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A Survey of Nuclear Data Requirements through

the Uranium-Plutonium Fuel Cycle

Working Group on Nuclear Data for Nuclear Fuel (ycle,

Japanese Nuclear Data Committee
Editors: Hirokazu UMEZAWA and Kazuo HISATAKE
{Received January 28, 19382)

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 wvarious areas: Mining and milling,
enrichment, fabrication of uranium and plutenium fuels, spent fuel
reprocessing, transportation of nuclear material, radiation shielding,
environmental safety, actinides incineration study, reactor dosimetry,
and safeguards of nuclear material. A wide wvariety 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 varilous 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.

Keywords: Nuclear Fuel, Fuel Cycle, Nuclear Data, Uranium, Plutonium,

LWR Fuel, Fission Reactors, JNDC

%# Tokyo Institute of Technology, Dept. of Applied Physics
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Table 3.4.1 Measured and calculated averape activation cross sections in
a 2%2¢f neutron field

cross section (in mb)

reaction measured" calculated <g 7/<c > e
<cm> <cc> ref. o ¢
197 pu(n,v) ! %84u 76.2 % 2.4% 76.50 a) 0.996+0.047 (0.069)
11510 (n,y) 161n™ | 124.1 + 2,927 | 130.3 b) 0.952+0.043 (0.109)
1151 (na)115In™ | 195 % 2.6% | 189.1 c) 1.032:0.033 (0.077)
1310 (0o ) 131n™ | 160 % 2.5 | 142.7 ) 1.1210.033 (0.077)
471i (n,p)""sc 18.9 * 2.1% 24,06 4) 0.786+0.032 (0.077)
58Ni (n,p)>BCo 118 + 2,52 { 115.0 b) 1.026+0.035 {0.106)
S4Fe(n,p) > “tn 84.6 =+ 2.47 85.58 e) 0.989+0.033 (0.077)
84%2n(n,p)®"Cu 39.4 + 2.5% 37.31 e) 1.056+0.034 (0.078)
46Ti (n,p)*Esc 13.8 + 2.2% 13.46 d) 1.025+0.040 (0.080)
56Fe(n,p) °®Mn 1.450% 2.4% 1.476 b) | 0.092+0.057 (0.076)
487i (n,p)"8sc 0.42 * 2.4% 0.4092 4) 1.026+0.071 (0.099)
2751 (n,a)?"Na 1.006+ 2.27% 1.059 b) 0.950+0.076 (0.091)
1597 Au(n,2n) 1 98Au 5.50 £ 2.5% 5.646  a) 0.974+0.103 (0.144)

Measurements performed by PTB Braunschweig, and reported by

- Alberts,¥W.G., Gunther, E., Matzko, M., and Rass, G., EUR 5667 elf,

Part IT (1977), p.131.
- Hannhart, W., NEANDC(E)-182U, Vol. V (1977), p.84.

Calculations are based on the NBS spectrum representation Db/

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).

*¥

* — . s
The standard deviation comprises uncertainties of <c_> and of the

spectrum, the value given in brackets additionally includes the
uncertainty of the o(E) data.
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Non~threshold Reactions:

REACTION

5Li(n,total He)
511 (n, o) SH(*)
i0p {(n,total He)
13¢ (n,y) L4c
23Na(n,¥) 2"Na
3081 (n,v) ¥lsi
“0au(n,v) *lau
455e(n,v) °Sc
50cr(a,y) Sler
Sly (n,Y)SZV
S4Fe(n,y) °Fe
55Mn (n,Y) °®Mn
58Fe(n,Y) >%Fe
58¢0™(n,Y) *%co

58Co(n,y)5900
5900 (n, v)*0co
63cu(n,y)®"4cu
64N (n, v)® N1
7Yga(n,v) " %ca
75as(n,y) "%As
SOSe(n,yjslse
81gp(n,v) 2Ry
93Nb(n,y)9uNb

Table 3.4.2
LWR FBR MFR REACTION

X X X 8o (n, v)? Mo
. « « 1003 (n, v) 1 01Mo
x x X 103gh(n, y)14RA
% % P 108Pd(n,y)109Pd
« « y 1090 (0, y) 1 104g™
« « X 114gd(n,y)115¢d
N « y 11570 (n,v) 1 167a"
x 5 w 121Sb(n,y)1228b
x X X 133¢cs(n,v) ' 3%Cs
% % x 1397,a(n,y) 1%0La
X P x 152¢m(n,y) 153sn
% « « 151Eu(n,¥)152Eum
. « « 164y (n,v) 165Dy
X Burn-up ) 175 u(n,v) 1 7%Lu

correction l76Lu(n,y)177Lu
x X x 18174 (n,v) 1827
x x x 186y (n,v)187W
« « y 197au(n, v)128Au
% « x 232Th(n,¥)233Th
¢ X x 233y (n,f)¥.P,
x % x 2350 (n,f)F.P.
% < x 238y (n,v)23%y
X x X 23%u(n,f)F.P.
X x X

LWR

x

x

X

X

X



Threshold Reactions:

REACTION

(n,p) (%)

*He(n,p) (¥
L4y (n,p) lhe
19% (n,2n) !5F
23Na(n,2n)22Na
2'Mg(n,p) **Na

Al(n,total He)
2781 (n,p) > Mg
27p1(n, @) 2"Na
2853 (n,p) 281
3lp (n,p)glsi

S (n,total He)
328 (n,p)32P
34g (n, o) 3lsi
3SCl(n,u)32P
L+5Sc(n,Zn)L‘”Scm

Ti(n,total He)
4674 (n,p) *€Sc
l+7Ti(n,p)q7Sc
”8Ti(n,p)”880

Fe(n,total He)
5le (n,p) 54Mn
56 e (n,p) 56Mn
5“Fe(n,u)510u
55Mn(n, 2n) **Mn
59Co(n,p) °Fe
SgCo(n,m)56Mn
59Co(n,Zn)SSCo

Ni(n,total He)
58Ni(n,p)58Co
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Table 3.4.2
LWR FBR MFR
X X ®
w X x
X x by
>< .
x
x x x
X x X

{Continued)

REACTION

58Ni(n,a) >5Fe
58Ni(n,2n) 57Ni
80Ni(n,p)©0cCo
Cu{n,total He)
§3cu(n, o) 60Co
63cu(n,2n) #2Cu
65Cu(n, p) &5Ni
65Cu(n,2n)8%Cu
847n(n,p) &4Cu
64%Zn(n,2n) 63zn
90 zp(n, 2n) 8%2r
33Nb (n,n") 23"
93Nb (n, 2n) ®2Nb
92Mp (n,p) ?2Nb
9%Mo (n,p) I4Nb

1O3Rh(n,n')103Rhm
1151n(n,n’) 11510"™

1277 (n,2n) 1261
197Au(n,2n)196Au
197 Au(n,3n) 195Au
197pu(n, 4n) 19%Au
Au(n, total He)

199%g(n,n') 1 99Hg™

232Th(n,f)F.P.
238y (n,f)F.P.
238U (n,2n)237U
237Np(n,f)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

X
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Fig. 3.4.2
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YT % B B i TR R ® o v B EEE

BFES | & % A ° (opm)
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
7 N 14.0067 1.85 0.188181 E — 02
8 0 15.9995 0.000178 0.158509 E -~ 06
9 F 18.9984 0.0095 0.712438 E ~ 05
11 Na 22.9898 053 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 v 50.9416 5.04 0.140961 E — 02
24 Cr 51.9376 3.1 0.849412 E — 03
25 Mn 54.9381 13.3 0.344920 £E — 02
26 Fe 55.8473 255 0.650547 £ — 03
27 Co 58.9332 37.2 0.8993390 E — (2
28 Ni 58.7284 443 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 0.835972 E ~ 02
48 Cd 1124234 ! 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 157.2558 49000 0.443946 E + 01
66 Dy 162.5059 930 0.815369 E - 01
74 w 183.8326 185 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 1 TAYF—TEE
* 2 . BNL— 325 Third Edition, Vol. 1
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BR-1" 130. 3 6. 65

F B R -2 114, 4 L 68 7.14

%= 230. 0 18. 0
T 12.8 69

A & R 88, 3 0. 06

2% Pu0, - UO, & X 199. 6 2 82

T mI 29 4 9 52

B 253.4 0. 27

R | 6% Pu0, - UO, &R 305. 7 12 32

L 58. 8 11 63
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7 g | 043 250 kgU** | 46 kg Pu ! 124kgPu" | 101 kgPu
po e | 075 285 0.97 6.9 1.2
A E g FEen | 635 25.5 6.4 134 148
SO [FEem | 075 1.2 15 3.5 5.4
RHKE &R fla;;1 - 47
w|H g | 043 6.4%gU? | 21 kgPu 3.2 kghu'
A B | 075 15.7 2.3 6.9
Emom oE B 085 18.5 9,3 14.4
ai@ O Eim | 075 8.2 2.8 49
7" B | 043 0.4 kgU®s | 0 22kgPu 0.25kg Pu
Al i)y 075 10.5 3.8 6.6
E R FE Bem | 085 16.1 11.2 144
RIE KR EBEim | 075 67 3.3 46
20| R 7 v o HEE om) - 6.3
5367 TBR(HE) TEAORERSEFEAKOERZLEER"

% # Keff BRI
BEHALEHERER T (225cm) £y FKIE 0.9 85 &
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a3
EARAFHIC BT s ENEOREARLER LK F—7

totalfission 10" fissions total released Mo or HESLD S
half life yield (%)™ production (Ci)  ener gy imv/ais.) ENELEY Grev/ais.)
806 d 374 1. 01 0. 381 0.185
2.28 h 5, 27 1. 20 x 107 2.253 0. 498
20.8 h 6. 93 173 x10 0. 608 0.416
526 m 7. 29 4 33 x10° 2.750 0. 599
661 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 1323
28 h 1. 32 2 45 x10 1.950 0. 377
2.25d 0. 23 2 22 x107! 0.042 0. 180
529 d 6. 97 2 86 0. 045 0. 135
15.65 m 1.56 3 11 x10? 0. 432 0. 095
9.083h 7.47 4 28 X10 0. 250 0. 316
1417 m 4 89 108 x10 2 1. 183 0611

Meek, M.E. and Rider, B-F., Compilation of Fission Products Yields,
Vallecitos Nuclear Center, NEDO- 12154 — 1 (1974)

O RTFRSUMEES, BT ARMB T AL ¥ — B o0 TS0 £ 11 A

Source

GCR-Pu
LWR-Pu

Recycle-Pu

GCR-Pu
LWR-Pu

Recycle-Pu

#3689

Pu Isolope (wi - 23)

Tk = LA OFRTH & o FpeE

Pu-236  Pu-238  Pu-238  Pu-240  Pu-241

Pu-242 Pu fiss.

— 0.1 77.3 189 32
12x16° 1.2 56.4. 230 14.3
rex18" 2 a7.7 25.6 7.

Pu Neutron Ylald (n/s.g-PuQ2)

0.8 B0.5
Bl 70.7
7.5 64.8

;'Pu-ZSB' Pu-238 Pu-239 Pu-240 Pu-24 |

Pu-242 Total

— 30
04 363
0.02 B3t

208 0.c8
251 c.3
278 0.4

7 304
72 734
{08 1083
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Safety Item

Transuranium
Build-up
& Decay

Radiation
Dose &
Decay heat
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Table 3.8.1 Comparisons of (a,n) reaction neutron yvields

Experimental or

Material ORIGEN Present Study Fvaluated Value
238pyo, 3,2 x 10° 1.859 x 10° 1,722 % 10°
238pyc 4.1 % 10° 4,144 X 10° 2.026 x 10°
242Cm, 05 1.96 x i0° 8.773x 10° 5.68 X 10°

Units in [n/cm’.sec]’
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Comparison of 238Pu02 vield data

Evaluated Value
(n/Cm3-Pu02/sec)

Reference

Comment

1.22 % 10°

(2.2240,1) x 10°

(1.15£0.02) x 10°

(1.63+0,37) x 10°

2.18x10°

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, Techmnol.
15, 406, (1972)

.Stoddard and Albensius

DP-984 (1965)

Hercld
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

ISC

IHN

( (o,n) cross section )

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

J. Kjellman 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.,

170,180 L.F. Hansen et al.,

( (o,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)

A216 188(1973)
C11 1071(1975)

Nucl. Phys.,
Phys. Rev.,

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., Al86 257(1972)

Nucl. Phys., A98 25(1967)

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

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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DIFFERENTIAL CROSS SECTION {mb /ur )
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Np-237 0.76 | 0.36 | 1.87 | 0.34 .32 1.76 | 0.32
Pu-238 0.22]1.38 | 0.44 ({1.15)0.68 |1.12
Pu-239 0.5 1.8510.51]|1.82
Pu-240 0.41]| 0.35]0.59|0.38
Pu-241 0.431 2.49 | 0.59 | 2.64
Pu-242 0.34| 0.28|0.38]0.3 0.2310.25
Am-241 0.99 0.46 | 1.91 | 0.4 1.88 | 0.45 1.09 | 0.4
Am-242 0.4 1.8310.1 3.3 0.38 |3.73
Am=-243 0.55{ 0.27 1 1. 0.19 | 0.9 0.22 | 0.42 (0.19]10.81 [ 0.18
Cm—-242 0.38( 0.42 | 0.5 1.26
Cm—243 G.4 ¢.32 | 0.1 3.14
Cm~244 ! 0.371 0.41 | 0.48 | 0.55 0.39|0.58 | 0.55}0.5 4 0.52

Table 3 10.2 Nuclide concentrations (gr/fuel weight), 3 years after
discharge, for different data sets

FISPIN ™D SAVR
Nuclide ORIGEN - . -

F/0 T/0 '§/0
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{1.27 5.02(-4> | 1.00
Am—-241 2.79(-2) 2.98(-2)11.07 2.77(-2) | 0.99 2.79(-2) 1.00
Am-242m | 3.71¢-5) | 7.45(-3) | 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)11.62 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 Mde LMFBR [Pu fuel from BWR] ({ tg = irradiation for 2 years
+ cooling for 180 days )

Precursar Ay Ag af gg 9, 2n
y-235" ' -0.0027 0.0160
J-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 0.2306
Np-238 0.0055 -0.0011 -0,0001
Np-238 0.0007
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 -0.017
(m-243
Cm-244
Cm-245

* jqnitial charged fuel

rabie 3.10.4 Priority of decay constants and cross sections to be measured, which is deévived from
sensitivity analyses for build-up and decay of actinides in the cors of 1000 MWe LMFBR

| Actinides Priority of decay constants and cross secticns
Nuclides [reprocessed -
veariy(gr}™ 1 H 3 4 5
1| Am-201 | 1001 (+4) [np  (Pu-241){ o¢ - (Pu-241) Jag  (Pu-240) foc  (Am-241) | oc  (Pu-241)
2| an-243 | a.878 (+3) [0 (Pu-242) [ o, (Pu-241) [oc  (Am-263) [ap  (Pu-241) | of  (Pu-262)
3| Np-237-} 2.504 {+3} | ap, on{ U-238) | o  (Np-237) [ oc ( U-236) | o - {( u-235) { oy {Np-237)
sl u-236|1.908 (+3) {oc  (U-235) | a¢ { U-235}|oc ( U-236)|a, (Pu-240) | a¢ (U-236)
5| Pu-238 | 1,124 (+3) | ag  (Pu-281} | o  (Am-241) | 3,  (Cm-242} | o, 2n( U-238) | o (Np-237)
6| cme24a | 4283 (+2) |oc  (Pu-202) | o (Am-243) | o (Pu-241) | of (Cm-244) ) oo  (Cm-244)
7| cm-242 | 2,168 (+2) 1ng  {Pu-283) | o¢ (Am-241) 1 a5 (Pu-241) ae  (Pu-240) [ x,  (fm-242)
8 | Am-242m 2,148 (+2) [ag  (Pu-241) | o (Am-241) | of (Pu-241) | o;  (Am-242m} o {pu-240)
9| Cm-243 | 2,619 (+1) [a.  (Cm-242) | 2p (Pu-21) o (Am-241) | by (Cm-242) | o¢  (Pu-241}
10 cme245 | 1.542 (#1) Jop  (Cm-248) | o¢  (Pu-242) | oo (Am-243) | o¢  (Cm-245) | o (Pu-241}

* py fuel from BWR.
** jpradjation 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 CHZ2 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 Cvcle

(unit bamm)

X.S. Day | Np237 Pu238 Pu239  Am241  Am243  Cm244
Sub 0 ol o0.46 1.37 1.79  0.52  0.36  0.53
ol o0.46 1.38 1.79 ©0.52  ©0.36  0.53

O -
£l g2 | 1s0 | 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 o! 1.44  0.39  0.45 1.06  0.36  0.43
ol 145 0.39  0.46 1.07  0.37  0.43

1o}

¢ Sub 2 | 150 1.64 0.48 0.58 1.31 0.46 0.54
950 | 1.81  0.56  0.68  1.56  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 .19
U-2136 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 L.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.3.10.4 Neutron Cross Section  *Am FISSION ENERGY 1.001keV} - 20.00{MeV)
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Fig.3.10.6 Neutron Cross Section  *Cm FISSION ENERGY 1.00{keV) - 20.00( WeV)
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Fig.3.10.8 NEUTRON ENERGY SPECTRUM AT CORE CENTER
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Table 4.1 Half life of spontaneous fission : Ty, (SF)

¥ E {3 (:L {5) 63 7} (8} (9} T1/2 [SF)nﬂEM]
22 o . (78 6.01x10% y
2% | o | (35£09)x10"y
“*y | o o (8.1940.09)x 10y
2*Np o 6.3x10% y (x)
#8p, o (3.52+1.0)x10%
#%py o 0 (477£0.13) x10°y
#9p, o o (1.2£0.1)x 10" y
#2py o o) 6.84%0.08 x 1010y
24Py 0 (6.5610.32) x{0y
#2TAm o (8.813.3)x10" y
**2Am o 1.0x10° y (3
220m o (6.5+0.5) x10%y
244Cm 0 (1.344 £0.002)x10 y

(% EXE (# 3.6 1.:558)

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

= 38 {3} {::J (% {6) (7) {8} {9} Ti/g fd) nid 43}
z2y o | 70.0+1.0y

ZTNp 000 (214 £0.01) x10°y

- 2¥py o 2.851+0.008y
| oco0o0 87.74+ 0.09y
®py | oo (2.411£0.03)x10"y
2Py 000 (6.55+0.02)x10%y
¥*'mm| ococo 4326+0.6y
*am| co | (7.38£0.04)x10° y
*tmi oo0o0 1628+0.4d
23Cm 0o 28.5+0.2y

¢m| o0 o0oO 18.11+0.02y
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Table 4.3 The average number of fission neutrons emitted
per fission : ¥

# om | @ (4;1;5) 6) (7} (8 (9). " 50:/19!51
232 o 20(x)
238 o . E| )
2% Np o 2.053 (x)
2%p, o) 2.86
***py o 2.895
240p, o 3 = F
242p) o 2.81
#4py o 2.884
242/Am 0 3.264
#2p o 3.36
e o 3.44
4 o 3.46

(x} #7248 (F£3-6-10 A28

Table 4.4 Gamma ray yield @ Yy
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Table 4.5 Radio-nuclides of potential importance in the nuclear

fuel cycle
# 3 4l 3 A v F
%25 (2.71h) B~ | 1384MV o YEastrisaRateE £ £3% < 5.
"ed  (44.64) B™ | Yomrsamo s 105% = 5s.
a4 (3.90h) B lm =t
B (55.4m) B | 604t ;s Yo In, BFLrk.luin,
280 (10.6m) B™ | 776KV LANLANB R 12 (18214) %
$64% coBLE X, 705
', (1.2x10%y) | B ;i;:fw/\-:ux%n, S5FnLAolriEss B#EK
28Th (73x10% )| 8 | EREIHWEAE EL210~50%,
25cm (85x10°y)| @ | 2% 0 Y#LsrBER 1nzviw,

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

(3) & (5] (6) (7) (8) (9 .
ZESE Lb ( 34 7}
84Kr O
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250 Fi:is 8
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Cs 0 5 -
t34¢Cs o @ﬁ%ﬁmwnﬁx:xa
370 O FPO5 o ¥uks, Wit
{40 o Uz Puerir#y
Ba ®) A Lk
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149
Sm ) ¥R B
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Table 4.7 Capture cross section : Og (Actinide nuclide Z 2 92)

(3} 14} 18) (6 M (B8 (9 .
(E- ab J 4 vk
235U o O 236U 23?Np N iﬁi
236U 0o o o 237 Np,236U, 236py m %
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%’75‘; o O | EEFReEE mEEE,
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Table 4.8  Fission cross section : O

O (31(;”b(5} {6 (7} {8} (9) 34k

235 00 VR
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24[.242m.243Am 242.243Cm
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© nERR
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3
0O 00 00O
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b
o
3
O 10 00 ©
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Table 4.9 (n, 2n) cross section :
n, 2n
31 4] (5) 8) [7)({8) (9} -

238y OO0 O BN 2BPy xR 4
237 DILEFC R

Np O W4 7 L4l
&¥p, o H4 7 LR ok
R75% o o

Table 4.10 {n, 3n) cross section * On, 3n

LN ] - (8) J X2 vk
238py o B39y 5 % K
Table 4.11 Dosimetry cross section
I3 Jiz 4 J 4 v b
Z?AI (n, a) 24 Na e <Om>/ <0'c>=0.950
TTi (n,p) *Sc o 0.786
56Fe (n,p) S56Mn o 0.92
8470 (n,p) %*Cu o 1.056
30 (n, """ In o 1.121
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Table 4. 12 (@,n) cross section : Oy,

o s |amm| 156 | @) 34 v}
232y 0 Yn=3.63x10% (n/s-q)
23%py @] 1.18x10° '
238p, o 0 3.18x10°

17,18 24%py o 341
241Am o © 6.27x10
220m | o o 9.19x10°
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Li o % LT: g7 bR FIRE &

3 LK.

Se g Eq=0.1~ 65 MeV,
c o
3¢ o 0
0,80 o O
!EJF 0
Mg. O
ZTA! ' o :
Ca O

Table 4.13 Fission product mass yield spectrum : Yep
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Fig. 4.1 Classification of Nuclear Fuel-Cycle Sector
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