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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.

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

LWR Fuel, Fission Reactors, JNDC
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Table 3.4.1 Measured and calculated average activation cross sections in
a 252Cf neutron field

reaction

197Au(n,Y)198Au
1 1 5In(n,Y)1 1 6Inm

115In(n,n')115Inm

113In(n,n')113Inm

1+7Ti(n,p)1+7Sc
58Ni(n,p)58Co
5l*Fe(n,?)5l>}ta
64Zn(n,p)61+Cu
t*6Ti(n,p)'*6Sc
56Fe(n,p)56Mn
U8Ti(n,p)'+8Sc
27Al(n,ct)2ltNa

197Au(n^n)198Au

cross sect
measured

<o >
m

76.2 ±

124.1 +

195 ±

160 ±

18.9 ±

118 ±

84.6 ±

39.4 ±

13.8 ±

1.450±

0.42 ±

1.006±

5.50 ±

2.4%

2.9%

2.6%

2.5%

2.1%

2.5%

2.4%

2.5%

2.2%

2.4%

2.4%

2.2%

2.5%

:ion (in mb)
calculated

<o > ref.c

76.50

130.3

189.1

142.7

24.06

115.0

85.58

37.31

13.46

1.476

0.4092

1.059

5.646

a)

b)

c)

c)

d)

b)

e)

e)

d)

b)

d)

b)

a)

<O >/<O 5

tn / c

0.996±0.047

0.952±0.043

1.032+0.033

1.121±0.033

0.786±0.032

1.026+0.035

0.989+0.033

1.056±0.034

1.025±0.040

0.092±0.057

1.026+0.071

0.950+0.076

0.974±0.103

(0.069)

(0.109)

(0.077)

(0.077)

(0.077)

(0.106)

(0.077)

(0.078)

(0.080)

(0.076)

(0.099)

(0.091)

(0.144)

Measurements performed by PTB Braunschweig, and reported by
- Alberts, V7.G., Giinther, E., Matzko, M., and Rass, G., EUR 5667 e/f,
Part II (1977), p.131.

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

Calculations are based on the NBS spectrum representation \&\ 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).
c) 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 <a > and of the
spectrum, the value given in brackets additionally includes the
uncertainty of the a(E) data.

- 1 3 -



Non-threshold Reactions:

REACTION

6 L i ( n , t o t a l He)
6Li(n,a)3H(*)

10B ( n , t o t a l He)
13C (n,Y)11+C
23Na(n,Y)2tfNa
3 0Si(n,Y) 3 1Si

^ A y C n . Y ) 4 ^
45Sc(n,Y)46Sc
50Cr(n,Y)51Cr
51V (n,Y)52V
54Fe(n,Y)55Fe
55Mn(n,Y) 56Mn
58Fe(n,Y)59Fe
58Com(n,Y)59Co

58Co(n,Y)59Co
59Co(n,Y)60Co
63Cu(n,Y)6lfCu
6l tNi(n,Y)65Ni
71Ga(n,Y)72Ga
75As(n,Y)76As
8 0Se(n,Y ) 8 1Se
81B.r(n,Y)82Er
93Nb(n,Y)9lfNb

LWR

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

FBR

X

X

X

X

X

X

X

X

X

X

X

X

X

JAERI -

Table 3.

MFR

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

M9993

4.2

REACTION

9 8 Mo(n , Y ) "Mo
1 0 0 Mo(n, Y ) 1 0 1 Mo

1 0 3 R h ( n , Y ) 1 0 4 R h
1 0 8 P d ( n j Y ) 1 0 9 P d
1 0 9 Ag(n ,Y) 1 1 0 Ag m

1 1 4 C d ( n , Y ) 1 1 5 C d

1 1 5 I n ( n , Y ) 1 1 6 I n m

1 2 1 S b ( n , Y ) 1 2 2 S b

^ S c s C n . Y ) 1 3 ^
1 39La(n,Y) l l t 0La
152Sm(n,Y)153Sm
1 5 1Eu(n,Y)1 5 2Eum

161tDy(n,Y)165Dy
1 7 5Lu(n,Y)1 7 6Lu
1 7 6Lu(n,Y)1 7 7Lu
1 8 1Ta(n,Y) 1 8 2Ta
186W (n,Y)187W
1 9 7Au(n,T)1 9 8Au
232Th(n,Y)233Th
233u (n.f)F.P.
235U (n.f)F.P.
238u (n,Y)239U
239Pu(n,f)F.P.

LWR

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

FBR

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

MFR

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

- 14 -
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Table 3.4.2 (Continued)

Threshold Reactions:

REACTION

(n,p) (*)
3He(n,p) (*)

li+N (n,P)11+C
19F (n,2n)18F
23Na(n,2n)22Na
21tMg(n,p)2^Na

Al(n, total He)
27Al(n,p)27Mg
27Al(n,a)2itNa
2 8Si(n,p)2 8Al
31P (n,p)3 1Si

S (n , to ta l He)
32S (n,P)3 2P
3kS (n ,a) 3 1Si
3 5Cl(n,a)3 2P
lt5Sc(n,2n)IfltScm

Ti(n, to ta l He)
4 6Ti(n,p)4 6Sc
I t7Ti(n,p) t f7Sc
Lf8Ti(n,p)lt8Sc

Fe(n,total He)
54Fe(n,p)5ltMn
56Fe(n,p)56Mn
5lfFe(n,a)51Cu
55Mn(n,2n)54Mn
59Co(n,P)59Fe
59Co(n,a)56Mn
59Co(n,2n)58Co

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

LWR

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

FBR

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

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

REACTION

5 8 N i ( n , a ) 5 5 F e
5 8 N i ( n , 2 n ) 5 7 N i
6 0 N i ( n , p ) 6 0 C o

C u ( n , t o t a l He)
6 3 C u ( n , a ) 6 0 C o
6 3 Cu(n ,2n ) 6 2 Cu
6 5 C u ( n , p ) 6 5 N i
6 5 Cu(n ,2n) 6 t t Cu

64Zn(n,p)6tcu
6^Zn(n,2n)6 3Z n

90Zr(n,2n)89Zr
93Nb(n,n')93Nbm

93Nb(n,2n)92Nb
92Mo(n,p)92Nb
9l+Mo(n,p)91tNb

103Rh(n,n')103Rhm

H 5 I n ( n , n ' ) H 5 I n
m

1 2 7 I (n,2n)1 26l
197Au(n,2n)196Au
197Au(n,3n)195Au
197Au(n,4n)19ltAu

Au(n, total He)

l "Hg(n ,n ' ) l "Hg m

232Th(n,f)F.P.
238U (n,f)F.P.

238u (n ,2n)2 3 7U
237Np(n,f)F.P.
23l+U (n.f)F.P.

236-Q ( n , f ) F . P .

LWR

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

FBR

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

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
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^ij7>y-85, 3 9^-129, - 1 0 3 , 1 0 6 , 4z •> 9 A - 134 , 137,

OR I G E N 3 - K i t

L,

jfc «fc 19 i.m L tz
Ig±0ffliJSMli:fec 9

-t 5 ©

- 19
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3.6 (MOX)

3.6.1

LT, £ fc,

1 o t t [^

FBR 7

©MOX ATR 7 1 v

. ffto

3. 6. 2 MOX *K

3. 6. 1

fe, 0 7 y^ay-f^ v -v

y • ?J)SY-VJ*M.G;W]CM C PuO 2 • U02) (DWM

0. 5 ~ 6 w/o "Cfe 5 , ^ati5B^t? 15-30 w/o U&. t

PuCNOs)4 fcti PuO2 • UO2

2) PuO2 (.ttzli. PuO2 • UO2) PuO2 *UO2 *UO2

3) PuO2 «UO2 ^

4) mm^
5) ^ ^ «

UO2(NO3)2

T, PuO2 PuO2 «UO2 M

PuO2 (*fcf4 PuO2 • UO2) UO

(MOX)

- 21 -
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, mn twm^LTmt, mn

a 1

v te«k O*7°^ h - 3. 6. 2 © £ 9
232 U,

3.6.3 jSŜ

3. 6. 3#fii)

, 7 * 7 T f t ^ - ^ H , A ' y v i , tecfco'

D = K AT, + B T 2 (1)

D

A

B

K

T,

T2

< SSfi ( mrem)

$ CmR/hr)

fi^ CmR/hr)

«fc O'

( h r )

( h r )

r cm) ^ (A) *>=b^ (B) (i?^©Roesch

- 22 -
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D r = ( 1. 24 P2 3 8 + 0. 012 P2 3 9 + 0.011 P2 4 0 + 0.018 P2 4 2 + 0.016 P2 4 I

• t + 2.55 ( 1 - e - ° - 1 0 2 t ) P 2 4 i 1 S / r 2 , r a d s / h r

Cos, n )

(2)

f i .

D n = (0 .193 P2 3 8 + 0.0005 P239 + 0.0132 P240 + 0.0188 P2 4 2 ) M / r 2 , r e m s / h r (3)

c c T-, P :
t :

S :

M :
m±mm

day

, cm2

, cm

A © g

0

3. 6. 4

3.6.

a
. 5KeV©241 Am IC J; 5 fc©Trfe t), ^ n - 7'*'

239 Pu 241

F B R

P u , 241 Pu , 235 U

3. 6.

3. 6. 0. 43

3. 6. 7 © K e f f

© ^

3. 6. 8 (C^

c i ic tt

3.6.4

MOX feJ:a'

(1)

- 23 -
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(GCR) , (LWR) foj;

Pu y -y--r ^
—-#'J£ L t i 3 . 6.9

(2)

(13.6.9)

241 Am L, tf

ctiit, U3. 6.

tt£t>t>,

85

3. 6. 3

3. 6. 9 )
2 4 1 Am (59. 5 KeV)

10

236 Pu

238
p u ) ^ J o cna,

3. 6.

tf, n)

, 2 4 2 Pu, 2 4 1 Am, 2 4 0 Pu, 2 3 9 Pu

h - •?

6. io

v 7

(3)
2 3 5 U 239U, 2 3 9 P u

IC, 2 4 0 P u ,

r-, 2 4 0 Pu

3. 6. 4 KJJ 2 4 0 Pu

- 24 -
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6.

232

ii)

iii)

Am),

3.6. i MOX

X m m

MOX ^

ii n

X IS

So x i is
$ m. 3t x is

Pu(NO3)4, UO2(NO3)2, Pu0 2-UO 3 ,

PuO2•UO2

PuO2 -UO2 , UO2, PuO2

PuO2 • UO2

PuO2 • UO2

PuO2-UO2

3.6.2

•? y y 238 U f 235 u ^ 234 u

239 Pu, 2 4 0Pu, 2 4 1 Pu, 2 4 2Pu, 2 3 8Pu

If *

ma+236u, 2 3 2u

[H]£+ 236PU

- 25 -
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3.6.3

^ 1* <$ 7€ M

4
5
6
7
8
9
11
12
13
14
15
17
19
20
22
23
24
25
26
27
28
29
30
39
40
42
47
48
49
SO
56
62
63
64
66
74
82
83
90

pD ^3

Be
B
C
N
0
F
Na
Mg
hi
Si
P
Ql
K
Ca
Ti
V
Cr
Mn
Fe
Co
Ni
Cu
Zn
Y
Zr
Mo
Ag
Cd
In
Sn
Ba
Sm
Eu
Gd
Dy
W
Pb
Bi
Th

EC * **'
A

9.0122
10.8139
12.0111
14.0067
15.9995
18.9984
22.9898
24.3095
26.9815
28.0856
30.9738
35.4575
39.0981
40.0783
47.8789
50.9416
51.9976
54.9381
55.8473
58.9332
58.7284
63.5472
65.3869
88.9059
91.2237
95.8896
107.8779
112.4234
114.8183
118.7338
137.3245
150.3635
151.9634
157.2558
162.5059
183.8326
207.1989
208.9804
232.0381

a (/<-V)

0.0092
759

0.0034
1.85
0.000178
0.0095
0.53
0.063
0.23
0.16
0.18

33.2
2.1
0.43
6.1
5.04
3.1
13.3
2.55

37.2
4.43
3.79
1.1
1.28
0.185
2.65

63.6
2450
193.5

0.63
1.2

5800
4600

49000
930
18.5
0.17
0.033
7.40

(ppm)

0.145445 E -04
0.100000 E + 01
0.403308 E -05
0.188181 E - 0 2
0.158509 E -06
0.712438 E - 05
0.328459 E -03
0.369237 E -04
0.121451 E -03
0.811665 E -04
0.827977 E -04
0.133404 E - 0 1
0.765251 E -03
0.152862 E -03
0.181521 E -02
0.140961 E - 0 2
0.849412 E - 03
0.344920 E - 0 2
0.650547 E - 03
0.899339 E -02
0.107472 E - 0 2
0.849734 E -03
0.239686 E -03
0.205126 E -03
0.288938 E -04
0.393745 E -03
0.839972 E - 0 2
0.310491 E + 00
0.240110 E - 0 1
0.755973 E -04
0.124501 E -03
0.549574 E +00
0.431280 E +00
0.443946 E + 01
0.815369 E-01
0.143380 E - 0 2
0.116897 E -04
0.224982 E -05
0.454373 E -03

* 2

7-f v h—7°MK

BNL—325 Third Edition, Vol. 1

- 26 -
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3. 6. 4 h -

m m

Pu-238

Pu-239

Pu-240

Pu-241

Pu -242

m & (%)
F B R 7 4 y CffiH)

1 <fc*fri>ffl

0. 8

75. 1

14 2

8. 5

1. 4

1. 9

63. 3

19. 2

11. 7

3. 9

1. 2

48. 0

28. 0

14. 5

8. 3

A T R v -f y

->\!f ̂  - A

0. 1

77. 3

18. 9

3. 2

0. 5

^!fX-B

1. 0

73. 3

14. 5

9. 6

1. 6

i . i fX -C

1. 9

63. 3

19. 2

11. 7

3. 9

3 .6 .5

7 4 y

F B R

A

T

R

2 # P u O 2 - U02

§96 PuO2 - U02

i m

- 2*'* )

I S ;

SPX

r (Pu)
(mrad /hr)

130.3
114.4
230. 0

12.8

88.3

199. 6
22. 4

253.4
305.7

58.8

r(F. P)
(mrad/hr)

1.68

P (A)

n (Pu)
(mrem/hr)

6. 65

7. 14
18. 0

6. 9

0. 06

2.82

2. 52

0.27
12.32
11.63

nmw&m

- 2 7 -
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3.6.6 FBR0JTI1)

Pu*=Pu=Pu2 3 9 U235

u o2
Pu 0 2

PuO2

isk R (3i 12

0. 43

0.75

G. 85

0. 75

26.0 kg U235

28.5

25.5

11.2

4.6 kg Pu

0.97

6.4

1.5

fcm)

13.4 kg Pu*

6.9

13.4

3.5

4.7

10. 1 kg Pu

7.2

14.8

5.4

R S M

0.43

0.75

0.85

0. 75

6.4 kg U235

15.7

19.5

8.2

2. 1 kgPu

2.3

9.3

2.8

3.2 kgPu

6.9

14.4

49

m
m

W-

0.43

0. 75

0.85

0. 75

0.4 kgU235

10.5

16.1

6.7

0. 22kgPu

3.8

11.2

3.3

0.25 kg Pu

6.6

144

46

6.3

3.6.7 FBR (HH)

* ft
jKar*frk$*4$©ii f§^ (2.2 5 cm) t- „ f - * a

^I l^ l4-»^W ( 9 1 *JK1EHS) i i * S

Keff

0. 9

0. 43

0. 54

85 $

1 *

1 &

- 28 -
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3. 6. 8

nuclide

totalfission 1018 fissions total released

half life yield (96)* production (Ci)
* * I*

e n e r g>'(Mev/dis.) energy

volatile

I - 131

I - 132

I - 133

I - 134

I - 135

rare gases

kr - 85 m

kr - 8 7

kr - 8 8

Xe - 133 m

X e - 133

X e - 135 m

X e - 135

X e - 138

8.06

2.28

20.8

52.6

6.61

4 48

76.3

2.8

2.25"

5.29

15.65

9.083

14 17

d

h

h

m

h

h

m

h

d

d

m

h

m

3.74

5. 27

6.93

7. 29

6. 31

0.55

0.95

1. 32

0. 23

6. 97

1.56

7.47

4 89

1.01

1. 20

1. 73

4 33

4 97

6.39

3.89

2.45

2.22

2.86

a ii

4 28

1.08

xlO2

xlO

X102

xlO

xlO

xio

xlO"1

xlO2

xlO

xlO3

0.

2.

0.

2.

1.

0.

0.

1.

0.

0.

0.

0.

1.

381

253

608

750

645

159

793

950

04 2

045

432

250

183

0. 195

0. 498

0. 416

0. 599

0. 382

0. 253

1. 323

0. 377

0. 190

0. 135

0. 095

0. 316

0. 611

* : Meek, M E - a n d Rider, B-F-, Compilation of Fission Products Yields,

Vallecitos Nuclear Center , NEDO- 1 2 1 5 4 - 1 (1974)

Source

GCR-Pu

LWR-Pu

Racycla-Pu

1 3 . 6 . 9 7 ^ h -
Pu

Pu-236 Pu-23B

O.I

1.2X10* 1.2

1.9X10* 2.1

Isotopa (wt • <

Pu-239

77.3

56.4

47.7

'4)
Pu-240

18.9

23.0

25.6

Pu-241

'3.2

14.3

17.1

Pu-242

0.5

5.1

7.6

I

Pu fist.

80.5

70.7

64.8

Pu Neutron Yl«ld (n/».g-PuOi)

GCR-Pu

LWR-Pu

Recycla-Pu

Pu-238 Pu-239 Pu-240 Pu-241

30 61 206 0.08

O.I 363 45 251 0.3

O.Q2_ 631 38 279 0.4

- 29 -
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I

o

Nuclide

U - 232
233
234
235
236
237
238
239
240

Np - 236
237
238
239

Pu - 236
238
239
240
241
242
243
244

Am - 2 4 1
242m
242
243
244

Cm - 242
243
244

Atomic-mass

232.037
233.037
234.041
235.044
236.046
237.049
238.051
239.054
240.057
236.047
237.048
238.051
239.053
236.046
238.050
239.052
240.054
241.057
242.059
243.062
244.064
241.057
242.060
242.060
243.061
244.065
242.059
243.061
244.063

Half-1

71.7
1.59 x
2.44 x
7.04 x
2.342 x
6.75
4.47 x
23.5
14.1
22.5
2.14 x
50.8
2.355
2.85
87.75
2.439 x
6.537 x
14.89
3.87 x
4.96
8.26 x
433
152
16.0
7.4 x
10.1
163.0
30
18.099

1fe

10

l°s
io8

7

io7

Q

io9

106

1 ,

K
103

io5

7

io7

io3

y
y
y
y
y
d
y

h
h
y
h
d
y
y
y
y
y
y
h
y
y
y
h
y
h
d
y
y

Neutron

hal f - l i fe

8.0
3.0
1.6
3.5
2.0

*6.3
1.01
8.9

*6.3
1.0

*2.0
*6.3

3.5
5.0
5.5
1.33

*2 .5
7.4

*2 .0
2.5
2.3
9.5

*1 .0
3.3

*7 .9
7.2

*1 .2
1.3

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

1 f , 1 3

10 , ,10 \l
1 0 7

io !10 110 «
i o 1 8

10!8
7

1 0 fi
in
1016

o

1 0 ^
10
10
1 0

10
10
l o ! !

i o "
10 °
1°
i o "
1 On
107
10

y
y
y
y
y
y
y
y

y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y

y i e l d from

V

*2.0
2.51
1.63

* 1.695
1.65

•1.872
2.00

• 2.048

* 1.783
• 1.873
•1.963
*2.053

2.22
2.28
2.24
2.16

*2.25
2.15

*2.43
2.30

•2.383
2.59

• 2.475
2.52

• 2.657
2.59

•2.687
2.76

S .F . * *

n/sec

1.43
4.75 x
5.76 x
2.70 x
4.64 x
1.66 x
0.011
1.27 x

1.59 x
1.05 x
5.45 x
1.80 x
3.55 x
2.54 x
0.0226
900
0.0494
1.58 x
0.0661
5.00 x
0.569
1.5 x
1.35 x
4.2
1.82
1.97 x
1.22 x
1.15 x

• g

10",
10"
10-3

10"S

id 5

l°u
10
IO":
id3

10
103

103

103

n

10*
10**

io7

103

107

Neutron

from (a,

3.63 x
10.9
6.89
1.80 x
0.057

2.32 x

0.723

1.18 x
3.18 x
89.9
341
2.69
4.65

0.0181
6.27 x

316

9.19 x
1.12 x
1.86 x

yield

n), n/sec.g

10"

io3

— 4
10

106

10**

io3

1 0 5
10*
io5

1

W. Seelmann-Eggebert et al., 'CHART OF THE N U C L I D E S 4 - t h
Edition 1974," Gesellschaft fur Kernforschung m.b .H.
Karlsruhe (8.1974).

S.Raman, "Review Paper A l : General Survey of Applications
Which Require Actinide Nuclear Data,1 TRANSACTINIUM
ISOTOPE NUCLEAR DATA C TND ) Vol .1 , IAEA- 186 ( 1976 ).

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

* Estimated
-AS5

*** : N= 1.0X10 • Ea , N : n /«dis in te . , Ea: Energy in MeV of «.
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3.6.11

Safety Item

Transuranium

Build-up

& Decay

Radiation

Dose &

Decay heat

Crit icality

Safety

Major Nuclear Data

T 1 / 2 ; 241Pu, 241Am, 242Cm, 240Pu

2 3 7 Np,
241Pu, 242Pu

241Am, 242mAm, 243Am, 242Cm, 2 4 4Cm

o / f 241D 242D 242m. 242. 242r

Of 1 Pu, • Pu, Am, Am, Cm

T, ,2 ; Abundance & Energy of (X , ft , Y

emi tters

Spontanus fission & j7 of 2 3 6Pu, 2 3 8Pu, 240Pu
2 4 2 Pu, 2 4 2 C m , 2 4 4Cm

6{ n\> neutron spectra.of a emitter

^ (n ) *A^ o f shielding & structure material

t(Jc,vs, Resonance parameters, & \) of

transuranium nuclides

- 31 -



CO
CO

Pu(NO3)<

r
:Alti

I

itta| i
i

I I

. PuO2 or PuO2UO2

>

CO

3.6. uo2 mnm&ttsL 7 • - •> -



40,000 -

30.000 -

20,000 -

10.000 -

JAERI-M9993 IO"

3.6.2

I
I

3

-20 K

- l o

10"

I 0 7

10s

«0*

Am

n

241 237 241
Pu, U. Am

J1
Am, Tl, Th

1/
I IT1*

I * • s

10
(M«V)

H3.6.3 LWRS-Pu

IO

^ 9 V j

too

a
a
K
1 10

-

w/6 Pu {

D- 1

D-2

(by DiHusi

_v

—f\
"1

ItsileX), - U 0 ,

• P u 1 "
0 10

15 20

n uoifc )

-HO

M-
pii 41

10 ( 90

5 ( 8 0

p fin

—P
—fl

T
3

-

—/

... .:..

t

4/

i •

)

!L_

A

1

—

001 0.1 10

13.6.4

- 33
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3.7

y K 'J >

fc

A :

30,

n)

B :
17o,
n)

13

C :

(ot, n)

- KOORIGEN <b FISPIN Lt b

238 Pu, 2 4 2Cm, 2 4 3Cm, 2 3 7 N p , 243 Am, 2 4 4 C r n © a f .
238 P u , 2 3 7 N p , 2 4 1 Am, 2 4 2Am, 243 Am, 2

D :

L,

^ - y

OR i GEN T?{£ t>n r i

F :

(2)

A :

B : r

(3) ^U&

ANS Standard (c^ffl

, Am,

x - * ©ft

ORIGEN t PHOBE n -

Shure © S i OR I GEN 120

- 34 -
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10 ~20

(4) + + x

A : + +

B : r

(5)

A : DLC 23 cask

(6)

A

(7)

A

(8)

A

B

So 30,000 MWD

factor 2 g S T

keV

PWR

3 - K^ - K -

( i n

- 35 -
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3.8

3.8.1

(l)

DF/B-IV

:. n)
170 180 , 180

(2)

ify•?%%•$,t Lza F P

r,

n) RjSic.fc.5

ii: L

£>ft

(o f , n

^ i L t Nuclear Data Sheets *5lMiSac«ill*ftfc Table of

Isotopes 7th edition ^ J f f l t 5 O ^ - f t K f fe^^o Cft b©"f-

-f 7 ' 7 UENDF

/B- IV W^ P0P0P4W 7 ^ 7°7 U

ENDF/B-VICfo^rfc h U 0 A tti'

t

ft

3. 8. 2 (at , n )

- 3 6 -
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tzib, (a, n)

. 2 3 8Pu, 241Am, 242Cm, 244 Cm ti^O of

(cc, n )

' t t Ctf. n )

iA,cb°^t^c«),

, n )

LTORIGEN n - K

K-m238Puo2

n)

. 7

* J . K . Bair ftfetcj;

ZOtzib, Qcc, n)

b . 6 > 7 L i , 9 B Q , 1 0 B , n B , 1 3 C , 1 7 O , 1 8 Q

^ o C o s , n )

fe-C'l*. l 7 0 ,

ififfii-c cot,

L x ^yu+'-

3.8.3 (Q5, n )

- K r j a i l O ^ B i L T Co:, n)

7*v 'J -^{^fifeLr, Cof, n)

S15^^:Lr (cu, n)

fe (at, n) c f t t ^ i i x ^ ^ h ̂ ! t

- K OR I GEN- ]Rm l c | | « . J i t n r ^ 5 . ItffSfi Cof, n)

- KALPHAN

2 nT ^
{T,Q} j

r

J <t>a

da CE aj
(1)

T, Q
da ( E a j (?)

- E
a j §

0

a CEaj) : 05*4^X^^1/+*- E
o j

- 37 -
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n T

0a ( Ea ) = 2 n a k /
k>E«

(2)

(dE/ds)E

n)

°n ^ 7 A ELIESE

JtL,

1 MeV

f9 0. IMeV fZ?0. 25

Ziegler <Dt t tsbtz

7 n - ^ Fig. 3. 8. 1

(at, n)

K«fc

? 200

J;

Fig. 3. 8. 3 (C(i

14. 9MeV «fc

- ^ Ko^IH, J.F.

7*7 'J -ZftlfcLtZo C

ig. 3. 8.

Fig. 3. 8. 4 IC 2 4 2Cm2O3 , Fig.

3. 8. 5(C(i

* ;u**- C^j5MeV)

n)

Table 3. 8. 1

s.5

L r OR I GEN - J R
K o t^r H g fc^ < iK$a*

J .K. Bair

10 « £

50

t i t te t),

ig. 3. 8. 6

i9, Fig. 3, a 7
238PuC

ttT l ^ o
 238PuO2

Table 3. a 2

9 JC 1 8 O

F i g . 3. 8. 8 (C 1 3 C (of, n f -

zfti " B ( t f , n ) 1 4 N ©

3 . a 9 t c ^

, n)

- 38 -
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3.8.4 4 t &
e (eu, n) RiE

WRENDA

(«, n)

priority 2 t? C«, n)

H ^ 0. 1

", ^ 0 & i : A , £ " J & *

8 MeV

, c

(d, n) SiSSrSSlOfiiJS,
3. 8. 3

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

Material

2 3 8PuO 2

2 38 p u C

ORIGEN

3.2 x 10=

4.1 x 10=

1.96 x 106

Present Study

1.859 x 10=

4.144 x 10=

8.773X 10=

Evalu;

1.

2.

5.

Lmenti
ated 1

722 x

026 x

68 x

/alue

10=

10=

10=

Units in [n/cm3-sec]
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Table 3 .8 .2 Comparison of 2 3 8PuO 2 y i e l d da ta

Evaluated Value
(n/cm 3 -Pu0 2 / sec)

Reference Comment

1.22 x 1 0 5

(2.22±0.1) x 1 0 5

(1.15±0.02) x 105

(1.63±0.37) x 1 0 5

2.18x 10 5

1.67 x 1 0 5

(1.722±0.02) x 105

BNWL-B-109 (1971)

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

Matlack and Metz
LA-3696 (1967)

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

Stoddard and Albensius
DP-984 (1965)

Herold
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 (a, n) reaction measurements and yield evaluations

( (ot,n) cross section )

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

Be J. Kjellman and A. Nilsson,
V.V. Verbinski et al.,
L. Van der Zwan and K.W. Geiger,
A.W. Obst et al.,

l o, 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,

"N W. Gruhle et al.,

1 7 O , 1 8 O L . F . Hansen e t a l . ,

1 3,

Arkiv Fysik
Nucl. Phys.,
Nucl. Phys.,

^ 169(1961)
48_ 90(1963)
A180 615(1972)

Arkiv Fysik 22 277(1962)
Phys. Rev., 170 916(1968)
Nucl. Phys., A152 481(1970)
Phys. Rev., C5 738(1972)

Nucl. Phys., A216 188(1973)
Phys. Rev., Cll 1071(1975)

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

Arkiv Fysik 2\_ 551(1962)
Phys. Rev., C7 1356(1973)

Nucl. Phys., A186 257(1972)

Nucl. Phys., A98 25(1967)

( (a,n) yield )

O.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,

Canadian J. Phys., 34_ 949(1956)
ORNL-4357 (1969)
Nucl. Sci. Eng., 44_ 437(1971)
Health Phys., 2}_ 120(1971)
Nucl. Technol., _L5 396(1972)
Nucl. Technol., 19^202(1973)
Nucl. Sci. Eng., 5^83(1973)
Atomkernenergie 3() 1 (1977)
Nucl. Sci. Eng., 71 18 (1979)
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Table3. 10. M i .
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to -t> - 7 , Table 3. 10. 5

COx ^ ;i/+*— 3. 10.8lt^LT&-5#,

C©)l?tfr(iENDL-78 J: ^ 25

, ORIGEN-JR(

c i fc J;

a 10. lfc^Lfc 1 iflfSi
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CITATION(36) fCfc

> ORIGEN

3. 10. 4
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(Ingestion
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(IAEA)

(C J;

LT ,

-X- Hazard index <!: L T t e a * © £ t t # £ > • £ # ,

hazard index= ^-iiN i / ( R C G ) i "C'Jhho (f?CG ) i = radioactivity concentration guide for nuclide

i for public consumption- CCC water RCG^-ffl^S i . ingestion hazard = total volume of water

required to dilute the wastes to public drinking water standards . i t i S o

- 53 -



JAERI- M9993

(NRC)

©

(IAEA, NRC)

to CIAEA, NRO

1 M

, 1M h

360km

(NRC)

(NRC)

(D

7 U

(2)

(3)

3000MWT

Table3.10.7 © 0.5

£ T-(±Cm-242, Cm-244

238, Am—241

Pu-240 M

5 i P u —

Am—241, Am—243, Pu—239,

237, Am-241,

CX Am- 243

Fig. 3.10. 2, -f K

ig. 3.10. 3,5

X, MM v -

. 3.10.

LT 1000MWT|IS©LMFBR

- 54 -



JAERI-M9993

40/40/20) KX D LWR t LMFBR # 1 g*> l?(D7 9 ^ J 4 K

^ffc&Fig. 3.10. 12ic^:-to t f d l ^ f t i LT(i 300 BJfPJrT, 300

JOLTl/^o Fig. 3. 10. 1 2 { c ^ $ n T ^ § ^ : T ^ f - y -f K*;6$3iM

cili,

Fig. 3.10.

237, Pu-238 , Am—241, Am-243

^ S ( U — 2 3 5 , Pu-239)

1M L,

3. 10. 5 M l -r —

, U

- * K«fc

L^L, Sif-

A i

X, if-

Lfc fe©

- 55 -



JAERI- M 9993

X, ft'h—^
il^t,

Ohili H—]

Table 3.10.1 Comparison of one-group data from different sources

Nuclide

Np-237

Pu-238

Pu-239

Pu-240

Pu-241

Pu-242

Am-241

Am-242

Am-243

Cm-242

Cm-243

Cm-244

ORIGEN

ac

0.76

0.22

0.5

0.41

0.43

0.34

0.99

0.4

0.55

0.38

0.4

0.37

af

0.36

1.38

1.85

0.35

2.49

0.28

0.46

1.83

0.27

0.42

0.32

0.41

FISPIN

ac

1.87

0.44

0.51

0.59

0.59

0.38

1.91

0.1

1.7

0.5

0.1

0.48

°f
0.34

1.15

1.82

0.38

2.64

0.3

0.4

3.3

0.19

1.26

3.14

0.55

TND

ac

0.68

1.88

0.38

0.9

°f

0.32

1.12

0.45

3.73

0.22

0.39

0

0

0

SAVR

ac

.23

.42

.58

0

0

0

af

.25

.19

.55

1

1

0

0

ENDF/B4

ac

.76

.09

.81

.5 •

0

0

0

0

H

.32

.4

18

52

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

Nuclide

Np-237

Pu-238

Am-241

Am-242m

Am-243

Cm-242

Cm-244

ORIGEN

1.62(-2)

5.02(-4)

2.79(-2)

3.7K-5)

2.85(-5)

9.36(-7)

2.48(-7)

FISPIN

1.35(-2)

1.12(-3)

2.98(-2)

7.45(-5)

4.66(-5)

1.89(-6)

1.27(-6)

F/0*

0.83

2.23

1.07

2.01

1.64

2.02

5.12

TND

1.64(-2)

6.37(-4)

2.77(-2)

6.74(-5)

2.87(-5)

1.74(-6)

4.02(-7)

T/O*

1.01

1.27

0.99

1.82

1.01

1.86

1.62

SAVR

1.64(-2)

5.02(-4)

2.79(-2)

3.7K-5)

1.95(-5)

9.36(-7)

1.29(-7)

S/0*

1.01

1.00

1.00

1.00

0.68

1.00

0.52

* Ratio to the results of ORIGEN
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Table 3.10.3 Complete set of sens i t i v i t y coef f ic ients for 238pu i n the core of

1000 MWe LMFBR [Pu fuel from BWR] = I r rad ia t ion fo r 2 years
+ cooling for 180 days )

Precursor

U-235*
U-236
U-237 .̂
U-238

Np-236
Np-237
Np-238
Hp-239
Pu-236
Pu-230
Pu-239*
Pu-240
Pu-241
Pu-242*
Am-241
Am-242m
Am-242
Am-243
Cm-242
Cm-243
Cm-244
Cm-245

-0.0001

0.0004

0.3873

0.0082

0.0055
0.0001

0.6958

0.0005
0.0037

°f

-0.0027
-0.0002
-0.0021
-0.0013

-0.0102
-0.0011

-0.1109
-0.0102
-0.0023
-0.1725

-0.0369

-0.0006

-0.0189

°c

0.0160
0.0162

-0.0005
0.0027

0.2309
-0.0001

-0.0180
0.0045
0.0726

-0.0299

0.6346

-0.0001

-0.0171

°n, 2n

0..2342

0.0340

-0.0001

* i n i t i a l charged fuel

Table 3.10.; Priority of decay constants and cross sections to be measured, which 1s de'rived from ^
sensitivity analyses for build-up and decay of actinides in the core of 1000 MWe LMFBR

Mu

i

2

3

4

5

6

7

8

9

10

Am-241

Am-243

Np-237

U-236

Pu-238

Cm-244

Cm-242

Am-242m

Cm-243

Cm-245

Actinides

year ly(gr)**

1.011

4.878

2.504

1.908

1.124

4/243

2.168

2.148

2.619

1.542

(+4)

(+3)

(+3)

(+3)

(+.3)

(+2)

1+2)

(+2)

(+D
(+D

H
°C

°n
oc

H
Oc

\fi

°r
°c

Priority of decay

1

(Pu-241)

(Pu-242)

,2n( U-238)

( U-235)

(Pu-241)

(Pu-242)

(Pu-241)

(Pu-241)

(Cm-242)

(Cm-244)

Of

ar

°c
of

°c
°c
oc

°C

H

2

(Pu-241)

(Pu-241)

(Np-237)

( U-235)

(Am-241)

(Am-243)

(Am-241)

(Am-241)

(Pu-241).

(Pu-242)

constants and

ffc

"c

oc

°c
xa

°c
Of

°f
ar.

°c

3

(Pu-240)

(Am-243)

( U-236)

( U-236)

(Cm-242)

(Pu-241)

(Pu-241)

(Pu-241)

(Am-241)

(Am-243)

cross sections

°c
a f

°r

on, i

Of

°c
°f

Of

4

(Am-241)

(Pu-241)

• ( U-235)

(Pu-240)

n( U-238)

(Cm-244)

(Pu-240)

(Am-242m)

(Cm-242)

(Cm-245)

a c

°f
Of

a f

°c
xa

"r.
Of
ac

5

(Pu-241)

(Pu-242)

(Np-237)

( U-236)

(Np-237)

(Cm-244)

(Cm-242)

(pu-240)

(Pu-241)

(Pu-241)

* Pu fuel from BUR.

** irradiation 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 various
neutron spectra

Core

Critical

Actinides

Np

Pu

Am

B

U

Names

Radius (cm)

- 237

-238

-240

-241

- 242

- 241

- 243

-10

-235

- 238

SH2

46.30

SH4

28.60

Fission rate

0.253

0.786

0.269

1.231

0.209

0.215

0.165

1.111

0.944

0.0307

0.347

0.870

0.353

1.129

0.291

0.272

0.236

0.793

0.866

0.0478

SH6

21.66

ratios of

0.401

0.912

0.400

1.083

0.339

0.315

0.280

0.665

0.827

0.0574

CH2

33.70

actinide

0.222

0.638

0.229

1.329

0.191

0.274

0.174

1.785

0.946

0.0400

CH4

24.18

to Pu- 239

0.335

0.812

0.341

1.231

0.292

0.347

0.258

1.257

0.922

0.0614

CH6

19.42

0.396

0.883

0.399

1.157

0.347

0.378

0.304

0.956

0.880

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 .

°"f

°c

Sub

Sub

Sub

Sub

0

2

0

2

Day

0

0

150

250,

0

0

150

250

Np237

0.46

0.46

0.45

0.44

1.44

1,45

1.64

1.81

Pu238

1.37

1.38

1.39

1.40

0.39

0.39

0.48

0.56

Pu239

1.79

1.79

1.88

1.97

0.45

0.46

0.58

0.68

Am241

0.52

0.52

0.53

0.54

1.06

1.07

1.31

1.54

Am243

0.36

0.36

0.35

0.34

0.36

0.37

0.46

0.56

Cm244

0.53

0.53

0.51

0.51

0.43

0.43

0.54

0.63

Actinides recovered from waste of 3 LWRs + LMFBRs

Table3 .10 .7 Actinide waste yearly produced from
one 3000 MWT power reactor

U-235

U-236

U-238

Np-237

Pu-238

Pu-239

Pu-240

Pu-241

Pu-242

Am-241

Am-243

Cm-242

Ctn-244

LWR
(kg)

1.09

0.56

128.7

130.3

20.80

0.02

0.73

0.29

0.14

0.05

1.45

2.50

0.16

0.09

25.7

156.0 kg

FBR
(kg)

6.19
0.005

120.0

120.2

3.44

0.09

7.95

2.63

0.72

0.44

13.23

6.95

0.54

0.51

36.5

156.7 kg

- 5 9 -



JAERI- M9993

A

245

244

243

242

24 1

240

239

238

237

236

235

(n.ri(n,2n) a-decay

92 93 94 95

Fig. 3 .10 .1 Decay scheme of actinldei

- 6 0 -



JAERI-M9993.

F i g . 3 . 1 0 . 2 N e u t r o n C r o s s S e c t i o n " ' A m F I S S I O N E N E R G Y I . O O l k e V ) - 2 0 . 0 0 < U e V >

10'

10°

(A

c

c
o

u

to

to 1

- JENDL-1
- ENDF/B-V
- UKNOL-NEH
-- ENDL78

10' 10* 10'

N e u t r o n E n e r g y ( e V )

F i g . 3 . 1 0 . 3 N e u t r o n C r o s s S e c t i o n "'Am CAPTURE ENERGY I . O O l k e V ) - 2 0 . 0 0 ( U e V )
10'

JENDL-l
ENDF/B-V
UKNDL-NEH
EN0L78

10 I01 10'

Neutron Energy ( eV)

-61 -



JAERI-M9993

F i g . 3 . 1 0 . 4 N e u t r o n C r o s s S e c t i o n ' " A m F I S S I O N E N E R G Y I . O O ( k e V ) - 2 0 . 0 0 ( M « V )

c
(_
o

O

CO

10"' -

N e u t r o n E n e r g y ( e V )

F i g . 3 . 1 0 . 5 N e u t r o n C r o s s S e c t i o n "'Am CAPTURE ENERGY I . O O ( k e V ) - 2 0 . 0 0 ( M e V )

JENDL-2
ENDf/B-V
UKNOL73
ENDL78

Neutron Energy I eV)

- 62 -



JAERI-M9993

F i g . 3 . 1 0 . 6 N e u t r o n C r o s s S e c t i o n '"Cm F I S S I O N ENERGY I . O O ( k e V ) - 20 .001MeV )

T r . • • • • ! 1 1 • I

c

o

c
o

o
to

v>
CO

JENDL-2
ENDF/B-V
UKNDL73
ENDL78

10' 10' 10' 10'

N e u t r o n E n e r g y ( eV )

F i g . 3 . 1 0 . 7 N e u t r o n Cross S e c t i o n IMCm CAPTURE ENERGY I . O O ( k e V ) - 2 0 . 0 0 ( U e V )

IB

c

o

c
o

O

CO

<n
<n
O

10"

: JEHOL-2
ENOF/B-V
UKM1X73
EH0L78

_

I , ,

i • i • i

\ \ \ :

x V v

' • •A v- •
10' I 0 1 10'

Neutron Energy ( eV)

- 6 3 -



JAERI- M9993

F i g . 3 . 1 0 . 8 NEUTRON ENERGY SPECTRUM RT CORE CENTER
in0

~ 10"
o
cc
X

'H -I
k-

z

\ 3

* l 0

X

io-5

-8

•

r

- "

.o2

i rrmi

! • —

M 1

• •

1

io3

— i —

—*—

1

• i i > • • .

10
NEUTRON

i' in

. , \-t4

ENERGY

-1—1

= * :
—*—

1 1 1 1 1

t .

i • 1 t i i •

ios

EV)
io6

O CHZ
A cm
+ sm
X SHB

io7

YES

f END \

CRITICAL SEARCH

CITLIB

CITATION
I J 1

BURN-UP

1

YES

ORILIB

0RI6EN-JR

J _

^ EACH CYCLE

CITLIB
CITATION

2 i BURN-UP

ORILIB
ORIGEN-JR

I . .

END

' N O

EFF£CTIVE~XS

CITLIB

CITATION

1 : CRITICAL-SEARCH

3 : EFFECTIVE X.S.

CITLIB
CITATION

F i g . 3 . 1 0 . 9 F l o w o f ABC c o d e

- 64 -



JAERI-M9993

o
o

o

n
a

6

N
n

2
To
a>
o»

i n "

tr f

1O9

10"

to r

6

•

~-

: \

\

: | '• 0.5% Actinide

/

\

• » • .

• * *

s
" +QS% {U + Pu

Total

,
V
\

\
\

\
\
\
\
\
\

)

Fissior

/All

\ N

y

\ N

\ >
\

\

l V

\

Products

Actinldes

t 0.5% (U+Po)

/Rssion Products ^ s ^ ^
without I-129 — —

1

^Fission Products without
1-129 and Tc-99

» —....-" .: | "* • — —

10 102 10* 104

Decay Time (Years)
F ig .3 .10 .10 Radioactive Waste Hazard from a U-Feeded

iLWR ..( 27000 MWD/T )

IOJ

g . 3 .

- 6 5 -



JAERI- M 9993

NNNNNNNNNH

iwoia-fl Ay01N3ANI
CO

•H
f

- 66 -



JAERI-M9993

1977 fp, INDC (International Nuclear Data Committee) © f f i O - i i L t ,

ttib&tl, International Conference on Neutron Physics and Nuclear Data

for Reactor and Applied Purpose -??IB^$ft/c (38)
 0 5^S(±MP^«*^^ L,

18 iy h U -

fc
(1)

(2)

t LTJilT© J; • ? ^

(3)

(4)

ic J;

T^SWRENDA (81 >f K ©

©SSISFB^©Consistency Check i ^ 9 tSf-Safeguards Application ©ftif fC^l^

- 67 -



JAERI-M9993

4.

4.1

O c , C f , * n , 2 n , » , , 3 » , K ~> ^ M J -

. («, n )

I V .

v.

(1) ^ 7 yf£

(2) ^

(3) ^

(4) I g ^ p ( a . m-m, b .
(5) s^aii
(6) 7 ^ 1 / h - ? A • 9 7

(7) {£[

(8) gg

( D O v y^S£, (2 )©^7 y

tz i , n , in, iv,

: Safeguards

, WRENDA81 /

/fL, WRENDA
^ f c I , n , ffl, JVJ

4.2

(a) ¥ M ^ :

L^L,

- 68 -



JAERI-M9993

Ti/2 ^ Cg 4.1 £^4.2

(SF) (±, Ti/2(SF) <0

Yn(SF)=(ixNo)xf^r) x * [n/sec-g]

- 7 A • 9 7 yjPX©^i?"e^*$tLT^-SYn (SF)

V h-7°©rB
!1-effl>C^!C^;^^^g©Ti/2 (SF) £g>l<$ ;x-?

S 3 . 6. 10 Q§*) I t f e ^ t , 2 3 5U£ 239Pu CDZtLtt 2.70 x 10 "4 Cn/sec-g]

10"2 Cn/sec-g) i /h^^o/c©-?- , cl CTiiM ffl-frf, L f c / i ^ t l 4. 1 -C

2.26 x

«, n) «, n)

^ 2 3 2 U ;
2 3 8 P u , 2 4 0 P u ; 7 / >J 243 Am

, ^3.6.10 (

h - ^ A ©\p-e(i 236 p u ,
242 2 4 3 C m , 2 4 4 C m ;

ttz, S 3 . 6.10 Ti/2(SF) *j«

INDC (NDS)

(b)

4.1

/ B K7

©i?i

(c)

Y r

^ 7 ̂ 7 r -<

$ : Yr

4.4

- f 238 U £

(Nuclear Regulatory Commission ) frfrte Ltz

- 69 -



JAERI- M9993

, ^ 200 m

4.3

(a)

7 9 =!-J A K t l © cf

( c ) ( n , 2 n ) fci^ ( n , 3 n

(d) h y -

\- U -

2 5 2 C

measured , C : calculated )

ttz, <oc>

B 5 ©Covariance File

4. 4 ( a , n ) "a. n

. 6.10

O341)

K X

6 it, 7?^?/A

(OEP)

9 i^4.10

, Table 3.4.1

Cm

, Si£©ENDF

h -

18 O ( « , n * Yn

LTYn

- 70 -



JAERI-M9993

4..5

(a) t £ ^ £ f i £ t l © M 8 l K ^ * ^ Yto YFP

WRENDA 8 1 / 8 2 (41) K^tllf, (7)©«P$Jt

t , m 4.13 fcttSo (n , f )&JEfz:«fc.5iK$sAftt£$EU ( r, f )

(b)

(1)

(2)

3 T , 14C, 8 0Br, 85Kr, 127 Xe , 129I

f̂ 77 'J - ) ©

7 U - £ LTf i ,

(1) « g E f - ^ • 7 ^ 7-7 U -

(2) BrSfilii«fctf FP i R ^ f -

(3) r&&i&7 4 7 7 > J -

90 g,. 95 Z f 95

7 4 77 'J -

- K

7 -f

4.6

C =» — K i L T O R I G E N ( 1 9 7 3 ) , O R I G E N - 2 (1978) , KORIGEN

( 1 9 7 8 ) , HAMKOR (1979) « « i f * i * 5 * i ^ , ±!H©!+3SC3 - K(£A^J-rSSf^SCC^fiiA*

^ (47)
O

- 71 -



JAERI- M9993

Table 4.1 Half life of spontaneous fission : Tv2 (SF)

2 3 2 u
2 3 5 u
236U

2 3 9Np
2 3 6Pu
238 n

Pu
2 4 0Pu
242 Pu
244 p u

242m.

Am
242 .

Am
2 4 2Cm
2 4 4Cm

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

O

O

O O

O

O

O

O

O

O

O

O

O

O

O

(7) (8) (9)

O

O

O

I1/o (Sr)^)'fia

(7.8±6.0)xl013y

(3.5 + 0.9) x1017y

(8.1910.09 )x1015y

6.3x1019 y (x)

(3.52 + l.0)x109y

(4.77 + 0.13) xi010y

(1.2+0.1 )x10" y

6.84 + 0.08 x1010y

(6.56t0.32)x1010y

(S-St^JxiO^y

1.0 x 1010 y (x)

(6.5+0.5) x104y

(1.344+0.002)x107y

1X3

Table 4 .2 Half

m n
2 3 2 U

2 3 rNp
236

Pu
" 8 P u
2 3 9Pu
2 4 0Pu
24J .

Am
243.

Am
242Cm
2 4 3Cm
2 4 4Cm

(3) (4) 15)
ab

O O

O O

O O

O O

O O

O O

O O

O O

life c

(6)

O

O

O

O

O

O

O

o
o

)f a decay: T1/g (a)

(7) (8) (91
Ti/2 M'J'ffi M3>

70.0±1.0y
(2.l4±0.01)x106y
2.851±0.008y
87.74±0.09y

(2.411 ±0.03)x104y
(6.55 ±0.02 Ixitfy
432.6±0.6y

(7.38 ±0.04)x103y
162.8±0.4d
28.5±0.2y
18.11 ±0.02y

- 72 -



JAERI-M9993

Table 4.3 The average number of fission neutrons emiffed
per fission : v

2 3 2 u
238 y

239Np
236Pu
238Pu
24OPu
242Pu
244Pu
2 4 2Am
24eAm

Cm
244Cm

(3) (4) (5) (6)
ob

O

. O

o
0

o
o
o
o
o
o

o

o

(7) (8) (9)
(ENDF/B5)

2.0 (x)
ft '£. m
2.053 (t)
2.86

2.895

2.81

2.884
3.264
3.36

3.44
3.46

Table 4 .4 Gamma ray yield.:

« «

87.88gr

90Kr

^S r
9 5Zr
95Nb

103Ru

106Ru

135.137,136,139,

139Xe
134Cs
137Cs
140La
144Ce

Eu
238.239.24O.241p

13) (4) (5) 16)
ab

O

O

o

o
o

o
o

o

m (8) o)

o
o

o

0

o

o
o

o
o

D y v r

151 J I

[5] J l

m h .

I 1 V Pi I ff\ ̂ ^"^ffT
\j C- r u f sj *x* i

• m • j t • • •

Pu7m-*o*tt
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Table 4.5 Rodio-nuclides of potential importance in the nuclear
fuel cycle

9ZSr
)15mCd

l 4 1 La
133mTe

i 4 2Bo

166mHo

229T h

2 4 5Cm

m
£ 2.71 h)
(44.6d)

(3.90h)

(55.4 m)

(10.6m)

(1.2x103y)

(7.3x10^)

{8.5x10^)

m
$-

$'
a

a

1.384 MeV^ft

m -t
60,*l*J:fc*

77.6KeV l/ '̂J
<6.4% fco>^.-

* V h

efeffi^SflWI 6 i3% i: 1%.

l/A,<^/3~^g l i (18114) %k

^-S' j^^Mi i 10~50 %.

Table 4 . 6 Capture cross section :CTC (Z < 6 3 )

^C f t

84Kr

9 5 ^

106Ru
l 3 3Cs
134Cs
1 3 rCs

Ba
l 47Pm
149

Sm
152,153,154,155,-

Eu

(31 (41 (5) (6)
ab

o
o

(71 (8) (9)

O

O

O

O

O

O

O

0

o

3 y y h

iBl ±

IB] Ji

g[ ± , fct&'NDSfci=16

FPJj« ystiiift,JK^+
^) u fc Pu^^u*^r
lef JL
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Table 4.7 Capture cross section : 05 (Actinide nuclide Z >92)

2 3 5 U
2 3 6 u
2 3 8 u
237..

Np
2 3 8Np
2 3 9Pu
2 3 9Pu
240Pu
2 4 f Pu
2 4 2Pu
2 4 1 Am
2 4 2 n f tm
2 4 2 Am
2 4 3 Am
2 4 2Cm
2 4 3Cm
2 4 4Cm

(3) (4)
ab

O O

O

O

O

O

O

O

O

O

O

O

(51

O

O

O

O

O

O

o

(61

O

O

O

O

O

O

O

O

O

o

(71 (81

O

O

O (X1

O M

O

o

(91

O

O

O

O

O

O

O

u * y y

2 3 6 U , 2 3 7 N p * ) £ & '
2 3 7 Np,236U, 2 3 6Pu o !£jj£

Np, P\X<H :r$C

241,242m^^ 242fj^ ^ >i- &

2 4 1 . 2 4 3 A m > 2 4 4 . 2 4 5 C f n ( 0 ^

Am, ' Cm <n 4$£

Pu, * Cm * A m " ) 4 ^

Am, * Cm f) i.J&.

Cm if) 4 ^

2 4 4 - 2 4 5 C m ^ ) i ^

a=<Tc/a-f

2 3 5 u
2 3 8 u
2 3 7 Np
238pu

240pu

2 4 IPu
242pu

2 4 2Am

242 inAm

2 4 3Am
2 4 2Cm
2 4 3Cm

2 4 4Cm

Table
(3) (4)

ab
o o
0

o
o

4.
(5)

O

o
o
o
o
0

8 f
(6)

O

o
o
o
o
o
o

o

-ission
(7) (8)

o { * '

o

cross section : Of
(9)

o
o

o
o
o
o

236u^i^c

24U42m^43A m242,243C m
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Table 4 . 9 ( n , 2 n ) cross section : O"nt 2n

2 3 8u
237.,

Np
239D

Pu

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

O O O

O

O

O

(7)(8) (9)

O

2 3 7Np2 3 8Pu»££ ,+N

Table

238pu

4. 10 (n. 3n)

(6)

O

cross section

23

• 'Cr n ,

9Pu*>:

3n

y 1-

Table 4.11 Dosimetry cross section

2 7AI ( n . a )
4 7Ti ( n . p )
56Fe ( n . p )
6 4 Z n ( n , p )

1 1 3 In ( n . n ' ) 1

2 4 Na
4 7 Sc
5 6 Mn
6 4 Cu

»3mIn

(4)
ab

o
o
o
o
o

• D > v V

<<7m>/<crc>= 0.950

0.786
0.92
1.056
1.121
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17.18Q

Li
9Be

B

C
13C

0,1 80
i9F

Mg
2 7 AI

Ca

Table

2 3 2 u
236pu

238pu

2 4 IAm
242Cm
243Cm
244Cm

4.12 (a

15) (6)

O

O

o o
o

o o
o o

o
o o

o

,n) cross

(7) (8) (9)

o
o
o
o

o
o o
o
o
o
o

section '• (Tan

3 > V r

Yn = 3.63x104 (n /s-g)

1.18 x 10s

3.18x104

341

6.27x103

9.19 x 106

1.12x105

1.86x105

Ea = 0.1~6.5MeV,

Table

235(J

2 3 8 u

Z 3 9 Pu

241
Pu

4.13

(7)

o

o

o

o

Fission product

D jf- y

FP •/) r # 1=

90^ 137. 138.
K r ,

^ Z r . 1 0 6Ru.

mass

139

l 40Ba

yield

ft H

> i - , 9 5 Z

spectrum

y ^ r-ao i- 87t

I37.138V « - f e

. 144Ce

. ^ r f

:VFP
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Fig. 4.1 Classification of Nuclear Fuel-Cycle Sector
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