S'™Mn
56Fe (n,p) 5*Mn
Squ(n,a)51Cu
55Mn(n, 2n) >Mn
59Co(n,p) >%Fe
59¢o(n, o) 56Mn
59Co(n,2n)58Co

Ni(n,total He)
58Ni(n,p)SBCo

LWR

Table 3.4.2

FBR
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MFR

(Continued)

REACTION

58Ni(n,a)55Fe
58Ni(n,2n) 57Ni
60Ni (n,p) 60Co
Cu(n,total He)
63cu(n,q) ¢0co
63cu(n,2n) 62Cu
65Cu(n,p) 65Ni
65Cu(n,2n)64Cu
647n(n,p) 6%Cu
64%Zn(n,2n) 63zZn
90 74(n,2n) 892y
93Nb(n,n')93me
93Nb (n, 2n) 32Nb
92Mo(n,p)92Nb
9Mo (n,p) I4Nb

103Rh(n,n") 1 03gn™
1151n(n,n') 115"

1271 (n,2n) 1261
187 pu(n,2n) 196Au
187Au(n,3n) 1954u
197Au(n,4n) 19%Au
Au(n, total He)

199yg(n,n") 19%Hg™

232Th(n, f)F.P.
238y (n,f)F.P.
238y (n,2n)237y
237Np (n, £) F.P.
234y (n,f)F.P.
236y (n,f)F.P.

LWR

X

X

X

X

X

X

X

X

X

X

X

X

X
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B, TOMBERRBREBELIKBOATHEZDT, MOX INLiERSENTREBSHREL T
WARERIKRESN S, BATE, HES Vv =9 4B 080E « TP 2FHEE%E 2 5
ELTED, 12E [STA] OMOX BEEEEEST 2 ATR 74 v 8&U EB] DL
BEHALELET 2 FBR 71 VD2 74 YA SUBEAEREOHERETH D, Mo 1 D3 BEEHRE
DENES [ Y BLUBRBHARKBLEUHERTH S, &5, BREMEICDD X - MOX %
LD 3 ek (X BEBHE) MitEE&hTnd,

LCTE, INSORFHEETHEONTOAK TV TERL, 1, FROMREH
THEBEL TR EFohz 217 — yBEEIR DO TRE 21T - 1o

3.6.2 MOX #EHI T T & e E IR »

MOX Rt L LREAMAPHTIFH L HEEEFERE b, V7Y D7V =9 2BLEE L
USTEEREDHEEZR O TEEANRE—TH S, HTHEHNEE L TRHATS8E, oFhby
SV e Tb=y ABEABREY (PuO, - UO,) DIEETHD, Tt =9 s SRS pE
FHFT0E5~6 w0 ThHD, SEEEFTIS~30 w/ oflRELL3,

MIRERIC B 2RI W IRE AT R EUTOL kG oS, MIIEO—HF%
X3 6 1ICRT, 7

1) BUEBEROEYTHS Pu(NOs): BEH»D Pul. HK (F/:43 PuO, » U0, BF)

NI A TR (BT
2) PuO: (F743 PuO, » UO,) ¥& U0, #8755 PuO, + UO, _L v + 2 8hEST 2 THE
(=L PELETTE)

3) PuO; » U0, }Vy b2 MBHEE CAHATH T2 TE MBERNTLE)

4) BHEXRER 4 DIFIESGT 2EAFIE LT 2TE BEESFEITE)

5) MEIESKDOERTIFEADOHE

M TREAMEERRADOEINICLD, BUEHBRA~NSI 258055, COTEOEEE
VIBOZANTRER Pu(NO ), OBMEK 721k Pu(NO,) + U0, (NO;), DESIEK D
BEbb DB, CNODERES SR, FiBRdd0EENY, &OCEEBTED LELE
T, PuO: 8E% 743 PuO, * U0, BEEMEIESN S,

Uy MELETRERE, PuO. (723 PuO,+ UO:) K E U0, BKEXEFIFEMI ERT
BT v = aELELBEL, H—REETO, ARSI THEICRE, BiEs
DIRERET, HHBEEDI ~ 9T LEEORSBRY (MOX) _L .y F28ET 2 TETH
%o
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BEBEHEMT TR, MOX vy b2V LAoAHBEE L3R T vV AHEAES KT,
BEEHL, BHNER (@08 wnldsctich s, ROFETLTRER, REERE
HI0EDLSEHHI0AKERT, B4DRETFFICESGTARRCMIELEZIT>CLIKH B,

BEIESEROHETIER, Fv 4 r~OHEEIMLEXOETHAL —BICELDLTHWADT,
MEEATHEIDPMILHEERELTEDTEZLILDTH 5.

INODTREGBEMBFERER 6 1DLIKTEDOND, iz, BEFKRVO[RT
BT VELUTN P2 AREBLTWAZTNENORMAEILREREIRI 62DL518b
OTHD, FFRcBVTRYIVELT® U, U, Pwvb=vsd LT PusgERL
NV TEELTLB3LEBEZ LR B,

3.6.3 MRHINTHZRXEHT — 5 & DOBLE

ML &7 — 7 & OB, ERSRETERE» I CiilERSEXE-TLE - T, ERD
BEHETHREPICL - TRIES, EELhENnDE, REDAMVKT— 5 LOBER DR, T
T T, TCIERLIHERER & OEIc > TR, FROMBERATERINETHAD
BF—5 EOBEIC DT, IREITREZITH T &iIKd 5,

MREE EOMEBIEVWT, M7 — 2@ MOX BRI FORERIECHRI bDE, TEEED
REEEIBRLEDECKINTES, MERIECHETIEDELTY I VEBEEPLT V=T A
BELESOHBRENS 50, INORPRIAESTI>SOTHD, NMILAITHELOOEKT—4
12, Uy MR EE NS FEYEET, Ko Y SHEEZRD ABEON LS BGHTHE
BEEOLDTHD, (E3632H)

REEHICHETE6DE L TIE, BERICEINTEEBRIMEMEARLEEEEDR
ICBAL CERT 2857 —9 TH b,

T LARBEBELT, T R NS, TreiR, BLXUDHTRERLET S
B, NEBMEBRIBIENRREN S, MOX ML R TR IERBHIOHRBRITIRE, DT
CRIBERANCES AR LRBEANT, FEEOHRICHEEZED L TEEETEOHIT |
BEEZT->-TW5,

D=KAT, +BT: {1)

zZ7T, D ! HBUFETEOHIECHEE (mrem)
A T BUFETRECOBREMEC BT SEE®R (mR hr)
B ! HMFEIERCTOERMEBECBI3EE8% (mR hr)
K | BUfFEdhoZMBREAGTOLEEE X CIEERERIEET EERE
T, @ Ko7 28BEHR Chr)
T. - E#H&EHE Chr)
BAFETETORMEMAE GEf r cm) KBUAHEE (A) BLY (B) BIRDRoesch
o k5L o05,
By eBrEICOOTE,
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D7r =(1.24Py3s +0.012 P29 +0.011Paygo + 0.018 Pyer +0.016 Posy
ct+255(C1—e128)p,, 1 S,/r? rads/hr 2)

BREZESHICHESPHEFEBRERF LD (¢, n) RIEKESHHEFCEIZHERICODNHT
i1,
Dy = (0.193 Pyss + 0.0005 Paye + 0.0132 Pyyo + 0.0188 Poy, ) M/t2, rems./ hr  (3)

CCT, P Tt =v a0EEERL
t 1 FOE%OKZRER, day
S ¢ Fwb=9LFEOXRERE, cm’
r ¢ EESFREOERE»SDOERE, cm
M: Zrvi=vsnER, g

PEDKPERBEIEC, HYeBBLUOPHETFREE TV =Y L DB KK ICHE {KFS
55DTh5. BEITIK, BEMBTHRELTVWA 7 v = v sEIGEERLFAILE3 6.4
I, 7z, TEN-RELTIRERREMNEC B 3 HERERDHBELEREE I 65KFT,
CDE3ELTHY<ROENFVIHAE, CARENVHIRIEZLOBETHS. TOREERDOK
H359.5KeVD* ! AmREBE6DTHD, Fo—TEKy 72D VICPAD 2 EETH
3, BERKBEIBAHCEHNTES G2 mmEHEYT1/50),
HRDEAZLEBCEVTRE, BOREMES **° Pu, ' Pu, P UEHRE L TAES
DPEREEOARVPREASA TV, BRAEBEEEBIMI 1 vBrREESLTHT, FlZE
[ERS) BMEHADSRIE « L4179 FBR 74 Y TIHE3 66 BLUE3 6. 7TDL D N
BEED, MEKEEDOL LXK IO DERASENTHOLNT VS,
£IGO6DHEEHABRBILEFAMELT0L3 E2B/LETED, B-THTNVKESTHE
LREISCEESNTNS, CNODHEBORTERE ' Pu BLU P UDERN NV FT v s
ZHANON B, F1, K36 TDKers 2K BT, FIRVWOWNRERE YT v EFub =
I LIELTICZN O ORI FEEBTEOK T — DSt EICHANS BT LTS5,

Eoir, WMEOEHEEMELITIZER 3 6. 8 ICRT &5 SERBHIFICRAT AHARERM IS
EDEF—sp#EHENSLC LITE5,

3.6.4 ASROMBEITEET—¥

SHOMOX LR FERE L XA~OBITICHED, KBREYMEOREIR B L UOREED
BRISEDI D, BEBEDVIDFED, HREBINIKBHYEORUDOHEL L% LD ERHE
KITHOMEDBEL T %o CNODEEENBEDRETF -7 BXUFORERIKET 3 E K
ThO, 75— OB B TINLHEXA THERTE 2FHE L CUTRRITLTA 5,
(1) Zwb = LEGHEEROHE

¥k, MOX MBI THERESTHEASNEZTHAD 7 =9 L ORIN KM, RTIFEOR,
FOEGRBRE, EAZMREORHEM, BLBEROTEL L UHLEKY, LEROZBBEK
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BERE-TRERY, WNAEALTEEDTH B, HRAGEFE (GCR) , BKIFE (LWR) B&
UBKIFE Pu )41 7 VBHZ O ZTOOBER O LBRIKEEh TOWBE 7 b = v AR
Mk AE—FIELTERIEIIKRT, CNODEDERS ZKD 5iCiE LFELDERDEE DR,
Eoi, CNOAEFBEBLUHERREDE T — v ORBEMSER SN B,

(2) KA RS DR OHEE

REDT W= L85K (F36.4) LR =245k (£3.6.9) LOlkELS,
Ay 2@BLUOPHFROTNOERTIEBICHD, EERE BT 34 E RERNE
me 3 ENFRAEND,

Ay =RE20T0RE, * PunSEROSHZZCEREID M Am O ER-RHSEML, #
VeRIBEOEARELDE, chid, M3 62KRELNE LD iKBNIEERDORBAMDIKREEHA X
Ve THOE, BRELASBHRCERTACE, BVWRAZRLEES CLE2RHTHSHER
HEkeEndET, HEDERILSEPNE, £/, FROT I = ARG PU
DEBLEGESEZON, CHRERBIP28ET M) v oRF~NDFHBEIKES, B TIED G
TANFON Y vBEBRBTAEREENLS, M3 63RARENLZLWRDOT v = oK (&
3.6.9) MODHA Y TPRARI PWVERT, IO OLNEEDHIC, TIWh =9 LDRRY M
Mlam (59.5KeV) 2E—7icb DBy 7 P ERRT b LEWVZ B, L L, PPuii
10 ppmELEDE LDy — T, PuniBEEFSIHUEERS EFHATHEELLA
TS 5T B GENOEIRS BT 5729)0

PHEFRICD TR, TFRABOSBEEICED, v b=y ARMEDOEBHIBH DG
fith (i, 28Pu) AT %, Chid, PHEFREMOBINE SOE~NOHESHIETEL
WOT, HECHREBREOHRIKDEN S, PHTFREMEIRI6IDPOSFILHILT V=L
B R icos IR L, BUEZORBREIICER B EA LRSIV, THETOREFRIEHR
EHHPHTEBRED (¢, n) RIGIKEKZ2PHETNHD, @ER 12 DEESTHHEOER
FEAGREE P Pu, *PPu, *PuThY, BEOFNEER ®Pu, ¥ Am, *'Pu, ***Pu
BEBHFoNE, CNOBELORETEIIHEFORRT bvidbd LEELLICIE TR
Vo |RIE, RO MOX BN LAEZTHERA L TCOAERT—9%2£3 6 10ICTT,

LiloBRBRERCHED, ENOHRE LD ERCFFHT2LBBEC TS, FTvh=y
LDHYZHE—RRIC 7 PRy PTHY, COEBICEBIT 2YMHEORIERE (1) @FF
Keyy7 4 7HD, RREBEEOHCENOHRICAEPSHBELH DT, oL bK
7T OREDPERENERD D D PHETROEANVKOVTS, MLHERTRICER SO
TO3RVTFLY, 77V, X774 VEMHOENDERPAEMTHEC L OIEHTSE
%o

3) BRAZLEBERTEDIHOERF—4

RROERNVFT v 70F—5TiE, U, PPu BEBMOF— B ERBLDOTH 12
2, EROES T b =0 AEMNEOEFEREE Z BR T -5 OBBNEBREREIN S, F
ic, 2'pu, *'Pu DPBRMBA - F -9 DER-PBHBELIEASD, K3 64T *PuoPph B
2HbDT, PUuDEBBREVCERBENSHEITHLECLERL TN,
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DIEOBRFSEEBICANT, SBOT b = AOFROHERCEHEL THEBITREKT -4
ELT, 3611 DEHKEEDOND, FILUTOODBERIETHA D,
i) By yAEOERBLURERETR, ZhFhOBBEORETHHERE, i *® Py,
BSpy, 2 U HDOLEBRBEOKT 5.
i) BEHERFMCEO TR, SEBEOXEY B Puds® Am), PHTFRAKED
PUFNRBEIFEFDRRY b VEDKT—F,
i) BRREHOFMICE T, HRETIEEOEL T 2 vFERICh I 5 Pt HHRKE
DT — %o

(8% #=)
# 361 MOXMMI&ZBREMETRE
T B BB H Y HEE®
ﬁi Tﬁ I *?E PU<N03)4, UOz (NOs)Z; Pu02'U03,
Pqu « U0,
MOX’\°1/'7 l\ﬁgi%:]:*% PUOZ .U029 U021 Pqu
BEEZEWMI LE #wE PuO, U0,
vl ST i N VA #FH PuO,+ U0,
ol S RS 7 NI TIPS #FEH PuO.-UO;

£362 wrsrvEFrub=vakicEdEhsEME

T &K # # % %

\7' 5 Y 238 (7, 285(y, By Bk + 3%y, 232U

7°}|/ P A 239 Pu, 240 Pu, 241 Pu, 242 Pu, 238 Pu l’az—t+ 236 Pu
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£3.6.3 MERHYOR o v SMBEERD b ORER

8 T % R B TR RS ® o EHRE
BTES | & B A ° v (ppm)
4 Be 9.0122 0.0092 0.145445 E — 04
5 B 10.8139 759 0.100000 E + 01
6 C 12.0111 0.0034 0.403308 E — 05
vi N 14.0067 1.85 0.188181 E —02
8 o} 15.9995 0.000178 0.158509 E — 06
9 F 18.9984 0.0095 0.712438 E - 05
11 Na 22.9898 0.53 0.328459 E — 03
12 Mg 24.3095 0.063 0.369237 E — 04
13 AL 26.9815 0.23 0.121451 E — 03
14 Si 28.0856 0.16 0.811665 E — 04
15 P 30.9738 0.18 0.827977 E — 04
17 ceL 35.4575 33.2 0.133404 E — 01
19 K 39.0981 2.1 0.765251 E — 03
20 Ca 40.0783 0.43 0.152862 E — 03
22 Ti 47.8789 6.1 0.181521 E - 02
23 \' 50.9416 5.04 0.140961 E — 02
24 Cr 51.9976 3.1 0.849412 E — 03
25 Mn 54.9381 13.3 0.344920 E — 02
26 Fe 55.8473 255 0.650547 E — 03
27 Co 58.9332 37.2 0.899339 E — 02
28 Ni 58.7284 4.43 0.107472 E — 02
29 Cu 63.5472 3.79 0.849734 E'- 03
30 Zn 65.3869 1.1 0.239686 E — 03
39 Y 88.9059 1.28 0.205126 E — 03
40 Zr 91.2237 0.185 0.288938 E - 04
42 Mo 95.8896 2.65 0.393745 E - 03
47 Ag 107.8779 63.6 0.839972 E — 02
48 Cd 112.4234 2450 0.310491 E + 00
49 In 114.8183 1935 0.240110 E - 01
50 Sn 118.7338 0.63 0.755973 E — 04
56 Ba 137.3245 1.2 0.124501 E — 03
62 Sm 150.3635 5800 0.549574 E + 00
63 Eu 151.9634 4600 0.431280 E + 00
64 Gd 167.2558 49000 0.443946 E + 01
66 Dy 162.5059 930 0.815369 E — 01
74 w 183.8326 18.5 0.143380 E - 02
82 Pb 207.1989 0.17 0.116897 E — 04
83 Bi 208.9804 0.033 0.224982 E — 05
90 Th 232.0381 7.40 0.454373 E - 03
x1 . T4V F—TBE
% 2 . BNL—325 Third Edition, Vol. 1
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£364 HBHEBRTOFTRI V=7 sREMEHRK @

% a (%)
¥ FBR 54 v (¥i8 ATR 5 14 v
VRIEDA | BAMALH | ERREA | 504 -A | 3FA-B | 34 -C
Pu -238 0.8 19 12 01 10 19
Pu -239 75. 1 63. 3 48. 0 77. 3 733 63. 3
Pu - 240 14 2 19. 2 28. 0 18. 9 14. 5 19. 2
Pu -241 8 5 11. 7 14. 5 3.2 9.6 11. 7
Pu - 242 1 4 3.9 83 | 0.5 1. 6 39
3 Oy
%365 ITEEBEFECBCEBYIMESER (Le~VHRMIL)
BAEMIICHE T BAEEEE (A
7 4 v T i r(Pw | r(FP) n { Pu)
(mrad / hr) (mrad/hr) (mrem/hr)
gR-1" 130.3 6. 65
F B R -2 114 4 1. 68 7. 14
& = 230. 0 18. 0
T 12.8 6.9
A B 88 3 0. 06
2% PuQ; - UO; &, N 199. 6 2 82
T _ mI 22 4 2 52
B2 253.4 0.27
R | 6%Pu0, - UO, g 305. 7 12 32
mT 58, 8 11. 63

*) BERELOR
++) ERIRGERA
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FBR (&10) MEss TRAoEAsEEsKeg”

#3.6.6
Pu"= Pu®® +Pu®! + (%
% @ B | memw| 0 | puoe | G | Ref
i1 B | 043 260kgU?® | 46 kg Pu | 134kgPu" | 10.1 kg Pu
AR #10) | 0.75 28.5 0.97 6.9 7.2
WM B | 685 25.5 6.4 13.4 14.8
ZlE R HEm | 075 112 15 3.5 5.4
bt mikﬂﬁ:%m&;i) - 1
w| H & | 0.43 6.4kgU™ | 2.1 kgPu 3.2 kghu'
AR ®me ] 075 15.7 2.3 6.9
B\ M B OB Ko 0.85 19.5 9,3 14.4
uff} R Eem | 0.75 8.2 2.8 49
7 B | 043 0.4 kgU®s | 0. 22kgPu 0.25kg P
BB B | 015 10.5 3.8 6.6
HIM B B Flm | 085 16.1 11.2 144
2T & BEm | 075 6.7 3.3 46
20| BR & v 7 i em) - 6.3
£3.6.7 FBR (HE) TRAOHEES X CEAKOERELEER"
% # Keff o s
RBEHF LREHEE ST (2.25¢cm) ¥y F7KiE 0.9 85 &
RBEMA LRI RS E (12T AR EHE) Hikik 0. 43 1 &
FLRRESE (91 FREHE) HKE 0. 54 1 &
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nuclide
yolatile
I-131
I~ 132

[ — 133

[ — 134
[—135
rare gases
kr — 85 m
kr — 87

kr — 88

Xe — 133 m
Xe— 133
Xe— 135 m
Xe~ 135
Xe— 138

totalfission 10" fissions total

JAERI — M 9993

a
BEREFRICB RSN EOERNRER KT —5

released

?

Bms00r BN DA

half life yield %)* production (Ci)  ener gy fuv/ais.) €NETEY (ev/ats.)
8.06 d 3.74 L 01 0. 381 0. 195
2.28 h 5. 27 1. 20 X102 2 253 0.498
208 h 6. 93 173 X10 0. 608 0.416
526 m 7. 29 4 33 107 2.750 0. 599
6.61 h 6 31 497 X10 1 645 0. 382
448 h 0.55 6. 39 0.159 0. 253
76.3 m 0. 95 3.89 x10 0.793 1. 323
28 h 1. 32 2.45 %10 1.950 0. 377
2.25-d 0. 23 222 x10™ 0. 042 0. 190
529 d 6. 97 2 86 0. 045 0.135
1565 m i.56 3 11 x102 0. 432 0. 095
9.083 h 7.47 4 28 x10 0. 250 0. 316
1417 m 489 1.08 x10°3 1.183 0.611

* : Meek, M-E.and Rider, B.F., Compilation of Fission Products Yields,

Vallecitos Nuclear Center, NEDO- 12154 — 1 (1974)

™ RTPRLUMFAES, B HRIRAVABUHE A v F - B >0 T HM504E11 A

Source

GCR-Pu
LWR-Pu

Rncyclé-Pu

GCR-Pu
LWR-Pu

Recycle-Pu

#3369 Tub=9sflOFETR & Z DR
Pu lsotope (wt - %) .
Pu-236  Pu-238 Pu-239  Pu240 Pu-24|  Pu-242  Pu fiss.
— ol 773 189 ‘B2 0.8 808
12x16° 1.2 66.4. 230 143 5.1 707
1exid’ 21 477 258 17.4 78 64.8
Pu Neutron Yisld {n/s.g-PuQ¢)

"pu-238° Pu-238 Pu-239 Pu-240 Pu24l Pu242  Total
- 30 8l 208 0.08 7 304
0l 363 45 251 0.3 72 731
0.02_ 831 a8 279 0.4 108 1083
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* Neutron yield from S.F.** Neutron yield ***
Nuclide Atomic-mass Half-1ife
half-1ife v n/sec.g from {a,n), n/sec.g

U - 232 232.037 7.7 oy 8.0 x 16,5y | %2.0 .43 3.63 x 10"

233 233.037 1.59 x 10, y 3.0 x 10,0y | 2.5 4.75 x 10, 10.9

234 234,041 2.44 x 10,y 1.6 x 100y | 1.63 5.76 x 10, 6.89

235 235.044 7.04 x 10,y 3.5 x 10,0y | #1.695 2.70 x 10, 1.80 x 10

236 236.046 2.342 x 10" y 2.0 x 100y | 1.65 4.64 x 107 0.057

237 237.049 6.75 g4 | *6.3 x 100y | *1.872 1.66 x 10 -y

238 238.051 4.47 x 107y 1.01 x 10,y | 2.00 0.011 2.32 x 10

239 239.054 23.5 m 8.9 x 10 "y | *2.048 1.27 x 10

240 240.057 14.1 h . oy
Np - 236 236.047 22.5 s h | *6.3 x 100y | *1.783 1.59 x 10,/

237 237.048 2.14 x10°y 1.0 x 10, y | *1.873 1.05 x 1073 0.723

238 238.051 50.8 h *2.0 x 10,2y | *1.963 5.45 x 10

239 239.053 2.355 d *6.3 x 10°y | *2.053 1.80 x 10, ]
Pu - 236 236.046 2.85 y 3.5 x 107 y | 2.22 3:55 x 10 1.18 x 10

238 238.050 87.75 y Y 5.0 x 10,y | 2.28 2.54 x 10 3.18 x 10

239 239.052 2.439 x 10, y 5.5 x 10,7y | 2.24 0.0226 89.9

240 240.054 6.537 x 10° y 1.33x 102y | 2.16 900 341

241 241.057 14.89 5 Y *2.5 X 1oi§ y | %2.25 0.0494 2.69

242 242,059 3.87 x 107y 7.4 x 10,0y | 2.15 1.58 x 10 4.65

243 243,062 4.96 , h *2.0 x 1010y | *2.43 0.0661

244 244.064 8.26 x 10" y 2.5 x 10,y | 2.30 5.00 x 10 0.0181
Am -.241 241.057 433 y 2.3 x 10y, y | *2.383 0.569 6.27 x 10

242m 242.060 152 y 9.5 x 10,y | 2.59 1.5 x 107,

242 242.060 16.0 5 R *1.0 x 10,5y | *2.475 1.35 x 10

243 243.061 7.4 x10°y 3.3 x10,,y| 2.5 4.2 316

244 244,065 10.1 h *7.9 x 10,7 y | %2.657 1.82 ) .
Cm - 242 242.059 163.0 d 7.2 x 105,y | 2.5 1.97 x 10 9.19 x 10,

243 243.061 30 y x1.2 x 10, y | *2.687 1.22 x 10 1.12 x 10

244 244,063 18.099 y 1.3 x10° y | 2.76 1.15 x 107 1.86 x 10

* Estimated

W. Seelmann- Eggebert et al., "CHART OF THE NUCLIDES 4-th e I N=10X107"° . Ei,ss . N n/adisinte., E,: Energy in MeV of a.

Edition 1974," Gesellschaft fur Kernforschung m.b. H.
Karlsruhe (8.1974).
S. Raman, 'Review Paper Al:General Survey of Applications

Which Require Actinide Nuclear Data," TRANSACTINIUM
ISOTOPE NUCLEAR DATA(TND ) Vol.1l, IAEA-186 (1976),

REACTOR PHYSICS CONSTANTS, ANL-5800 Secord Edition
(7. 1963 ),

€666 N — 139V [
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Fov b = ARHRG R & LB T — s @

Safety Item

Transuranium
Build-up
& Decay

Radiation
Dose &
Decay heat

Criticality
Safety

Major Nuclear Data

241 242

Am, Cm, 240

241

° T]/Z ; Pu

Pu,

G 236U, 237Np, 240Pu, 24]Pu, 242Pu

241 242m 243 242 244

Am Am, Am, Cm, Cm
°(7f : 24]Pu, 242Pu, 242mAm, 242Am, 242c

238, 237, 239
°($(n,2n); U, 7Np, 3 Pu

. 238
od(n,3n)’ PU

° T]/2 ; Abundance & Energy of & , ﬁ?, P4
emitters

236 238

o Spontanus fission & ¥ of “°°Pu, ““°Pu,

242Pu, 242mAm, 242Cm, 244Cm

°0 » neutron spectra,of a emitter
(a,n)

°‘7(n.7)

o O0f,0¢,0s, Resonance parameters’, & Jj of
transuranium nuclides

240

Pu

&j} of shielding & structure material
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10°- —
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37 BHYEGHEOFFTORT—SOBEAS

FERABBEONAY FY) I 2GS 1 MNEOHECERT AT COBBELITET 5D, #
MEXBEROEZESDREEWMRBI T v — VB EIT -0 A, T &> KEENREH
fzo

1) 8o 7 vix&omEE

A FBABBEATORIUFHEEOERICOOTIHEREOMIIIIT O L 0. Bic,
30,000 MWD,/ MTU LI ED 7 — 5 34150,

By 7 vy TRERCET 2HEE NELARSNATELSODHTHRHE, (o,
n) RISBKEAPHUTORERLEZDO T FVF-ZARI bVDF -5 BERLEEE, &
B Pubmd CrETo

B! EMBEEOCHEABRBRHOBERIICHIBE, BY5 vIROBEIS KK aiE%
THO, BtmEaricasas 70, Y0sbsvaRityho ¥C & e FSRIE
LCEEFHETERET S, (¢, n) BABC OV TORIET 7 OBEELENETH
B,

AffazazuF—1~10MeV XT3 (@, n) RIGHHBEREZRENICRAIEST S
EbD. BRI 20 ~30 %,

C: #¢RIVERECEAL, K7 /BEORKOEREIME L, UTom&boT/ -
797+ a3—FDORIGEN & FISPIN O 57— 2B LT M BOKELENDS
EEDLNR T3,

238 Pu, 242 Cm, 243 Cm, 237 Np, 243 Am, 244 Cm@Uf.
238 Pu, 237 Np, 241 AII’I, 242 Am, 243 AII’I, 243 Cm@ UC-

D: FHABEREHIMOPHETREEE 5505, 20IEL O EEEr, 2 I8 O o
FHRAE & SEHEIF L TR AR P VRFEDI THAD L, TOMODERF (Bt F5H
R) ©y (BER) BELENSLDY, BAEISHVONTWBORIGEN 2 - FTHTH
SDNT A=y EEHLTHEL TS,

E: H#FEBREE, 2 - FCLORTFIREDENHL LI TRY S VLROKT — 9 D
ZCEILEDNRS,

F @ BOEESR S9EERERcEELTOBY 5 vrHE (i Pu, Am, CmfE &) 0
T, 7 RESE R, <7 ) 2BETEESD,

ORIGEN T#bHN T 2 4HEEER 7 — & OEHHME DR BLHE,

(2) SHBBENO r QB> T

Al 78HAR7 VKT B5F—~%, ORIGEN & PHOBE 2 — FTRERST 2 ¥—
#2MeV EE) TRAXRY bEMBHBELEDNS. COT 2 VF-FARICEHTT 8%
BOAERE, FRET -9 OBELER,

B! 7rHBELARIMVEONVTEREDI - FEFT—Y TRZNEENLTOLEES,

(3) BEBICONT

ANS Standard TERH&N TS Shure DA & ORIGEN 0&R T 120 BLLHEHD
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HTI0~20 BEND . LOBBDT — 5 iIcED DB,

4 * ¢ R7ERELCONT

A FrR7OERBRIEFOERETHRELTHERELES OO THICHEZ LV
LEbO D,

B: Fy20kEHESOZFIUHEELIHEGHS, FZE GERMTRERObDLH50) T
WiFexrvh, LYY, Ly Fus F CRM) BEod#ET, rFoeddsihmEze
Ko

B5) F+ RV SNHECACBHEHICOOT

A: DLC23cask 7477 UNBLK{HOONTVES, ZOMNTE keV FHRTHEI
HO(KRERWELEL D B, AT ARD RO T — 5 KL BHEHE L,

(6) FLISERIR DOWITIHE

A FEREBBRE S L UBHEEM OB IcH D, RROLFETIFICE T 5 LG
OWEBEFEVE VBT O TEBLEND S, SEARICEL THREK,

(7) TUXFF—-FiToNT

AEEFr RITHERMNY -3 v FORMBRIREV, EVFALVOEEZRVBIEES, MOT
WR KT — 5 QEBELE, $7hE2A0 2800 - FEEELEL.

8 # o fi |

Al PuazosdikF -8 OREE (TREOME SR MO,

B : FPEEODHTFHEREHESERRITORBELMS LTHELES,

EEHEEREAIOBREEOHTEICIE, BRAOKIFENMEAFEEYNOERNREEES
B EEMNECIL B, 30,000 MWD /MTUIAT ORBEE D PWR JF#RkHEX A 3 D& %
AER L, HEEEfactor 218E TR T HRERL BHERBRENTRE (ERAEZRE
DELERICHET 2 AEREREE, AREMAEEE, BINSHE) snTHEH, JDUED
PR AR & T 2B A BBIERERENS SIET T2 EnEMsh TH5, COMER
3, AT BOT TERRIFIC B 2EEFME) 8X0 (7275 /4 FOKIREE KB 2%
— s DEETEHEEN TV AMBEELBLODTH b, S, FHRNORFBRE, FIHBHEE
BRI E DL 2 — F A A 78 B A S BB EEE o — ¢ v X 7 A(SCALE)
PRETHERSATO S, SBRENETHCOEOEMA I - F YR T LDEBHENL LN

BEhb,
BEo 1
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3.8 ERBTCHIIIVBETMEZT -5

ERAE SR A IR S R R UEBEOERERICBVT, Z2ORBFEFMIEMGER, REEE
ERERCRDEZICHDICERETH 5 ERMITIZEE, T THMTELTEOLESESEE
D, TOHBERELMEL2DH 2. COLI BT TRFEFMmE L THEETF, »y <o
BEDALEGY, FMEERET 2V -2 PVOFRPHLELIE D, TH O DM EZT
— 5 ORI Uz DHEKREEELSE LT KB~ 5,

381 HERBIFIKAOIERET 4
ERICHOARET 73— hEET EH Y < THY, EHEREICBTBEE & L
TELBNEZLDOREBELBRTOFMERIDTICRTEY TH 5.

(1) dEFiE

FHFEE L TRT 7 F = FEBOEREARKERY (@, n) KINKE3 bD08EZL o0
%, BREEDENISONBRRU T 20 F¥ -2 7 b VvEHEUB(CAIEENTED, AIZWEEN
DF/B—IV K bFMEDO T~ 7 BIRENTW DB, MOBR~<T bt oW TIRIEBET b3
KBRS LINTWVWAY, ERRBITOVIETE, BEROLE F— s THaMEHRE D EE
25, (@, n) RIKKLATHTE T/ F-FEBOaliick ~TRESN3E 20 F—
a R TR OB FENE Y0, PO ERIELTRETB6DTH B, (o, n) G0
TEHUTCTHERT 50, HBRTRZONEDALST T2 NF—-ZRRT b VDERAFRELTE
D, TOFMECOVTEELLTHEEZEE I,

(2) Hv<§RE

EREREOEEAT < FREELTE FPEELLDOFESEZ L, 20T 77 = FiEE X
Dk e 260D & SUS B EDEEM OBEHLIL L 2F 5055 5. COOCRBEHEEZITE -
T, BEMEEEOEFEE KD, TOYRBHROBRHEAT Y v B2 v¥ -7 —5 L0RHT
BT 5, 57— &L T Nuclear Data Sheets H 3V idEiAGEESNA Table of
Isotopes T7th edition %ZF|HTEOB—RATHAH. CNODF— 4 %005 L TINE,
THAFE R~y P EHETBORIGENI—FY | DCHAINZ—+Y oRimszL. =
REVEH Y <GHEE L CERBPTRETIHEN Vv B ORI CREEL LD, BERER
BO®E+ » 27 TRBHM ROTHFEEME LTOKBRTET 2 v -4 v < @HREL,
v R RABEFEOTHBLULOFECET 0 bH b, LHL, RATV<EDFT— 5138
RTHARLTOB, —BICAFRIBELA R v <857 — 5 (3FWEFK% T~ 5 1 75 YENDF
JB-1V ROHIE 7 — 5 28 POPOP A" 5175 1) —hik 525, FiEE bEMH S5
bDELFEVE WV, ENDF/B-VZBWTO M v B3 BIFETILENHSL LiEMAN
T 5." CORBOF—5idy /e BBATH - TOBTIRY v < GRS — 5 DI
TARECABKE D,

382 (o, n) RIGOEEH
EdLaREFMEORRD S 5, (o, n) Gk 2HHFHICER LTHELCERT 5.
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(AR DB Th DB, BT L7 7 F= FEESHENDBLMEES LD
fd, (@, n) RISk 3HHTREGAEREHPETRIEE L TDEL, FEEEE
B0, LAhLERABERESSREE LKL /20, b =9 s0BGMTIE~OEALETT
1388, Pu, ' Am, 2*2Cm, **Cm B L0 ¢ BB KBIRARSND. CDXHI
ga, (a, n) RETFEOBESBREMARELAF, FEdznll Kb EPBELLSN
5. (o, n) RISk 2hEFER <Y FVREHERSHDOZN LD bBEVONERETH 5,
BRI CRBEOZ A VF -2 R P VZBRFHICKECEEL, TRx0F AT bds
BRdEEDERANCIK 2, HBIKTE (¢, n) PETER~<Z bvEZRAIEL, FHE L 2FIH
BEALBWID, BREESHRARZ PV TRALTORHEEDE V., 207, (2, n) K
BIEBHUTENOEENE K EIBGE, BOEREL TREFHLTHOLEND S, T
(a, n) RISRRIGOQEMAEVB TR cEL, *7Li, *Bg, B, "B, C, 70,
PREESHRELY, BIEHDOAEIRST0, (o, n) PHEFHEEFEORMEEILT, &
LEEEEDE LTORIGEN 2— Fick 33t ERERSBCHL SN T35, ORIGEN —
F T 2 Pu0, DRIEHEBIESWIERXEINTOT 7 F = FEBIERT2AUT (a,
n) RSk 2HEFEREELRO TN S, COFETE, Y0, POLAOBKELORIGE
BELTHE, PIZ3RIY), 79t OFERTLEHETEL W, £/, TI/F=FER
REDLEHEEDBVIEET, DHETEBRECHTARH e TOT 2 v F—(REUENRILZ 1
H, BEVRBWEHUEZIETI BV, REKE-T, EARLABEEED (o, 1) RGBT
HTFFERED J. K. Bair fiikk-THIESH, FHsho2H5%, LHrLZrvF-—R~<J
POV TIISRDEBETDH 5,

383 (@, n) RIGIKLBHHETR T bVEEEOERK

FHtic B 2EREZ 2o — FEARO—IRE LT (2, n) RIBIKLXBh#HEFRA~<7 b .
HE D - FROMERT -2 5475 ) —%FRLT, (¢, n) RIEREBPHTR~T b
FHECODOTRILT0ER YD, TTZO—8ERLT (@, n) RIHICK 2P HETHEFMH
EOMBERIK 20T ~%, CCTHRELKL (o, n) dHFRRA~<Y VEtE 3 — FALPHAN
mﬁﬁﬁﬁ:—kORHﬁN—]RwKﬁ&ﬂinfwéoﬁﬁﬁu(a,n)ﬁﬁ@ﬁﬁ%ﬁ
MEROLER 2EALTH 5,

Hitt dUT’Q(Eaj, 6)

i =21 X 2 4Eq; i
¢n,1 2 (T.q) nop ; Ea] Jﬂi Pa (Ea_]) 10 du (1)

A THO/EBOERIIIRICRTIEBO TH S,

T, Q
do (Eaj’ 0)

U T O b 3 5B L~ v Q Ik 5 aliF = 4 1 — Buj, B

0 ELA 0 OWS RIGHTEHE
$a (Eaj) D afF T R F— Eqj KB B a i THEE
# C HELB ORI
4 Eqj DOHEBTReRNFIALE—A v ValE
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nr D BB TORTHEE
$n, i oFavF B i KBRHE N APHTFR

LLTARFDRRY b VdiERBEEFVERAOTUTOERTKD 3,

N/ (—SE) @)
ds

¢a(Ea):i B,

k>E,

CCTna B77F=FEBIKIDBM SN B aiTOEMTHY, (dE/dslg, & okl
FLiv¥F—E, CBIAHEDOHIEGETH S, (a, n) RIEWSKERERHKTEHNEE O,
%@Eﬁ%fnfaAEuESE-f)m;cfﬁmﬁov&w§gﬁﬁ%&§btsv&w%
BL, AEKESEEZ VY » Y FUVERRKOE 10RIEE TRD, CHFEFHIZ 10 MeVED
1 MeV TEHEAVF-BRBTI00HKCO>OTHEL, KidhHFR <27 brid 14 9MeV &
D0 1MeVETO2 LY —VERBT200HTHESN S, HIEEEF—% k>0 TR, ].F.
Ziegler DF &7 a*ﬁ%@éf;ﬁ%“~&@’) LD BB OWTT 4175 ) 2K L, C
NOSDEHE 70 —% Fig, 3.8 1KEKRd,

FBLE (¢, n) RISIKEB5HEFHER <2 bk Fig. 3.8 2R 7z, Mbhicid B %%
DB P BEETRLI, Fig, 38313 "ORUBODKENIC & 2 FEADE
52RLTH5%. oD ED PO THERADEEHMNAE {, HREABR < bvict
LTEC - TWBLENERTE S, Fig. 3841 Cm,0;, D22 %R, Fig.
3853 P PuCOFHTERA RS bvERLI. BRI TEBRIMERK Y, FEELT
*VF— (5 MeV) OPHETHKIESN Z2FNSERHEK S, Table 3.8 1 KAEFEL /{q,
n) BIGK XA TFINERPORIGEN I kK 2R 2 FFMHME & B Lo #1213 Cme O,
T2 ORIGEN D HMEIZFEMME & L& L TR 3. 5 fEDBASEM E 55 C &K 2, 20
iICth U TORIGEN — JR iKlBAA ZFBETIIF 50 BOBRFMERES N TV B, BPu0,
KOWTRHEGBCNESHESNTED, ZOMERVEANISFFMHES Table 3.8 2 1KRT,
LDFEDTIE J.K. Bair fiORIERUFHESROFH L, EHERLLDTH LM, XFEHEK
EBHEME 10 BUATEO—KERL TV S, Thid Fig. 386 KFEFL>IC B0 (a,
n)?' Ne OE&MEESHEBLBO—HKERLTED, Fig. 38 TIkRT &> KEAMERD
FIXREBEICR > TOBEIE B, LHLEMSS *BPUCKS>OTRSE D —BUIBR K1,
Fig. 388 ¥C (¢, m)"OD&WERERL 0, REEICEEHNE—sBRbLOATED,
HARBTOFMIIAETHE2ENRENT NS, D EL, NROBEEDHEAT IERE &
5> T3,

Fi, TCTREUTER <RI PVERSEL 7208 "B (¢, n) N OBAMER % Fig.
3891TRTe CODLKHENKOBREFHSDVEVESICIEERIEHSESRIGEELIZD
i ST BRELBR Y 5B T B0 BRETREI TR C DHRIHAHK S 0o BIABELRS ST 2 FiR
BHPHUF 2 - B 0E HIEEERL, COAEKEREZELRES RT3 &,
ERBIT CRERRLBLFHMT 2BH8EL OGNS, CDLHIC (@, n) RIEKEEOHIE,
FMiE, DAFEDT *NVF-—HALBROT, FEALERBENTOROVOBERTH B,
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384 F & ¥

BT (¢, n) RGIKEB30HEFER 7 b VFEHORIK LRI hs, FFlCHBEESRKL T —
5@KEK¢OT,%Eﬂw%muménfmmwoWRMWMJQ/%@ KBTS, Th
LOBBED (¢, n) RIBIET 207 22 bHEELVEHRENTOBEY, 20EEA LM
priority 2 THB3OHFLBAENS T ORI THEL, (o, n) RIGiCX2HHFEX
Ry PWERER(FET B 0iciE, eRFO 2 oF —FEH%E 0.1 ~8 MeV DO L#EHI H
20 0.1 MeV EEDARRETHE S 5 BED S B, T LEBERISE 70K 5 WERKTED -
FOBRROMLETHD, TOEFVORIED-HICOHEREHDOAE T — 545, FICEHT 2V
F-EBRTHELIL - T %,

(¢, n) RIGHEREONE, FMOBERE 1956 FLEIC DO TRE L LERO—E % Table
3.8 3T H, —HEIL2~3DRXLILEBLOT, RSN THET 2 vF—8HLRL
nNTW3, 5%, FRABZRHNSERELT I Y, (o, n) DHFEOFS HHEMT 2
12, BEFESELO BEECRIENEZIONS, TDLHILY, ABKERELED KT
~ 5 DRIE, FHROBEERIEEFVICk 3 IEEIED — FOBRREHSEENS,

L% BE#)

Table 3.8.1 Comparisons of (a,n) reaction neutron yields

Experimental or

Material ORIGEN Present Study Fvaluated Value
238py0, 3.2 x 10° 1.859 x 10° 1.722 % 10°
238pyc 4.1 x 10° 4,144 x 10° 2.026 x 10°
2420m,04 1.96 x 10° 8.773% 10° 5.68 X 10°

Units in [n/cm®-sec]
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Comparison of 238Pu02 yield data

Evaluated Value
(n/cm3-Pu02/sec)

Reference

Comment

1.22 x 10°

(2.22+0.1) x 10°

(1.15+0,02) x 10°

(1.63+0.37) x 10°

2,18 x10°

1.67 x 10°

(1.722+0.02) x 10°

BNWL~B-109 (1971)

Anderson and Neff
Nucl. Appl. Technol.
7, 62, (1969)

Matlack and Metz
LA-3696 (1967)

Taherzadeh and Gingo
Nucl. Technol.
15, 406, (1972)

Stoddard and Albensius
DP-984 (1965)

Herocld
Nucl. Appl.
4, 19, (1968)

Bair and Butler
Nucl. Technol.
19, 202, (1973)

theoretical evaluation

no correction of
neutron induced fission
reaction

theoretical evaluation

experimental and
correction of neutron
induced fission
reaction
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Table 3.8.3 References of (g, n) reaction measurements and yield evaluations

IOB

llB

13C

( (o,n) cross section )

J. Kjellman et al.,
M.K. Mehta et al.,
L. Van der Zwan and K.W. Geiger,

J. XKjellman and A. Nilsson,

V.V. Verbinski et al.,

L. Van der Zwan and K.W. Geiger,
A.W. Obst et al.,

L. Van der Zwan and K.W. Geiger,
S.J. Wilson, :

J.M. Calvert et al.,

J. Kjellman,

G.S. Mani and G.C. Dutt,

L. Van der Zwan and K.W. Geiger,

A. Nilsson and J. Kjellman,
J.K. Bair and F.X. Haas,

W. Gruhle et al.,

17O,IBO L.F. Hansen et al.,

( (@,n) yield )

0.J.C. Runnalls and R.R. Boucher,
S.J. Rimshaw and E.E. Ketchen,
M.E. Anderson and M.R. Hertz,
K.W. Geiger and L. Van der Zwan,
M. Taherzadeh and P.J. Gingo,
J.K. Bair and H.M. Butler,

J.K. Bair,

H. Liskien and A. Paulsen,

J.K. Bair and J. Gomez del Campo,

Arkiv Fysik 21 169(1961)
Nucl. Phys., 48 90(1963)
Nucl. Phys., Al80 615(1972)

Arkiv Fysik 22 277(1962)
Phys. Rev., 170 916(1968)
Nucl. Phys., Al52 481(1970)
Phys. Rev., C5 738(1972)

Nucl. Phys.,
Phys. Rev.,

A216 188(1973)
C11 1071(1975)

Nucl. Phys., 31 471(1962) .
Arkiv Fysik 21 543(1962)
Nucl. Phys., 78 613(1966)
Nucl. Phys., A246 93(1975)

Arkiv Fysik 21 551(1962)
Phys. Rev., C7 1356(1973)

Nucl. Phys., A186 257 (1972)

Nucl. Phys., A98 25(1967)

Canadian J. Phys., 34 949(1956)
ORNL-4357 (1969) T

Nucl. Sci. Eng., 44 437(1971)
Health Phys., 21 120(1971)
Nucl. Technol., 15 396(1972)
Nucl. Technol., 19 202(1973)
Nucl. Sci. Eng., 51 83(1973)
Atomkernenergie 30 1 (1977)
Nucl. Sci. Eng., 71 18 (1979)
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3.9 BERLCHIEHT—9RUHEI~ K

391 BHELSe
BBREL 4 2 VIBERIC B O TRET B3R « K « EREEY A ERPERROEEICE 4 5%
DD EHICMBNS TR LR, BFHEEZOERELBFIZLOTERNWEIETS 5.

3.9.2 JRRIEEER
BEICBELVESETE, BORFLELTYT Y s L= LD )94 7 VLR L L83
2BY, ROTEBESPICBITTALLENLA D, TOTNILBOTHRET ZEENICOVTEH
FIEEM L, oMK 2L OERLICUENS LIETHETIE 5780,

FBR—NFR

LWR
(HWR)®

3.9.3 KA 7L EBEREMORE

D BIF OB A 7 vic B 2 BEEVHIL— B « M LE--RE-FLEOSERBICEL
TRBL BBEENPRET Do i, MHROMRS « &K - MEL S CICEEYONE « 5 R U
DENBNEOTIRICE VT S REEMIRET 5, '

39.4 BEEEYIOEHE

D) Eethr~ugEEY @ FELUTETFOEEGICK>THEL, Fe, Ni, CokUCs,
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Table 3.10.1 Comparison of one-group data from different sources

ORIGEN FISPIN TND SAVR ENDF/B4
Nuclide
Oc¢ g I¢c of Uc Of O¢ Uf | ¢ Of
Np-237 0.76{ 0.36 | 1.87 | 0.34 0.32 1.76 1 0.32
Pu-238 0.22]11.38|0.44{1.1510.68 |1.12
Pu-239 | 0.5 1.8506.511}11.82
Pu~240 0.41] 0.35]10.59| 0.38
Pu-241 0.43) 2.49 | 0.59 ] 2.64
Pu-242 0.34] 0.2810.38} 0.3 0.2310.25
Am-241 0.99] 0.46 1 1.91 ] 0.4 1.88 1 0.45 1.09 | 0.4
Am-242 0.4 1.83 0.1 3.3 0.38 }3.73
Am-243 0.5571 0.27 |1.7 0.19 {0.9 0.22 10.42 10.19]0.81{0.18
Cm-242 0.38( 0.42 } 0.5 1.26
Cm-243 0.4 0.32 0.1 3.14
Cn-244 ! 0.37] 0.41 { 0.48 1 0.55 0.39 ,0.58{0.55|0.5 ¢ 0.52

Table 3.10.2 Nuclide concentrations (gr/fuel weight), 3 years after
discharge, for different data sets

FISPIN TND . SAVR

Nuclide ORIGEN " ”
F/0 T/0 s/o
Np-237 | 1.62(-2) | 1.35(-2)| 0.83 | 1.64(-2) | 1.01 | 1.64(-2)| 1.01
Pu-238 | 5.02(-4) | 1.12(-3) | 2.23 | 6.37(-4) |{ 1.27 | 5.02(-4)| 1.00
Am-241 | 2.79(-2) | 2.98(-2) | 1.07 | 2.77(-2) | 0.99 | 2.79¢-2) | 1.00
Am-242m | 3.71(-5) | 7.45(-5)| 2.01 | 6.74(-5) | 1.82 | 3.71(-5)| 1.00
Am-243 | 2.85(=5) | 4.66(-5) | 1.64 | 2.87(-5) | 1.01 [ 1.95(-5) ] 0.68
Cm-242 | 9.36(-7) | 1.89(-6) | 2.02 | 1.74(-6) | 1.86 | 9.36(-7) | 1.00
Cm-244 | 2.48(-7) | 1.27(-6) | 5.12 | 4.02(-7) { 1.62 | 1.29(¢-7) | 0.52

* Ratio to the results of ORIGEN
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Table 3.10.3 Complete set of sensitivity coefficients for 238Pu in the core of

1000 MWe LMFBR [Pu fuel from BWR] ( tg¢ = irradiation for 2 years
+ cooling for 180 days )

Precursor Ay Ag of g¢ %n, 2n
U-235" S -0.0027 0.0160
U-236 -0.0002 0.0162
u-237, 0.0082 -0.0021 -0.0005
U-238 -0.0013 0.0027 0.2342
Np-236
Np-237 -0.0102 0.2309
Np-238 0.0055 -0.0011 -0.0001
Np-239 0.0001
Pu-236
Pu-238 - -0.0001 -0,1109 -0.0180
Pu-239% ~0.0102 0.0045 0.0340
Pu-240 0.0004 -0.0023 0.0726
Pu-241% 0.6958 -0.1725 -0.0299 -0.0001
Pu-242
Am-241 -0.0369 0.6346
Am-242m 0.0005
Am-242 0.0037 -0.0006 -0.0001
Am-243
Cm-242 0.3873 -0.0189 -0.0171
Cm-243
Cm-244
Cm-245

* dqpitial charged fuel

Table 3.10.4 Priority of decay constants and cross sections to be measured, which {is dérived from
sensitivity analyses for build-up and decay of actinides in the core of 1000 MWe LMFBR

1 Actinides Priority of decay constants and cross sections
Nuclides lreprocessed :

vearly{gr)** ] ] _ 3 4 5
1| Am-241 | 1.011 (+4) [ xg  (Pu-241)| of - (Pu-241) | oo (Pu-240) [ o, (Am-241)|aoc  (Pu-241)
2| Am-243 ) 4.878 (+3) |oe  (Pu-242) o, {Pu-241) og l(Am-243) ag {Pu-241) af' (Pu-242)
3| Np-237'| 2,504 (+3) | on,2n( U-238) | oc  (Np-237) | o ( U-236) {0 - ( U-235) [ o¢  (Np-237)
4| U-236 1,908 (+3) |oc ( U-235) ) of ( U-235) ac ( U-236) Ay (Pu-240) af { U-236)
5| Pu-238]1.124 (+3) [xg (Pu-241) | o¢ (Am-231) Ay (Cm-242) °n,2n( U-238) [ o (Np-237)
6| Cm-244 | 4.243 (+2) |oc  (Pu-242) | oc  (Am-243) | o  (Pu-241) | of (Cm-244) | o,  (Cm-244)
71Cm-242 | 2.168 (+2) | ag (Pu-241)| o (Am-241) | of (Pu-241) | ac (Pu-240) | 1, (Cm-242)
8 | Am-242m 2.148 (+2) |ag  (Pu-241) | o (Am-241) | oy (Pu-241) o (Am-242n) o, (pu-240)
9 Cm-243nk.519 (+1) o, (Cm-202) | ag  (Pu-241) |0, (Am-241) |2, (Cm-242) [ op  (Pu-241)
10| Cm-245 | 1.542 (+1) o (Cm-244){ o¢  (Pu-242) | o  (Am-243) | a¢ (Cm-245) [ oo  (Pu-241)

* py fuel from BUWR.
** jppradiation for two years and cooling for 180 days.
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Table 3,10.5 Fission rate ratios of actinides to Pu- 239
to be measured on fast reactor with wvarious
neutron spectra

Core Names SH2 SH4 SH6 CH2 CH4 CH6

Critical Radius (cm) 46,30 28.60 21.66 33.70 24,18 19.42

Actinides Fission rate ratios of actinide to Pu- 239

Np - 237 0.253 0.347 0.401 0.222 0.335 0.396
Pu - 238 0.786 0.870 0,912 0.638 0.812 0.883
- 240 0.269 0.353 0.400 0.229 0.341 0.399

- 241 1.231 1.129 1.083 1.329 1.231 1.157

- 242 0.209 0.291 0.339 0.191 0.292 0,347
Am - 241 0.215 0.272 0.315 0.274 0.347 0,378
- 243 0.165 0.236 0.280 0.174 0.258  0.304
B-10 1.111 0.793 0.665 1.785 1.257 0.956
U-235 0.944 0.866 0.827 0.946 0.922 0.880
- 238 0.0307 0.0478 0.0574 0.0400 0.0614 0.0716
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Table 3.10.6 Effective Microscopic Cross Sections of Actinides in ABR
at 6th Cycle
(unit barn)

X.s. Day | Np237 Pu238 Pu239 Am241 Am243 Cm244
Sub 0 0 0.46 1.37 1.79 0.52 0.36 0.53
0 0.46 1.38 1.79 0.52 0.36 0.53

O -
£ Sub 2 | 150 0.45 1.39 1.88 0.53 0.35 0.51
250, 0.44 1.40 1.97 0.54 0.34 0.51
Sub 0 0 1.44 0.39 0.45 1.06 0.36 0.43
0 1.45 0.39 0.46 1.07 0.37 0.43

o

Sub 2 | 150 1.64 0.48 0.58 1.31 0.46 0.54
250 1.81 0.56 0.68 1.54 0.56 0.63

Actinides recovered from waste of 3 LWRs + LMFBRs

Table3.10.7 Actinide waste yearly produced from
one 3000 MWT power reactor

LWR FBR
(kg) (kg)
U-235 1.09 0.19
U-236 0.56 0.005
U-238 128.7 120.0
130.3 120.2
Np-237 20.80 3.44
Pu-238 0.02 0.09
Pu-239 0.73 7.95
Pu-240 0.29 2.63
Pu-241 0.14 0.72
Pu-242 0.05 0.44
Am-241 1.45 13.23
Am-243 2.50 6.95
Cm-242 0.16 0.54
Cm~244 0.09 0.51
25.7 36.5
156.0 kg 156.7 kg
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Fig.3.10.2 pNautron Cross Section  ™Am FISSION ENERGY 1.00(keV} - 20.00(MeV)
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Fig.3.10.4 Neutron Cross Section  *Am FISSION
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Table 4.1 Half life of spontanecus fission : Ty, (SF)

& ] (3 (:; 5 6 ) (8) (N T.Vg (SFln 1B (43)
232 o (7.8£6.0)x10% y
235y o (35£09)x10y
2 | o o (8.19+0.09 1 x 10y
2% Np o 6.3x10" y (x)

3% py 0 (3.5211.0)x10%y
#*py o o (4.77£0.13) x10°y
“°py 0 o (1.2£0.1)x 10" y
#2py o 0 6.84+0.08 x 100y
244 py o) (6.5610.32) x10y
#"Am o (8.86£3.3)x10" y

% Am o 10x10° y (x)
20m o (6.510.5) x10%y
244Cm o) {1.344 £0.002)x10" y

X ERME (&3.6 1.:598)

Table 4.2 Half life of a decay: Ty, (a)

{3} (4} (B) (6)

(7} (8} (9}

43}

¥ & ab Tl/2 (@) niB

232, o 70.0+1.0y

®o | o0o0o0 (214 +0.01) x10%y
2%py o 2.851+0.008y
| o000 87.74+ 0.09y

% py Xe) (2.411£0.03)x10%y
24%py 000 (6.55+002)x10%y
*""m| oo0o 4326+0.6y

*mn| oo (7.38 £0.04)x10° y
226 00O 162.8+0.4d

23Cm o 28.5+0.2y

24%Cm 000 18.11+0.02y
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Table 4.3 The average number of fission neutrons emitted

per fission : ¥
3) @) 5) 6) () (8) (@) 7 nil
e -] ab (ENDF/BS]
232 o 20(x)
2381 0 JEn B
2% Np o 2.053 (x)
238py o 2.86
Py o 2.895
240p, o E -
242py, o 2.81
24%py e 2.884
242Am o 3.264
242Am o 3.36
#20m o 3.44
24%¢ o 3.46
(x) # I8 (£3-6-10 288
Table 4.4 Gamma ray yield.: Yy
% i {3) L4g (5) (6} (7).(8) (9} 94 v F
87.88g, o BRI
9%y 0 B X
g, o) TN
2 © =k
95Nb' 0 Bl * :
103R,, o 0 TR 5 MIERRE
%8Ry o TRERAE
135.137.13"3.1391 ' - ' o Jras—_—-.
139y o S |
134¢s o TRERES), MEEETE
%7¢s e} IRN¥ET -
140, o FPp ¥&izi5, ¥ Fdg
a Uy Puans#r
144Ce o B
155Eu 0 0 Wi E B
238.239.240.24(Pu o PuT4Y F—Tﬂ)‘n\ﬁ'
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Table 4.5 Radio-nuclides of potential importance in the nuclear

fuel cycle
b2 4 5 il J A v B
se (2.71h) B~ | 1.384MeV o YB3 RRE £ 3% 123 5.
%4 (44.64) B | Yitomrsamaimt s 125% 145,
%49 (3.90h) B l|m *
3" (55.4m) B™ | 604Lis YEhn 5, IRLIR, TG T
2B (10.6m) B™ | 776KeV LA AN BRI 12 (18414) %
£6.4% coWEFrHY, G105 .
%My (1.2x10°y) | B~ 32;)47.:«:')1/\')1,1191-1:, S5FnlNiviEss B#Ex
29Th (7.3x10%y) | @ | EBREIEE AT 2@ 10~50%,
250m (85x10°y)| a | 2% Y#LoBLR 20T,

Table 4.6 Capture cross section : Og (Z £63)

} {5) (6 71 (8) (9) “
= 78 {3} g; {5) (6) { 9 4 Y ]~
84Kr 'e)
ke © FP250) 78155, ki
r S A= kB,
%57, ) AUr Puns.
106Ru O [g; bl
133 -
Cs o) Bl k
134 B Lk, &HioweNDEIzis
137((::5 ° ?;mg%ﬁi‘ﬁ Y P
Po3 1k5,
40 S © a U Q’F;uﬂ'ﬁ“ﬁ'
Ba O B E
“om O
149
Sm O Y et E
152.153,154,155Eu o &
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Table 4.7 Capture cross section : Op (Actinide nuclide Z 292)
(3) @ (5] (6) 0 | @ .

% =2 ab J A v b

235 o0 236 ) 23TNp o ok K

238 o o o 237 Np,236U, 236py o %R

238 ) o

237, .
Np oo o o | #®"Np,2BPun %X

238Np o

2saPu °

23%,, o o

240p,, o o 241, 242m g m 2420 o) 2 %

244 .
Pu o o) ofx 241, 243 Am,244'245Cmniﬁ&

242Pu o o o 243Am,244.245Cm N )i'. &

24 Am oo o o | 2%8py2B2%pn 24242 m nak g

242 m o

242Am o o

23Am 00 o0 o o |*%Am,*****Cm ks

4 .

24%Cm o o 2ema E

22cm o ‘o)

gﬁ; o O | EBFRAEE, MEER.

() a=o,/op LLTREIHT 5,

Table 4.8

Fission cross section : Of

{3) (4) (5) (6)
ab

{7) 8} (9

3J XA v}

OO0
O

0 0O 000 O0O0

o bK)

© 00O

238U 0 E AR

241.242m243Am 242.243Cm
HERX

B3V
. %

0|0 00O

O

B g, aRER

k) @=0y/0f L LTBKIATVS,
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Table 4.9 (n, 2n)cross section © Oy 2y

] 3} (:)b (5} (6) {71 (8} (9) 9 2 2 ¢
238 OO0 O 237pr38Pumib§ 4
037 LRI

Np o B4 9L kpls o
=%, o H4 2 L3Ps o
B3
=% o o

Table 4.10 (n,3n) cross section : Op, 3¢

e (6) J X vk

238py O 239Py ;2% 1K

Table 4.11 Dosimetry cross section

R e I 32 vk
2TAl (n, @) 2*Na o <Om> / <0e>=0.950
4TTi (n,p) %S¢ o 0.786
%Fe (n,p) %€Mn o 0.92
$4Zn(n.p) ®cCu o 1.056
310 (n,n) 13" In o) 1.121
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Table 4.12 (a.n) cross section - Oy
o |amm| 18 O | 7)) a4 Vb
232 o Yn=3.63x10% (n/s-g)
236py, 0 1.18x10°
238p,, o 3.18x10%
240
17,180 Pu O 341 ,
24Am o 6.27x10
2420 o 9.19x10°
2430 o 1.12x10°
2440 o 1.86;(105
Li @) Buvy-yeltobTiEs
90 o =k,
B o ‘Ea=0.1 ~ 6.5 MeV,
C O
13C o)
0,80 o O
19 o
Mg O
27p1 o
Ca 0]
Table 4.13 Fission product mass yield spectrum : Yep
% & (7} o S SRR
FPo Y i ks, 18 A ¥Es $0
235 o 95y o o,z 'Ry
A ERFEX.
AR R R i, 2%,
238U o 90Kr '13?, 138.1391'l37.138Xe o gﬁﬂl}i%
&K,
FPo Y#Ricdn, RAFEH S
239PU o 7."‘/}“ =2, ﬂ)’%ﬁ_ﬂ r:y)r_'133.137cs’
%7, 108p,  M0gy VHice o B AR A %
B K.
FPo Y81z &5 , HHFARYE P »
#py o) N = a0 G Hont=z02,
RN HEIEE LB K,
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(1) Mining & WMilling
of Uranium

l

{2) Uranium Enrichment

1

Uranium Fuel
! - (7) S d
(3) Fabrication {7} Safeguards
a1 R a. Burn up Waste Management
eactor ( , ) —-— &
b. Dosimetry Environmental Safety
5 R . (9) Transportation &
ot ned
eprocessing Handling of Fuel

|

() Plutonium-Uranium i
Fuel Fabrication

Fig. 4.1 Classification of Nuclear Fuel-Cycle Sector
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